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DNA methylation: A model system

for the study of ageing

Thomas Michael Stubbs

DNA methylation is an important epigenetic mark spanning all of life’s kingdoms.

In humans, DNA methylation has been associated with a wide range of age-related

pathologies, including type II diabetes and cancer. More recently, in humans, changes

in DNA methylation at specific positions in the genome have been found to be pre-

dictive of chronological age. Interestingly, DNA methylation age is also predictive of

health status and time-to-death. A better understanding of what these DNA methyla-

tion changes represent and whether they might be causative in the ageing process will

be important to ascertain. However, at present there is no animal model system with

which this process can be studied at a mechanistic level.

Furthermore, it is becoming increasingly apparent that many disease states that in-

crease in prevalence with age are not caused by all cells within the individual, but

are often the result of changes to a subset of cells. This underscores the importance

of studying these processes at the single cell level. The recent advances in single cell

sequencing approaches now mean that we can study multiple layers of biology within

the same single cell, such as the epigenome and the transcriptome (scM&T-Seq). Un-

fortunately, we are still only able to probe these important aspects of single cell biology

in a static sense. This is a major limitation in the study of ageing because ageing and

age-related disease processes are inherently dynamic. As such, it is incumbent upon us



to develop approaches to assay single cell biology in a dynamic manner.

In this thesis, I describe an epigenetic age predictor in the mouse. This predictor is

tissue-independent and can accurately predict age (with an error of 3.33 weeks) and

can record deviations in biological age upon interventions including ovariectomy and

high fat diet both of which are known to reduce lifespan. Next, I describe the analysis

of a homogeneous population of muscle satellite cells (MuSCs) that I have interro-

gated at the single cell level, using single cell combined transcriptome and methylome

sequencing (scM&T-seq). I found that with age there was increased global transcrip-

tional variability and increased feature-specific methylome variability. These findings

explain the loss of functionality of these cells with age. Lastly, I describe two imaging

approaches to study DNA methylation dynamically in single cells. Using these meth-

ods, I demonstrate that it is possible to accurately determine methylation status across

a wide spectrum of global methylation levels and that by using such approaches novel

information about dynamic methylation processes can be obtained. These methods

represent the first to study DNA methylation dynamically.
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h?Bb /Bbb2`i�iBQM Bb i?2 `2bmHi Q7 Kv QrM rQ`F �M/ BM+Hm/2b MQi?BM; r?B+? Bb i?2 Qmi@
+QK2 Q7 rQ`F /QM2 BM +QHH�#Q`�iBQM 2t+2Ti �b /2+H�`2/ BM i?2 S`27�+2 �M/ bT2+B}2/ BM
i?2 i2tiX Ai Bb MQi bm#bi�MiB�HHv i?2 b�K2 �b �Mv i?�i A ?�p2 bm#KBii2/- Q`- Bb #2BM;
+QM+m``2MiHv bm#KBii2/ 7Q` � /2;`22 Q` /BTHQK� Q` Qi?2` [m�HB}+�iBQM �i i?2 lMBp2`bBiv
Q7 *�K#`B/;2 Q` �Mv Qi?2` lMBp2`bBiv Q` bBKBH�` BMbiBimiBQM 2t+2Ti �b /2+H�`2/ BM i?2
S`27�+2 �M/ bT2+B}2/ BM i?2 i2tiX h?Bb i?2bBb /Q2b MQi 2t+22/ i?2 rQ`/ HBKBi Q7 ey-yyy
rQ`/b `2[mB`2/ #v i?2 lMBp2`bBiv Q7 *�K#`B/;2 a+?QQH Q7 "BQHQ;B+�H a+B2M+2bX
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h�#H2 Q7 �+FMQrH2/;K2Mib Q7
�bbBbi�M+2

.�i�fK�i2`B�Hb T`QpB/2/ #v bQK2QM2 2Hb2,

Ç h�@>B Jma* bBM;H2 +2HHb 7`QK vQmM; �M/ QH/ BM/BpB/m�Hb r2`2 BbQH�i2/ �M/ bQ`i2/
#v .`X "`2M/�M 1p�MQ

Ç A6 bi�BMBM; r�b +QM/m+i2/ #v .`X 6�iBK� a�MiQb

.�i�fK�i2`B�Hb T`Q/m+2/ DQBMiHv,

Ç JQmb2 b�KTH2b r2`2 +QHH2+i2/ �M/ T`Q+2bb2/ DQBMiHv rBi? .` 62`/BM�M/ pQM
J2v2MM �M/ .` �MM2@E�i`B2M ai�`FX

Ç lJA@?mMi2` r�b /2}M2/ BM +QHH�#Q`�iBQM rBi? .`X 62HBt E`m2;2`X

Ç 1H�biB+@M2i `2;`2bbBQM KQ/2Hb r2`2 /2`Bp2/ BM +QHH�#Q`�iBQM rBi? .`X J�`+ C�M
"QM/2`X

Ç S`BK�`v ..J �M�HvbBb r�b /2}M2/ BM +QHH�#Q`�iBQM rBi? .`X aBKQM �M/`2rb
�M/ .`X �M/`2r >�``BbQMX

Ç *2HH HBM2b mb2/ BM *?�Ti2` 8 r2`2 ;2M2`�i2/ BM +QHH�#Q`�iBQM rBi? .`X J2H�MB2
1+F2`bH2v@J�bHBMX

Ç 6_�S BK�;BM; �M/ T`BK�`v �M�HvbBb r2`2 +QM/m+i2/ BM +QHH�#Q`�iBQM rBi? E`Bb
:`2Mx �M/ .` 6�iBK� a�MiQbX

Ç ..J BK�;BM; r�b +QM/m+i2/ BM +QHH�#Q`�iBQM rBi? E`Bb :`2MxX
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Ç a2+QM/�`v ..J �M�HvbBb r�b /2}M2/ BM +QHH�#Q`�iBQM rBi? .`X �M/`2r >�``BbQMX

Ç aBM;H2 +2HH HB#`�`B2b r2`2 ;2M2`�i2/ BM +QHH�#Q`�iBQM rBi? .`X ai2T?2M *H�`FX

Ç aBM;H2 +2HH �M�HvbBb r�b +QM/m+i2/ BM +QHH�#Q`�iBQM rBi? .`X A`2M2 >2`M�M/Q
>2``�2xX

.�i� Q#i�BM2/ 7`QK i2+?MB+�H b2`pB+2 T`QpB/2`,

Ç L2ti ;2M2`�iBQM b2[m2M+BM; r2`2 /QM2 #v q2HH+QK2 h`mbi a�M;2` AMbiBimi2 �M/
"�#`�?�K AMbiBimi2 L:a 7�+BHBivX

Ç JB+2 r2`2 #`2/ 7Q` �;2BM; Tm`TQb2b #v i?2 "A �;2BM; +HQ+F i2�KX

Ç AK�;2b r2`2 i�F2M mbBM; KB+`Qb+QT2b i?�i �`2 K�BMi�BM2/ #v i?2 AK�;BM; 6�+BHBivX
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amKK�`v

.L� K2i?vH�iBQM Bb �M BKTQ`i�Mi 2TB;2M2iB+ K�`F bT�MMBM; �HH Q7 HB72Ƕb FBM;/QKbX
AM ?mK�Mb- .L� K2i?vH�iBQM ?�b #22M �bbQ+B�i2/ rBi? � rB/2 `�M;2 Q7 �;2@`2H�i2/
T�i?QHQ;B2b- BM+Hm/BM; ivT2 AA /B�#2i2b �M/ +�M+2`X JQ`2 `2+2MiHv- BM ?mK�Mb- +?�M;2b
BM .L� K2i?vH�iBQM �i bT2+B}+ TQbBiBQMb BM i?2 ;2MQK2 ?�p2 #22M 7QmM/ iQ #2 T`2@
/B+iBp2 Q7 +?`QMQHQ;B+�H �;2X AMi2`2biBM;Hv- .L� K2i?vH�iBQM �;2 Bb �HbQ T`2/B+iBp2 Q7
?2�Hi? bi�imb �M/ iBK2@iQ@/2�i?X � #2ii2` mM/2`bi�M/BM; Q7 r?�i i?2b2 .L� K2i?vH�@
iBQM +?�M;2b `2T`2b2Mi �M/ r?2i?2` i?2v KB;?i #2 +�mb�iBp2 BM i?2 �;2BM; T`Q+2bb rBHH
#2 BKTQ`i�Mi iQ �b+2`i�BMX >Qr2p2`- �i T`2b2Mi i?2`2 Bb MQ �MBK�H KQ/2H bvbi2K rBi?
r?B+? i?Bb T`Q+2bb +�M #2 bim/B2/ �i � K2+?�MBbiB+ H2p2HX
6m`i?2`KQ`2- Bi Bb #2+QKBM; BM+`2�bBM;Hv �TT�`2Mi i?�i K�Mv /Bb2�b2 bi�i2b i?�i BM@
+`2�b2 BM T`2p�H2M+2 rBi? �;2 �`2 MQi +�mb2/ #v �HH +2HHb rBi?BM i?2 BM/BpB/m�H- #mi
�`2 Q7i2M i?2 `2bmHi Q7 +?�M;2b iQ � bm#b2i Q7 +2HHbX h?Bb mM/2`b+Q`2b i?2 BKTQ`i�M+2
Q7 bim/vBM; i?2b2 T`Q+2bb2b �i i?2 bBM;H2 +2HH H2p2HX h?2 `2+2Mi �/p�M+2b BM bBM;H2 +2HH
b2[m2M+BM; �TT`Q�+?2b MQr K2�M i?�i r2 +�M bim/v KmHiBTH2 H�v2`b Q7 #BQHQ;v rBi?BM
i?2 b�K2 bBM;H2 +2HH- bm+? �b i?2 2TB;2MQK2 �M/ i?2 i`�Mb+`BTiQK2 Ub+J�h@a2[VX lM@
7Q`imM�i2Hv- r2 �`2 biBHH QMHv �#H2 iQ T`Q#2 i?2b2 BKTQ`i�Mi �bT2+ib Q7 bBM;H2 +2HH #BQHQ;v
BM � bi�iB+ b2Mb2X h?Bb Bb � K�DQ` HBKBi�iBQM BM i?2 bim/v Q7 �;2BM; #2+�mb2 �;2BM; �M/
�;2@`2H�i2/ /Bb2�b2 T`Q+2bb2b �`2 BM?2`2MiHv /vM�KB+X �b bm+?- Bi Bb BM+mK#2Mi mTQM mb
iQ /2p2HQT �TT`Q�+?2b iQ �bb�v bBM;H2 +2HH #BQHQ;v BM � /vM�KB+ K�MM2`X
AM i?Bb i?2bBb- A /2b+`B#2 �M 2TB;2M2iB+ �;2 T`2/B+iQ` BM i?2 KQmb2X h?Bb T`2/B+iQ` Bb
iBbbm2@BM/2T2M/2Mi �M/ +�M �++m`�i2Hv T`2/B+i �;2 UrBi? �M 2``Q` Q7 jXjj r22FbV �M/ +�M
`2+Q`/ /2pB�iBQMb BM #BQHQ;B+�H �;2 mTQM BMi2`p2MiBQMb BM+Hm/BM; Qp�`B2+iQKv �M/ ?B;?
7�i /B2i #Qi? Q7 r?B+? �`2 FMQrM iQ `2/m+2 HB72bT�MX L2ti- A /2b+`B#2 i?2 �M�HvbBb Q7 �
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?QKQ;2M2Qmb TQTmH�iBQM Q7 Kmb+H2 b�i2HHBi2 +2HHb UJma*bV i?�i A ?�p2 BMi2``Q;�i2/ �i
i?2 bBM;H2 +2HH H2p2H- mbBM; bBM;H2 +2HH +QK#BM2/ i`�Mb+`BTiQK2 �M/ K2i?vHQK2 b2[m2M+@
BM; Ub+J�h@b2[VX A 7QmM/ i?�i rBi? �;2 i?2`2 r�b BM+`2�b2/ ;HQ#�H i`�Mb+`BTiBQM�H
p�`B�#BHBiv �M/ BM+`2�b2/ 72�im`2@bT2+B}+ K2i?vHQK2 p�`B�#BHBivX h?2b2 }M/BM;b 2tTH�BM
i?2 HQbb Q7 7mM+iBQM�HBiv Q7 i?2b2 +2HHb rBi? �;2X G�biHv- A /2b+`B#2 irQ BK�;BM; �T@
T`Q�+?2b iQ bim/v .L� K2i?vH�iBQM /vM�KB+�HHv BM bBM;H2 +2HHbX lbBM; i?2b2 K2i?Q/b-
A /2KQMbi`�i2 i?�i Bi Bb TQbbB#H2 iQ �++m`�i2Hv /2i2`KBM2 K2i?vH�iBQM bi�imb �+`Qbb �
rB/2 bT2+i`mK Q7 ;HQ#�H K2i?vH�iBQM H2p2Hb �M/ i?�i #v mbBM; bm+? �TT`Q�+?2b MQp2H
BM7Q`K�iBQM �#Qmi /vM�KB+ K2i?vH�iBQM T`Q+2bb2b +�M #2 Q#i�BM2/X h?2b2 K2i?Q/b
`2T`2b2Mi i?2 }`bi iQ bim/v .L� K2i?vH�iBQM /vM�KB+�HHvX
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�+FMQrH2/;2K2Mib

LQ S?. Bb +QM/m+i2/ BM BbQH�iBQM- �M/ i?2 rQ`F +QM/m+i2/ ?2`2BM Bb MQ 2t+2TiBQMX A
+QmH/ MQi ?�p2 �++QKTHBb?2/ �Mvi?BM; rBi?Qmi i?2 ?2HT �M/ bmTTQ`i Q7 K�Mv BM/BpB/@
m�HbX AM/BpB/m�Hb i?�i mT mMiBH MQr ?�p2 M2p2` #22M i?�MF2/ 7Q`K�HHv BM #H�+F �M/
r?Bi2X

6B`bi �M/ 7Q`2KQbi- A �K BM+`2/B#Hv ;`�i27mH iQ Kv S?. bmT2`pBbQ` qQH7 _2BF 7Q` i?2
QTTQ`imMBiB2b �M/ bmTTQ`i ?2 ?�b ;Bp2M K2X A rBHH M2p2` 7Q`;2i i?2 BMi2HH2+im�H 7`22/QK
?2 ?�b 2Mi`mbi2/ K2 rBi? Qp2` i?2 T�bi i?`22 v2�`bX

L2ti- A rQmH/ HBF2 iQ 2tT`2bb ?Qr ;`�i27mH A �K iQ ǳi?2 BMK�i2bǴ q2M/v .2�M �M/
6�iBK� a�MiQbX h?�MF vQm #Qi? 7Q` vQm` i?Qm;?i@T`QpQFBM; /Bb+mbbBQMb- �M/ vQm`
b2H~2bb FBM/M2bbX

hQ J2H�MB2 1+F2`bH2v@J�bHBM- BiǶb #22M � `QHH2`@+Q�bi2` �M/ AǶK bm`2 Bi r�bMǶi 2�bv
?�pBM; K2 �b vQm` }`bi K2Mi22- #mi A r�Mi iQ i?�MF vQm 7Q` �HH i?2 ?2HT �M/ bmTTQ`i
vQm ?�p2 ;Bp2M K2 Qp2` i?2 iBK2 A ?�p2 bT2Mi BM i?2 H�#X

hQ Kv +QHH�#Q`�iQ`b, .�MB2H >2``�Mx- J�`+ C�M "QM/2`- "`2M/�M 1p�MQ �M/ �M/`2r
>�``BbQM- i?�MF vQm 7Q` QT2MBM; M2r /QQ`b iQ 2t+BiBM; b+B2M+2 �M/ T`QpB/BM; K2 rBi?
7`2b? T2`bT2+iBp2b QM i?2 rQ`H/ Q7 2TB;2M2iB+bX

hQ i?2 rQH7 T�+F T�bi �M/ T`2b2Mi- i?�MF vQm5 A +�MMQi 2tT`2bb Kv ;`�iBim/2 2MQm;?
iQ 2�+? �M/ 2p2`v QM2 Q7 vQmX 6`QK �+[mB`BM; �M �bimi2 FMQrH2/;2 Q7 MB+?2 SQ`im;m2b2
KmbB+- iQ �`;mK2Mib �#Qmi i?2 +Q``2+i M�K2 7Q` ǳbim##B2bǴ Q` ǳiBMv #22`bǴc vQm ?�p2
�HH K�/2 Kv iBK2 BM i?2 H�# i?�i Km+? KQ`2 2MDQv�#H2X AM T�`iB+mH�`- Bi rQmH/ #2 `2KBb
Q7 K2 MQi iQ ?B;?HB;?i � MmK#2` Q7 BM/BpB/m�Hb 7Q` bT2+B�H i?�MFbX AM2b ǳi?2 KB`�+H2Ǵ
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JBH�;`2- i?�MF vQm 7Q` �HH vQm` FBM/ bmTTQ`iX A /QMǶi i?BMF A rBHH 2p2` K22i �MvQM2 bQ
b2H~2bb- 7mM �M/ /`Bp2MX uQm ?�p2 #22M �M/ biBHH �`2 �M BMbTB`�iBQM iQ K2X 62`/BM�M/
ǳ7QB/vǴ pQM J2v2MM- Bi ?�b #22M � TH2�bm`2 iQ ?�p2 ?�/ i?2 +?�M+2 iQ rQ`F �HQM;bB/2
vQm- ?Qr2p2` ~22iBM;HvX A`2M2 >2``�2x- �M�HvbBb rBi? vQm rBHH M2p2` #2 #Q`BM;X h?�MF
vQm 7Q` b?QrBM; K2 ?Qr Km+? 7mM +QKTmi�iBQM�H rQ`F +�M #2X SQTTv ǳSCǴ :QmH/ �XFX�X
ǳ"22`bǴ :QmH/- A +QmH/ MQi ?�p2 �bF2/ 7Q` � #2ii2` S?. +QKT�MBQM iQ ?�p2 b?�`2/ i?Bb
DQm`M2v rBi? K2X A /QMǶi FMQr r?�i A rQmH/ ?�p2 /QM2 rBi?Qmi vQm` 7`B2M/b?BT BM i?2
H�#X G�biHv- ai2T?2M ǳbBM;H2@+2HHǴ *H�`F- i?2 /�BHvfr22FHv KB//�v K2i?Q/ /2p2HQTK2Mi
K22iBM;b bTQMbQ`2/ #v h?2 :2Q`;2 rBHH #2 �KQM; Kv 7QM/2bi K2KQ`B2b Q7 Kv iBK2 BM
i?2 H�#X

A rQmH/ �HbQ HBF2 iQ i?�MF i?Qb2 BM/BpB/m�Hb r?Q 2/Bi2/ �M/ T`QQ7@`2�/ i?Bb i?2bBbX
L�K2Hv- ��`iD�M i2 o2Hi?mBb- J2H�MB2 1+F2`bH2v@J�bHBM- CmHB� aTBM/2H �M/qQH7 _2BFX

A rQmH/ HBF2 iQ i?�MF i?2 ""a_* 7Q` i?2 7mM/BM; i?�i bmTTQ`i2/ i?Bb `2b2�`+?X

JQpBM; �r�v 7`QK i?2 H�# �M/ BMiQ *�K#`B/;2- A rQmH/ HBF2 iQ i?�MF i?Qb2 r?Q BM@
+2bb�MiHv `2KBM/2/ K2 i?�i i?2`2Ƕb � r?QH2 M2r �M/ 2t+BiBM; rQ`H/ Dmbi QmibB/2 Q7 i?2
+QM}M2b Q7 i?2 "�#`�?�K b2+m`Biv #�``B2`bX

A rQmH/ �HbQ HBF2 iQ i?�MF Kv 7�KBHv �M/ 7`B2M/b �i ?QK2 7Q` i?2B` bmTTQ`i �M/ 2M+Qm`@
�;2K2Mi- rBi?Qmi r?B+? A �K MQi bm`2 i?�i A rQmH/ ?�p2 2p2` K�/2 Bi iQ i?2 bi�;2
Q7 r`BiBM; � i?2bBbX � bT2+B�H i?�MFb iQ i?2 i`BTQ/ K2K#2`b, *?�`H2b "�HH �M/ C�K2b
q?Bi2+`Qbb- A i?BMF r2 +�M }M�HHv ;2i #HBM/QX

h?Bb i?2bBb Bb � `2~2+iBQM Q7 i?2b2 BM/BpB/m�Hb �M/ r?�i i?2v ?�p2 BMbTB`2/- bQ 7Q` i?Qb2
Q7 vQm #QH/ 2MQm;? iQ `2�/ QM- A ?QT2 vQm 2MDQv BiX

h?�MF vQmX
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Sm#HB+�iBQMb � S�i2Mib

yXR Sm#HB+�iBQMb

*H�`F aC- �`;2H�;m2i _- E�TQm`�MB *�- aim##b hJ- G22 >C- �H/�@*�i�HBM�b *-
E`m2;2` 6- a�M;mBM2iiB :- E2Hb2v :- J�`BQMB C*- ai2;H2 P- _2BF qX b+LJh@b2[ 2M@
�#H2b DQBMi T`Q}HBM; Q7 +?`QK�iBM �++2bbB#BHBiv .L� K2i?vH�iBQM �M/ i`�Mb+`BTiBQM BM
bBM;H2 +2HHbX L�i *QKKmMX kyR3 62# kkc NURV,d3RX /QB, RyXRyj3fb9R9ed@yR3@yjR9N@9X

J�`iBM@>2``�Mx .1- _B#2B`Q �CJ- E`m2;2` 6- h?Q`MiQM CJ- _2BF q- aim##b hJX
+m__"a, bBKTH2 �M/ `Q#mbi 2p�Hm�iBQM Q7 2MxvK2 +QK#BM�iBQMb 7Q` `2/m+2/ `2T`2b2Mi�@
iBQM �TT`Q�+?2bX Lm+H2B+ �+B/b _2b2�`+?- ;Ft3R9- ?iiTb,ff/QBXQ`;fRyXRyNjfM�`f;Ft3R9X

aim##b hJ- "QM/2` JC- ai�`F �E- E`m2;2` 6c "A �;2BM; *HQ+F h2�K- pQM J2v2MM
6- ai2;H2 P- _2BF qX JmHiB@iBbbm2 .L� K2i?vH�iBQM �;2 T`2/B+iQ` BM KQmb2X :2MQK2
"BQHX kyRd �T`BH RRc R3URV,e3X /QB, RyXRR3efbRjy8N@yRd@Rkyj@8

>�?M P- :`ƺMF2 a- aim##b hJ- 6B+x :- >2M/`B+? P- E`m2;2` 6- �M/`2rb a- w?�M;
Z- q�F2H�K JC- "2v2` �- _2BF q- S�`i`B/;2 GX .B2i�`v `2bi`B+iBQM T`Qi2+ib 7`QK �;2@
�bbQ+B�i2/ .L�K2i?vH�iBQM �M/ BM/m+2b 2TB;2M2iB+ `2T`Q;`�KKBM; Q7 HBTB/ K2i�#QHBbKX
:2MQK2 "BQHX kyRd J�` k3c R3URV,8eX /QB, RyXRR3efbRjy8N@yRd@RR3d@RX

JBH�;`2 A- aim##b hJ- EBM; J_- aTBM/2H C- a�MiQb 6- E`m2;2` 6- "�+?K�M J-

Bt



yXkX S�i2Mib *?�Ti2` yX Sm#HB+�iBQMb � S�i2Mib

a2;QM/b@SB+?QM �- "�H�bm#`�K�MB�M a- �M/`2rb a_- .2�M q- _2BF qX :2M/2` .Bz2`@
2M+2b BM :HQ#�H #mi LQi h�`;2i2/ .2K2i?vH�iBQM BM BSa* _2T`Q;`�KKBM;X *2HH _2TX
kyRd C�M jRc R3U8V,RydN@Ry3NX /QB, RyXRyRefDX+2H`2TXkyRdXyRXyy3X

1+F2`bH2v@J�bHBM J�- ap2MbbQM o- E`m2;2` *- aim##b hJ- :B2?` S- E`m2;2` 6- JB@
`�;�B� _C- Ev`B�FQTQmHQb *- "2``2Mb _o- JBH�;`2 A- q�Hi2` C- h2B+?K�MM a�- _2BF qX
J1_oGfwb+�M9 L2irQ`F �+iBp�iBQM _2bmHib BM h`�MbB2Mi :2MQK2@rB/2 .L� .2K2i?v@
H�iBQM Q7 K1a*bX *2HH _2TX kyRe a2T kdc RdURV,RdN@NkX /QB, RyXRyRefDX+2H`2TXkyReXy3Xy3dX

aim##b hJ- h2 o2Hi?mBb �CX h?2 _L�@/2T2M/2Mi _L� TQHvK2`�b2 Q7 i?2 BM~m2Mx�
� pB`mbX 6mim`2 oB`QHX kyR9 a2TcNUNV,3ej@3deX

yXk S�i2Mib

aim##b hJ- kyR3 62# N- LQp2H �;2 *�H+mH�iBQM J2i?Q/- S*hf:"kyR3fy8yjekX

t



*QMi2Mib

Sm#HB+�iBQMb � S�i2Mib Bt
yXR Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Bt
yXk S�i2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X t

R AMi`Q/m+iBQM R
RXR h?2Q`B2b Q7 �;2BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R
RXk �;2BM; �i i?2 KQH2+mH�` H2p2H X X X X X X X X X X X X X X X X X X X X X X X 8
RXj 1TB;2M2iB+ Q#b2`p�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X RR

RXjXR .2}MBiBQM Q7 2TB;2M2iB+b X X X X X X X X X X X X X X X X X X X X X X RR
RXjXk 1TB;2M2iB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RXjXj 1TB;2M2iB+ +?�M;2b rBi? �;2 X X X X X X X X X X X X X X X X X X X X Rj
RXjX9 .L� K2i?vH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
RXjX8 h?2 +viQbBM2 .L� K2i?vHi`�Mb72`�b2 /QK�BM X X X X X X X X X X R8
RXjXe *�i�HvbBb Q7 K2i?vH�iBQM #v .L� K2i?vHi`�Mb72`�b2b X X X X X X Re
RXjXd .2K2i?vH�iBQM �M/ QtB/�iBp2 T`Q/m+ib X X X X X X X X X X X X X X Rd
RXjX3 .L� K2i?vH�iBQM BM i?2 bim/v Q7 �;2BM; X X X X X X X X X X X X X RN
RXjXN 1biBK�iBM; �;2 7`QK .L� K2i?vH�iBQM X X X X X X X X X X X X X X kk
RXjXRy h?2 bim/v Q7 ?2i2`Q;2M2Biv X X X X X X X X X X X X X X X X X X X X jy
RXjXRR >2i2`Q;2M2Biv BM �;2BM; X X X X X X X X X X X X X X X X X X X X X X jk

k J�i2`B�H �M/ J2i?Q/b jd
kXR J�i2`B�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd
kXk J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k
kXj J2i?Q/b 7Q` h?2 �;2BM; *HQ+F X X X X X X X X X X X X X X X X X X X X X X 9k
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kXjXR .2`Bp�iBQM Q7 mMB[m2 KQH2+mH�` B/2MiB}2` UlJAV �/�Ti2`b X X X X 9k
kXjXk a�KTH2 +QHH2+iBQM @ "�#`�?�K /�i�b2i X X X X X X X X X X X X X X 9j
kXjXj lJA@__"a HB#`�`v T`2T�`�iBQM X X X X X X X X X X X X X X X X X X 9j
kXjX9 "�#`�?�K lJA@__"a /�i� T`Q+2bbBM; X X X X X X X X X X X X X X 99
kXjX8 LQM@"�#`�?�K __"a /�i� T`Q+2bbBM; X X X X X X X X X X X X X X 98
kXjXe *�HHBM; Q7 K2i?vH�iBQM �i bBM;H2 *: bBi2b X X X X X X X X X X X X X 98
kXjXd ai�iBbiB+�H �M�HvbBb Q7 �;2 �bbQ+B�iBQM �i bBM;H2 *: bBi2b X X X X X 98
kXjX3 :2MQKB+ 2M`B+?K2Mi �M�HvbBb Q7 bB;MB}+�Mi �;2@�bbQ+B�i2/ bBi2b X 9e
kXjXN *: b+�`+Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e
kXjXRy :2M2 QMiQHQ;v U:PV �M�HvbBb Q7 M2B;?#Qm`BM; ;2M2b X X X X X X X 9d
kXjXRR >mK�M@+QKT�`�iBp2 �M�HvbBb X X X X X X X X X X X X X X X X X X X 9d
kXjXRk .2}MBM; i?2 Tm#HBb?2/ 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM KB+2 X X X 93
kXjXRj .2}MBM; i?2 BKT`Qp2/ 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM KB+2 X X X X 8k

kX9 J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; X X X X X X X X X X X X X X X X X X X X X X 8e
kX9XR JB+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
kX9Xk AbQH�iBQM Q7 b�i2HHBi2 +2HHb X X X X X X X X X X X X X X X X X X X X X X 8e
kX9Xj aBM;H2@+2HH +QK#BM2/ K2i?vHQK2 �M/ i`�Mb+`BTiQK2 b2[m2M+BM;

Ub+J�h@a2[V @ HB#`�`v T`2T�`�iBQM X X X X X X X X X X X X X X X X 8d
kX9X9 aBM;H2@+2HH +QK#BM2/ K2i?vHQK2 �M/ i`�Mb+`BTiQK2 b2[m2M+BM;

Ub+J�h@a2[V @ T`Q+2bbBM; Q7 b2[m2M+BM; /�i� X X X X X X X X X X 8N
kX9X8 J�TTBM; Q7 Tm#HB+ *?AS /�i�b2i X X X X X X X X X X X X X X X X X ey
kX9Xe *2HH *v+H2 �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X eR
kX9Xd i@.Bbi`B#mi2/ aiQ+?�biB+ L2B;?#Qm` 1K#2//BM; UiaL1V@#�b2/

i`�Mb+`BTiQK2 +Hmbi2`BM; X X X X X X X X X X X X X X X X X X X X X X eR
kX9X3 h`�Mb+`BTiBQM�H p�`B�#BHBiv X X X X X X X X X X X X X X X X X X X X X eR
kX9XN *2HH@iQ@+2HH +Q``2H�iBQM Q7 i`�Mb+`BTiBQM�H p�`B�#BHBiv X X X X X X X eR
kX9XRy :2M2 PMiQHQ;v �M�HvbBb Q7 p�`B�#H2 ;2M2b X X X X X X X X X X X X X ek
kX9XRR *QMp2MiBQM�H .L� K2i?vH�iBQM p�`B�#BHBiv �M�HvbBb X X X X X X X ek
kX9XRk >�KKBM; /Bbi�M+2 U>.V .L� K2i?vH�iBQM p�`B�#BHBiv �M�HvbBb X ek
kX9XRj am#b2iiBM; #�b2/ QM .L� K2i?vH�iBQM X X X X X X X X X X X X X X ej
kX9XR9 .2}MBM; *:@/2MbBiv 7Q` K�tBK�H +Qp2`�;2 X X X X X X X X X X X X ej
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kX9XR8 .L� K2i?vH�iBQM T�ii2`MBM; X X X X X X X X X X X X X X X X X X X e9

kX9XRe .L� K2i?vH�iBQM@i`�Mb+`BTiBQM +Q``2H�iBQM �M�HvbBb X X X X X X X e8

kX9XRd .L� K2i?vH�iBQM@i`�Mb+`BTiBQM 72�im`2@#�b2/ �M�HvbBb X X X X X e8

kX8 J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM X X X X X X X X X X X X X X X X X ee

kX8XR S?mbBQM S*_ X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

kX8Xk "S �M/ G_ +HQMBM; X X X X X X X X X X X X X X X X X X X X X X X X X ee

kX8Xj "�+i2`B�H i`�Mb7Q`K�iBQM X X X X X X X X X X X X X X X X X X X X X X ee

kX8X9 SH�bKB/b /2}M2/ 7Q` 7mim`2 �TTHB+�iBQMb X X X X X X X X X X X X X ed

kX8X8 JQmb2 2K#`vQMB+ bi2K +2HH +mHim`2 X X X X X X X X X X X X X X X X e3

kX8Xe 6`22xBM; �M/ i?�rBM; K1a*b X X X X X X X X X X X X X X X X X X X e3

kX8Xd h`�Mb72+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eN

kX8X3 ai�#H2 +2HH HBM2 /2`Bp�iBQM X X X X X X X X X X X X X X X X X X X X X eN

kX8XN S`2T�`�iBQM Q7 +2HHb 7Q` HBp2 +2HH 2tT2`BK2Mib X X X X X X X X X X X dy

kX8XRy AKKmMQ~mQ`2b+2M+2 �M/ BK�;BM; X X X X X X X X X X X X X X X X X dy

kX8XRR 6HmQ`2b+2M+2 _2+Qp2`v �7i2` S?QiQ#H2�+?BM; U6_�SV BK�;BM;
�M/ T`BK�`v �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X dR

kX8XRk :�mbbB�M JBtim`2 JQ/2H U:JJV iQ /2b+`B#2 .LJhR@BEP X X X dk

kX8XRj .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv U..JV BK�;BM; X X X X X X X X dk

j h?2 �;2BM; *HQ+F d8
jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d8

jXk _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dd

jXkXR 1M�#HBM; /2/mTHB+�iBQM BM i?2 __"a /�i�b2ib X X X X X X X X X X dd

jXkXk .L� K2i?vH�iBQM +Q``2H�iBQMb rBi? �;2 BM KB+2 X X X X X X X X X 3y

jXkXj .L� K2i?vH�iBQM H2p2Hb �i � /Bb+`2i2 b2i Q7 *T:b �`2 T`2/B+iBp2
Q7 �;2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nk

jXkX9 .L� K2i?vH�iBQM �;2 Bb �Hi2`2/ BM Qp�`B2+iQKBb2/ 72K�H2b �M/
#v /B2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry8

jXkX8 �;2 T`2/B+iBQMb mbBM; i?2 ?mK�M +HQ+F bBi2b BM KQmb2 X X X X X X RyN

jXkXe �ii2KTib iQ BM+Hm/2 q:"a b�KTH2b X X X X X X X X X X X X X X X RRk

jXj .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR9
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jXjXR Pi?2` 2TB;2M2iB+ +HQ+Fb X X X X X X X X X X X X X X X X X X X X X X X RR9

9 aBM;H2 +2HH �;2BM; RkR
9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RkR
9Xk _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk8

9XkXR .2b+`BTiBQM Q7 i?2 b�KTH2b +QHH2+i2/ X X X X X X X X X X X X X X X X Rk8
9XkXk Zm�HBiv@+QMi`QH Q7 i?2 i`�Mb+`BTiQK2 /�i� X X X X X X X X X X X X Rk8
9XkXj �bb2bbK2Mi Q7 +2HH +v+H2 7`QK i?2 i`�Mb+`BTiQK2 X X X X X X X X X Rke
9XkX9 *QKT�`BbQM Q7 i`�Mb+`BTiQK2b #2ir22M QH/ �M/ vQmM; X X X X X X Rjy
9XkX8 *QKT�`BbQM Q7 i`�Mb+`BTiQK2 p�`B�#BHBiv #2ir22M QH/ �M/ vQmM; RjR
9XkXe Zm�HBiv@+QMi`QH Q7 i?2 K2i?vH�iBQM /�i� X X X X X X X X X X X X X Rjd
9XkXd .2b+`BTiBQM Q7 i?2 K2i?vH�iBQM H�M/b+�T2 Q7 i?2b2 +2HHb X X X X X R9y
9XkX3 *�H+mH�iBQM Q7 BMi2`@BM/BpB/m�H p�`B�#BHBiv 7`QK bBM;H2 +2HH K2i?v@

HQK2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9j
9XkXN *QKT�`BbQM Q7 K2i?vHQK2 p�`B�#BHBiv #2ir22M QH/ �M/ vQmM; X X R9N
9XkXRy *�H+mH�iBQM Q7 K2i?vH�iBQM T�ii2`MBM; 7`QK bBM;H2 +2HH K2i?vHQK2bR89
9XkXRR *QKT�`BbQM Q7 K2i?vH�iBQM T�ii2`MBM; #2ir22M QH/ �M/ vQmM; X R83
9XkXRk �bbQ+B�iBQM Q7 i`�Mb+`BTiQK2 �M/ K2i?vHQK2 X X X X X X X X X X X Re9

9Xj .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Red

8 GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb Rdj
8XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rdj
8Xk _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8

8XkXR J2i?Q/ /2bB;M X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd8
8XkXk J".R@2:6S HQ+�HBb�iBQM `2+�TBimH�i2b 8K* bi�BMBM; X X X X X X Rd3
8XkXj .2b+`BTiBQM Q7 i?2 6_�S K2i?Q/ mb2/ X X X X X X X X X X X X X X RdN
8XkX9 J".R@2:6S /BzmbBQM +�M #2 [m�MiB}2/ BM HBp2 +2HHb X X X X X X R3j
8XkX8 J�tBKBbBM; i?2 bB;M�H 7`QK i?2 6_�S 2tT2`BK2Mi X X X X X X X R39
8XkXe J2�bm`BM; .L� K2i?vH�iBQM mbBM; 6_�S X X X X X X X X X X X X R33
8XkXd J2�bm`BM; /Bz2`2Mi H2p2Hb Q7 .L� K2i?vH�iBQM mbBM; 6_�S X X RNy
8XkX3 J�FBM; KmHiBTH2 K2�bm`2K2Mib 7`QK i?2 b�K2 +2HH mbBM; 6_�S RNd
8XkXN *QM+HmbBQM 7`QK i?2 6_�S 2tT2`BK2Mib X X X X X X X X X X X X X RNN
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8XkXRy *QKT�`BbQM Q7 6_�S �M/ .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv U..JVRNN
8XkXRR .2b+`BTiBQM Q7 i?2 .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv �TT`Q�+? X kyy
8XkXRk .2p2HQTK2Mi Q7 i?2 .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv K2i?Q/ X ky9
8XkXRj AKTH2K2MiBM; i?2 T`BK�`v �M�HvbBb BM � +Hmbi2`@7`B2M/Hv K�MM2` kRy
8XkXR9 �ii2KTib iQ �miQK�i2 i?2 b2+QM/�`v �M�HvbBb X X X X X X X X X X kRk
8XkXR8 o�HB/�iBQM Q7 i?2 ..J K2i?Q/ X X X X X X X X X X X X X X X X X X kRk
8XkXRe J2�bm`2K2Mi Q7 .L� K2i?vH�iBQM BM HBp2 +2HHb mbBM; ..J X X X kRe
8XkXRd J2�bm`2K2Mi Q7 /Bz2`2Mi H2p2Hb Q7 ;HQ#�H .L� K2i?vH�iBQM BM

HBp2 +2HHb mbBM; ..J X X X X X X X X X X X X X X X X X X X X X X X X kRe
8XkXR3 JmHiBTH2 K2�bm`2K2Mib Q7 ;HQ#�H .L� K2i?vH�iBQM BM HBp2 +2HHb

mbBM; ..J X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN
8XkXRN *QM+HmbBQMb 7`QK i?2 ..J 2tT2`BK2Mib X X X X X X X X X X X X X kky

8Xj .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkR

e *QM+HmbBQMb �M/ PmiHQQF kkj

tp
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GBbi Q7 6B;m`2b

RXR ai`m+im`2 Q7 i?2 .L� J2i?vHi`�Mb72`�b2 .QK�BM X X X X X X X X X X X X Re

RXk J2+?�MBbKb Q7 .L� /2K2i?vH�iBQM X X X X X X X X X X X X X X X X X X X X R3

RXj J2+?�MBbKb Q7 �;2BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X kN

RX9 SQi2MiB�H KQ/2Hb 7Q` ?2i2`Q;2M2Biv rBi? �;2 X X X X X X X X X X X X X X X jj

jXR .2/mTHB+�iBQM 7`QK T�B`2/ lJAb X X X X X X X X X X X X X X X X X X X X X dd

jXk .2`Bp�iBQM Q7 /Qm#H2@bi`�M/2/ lJA �/�Ti2`b X X X X X X X X X X X X X X X d3

jXj h?2`2 Bb MQ :* #B�b BM lJA BM+Q`TQ`�iBQM X X X X X X X X X X X X X X X X 3y

jX9 a+?2K�iB+ Q7 i?2 "�#`�?�K /�i�b2i X X X X X X X X X X X X X X X X X X X X 3R

jX8 Z* Q7 i?2 "�#`�?�K /�i�b2i X X X X X X X X X X X X X X X X X X X X X X X 3j

jXe 1t�KTH2 iBbbm2−BM/2T2M/2Mi +Q``2H�iBQMb X X X X X X X X X X X X X X X X X 39

jXd 1t�KTH2 iBbbm2−/2T2M/2Mi +Q``2H�iBQMb X X X X X X X X X X X X X X X X X X 38

jX3 amKK�`Bb2/ iBbbm2−BM/2T2M/2Mi +Q``2H�iBQMb X X X X X X X X X X X X X X X 3e

jXN *QKT�`BbQM Q7 iBbbm2−BM/2T2M/2Mi +Q``2H�iBQMb rBi? �M/ rBi?Qmi M2r@
#Q`Mb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d

jXRy :2MQKB+ 72�im`2 2M`B+?K2Mi Q7 �;2@�bbQ+B�i2/ bBi2b X X X X X X X X X X X 3N

jXRR hBbbm2−BM/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/ X X X X X X X X X X X X X X Ny

jXRk hBbbm2−BM/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/ UM2r#Q`Mb 2t+Hm/2/V X X NR

jXRj hBbbm2−/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/ X X X X X X X X X X X X X X X NR

jXR9 hBbbm2−/2T2M/2Mi �;2−�bbQ+B�iBQM :P−�M�HvbBb X X X X X X X X X X X X Nk

jXR8 a+?2K�iB+ Q7 i?2 KQ/2HHBM; T`Q+2/m`2 X X X X X X X X X X X X X X X X X X X Nj

jXRe Pp2`H�T Q7 i?2 /�i�b2ib mb2/ iQ /2}M2 i?2 KQmb2 T`2/B+iQ` X X X X X X X N8

jXRd �;2 T`2/B+iBQMb 7Q` i`�BMBM; �M/ i2bi /�i� X X X X X X X X X X X X X X X X Nd

tpBB



GAah P6 6A:l_1a GAah P6 6A:l_1a

jXR3 J2/B�M �#bQHmi2 /2pB�iBQM Q7 �;2 T`2/B+iBQMb X X X X X X X X X X X X X X X N3

jXRN AM/2T2M/2Mi p�HB/�iBQMb Q7 �;2 T`2/B+iBQM X X X X X X X X X X X X X X X X X N3

jXky *QMi`QHHBM; 7Q` #B�b2b BM �;2 T`2/B+iBQMb X X X X X X X X X X X X X X X X X NN

jXkR o�`B�M+2 2tTH�BM2/ #v �;2 X X X X X X X X X X X X X X X X X X X X X X X X X Ryy

jXkk S*� pBbm�HBb�iBQM Q7 T`2/B+iBp2 bBi2b X X X X X X X X X X X X X X X X X X X RyR

jXkj S`2/B+iBp2 r2B;?iBM; Bb +Q``2H�i2/ rBi? �;2@�bbQ+B�iBQM X X X X X X X X X RyR

jXk9 J2i?vH�iBQM H2p2Hb Q7 T`2/B+iBp2 bBi2b �+`Qbb i?2 i`�BMBM; b2i X X X X X X X Ryk

jXk8 q2B;?iBM; �M/ K2i?vH�iBQM H2p2Hb Q7 T`2/B+iBp2 bBi2b X X X X X X X X X X X Ryj

jXke A/2Q;`�K Q7 i?2 HQ+�iBQM Q7 i?2 T`2/B+iBp2 bBi2b X X X X X X X X X X X X X X Ry9

jXkd 62�im`2 2M`B+?K2Mi Q7 T`2/B+iBp2 bBi2b X X X X X X X X X X X X X X X X X X X Ry8

jXk3 h?2`2 �`2 MQ ;2M/2` #B�b2b BM T`2/B+iBQM �++m`�+v X X X X X X X X X X X X Rye

jXkN 1TB;2M2iB+ �;2 T`2/B+iBQMb �`2 2H2p�i2/ mTQM Qp�`B2+iQKv X X X X X X X X Ryd

jXjy 1TB;2M2iB+ �;2 T`2/B+iBQMb �`2 2H2p�i2/ #v ?B;? 7�i /B2i X X X X X X X X X Ry3

jXjR *QMb2`p�iBQM Q7 i?2 >Q`p�i? T`2/B+iBp2 bBi2b BM KQmb2 X X X X X X X X X X RRy

jXjk h?2 r?QH2 ;2MQK2 Bb T`2/B+iBp2 Q7 �;2 X X X X X X X X X X X X X X X X X X RRR

jXjj Z* Q7 q:"a /�i�b2ib X X X X X X X X X X X X X X X X X X X X X X X X X X X RRj

jXj9 a+?2K�iB+ Q7 i?2 "�#`�?�K /�i�b2i 2ti2M/2/ X X X X X X X X X X X X X X RR3

jXj8 J2/B�M �#bQHmi2 /2pB�iBQM Q7 �;2 T`2/B+iBQMb 7`QK 2ti2M/2/ KQ/2H X X X RR3

9XR a+?2K�iB+ Q7 i?2 Kmb+H2 HBM2�;2 X X X X X X X X X X X X X X X X X X X X X X Rkj

9Xk 6HQr bQ`iBM; Q7 h� >B Jma*b X X X X X X X X X X X X X X X X X X X X X X X Rke

9Xj :2M2 +QmMi Z* Q7 +2HHb X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkd

9X9 *2HH +v+H2 Z* Q7 +2HHb X X X X X X X X X X X X X X X X X X X X X X X X X X X X RkN

9X8 iaL1 THQi Q7 h�−>B Jma* X X X X X X X X X X X X X X X X X X X X X X X X Rjy

9Xe a[m�`2/ +Q2{+B2Mi Q7 p�`B�M+2 #v BM/BpB/m�H X X X X X X X X X X X X X X X Rjk

9Xd h`�Mb+`BTiBQM�H p�`B�#BHBiv /2}M2/ #v /Bbi�M+2 X X X X X X X X X X X X X X Rjj

9X3 :P �M�HvbBb Q7 p�`B�#H2 ;2M2b #v BM/BpB/m�H X X X X X X X X X X X X X X X X Rj9

9XN h`�Mb+`BTiBQM�H +Q``2H�iBQMb #2ir22M +2HHb X X X X X X X X X X X X X X X X X Rje

9XRy oBQHBM THQi Q7 i`�Mb+`BTiBQM�H ?2i2`Q;2M2Biv X X X X X X X X X X X X X X X X Rjd

9XRR S�B`2/ 2M/ `2�/ +QmMi Z* 7Q` i?2 bBM;H2 +2HH K2i?vHQK2b X X X X X X X X Rj3

9XRk a2[m2M+BM; /2Ti? #B�b BM K2i?vHQK2b X X X X X X X X X X X X X X X X X X X R9y
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9XRj :HQ#�H K2i?vH�iBQM H2p2Hb �`2 HQr BM h�@>B Jma*b X X X X X X X X X X X R9R

9XR9 .L� K2i?vH�iBQM �bb2bb2/ 7Q` #`Q�/ 72�im`2 +�i2;Q`B2b X X X X X X X X X R9k

9XR8 h?2 BKTHB+�iBQMb Q7 KBbbBM;M2bb 7Q` p�`B�M+2 +�H+mH�iBQMb X X X X X X X X R98

9XRe aQHmiBQM iQ i?2 KBbbBM;M2bb 7Q` p�`B�#BHBiv +�H+mH�iBQMb X X X X X X X X X X R9e

9XRd o�`B�#BHBiv BM .L� K2i?vH�iBQM #v 72�im`2 X X X X X X X X X X X X X X X X R93

9XR3 o�`B�#BHBiv rBi? K2i?vH�iBQM H2p2H �++QmMi2/ 7Q` X X X X X X X X X X X X X R9N

9XRN GQrHv K2i?vH�i2/ *:Ab �`2 ?QKQ;2M2Qmb X X X X X X X X X X X X X X X X R8y

9Xky J2i?vH�iBQM p�`B�#BHBiv +?�M;2b rBi? �;2 �`2 72�im`2 /2T2M/2Mi X X X X R8R

9XkR �;2−/2T2M/2Mi +?�M;2b BM K2i?vH�iBQM p�`B�#BHBiv �`2 *:−/2MbBiv /2@
T2M/2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8k

9Xkk *HQ+F−+QMi�BMBM; `2;BQMb �`2 �b ?2i2`Q;2M2Qmb �b i?2 #�+F;`QmM/ X X X R8j

9Xkj a+?2K�iB+ Q7 K2i?vH�iBQM T�ii2`MBM; rBi?BM bBM;H2 +2HHb X X X X X X X X X R88

9Xk9 1t�KTH2 T�ii2`MBM; Q7 � +2HH BM *:Ab X X X X X X X X X X X X X X X X X X X R8d

9Xk8 L2B;?#Qm`?QQ/ bBKBH�`Biv BM *:Ab X X X X X X X X X X X X X X X X X X X X X R8N

9Xke L2B;?#Qm`?QQ/ bBKBH�`Biv BM 2tQMb X X X X X X X X X X X X X X X X X X X X Rey

9Xkd L2B;?#Qm`?QQ/ bBKBH�`Biv BM GR GAL1b X X X X X X X X X X X X X X X X X X ReR

9Xk3 L2B;?#Qm`?QQ/ bBKBH�`Biv BM +HQ+F `2;BQMb X X X X X X X X X X X X X X X X Rej

9XkN S2�`bQM +Q``2H�iBQMb Q7 T`QKQi2` K2i?vH�iBQM rBi? i`�Mb+`BTiBQM X X X X Re8

9Xjy aT2�`K�M +Q``2H�iBQMb Q7 T`QKQi2` K2i?vH�iBQM rBi? i`�Mb+`BTiBQM X X X Ree

9XjR JQ/2H Q7 2TB;2M2iB+ +?�M;2b BM h� >B Jma*b rBi? �;2 X X X X X X X X X Rdy

8XR J". �HB;MK2Mi �+`Qbb J".@+QMi�BMBM; 7�KBHv K2K#2`b X X X X X X X X Rde

8Xk *QMbi`m+i K�T Q7 i?2 J".R@2:6S +QMbi`m+i X X X X X X X X X X X X X X Rd3

8Xj *Q−HQ+�HBb�iBQM Q7 .L� K2i?vH�iBQM �M/ J".R@2:6S T`Qi2BM BM b2`mK
K1a*b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RdN

8X9 6_�S `2+Qp2`B2b 2tTH�BM2/ X X X X X X X X X X X X X X X X X X X X X X X X X R3y

8X8 J".R@2:6S ?�b � HQM;2` `2+Qp2`v ?�H7@HB72 i?�M 2:6S@QMHv X X X X X X R3j

8Xe _2+Qp2`v bT22/ Q7 i?2 2:6S@QMHv K1a*b T`2+Hm/2b �++m`�i2 K2�bm`2K2MiR39

8Xd 2:6S@QMHv b2`mK K1a*b r2`2 T?QiQ@#H2�+?2/ X X X X X X X X X X X X X X R38

8X3 _2+Qp2`v Bb bBx2 BMp�`B�Mi Qp2` K2�bm`2/ #H2�+? /B�K2i2`b X X X X X X X X R3e

8XN _2+Qp2`v Bb BM/2T2M/2Mi Q7 T`Qi2BM H2p2H X X X X X X X X X X X X X X X X X R33
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8XRy J2�bm`2K2Mi Q7 .L� K2i?vH�iBQM Bb TQbbB#H2 mbBM; 6_�S X X X X X X X R3N
8XRR .2i2+iBQM Q7 K2i?vH�iBQM /Bz2`2M+2b #2ir22M K1a* bi`�BMb X X X X X X X RNR
8XRk .LJhR T`Qi2BM H2p2H /2+HBM2b mTQM /Qtv+v+HBM2 BM/m+iBQM BM .LJhR~f~

K1a*b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RNj
8XRj 6_�S K2�bm`2K2Mi Q7 .L� K2i?vH�iBQM +?�M;2b mTQM .LJhR /2H2iBQMRNj
8XR9 JQ/2H Q7 .L� K2i?vH�iBQM HQbb X X X X X X X X X X X X X X X X X X X X X X RN8
8XR8 hrQ TQTmH�iBQMb Q7 b2`mK K1a*b K2�bm`2/ #v 6_�S X X X X X X X X X RNe
8XRe L�MQ; 2tT`2bbBQM Bb BMp2`bH2v �bbQ+B�i2/ rBi? .L� K2i?vH�iBQM H2p2Hb X RNe
8XRd 6_�S K2�bm`2K2Mib +Q``2H�i2 rBi? q:"a X X X X X X X X X X X X X X X RNd
8XR3 Z* Q7 KmHiBTH2 K2�bm`2K2Mib 7`QK i?2 b�K2 +2HH X X X X X X X X X X X X RN3
8XRN .B�;`�K Q7 ..J BK�;BM; bi2Tb X X X X X X X X X X X X X X X X X X X X X X kyR
8Xky .2TB+iBQM Q7 `2+BT`Q+�H /Bbi�M+2- [ X X X X X X X X X X X X X X X X X X X X X kyj
8XkR AK�;2 �M�HvbBb rQ`F~Qr 7Q` ..J X X X X X X X X X X X X X X X X X X X X X ky8
8Xkk avbi2K�iB+ 2z2+ib 7QmM/ i?�i �`2 BM/2T2M/2Mi Q7 +Q``2H�iBQM iBK2 X X X kye
8Xkj .B�;`�K�iB+ `2T`2b2Mi�iBQM Q7 i?2 /�i� 7QHHQrBM; T`BK�`v �M�HvbBb X X X kyd
8Xk9 1t2KTH�` �miQ+Q``2H�iBQM 7mM+iBQMb 7Q` b2`mK K1a*b X X X X X X X X X X ky3
8Xk8 .Bz2`2M+2b BM KQiBQM #2ir22M J".R@2:6S �M/ 2:6S@QMHv /2i2+i2/

rBi? ..J X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRy
8Xke oBbm�HBb�iBQM bQ7ir�`2 Q7 T`BK�`v �M�HvbBb X X X X X X X X X X X X X X X X kRR
8Xkd 6Bt2/ +2HHb iQ /Q MQi 2t?B#Bi � /2+�v rBi? +Q``2H�iBQM iBK2 X X X X X X X kRj
8Xk3 SBt2H BMi2MbBiv Q7 #H�MF BK�;2b /Q2b MQi BM+`2�b2 rBi? +Q``2H�iBQM iBK2 kR9
8XkN ..J K2�bm`2K2Mib BM+`2�b2 rBi? i2KT2`�im`2 X X X X X X X X X X X X X kR8
8Xjy ..J +�M K2�bm`2 .L� K2i?vH�iBQM BM b2`mK K1a*b X X X X X X X X X kRd
8XjR ..J K2�bm`2K2Mib Q7 b2`mK �M/ kB K1a*b X X X X X X X X X X X X X X X kR3
8Xjk JmHiBTH2 ..J K2�bm`2K2Mib �`2 TQbbB#H2 �+`Qbb iBK2 X X X X X X X X X X kRN

tt



GBbi Q7 h�#H2b

kXR EBib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd
kXk AMbi`mK2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3
kXj G�#Q`�iQ`v K�i2`B�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3
kX9 _2�;2Mib 7Q` iBbbm2 +mHim`2 X X X X X X X X X X X X X X X X X X X X X X X X X jN
kX8 *?2KB+�Hb �M/ _2�;2Mib A X X X X X X X X X X X X X X X X X X X X X X X X X 9y
kXe *?2KB+�Hb �M/ _2�;2Mib AA X X X X X X X X X X X X X X X X X X X X X X X X X 9R
kXd �;2b �M/ iBbbm2 Q7 i?2 b�KTH2b mb2/ iQ /2}M2 i?2 KQmb2 2TB;2M2iB+ +HQ+F 93
kX3 h`2�iK2Mib mb2/ iQ �bb2bb +?�M;2b iQ #BQHQ;B+�H �;2 X X X X X X X X X X X 9N
kXN SH�bKB/b ;2M2`�i2/ 7Q` 7mim`2 6_1h@bivH2 2tT2`BK2Mib X X X X X X X X X ed
kXRy �MiB#Q/B2b mb2/ 7Q` BKKmMQ~mQ`2b+2M+2 X X X X X X X X X X X X X X X X X dR

9XR Z* Q7 bBM;H2 +2HH i`�Mb+`BTiQK2b X X X X X X X X X X X X X X X X X X X X X X Rk3
9Xk Z* Q7 bBM;H2 +2HH K2i?vHQK2b X X X X X X X X X X X X X X X X X X X X X X X R9y
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*?�Ti2` R

AMi`Q/m+iBQM

�;2BM; �M/ i?2 ?QT2 Q7 `2p2`bBM; Bi ?�p2 7�b+BM�i2/ ?mK�Mb �`QmM/ i?2 ;HQ#2 7Q`
+2Mim`B2bX JQ`2 `2+2MiHv ?Qr2p2`- i?2 bim/v Q7 �;2BM; ?�b 2pQHp2/ 7`QK � +m`BQbBiv
iQ �M BMi2;`�H �`2� Q7 `2b2�`+? BM Q`/2` iQ K22i i?2 /2K�M/b Q7 i?2 +m``2MiHv �;2BM;
TQTmH�iBQMX "mi BM bTBi2 Q7 `2+2Mi 2zQ`i iQ mM/2`bi�M/ i?2 T`Q+2bb Q7 �;2BM;- Qm`
mM/2`bi�M/BM; Q7 Bi Bb biBHH HBKBi2/ �M/ K�Mv 7mM/�K2Mi�H [m2biBQMb `2K�BMX am+?
[m2biBQMb BM+Hm/2, r?�i Bb �;2BM;\ Ab �;2BM; � b2H2+i2/ Q` �/�TiBp2 i`�Bi\ Ab �;2BM;
� KmHiB+2HHmH�` 2Mb2K#H2 T?2MQK2MQM Q` /Q2b Bi 2tBbi �b � +QM+2Ti �i i?2 H2p2H Q7 i?2
bBM;H2 +2HH\ �M/ r?�i Bb i?2 KQH2+mH�` /2}MBiBQM Q7 �;2BM; �M/ +�M r2 K�MBTmH�i2
Bi BM Q`/2` iQ `2p2`b2 Bi\ .2}MBiBQMb �#QmM/ iQ i`v �M/ /2b+`B#2 �;2BM; �i /Bz2`2Mi
+QKTH2tBiv H2p2Hb- 7`QK T?vbBQHQ;B+�H /2}MBiBQMb iQ KQH2+mH�` QM2bX AM i?Bb i?2bBb- A
/2}M2 �;2BM; #`Q�/Hv �b � `2/m+iBQM BM � +2HH Q` Q`;�MBbKǶb �#BHBiv iQ 2{+B2MiHv BMi2`�+i
rBi? Bib 2MpB`QMK2Mi 7Q` Bib QrM T`QT�;�iBQMX

RXR h?2Q`B2b Q7 �;2BM;

AM i?2 H�i2 RNi? +2Mim`v- �m;mbi q2BbK�MM T`QTQb2/ i?�i �;2BM; r�b i?2 BKT2`72+i
�/�Ti�iBQM Q7 �M BM/BpB/m�H iQ i?2 /2i`BK2Mi�H BMDm`B2b i?�i Q++m``2/ Qp2` i?2 +Qm`b2 Q7
i?2B` HB72iBK2 �M/ i?�i i?Bb BKT2`72+i �/�TiBp2 T`Q+2bb Q7 �;2BM; rQmH/ BM im`M ǳK�F2
`QQK 7Q` i?2 vQmM;Ǵ Uq2BbK�MM- R33NVX >Qr2p2`- i?Bb +QM+2Ti Q7 ;`QmT b2H2+iBQM@#�b2/

R



RXRX h?2Q`B2b Q7 �;2BM; *?�Ti2` RX AMi`Q/m+iBQM

�/�TiBp2 �;2BM; HQbi 7�pQm` rBi? 2pQHmiBQM�`v #BQHQ;Bbib /m2 iQ Bib i2H2QHQ;B+�H M�``�iBp2-
r?B+? /B/ MQi Qz2` � +H2�` K2+?�MBbK 7Q` i?2 b2H2+iBQM T`Q+2bbX Ai r�b i?2`27Q`2 `2TH�+2/
#v i?2 Jmi�iBQM �++mKmH�iBQM h?2Q`v Q7 �;2BM;X h?Bb i?2Q`v TQbimH�i2b i?�i MQM@
�/�TiBp2 �;2BM; Bb /m2 iQ i?2 `2/m+2/ TQr2` Q7 M�im`�H b2H2+iBQM �i �/p�M+2/ �;2X h?Bb
`2bmHib BM �M BM+`2�b2/ #m`/2M Q7 /2H2i2`BQmb Kmi�iBQMb i?�i bT2+B}+�HHv 2z2+i i?2 �;2/
UJ2/�r�`- RN8kVX h?Bb i?2Q`v bm;;2bib i?�i H�i2@�+iBM; /2H2i2`BQmb Kmi�iBQMb BM i?2
;2`KHBM2 �`2 `2bTQMbB#H2 7Q` i?2 �;2BM; T?2MQK2MQMX Ai ?�b bBM+2 HQbi 7�pQm`- #2+�mb2 Q7
i?2 Q#b2`p�iBQM i?�i K�Mv ;2M2b �`2 2tT`2bb2/ BM � iBbbm2@bT2+B}+- �M/ /2p2HQTK2Mi�H
bi�;2@bT2+B}+ K�MM2`X �b bm+?- �Mv H�i2@HB72 bT2+B}+ 2z2+i rQmH/ `2[mB`2 � H�i2@HB72
bT2+B}+ ;2M2iB+ T`Q;`�K iQ #2 �+iBp�i2/ BM i?2 }`bi BMbi�M+2X

� i?2Q`v i?�i bQm;?i iQ `2+iB7v i?Bb /Bb+`2T�M+v r�b Q7 i?2 i?2Q`v Q7 �Mi�;QMBbiB+
SH2BQi`QTvX h?Bb i?2Q`v- �HbQ T`QTQb2/ mM/2` i?2 mK#`2HH� Q7 MQM@�/�TiBp2 �;2BM;-
/Bz2`2/ 7`QK i?2 Jmi�iBQM �++mKmH�iBQM h?2Q`v Q7 �;2BM; BM Bib �bb2bbK2Mi Q7 i?2
BM~m2M+2 Q7 M�im`�H b2H2+iBQM mTQM i?2 7Q`K�iBQM Q7 i?2 �;2BM; T?2MQivT2 Bib2H7X �+@
+Q`/BM; iQ i?Bb i?2Q`v- M�im`�H b2H2+iBQM �+ib bi`QM;Hv QM ;2M2b i?�i �`2 #2M2}+B�H 2�`Hv
BM HB72- 2p2M B7 i?2v rBHH ?�p2 /2i`BK2Mi�H 2z2+ib BM K�im`2 BM/BpB/m�Hb U>�KBHiQM- RNee-
EB`FrQQ/ �M/ J2HQp- kyRR �M/ qBHHB�Kb- kyyRVX h?Bb i?2Q`v Q7 �;2BM; i?mb ;Bp2b
M�im`�H b2H2+iBQM �M BMi2;`�H `QH2 BM i?2 �;2BM; T`Q+2bbX JQ`2Qp2`- i?2 i?2Q`v Bb MQi
+QMbB/2`2/ �M �/�TiBp2 �;2BM; i?2Q`v- #2+�mb2 i?2 b2H2+iBQM T`2bbm`2 Bb QM i?2 T?2MQ@
ivTB+ i`�Bib i?�i �`2 #2M2}+B�H /m`BM; 2�`Hv HB72X �b bm+?- i?Bb i?2Q`v ?vTQi?2bBb2b i?�i
�;2BM; Bb MQi /B`2+iHv +�mb2/ #v � ;2M2iB+ K2+?�MBbKX

>Qr2p2`- i?2`2 Bb BM+`2�bBM; Q#b2`p�iBQM�H �M/ 2tT2`BK2Mi�H 2pB/2M+2 i?�i +�HHb i?Bb
�Mi�;QMBbiB+ SH2BQi`QTv i?2Q`v Q7 �;2BM; BMiQ [m2biBQMX 6Q` BMbi�M+2- Bi ?�b #22M b?QrM
BM 7`mBi ~B2b i?�i r2`2 b2H2+iBp2Hv #`2/ 7Q` � HQM; HB72bT�M i?�i � HQM; HB72bT�M Bb MQi
+Q``2H�i2/ rBi? � +QM+QKBi�Mi /2+`2�b2 BM `2T`Q/m+iBp2 }iM2bb UG2`QB 2i �HX- RNN9V- �b
rQmH/ #2 2tT2+i2/ 7`QK �Mi�;QMbiB+ SH2BQi`QTvX AM �//BiBQM- Bi ?�b #22M 7QmM/ i?�i
+2`i�BM �;2BM;@`2H�i2/ /Bb2�b2b ?�p2 +QMb2`p2/ ;2M2iB+ K2+?�MBbKb i?�i M22/ iQ #2
�+iBp�i2/ 7Q` i?2 /Bb2�b2 iQ Q++m` U"QrH2b- kyyyV �M/ i?�i bm+? ;2M2iB+ K2+?�MBbKb
/QMǶi M22/ iQ ?�p2 � #2M2}+B�H 2z2+i 2�`Hv BM HB72 U"`�+F 2i �HX- kyyd- :QH/bKBi?- kyye-
E2MvQM- kyRy- E?�B/�FQp 2i �HX- kyye- GBMM�M2 2i �HX- RNNy- JBii2H/Q`7- kyy9- SBb?2H
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*?�Ti2` RX AMi`Q/m+iBQM RXRX h?2Q`B2b Q7 �;2BM;

2i �HX- kyRk �M/ h?mK 2i �HX- kyy3VX

h?2 H�bi Q7 i?2 i?`22 K�DQ` MQM@�/�TiBp2 i?2Q`B2b Q7 �;2BM; Bb i?2 .BbTQb�#H2 aQK�
h?2Q`vX h?Bb i?2Q`v TQbBib i?�i i?2`2 Bb � }MBi2 �KQmMi Q7 `2bQm`+2b i?�i �M BM/BpB/@
m�H ?�b �i i?2B` /BbTQb�H- r?2i?2` i?Bb `2bQm`+2 #2 2M2`;v U�b Q`B;BM�HHv T`QTQb2/ #v
EB`FrQQ/- RNddV Q` iBK2 U�b �M �/�Ti�iBQM Q7 i?2 i?2Q`v T`QTQb2/ #v GQ`2MxBMB 2i �HX-
kyRRV- �M/ i?�i i?2b2 `2bQm`+2b Kmbi #2 /Bbi`B#mi2/ �KQM; i?2 +2HHb Q7 i?2 #Q/v iQ
K�tBKBb2 bm++2bb7mH T`Q+`2�iBQMX 6`QK i?Bb Bi 7QHHQrb i?�i � 7�` ;`2�i2` T`QTQ`iBQM
Q7 `2bQm`+2b Qm;?i iQ #2 ;Bp2M iQ i?2 +2HHb Q7 i?2 ;2`KHBM2 i?�M iQ i?Qb2 Q7 i?2 bQK�X
AM im`M i?Bb rQmH/ T`2/B+i i?�i � `2/m+iBQM BM �p�BH�#H2 `2bQm`+2b rQmH/ `2bmHi BM �
`2/m+iBQM BM HB72bT�M �M/ `2T`Q/m+iBQM- �bbmKBM; i?�i i?2 /Bbi`B#miBQM `�iBQ /Q2b MQi
+?�M;2X AM/22/- � `2/m+iBQM BM +�HQ`B+ +QMbmKTiBQM `2/m+2b i?2 `2T`Q/m+iBp2 QmiTmi
BM +�HQ`B+ `2bi`B+iBQM bim/B2bX >Qr2p2`- +�HQ`B+ `2bi`B+iBQM 2tT2`BK2Mib +QM/m+i2/ bBM+2
i?2 RNjyb /Q MQi b?Qr i?�i � `2/m+iBQM BM 2M2`;v BMTmi `2/m+2b HB72bT�M- BM 7�+i Bi ?�b
#22M b?QrM iQ BM+`2�b2 HB72bT�M U6QMi�M� 2i �HX- kyRyV- /2T2M/BM; QM i?2 bT2+B2b- bi`�BMb
�M/ b2t2b bim/B2/ U*QHK�M 2i �HX- kyR9- aQ?�H �M/ 6Q`bi2`- kyR9 �M/ arBM/2HH- kyRkVX
h?Bb bm;;2bib i?�i i?Bb bBKTH2 �bbmKTiBQM Q7 � K�BMi�BM2/ ;2`KHBM2@bQK� `�iBQ Bb MQi
`2~2+iBp2 Q7 i?2 `2�HBivX S2`?�Tb BMbi2�/- BM/BpB/m�Hb �`2 �#H2 iQ `2bTQM/ iQ b?Q`i i2`K
ǳ?�`/b?BTǴ BM Q`/2` iQ 2Mbm`2 bm++2bb7mH T`Q+`2�iBQM Bb 72�bB#H2 BM i?2 KQ`2 ǳ�|m2MiǴ
HQM;@i2`KX

PM2 +?�`�+i2`BbiB+ i?�i i?2b2 MQM@�/�TiBp2 �;2BM; i?2Q`B2b �HH b?�`2 Bb i?2 T`2/B+iBQM
i?�i 7�bi2` �;2BM; rBHH 2pQHp2 r?2M i?2`2 Bb � ?B;?2` 2ti`BMbB+ /2�i? `�i2X AM Qi?2`
rQ`/b- r?2M b2H2+iBQM +�`2b H2bb �#Qmi i?2 QH/ /m2 iQ �M BM+`2�b2/ 2ti`BMbB+ /2�i?
`�i2- Kmi�iBQMb i?�i �`2 T`Q?B#BiBp2 iQ HQM; HB72 rQmH/ #2 �HHQr2/ iQ bm`pBp2 rBi?BM
i?2 TQTmH�iBQMX "mi i?Bb B/2� /Q2b MQi b22K iQ #2 bmTTQ`i2/ #v 2pB/2M+2, ;mTTB2b
HBpBM; BM `2;BQMb Q7 ?B;?2` T`2/�iBQM /Q MQi ?�p2 �M BM+`2�b2/ BMi`BMbB+ /2�i? `�i2
/m2 iQ �;BM; U_2xMB+F 2i �HX- kyy9VX AM �M �ii2KTi iQ �++QmMi 7Q` bm+? +QMi`�/B+iQ`v
Q#b2`p�iBQMb- �/�Ti�iBQMb iQ i?2b2 +H�bbB+�H MQM@�/�TiBp2 i?2Q`B2b Q7 �;2BM; ?�p2 #22M
T`QTQb2/X PM2 bm+? �/�Ti�iBQM Bb i?2 h?2Q`v Q7 _Q#mbiM2bb UE`B2i2- kyRjVX AM �//BiBQM
iQ i?2 T`QTQb�H Q7 �/�Ti�iBQMb iQ i?2b2 i?2Q`B2b- i?2b2 +QMi`�/B+iBQMb ?�p2 �HbQ `2bmHi2/
BM i?2 `2@TQTmH�`Bb�iBQM Q7 �/�TiBp2 �;2BM; i?2Q`B2b- �b }`bi T`QTQb2/ #v q2BbK�MM
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RXRX h?2Q`B2b Q7 �;2BM; *?�Ti2` RX AMi`Q/m+iBQM

�M/ /2`Bp�iBp2b i?2`2Q7 U"QrH2b- RNN3- :QH/bKBi?- kyy9- :QH/bKBi?- kyy3- J�`iBMb-
kyRR- JBii2H/Q`7- kyye- JBii2H/Q`7 �M/ S2TT2`- kyyN- aFmH�+?2p- kyyR- h`�pBb- kyy9
�M/ qQQ/#2``v 2i �HX- kyydVX h?Bb Bb BM H�`;2 T�`i /m2 iQ i?2 `2�HBb�iBQM i?�i �/�TiBp2
i?2Q`B2b Q7 �;2BM; �`2 +QKT�iB#H2 rBi? #Qi? i?2 2pB/2M+2 7Q` �M/ +QMi`�/B+iQ`v 2pB/2M+2
�;�BMbi i?2b2 MQM@�/�TiBp2 i?2Q`B2b Q7 �;2BM; U:QH/bKBi?- kyye- JBii2H/Q`7- kyy9 �M/
JBii2H/Q`7- kyRyVX AM �//BiBQM- i?2b2 M2r �/�TiBp2 i?2Q`B2b Q7 �;2BM; �`2 �HbQ +QKT�iB#H2
rBi? FMQrM BM/BpB/m�HHv@�/p2`b2 #2?�pBQm`b T`2b2Mi BM M�im`2X am+? #2?�pBQm`b BM+Hm/2,
�Hi`mBbK- b2tm�H `2T`Q/m+iBQM �M/ bmB+B/�H #2?�pBQm` BM b2K2HT�`Qmb bT2+B2bX

JQ/2`M �/�TiBp2 i?2Q`B2b Q7 �;2BM; �bbmK2 i?�i 2pQHmiBQM Bb �+iBM; �i � ;`QmT Q` FBM@
b?BT H2p2H �M/ BM+Q`TQ`�i2 �;2BM; �b �M �Hi`mBbiB+ +QKTQM2Mi UJBii2H/Q`7 �M/ qBHbQM-
kyyy- h�vHQ`- RNNk- qBHbQM 2i �HX- RNNk �M/ u�M;- kyRjVX h?Bb /2b+`BTiBQM Q7 �/�TiBp2
�;2BM; rBi?BM � ;`QmT Q` FBMb?BT b2H2+iBQM +QMi2ti ?�b #22M rB/2Hv +`BiB+Bb2/ QrBM;
iQ BMi2`T`2i�iBQMb 7`QK �M�Hvb2b Q7 +H�bbB+�H 2pQHmiBQM�`v i?2Q`B2b- BM+Hm/BM;, S`B+2Ƕb
h?2Q`2K US`B+2 2i �HX- RNdyV- 1pQHmiBQM�`BHv ai�#H2 ai`�i2;v i?2Q`v UaKBi? �M/ S�`F2`-
RNdeV- �M/ EBM a2H2+iBQM i?2Q`v U>�KBHiQM- RNe9VX >Qr2p2`- i?2b2 i?2Q`B2b �`2 HBKBi2/
QrBM; iQ i?2B` 7�BHm`2 iQ �/2[m�i2Hv i�F2 BMiQ �++QmMi /Bz2`2M+2b #2ir22M BM/BpB/m�Hb
rBi?BM � TQTmH�iBQM �M/ i?2 BKT�+i Q7 TQTmH�iBQM /vM�KB+bX �b bm+?- �M�Hvb2b #�b2/
QM i?2K �`2 BM?2`2MiHv Qp2`@bBKTHBbiB+ �M/ #B�b2/X am+? HBKBi�iBQMb �`2 MQr #2+QKBM;
KQ`2 rB/2Hv �TT`2+B�i2/- r?B+? K�F2b Bi BM+`2�bBM;Hv �TT�`2Mi i?�i �;2BM; T2` b2 K�v
#2 �+iBQM�#H2 #v 2pQHmiBQM r?2M +QMbB/2`2/ �b � FBMb?BT �ii`B#mi2 rBi?BM � pBb+Qmb
TQTmH�iBQM UJBii2H/Q`7 �M/ qBHbQM- kyyy- JBii2H/Q`7- kyyeVX � pBb+Qmb TQTmH�iBQM Bb
/2}M2/ �b QM2 rBi? HBKBi2/ KQp2K2Mi i?�i BM im`M `2bmHib BM BM+`2�b2/ ;2M2iB+ `2H�i2/@
M2bb Q7 BM/BpB/m�Hb rBi?BM Bi UJBii2H/Q`7 �M/ qBHbQM- kyyyVX h?�i #2BM; b�B/- 7Q` bm+?
FBMb?BT@#�b2/ �;2BM; �/�Ti�iBQMb iQ /2p2HQT- i?2`2 Kmbi #2 � /vM�KB+ +�``vBM; +�T�+@
Biv rBi?BM i?2 TQTmH�iBQM- Qi?2`rBb2 i?2 FBMb?BT #2M2}ib �`2 M2;�i2/ #v i?2 BM+`2�b2/
T`2bbm`2 Q7 i?2 �ii`B#mi2 Uh�vHQ`- RNNk �M/ qBHbQM 2i �HX- RNNkVX 1t+BiBM;Hv- BM `2+2Mi
v2�`b i?2b2 FBMb?BT i?2Q`B2b ?�p2 #22M KQ/B}2/ iQ BM+Q`TQ`�i2 FBMb?BT b2H2+iBQM �i i?2
H2p2H Q7 i?2 BM/BpB/m�H UrBi?BM pBb+Qmb TQTmH�iBQMbc u�M;- kyRjVX h?Bb bim/v +QMbB/2`2/
�HH QzbT`BM; iQ #2 MQM@2[mBp�H2Mi- �M/ 7m`i?2` ?B;?HB;?i2/ i?2 TQi2MiB�H 7Q` i?2 2pQHm@
iBQM Q7 �;2BM; �b � FBMb?BT �ii`B#mi2- #v b?QrBM; i?�i i?2 2pQHmiBQM Q7 ǳT`Q;`�KK2/
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*?�Ti2` RX AMi`Q/m+iBQM RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H

/2�i?Ǵ `2[mB`2b � H2bb +QQT2`�iBp2 2MpB`QMK2Mi i?�M /Q2b i?2 2pQHmiBQM Q7 ;2M/2` Uu�M;-
kyRjVX

RXk �;2BM; �i i?2 KQH2+mH�` H2p2H

�i i?2 H2p2H Q7 i?2 BM/BpB/m�H- i?2 �#Qp2 i?2Q`B2b Q7 �;2BM; +�M #2 #`Q�/Hv bTHBi BMiQ
irQ +�i2;Q`B2b, i?Qb2 BKTHB+�iBM; T�bbBp2 /2+�v- TQi2MiB�HHv �b � `2bmHi Q7 /�K�;2 U7Q`
2t�KTH2 bQK�iB+ Kmi�iBQMb BM i?2 +�b2 Q7 i?2 .BbTQb�#H2 aQK� h?2Q`vVc Q` i?Qb2 i?�i
BMpQHp2 �M �+iBp2Hv T`Q+m`2/ bi�i2- 2Bi?2` BM � MQM@T`Q;`�KK2/ K�MM2` bm+? �b � KBb@
}`BM; ;2M2iB+ T`Q;`�K /m2 iQ � Kmi�iBQM U�b BM �Mi�;QMBbiB+ SH2BQi`QTv h?2Q`vV Q`
T`Q;`�KK2/ U�b BM �/�TiBp2 i?2Q`B2b Q7 �;2BM;VX >Qr2p2`- Bi Kmbi #2 MQi2/ i?�i- �i
i?2 KQH2+mH�` H2p2H- i?2 +?�`�+i2`BbiB+b Q7 i?2b2 p�`BQmb T`Q+2bb2b �`2 #v MQ K2�Mb Km@
im�HHv 2t+HmbBp2X AM 7�+i- Bi Bb Q7i2M +?�HH2M;BM; iQ /Bb+2`M r?�i i?2 /Bz2`2M+2b rQmH/
#2 #2ir22M i?2 2pQHmiBQM�`v i?2Q`B2b �i i?2 KQH2+mH�` H2p2HX 6Q` BMbi�M+2- QM2 +QmH/
BK�;BM2 i?�i i?2`2 2tBbi2/ � ǳT`Q;`�KǴ i?�i `2bmHi2/ BM i?2 �++mKmH�iBQM Q7 bQK�iB+
Kmi�iBQMb `2bTQMbB#H2 7Q` i?2 �;2BM; T`Q+2bb- �M/ i?�i i?Bb T?2MQK2MQM rQmH/ MQi M2+@
2bb�`BHv `2[mB`2 �M BM/2T2M/2Mi ǳ�;2BM; T`Q;`�KǴX 6Q` i?2 Tm`TQb2b Q7 mM/2`bi�M/BM;
r?2i?2` Q` MQi i?2 �;2BM; T`Q+2bb +QmH/ #2 bi�HH2/ Q` `2p2`b2/- Bi Bb T2`?�Tb #2ii2` iQ
mM/2`bi�M/- }`biHv- Bib KQH2+mH�` K2+?�MBbK �M/ i?2M- b2+QM/�`BHv- i?2 2pQHmiBQM�`v
`�iBQM�H2 UB7 i?Bb 2tBbi2/V #2?BM/ BiX h?Bb Bb #2+�mb2 i?2 72�bB#BHBiv Q7 bi�HHBM; Q` `2p2`b@
BM; i?2 �;2/@bi�i2 rBHH #2 T`BK�`BHv /m2 iQ i?2 KQH2+mH�` +�mb2b Q7 i?2 �;2/@bi�i2 BM
i?2 }`bi TH�+2 �M/ MQi M2+2bb�`BHv r?2i?2` Bi r�b 2pQHmiBQM�`BHv ;2M2`�i2/ Q` MQiX

�MQi?2` BMi2`2biBM; [m2biBQM i?�i `2K�BMb H�`;2Hv mM�Mbr2`2/ Bb r?2i?2` �;2BM; Bb �
T?2MQK2MQM i?�i +�M #2 /2b+`B#2/ �i i?2 bBM;H2 +2HH H2p2H Q` r?2i?2` Bi Bb �M 2Mb2K#H2
T`QT2`iv Q7 � KmHiB@+2HHmH�` Q`;�MBbKX AM Qi?2` rQ`/b- +QmH/ i?2 T?2MQK2MQM Q7 �;2BM;
#2 /2b+`B#2/ Tm`2Hv 7`QK i?2 pB2r Q7 � bBM;H2 +2HH\ *QmH/ � +2HH BM �M/ Q7 Bib2H7 #2
/2b+`B#2/ �b �;2/- Q` +�M i?2 �;2BM; T?2MQK2MQM QMHv #2 +QMbB/2`2/ BM �M Q`;�MBbK�H
+QMi2ti\ aim/B2b +QM/m+i2/ QM bBM;H2@+2HH2/ Q`;�MBbKb bm+? �b aX +2`2pBbB�2 ?�p2 �i@
i2KTi2/ iQ �//`2bb i?Bb TQBMi- #mi bQ 7�` Bi ?�b `2K�BM2/ mM+H2�` r?2i?2` i?2 KQi?2`
+2HH Bb i`mHv �;2BM; BM i?2 b�K2 b2Mb2 �b r2 /2}M2 Bi BM � ?mK�M b2iiBM;- Q` r?2i?2` Bi Bb
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RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H *?�Ti2` RX AMi`Q/m+iBQM

bBKTHv �+[mB`BM; � M2r bi�i2 i?�i b2`p2b �M 2pQHmiBQM�`v Tm`TQb2 rBi?BM � TQTmH�iBQM
U6`2MF 2i �HX- kyRdVX

h?2 2pB/2M+2 �p�BH�#H2 7Q` �Mbr2`BM; i?2b2 [m2biBQMb Bb BM KQbi BMbi�M+2b +B`+mKbi�MiB�HX
h?Bb Bb #2+�mb2 � bB;MB}+�Mi TQ`iBQM Q7 i?2 �p�BH�#H2 2pB/2M+2 +QK2b 7`QK Q#b2`p�iBQMb
Q7 i?2 M�im`�H �;2BM; T`Q+2bb U2Bi?2` BM � H�#Q`�iQ`v b2iiBM; Q` BM i?2 }2H/V �M/ MQi 7`QK
?vTQi?2bBb@/`Bp2M 2tT2`BK2MibX �MQi?2` `2�bQM Bb i?�i �;2BM; Bb BMi`BMbB+�HHv +QKTH2t
�M/ iBK2@+QMbmKBM; iQ bim/v BM �M 2tT2`BK2Mi�H b2iiBM;X AM `2+2Mi v2�`b- bQK2 2pB@
/2M+2 +QHH2+i2/ �i #Qi? i?2 Q`;�MBbK�H �M/ +2HHmH�` H2p2H ?�b 2K2`;2/ i?�i bi`2M;i?2Mb
i?2 B/2� i?�i �;2BM; +QmH/ #2 �M �+iBp2Hv T`Q+m`2/ bi�i2X 6Q` BMbi�M+2- 7`QK Q#b2`p�@
iBQM�H bim/B2b 2pB/2M+2 7Q` i?2 �+iBp2Hv T`Q+m`2/ bi�i2 ?�b +QK2 7`QK Q`;�MBbK@H2p2H
Q#b2`p�iBQMb bm+? �b, i?2 2tBbi2M+2 Q7 b2K2HT�`Qmb Q`;�MBbKb HBF2 PM+Q`?vM+?mb bTTXc
i?2 ?m;2 p�`B�#BHBiv BM HB72bT�Mb Q7 2pQHmiBQM�`BHv +HQb2 bT2+B2b- bm+? �b BM r?�H2bc �M/
i?2 2tBbi2M+2 Q7 p�bi HB72bT�Mb BM i?2 FBM;/QK SH�Mi�2- bm+? �b i?�i Q7 SBMmb HQM;�2p�-
r?B+? Bb `2TQ`i2/ iQ HBp2 i?Qmb�M/b Q7 v2�`b U*`2bTB �M/ h2Q- kyyk- 6QQi2- kyy3 �M/
a+?mHK�M 2i �HX- RN8eVX 6`QK 2tT2`BK2Mi�H bim/B2b- 2pB/2M+2 BM bmTTQ`i Q7 i?2 �+iBp2Hv
T`Q+m`2/ bi�i2 ?�b +QK2 7`QK `2T`Q;`�KKBM;- `2Dmp2M�iBQM- b2M2b+2M+2 �M/ BKKQ`i�H@
Bb�iBQM 2tT2`BK2Mib i?�i ?�p2 #22M +QM/m+i2/ #Qi? �i � +2HHmH�` H2p2H BM pBi`Q- �M/ BM
pBpQX �M/ H�biHv- BM i?2 +�b2 Q7 `2T`Q;`�KKBM; 2tT2`BK2Mib- Bi ?�b `2+2MiHv #22M b?QrM
i?�i /Bz2`2MiB�i2/ +2HH ivT2b BbQH�i2/ 7`QK vQmM; �M/ QH/ BM/BpB/m�Hb +�M #2 `2T`Q@
;`�KK2/ iQ �M BM/m+2/ THm`BTQi2Mi bi2K +2HH UBSa*V bi�i2 �M/ i?2M `2@/Bz2`2MiB�i2/-
�i r?B+? TQBMi i?2v #Qi? ?�p2 i?2 b�K2 ǳvQmi?7mHǴ T?2MQivT2X AM i?Bb b2Mb2 i?2 �;2/
T?2MQivT2 �TT2�`b KQH2+mH�`Hv `2p2`bB#H2 U6`Q#2H 2i �HX- kyR9VX h?Bb rQ`F �HbQ bm;;2bib
i?�i �;2BM; �b /2}M2/ BM i?Bb +QMi2ti Bb � +2HH@BMi`BMbB+ T`QT2`iv i?�i +�M #2 `2b2i /m`BM;
i?2 BSa* `2T`Q;`�KKBM; T`Q+2bbX Ai ?�b #22M MQi2/ bTQ`�/B+�HHv BM i?2 HBi2`�im`2 i?�i
QH/2` +2HHb �`2 KQ`2 `27`�+iQ`v iQ i?2 BSa* `2T`Q;`�KKBM; T`Q+2bb �M/ KQ`2 T`QM2 iQ
�#MQ`K�HBiB2b U6`Q#2H 2i �HX- kyR9- a�`/Q 2i �HX- kyRd �M/ h�F�?�b?B �M/ u�K�M�F�-
kyyeVX >Qr2p2`- Bi Bb �++2Ti2/ BM i?2 }2H/ i?�i i?2 `2T`Q;`�KKBM; 2{+B2M+v Q7 �Mv
QM2 +2HH ivT2 Bb /2T2M/2Mi QM � `�M;2 Q7 7�+iQ`b BM+Hm/BM; i?2 /QMQ` ;2MQivT2- �b bm+?-
Bi Bb v2i iQ #2 /2i2`KBM2/ r?2i?2` i?Bb B/2� Q7 �;2@`2H�i2/ BM2{+B2M+v rQmH/ ?QH/ i`m2
BM bim/B2b rBi? H�`;2` /QMQ` b�KTH2 bBx2b U1#`�?BKB- kyR8VX
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*?�Ti2` RX AMi`Q/m+iBQM RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H

AM �//BiBQM iQ Q#b2`p�iBQMb QM BM pBi`Q +2HHmH�` `2T`Q;`�KKBM;- b+B2MiBbib ?�p2 /2KQM@
bi`�i2/ i?2 `2Dmp2M�iBM; 2z2+i Q7 `2T`Q;`�KKBM; BM pBpQX >2`2- `2b2�`+?2`b +v+HB+�HHv
BM/m+2/ 2tT`2bbBQM Q7 i?2 u�K�M�F� 7�+iQ`b UP+i9- aQtk- EH79- +@Jv+c JQbi2B`Q 2i �HX-
kyRe �M/ P+�KTQ 2i �HX- kyReV BM KB+2 mbBM; /Qtv+v+HBM2X h?2 2tT`2bbBQM Q7 i?2b2
7�+iQ`b `2bmHi2/ BM i?2 `2Dmp2M�iBQM Q7 KmHiBTH2 iBbbm2b- rBi? � +Q``2H�iBQM #2ir22M i?2
2ti2Mi Q7 `2Dmp2M�iBQM �M/ i?2 /2;`22 Q7 `2T`Q;`�KKBM; BM i?2 bT2+B}+ iBbbm2 UJQbi2B`Q
2i �HX- kyReVX h?2 T�M+`2�b Bb �M 2t�KTH2 Q7 � iBbbm2 rBi?BM r?B+? `2T`Q;`�KKBM; Bb
?B;?Hv 2{+B2Mi UJQbi2B`Q 2i �HX- kyReVX AM �//BiBQM- Bi ?�b #22M b?QrM BM � T`Q;2`B�
KQmb2 KQ/2H i?�i i?Bb +v+HB+�H `2T`Q;`�KKBM; T`QiQ+QH +�M 2ti2M/ HB72bT�M UP+�KTQ
2i �HX- kyReVX >Qr2p2`- Bi b?QmH/ #2 MQi2/ i?�i bm+? � HB72bT�M 2ti2MbBQM BM � T`Q;2`B�
KQ/2H KB;?i MQi #2 bm`T`BbBM;- ;Bp2M i?�i }#`Q#H�bib 7`QK T`Q;2`B� T�iB2Mib HQbi i?2
?�HHK�`Fb Q7 i?2 /Bb2�b2 7Q` b2p2`�H T�bb�;2b r?2M i?2v r2`2 `2T`Q;`�KK2/ iQ BSa*b
�M/ bm#b2[m2MiHv `2@/Bz2`2MiB�i2/ UGBm 2i �HX- kyRRVX 6m`i?2`KQ`2- 2tT2`BK2Mib mbBM;
+v+HB+�H `2T`Q;`�KKBM; BM rBH/ ivT2 KB+2 ?�p2 b?QrM MQ bm+? HB72bT�M 2ti2MbBQM UJX
a2``�MQ T2`bQM�H +QKKmMB+�iBQMVX

J2+?�MBbiB+�HHv- i?2 `2Dmp2M�iBQM i?�i Q++m`b /m`BM; i?2 +v+HB+�H T`QiQ+QH Bb i?Qm;?i
iQ #2 /m2 iQ i?2 `2KQp�H Q7 �;2/ +2HHb MQi +H2�`2/ T`QT2`Hv #v i?2 BKKmM2 bvbi2K
T`BQ` iQ i?2 bi�`i Q7 i?2 `2T`Q;`�KKBM; T`QiQ+QHX h?2b2 �;2/ +2HHb �`2 i?Qm;?i iQ
#2 +H2�`2/ /m`BM; i?2 `2KQp�H Q7 i?2 p�bi MmK#2`b Q7 b2M2b+2Mi +2HHb BM/m+2/ /m`BM;
i?2 `2T`Q;`�KKBM; T`Q+2bb Bib2H7X a2M2b+2Mi +2HHb �`2 /2}M2/ �b +2HHb i?�i ?�p2 B``2@
p2`bB#Hv +2�b2/ +2HHmH�` `2THB+�iBQM U>�v~B+F- RNe8VX h?Bb `2Dmp2M�iBQM Bb i?2M 7m`i?2`
+QKTQmM/2/ #v `2TH�+2K2Mi Q7 i?2 �;2/ +2HHb rBi? T?2MQivTB+�HHv vQmM; /2b+2M/�Mib
Q7 i?2 BM pBpQ BSa*b ;2M2`�i2/ /m`BM; i?2 `2T`Q;`�KKBM;X h?2 }M/BM;b 7`QK i?2b2
BM pBpQ `2T`Q;`�KKBM; 2tT2`BK2Mib �`2 bm;;2biBp2 Q7 �M �+iBp2Hv T`Q+m`2/ bi�i2- rBi?
i?2 BSa*b ?�pBM; ?�/ i?2B` bi�i2 `2b2iX >Qr2p2`- i?2 `2KQp�H Q7 b2M2b+2Mi +2HHb 7`QK
iBbbm2b rQmH/ �HbQ #2 +QMbBbi2Mi rBi? � T�bbBp2 /2+�v T`Q+2bbX

h?2 T?2MQK2MQM Q7 +2HHmH�` b2M2b+2M+2 r�b }`bi Q#b2`p2/ #v >�v~B+F BM ?mK�M }#`Q#@
H�bib- BM r?B+? ?2 Q#b2`p2/ � HBKBi iQ i?2 MmK#2` Q7 T�bb�;2b i?�i � +2HH +�M mM/2`;Q
#27Q`2 Bi +2�b2b iQ /BpB/2 U>�v~B+F �M/ JQQ`?2�/- RNeRVX h?Bb HBKBi ?�b bBM+2 #2+QK2
FMQrM �b i?2 >�v~B+F HBKBi U>�v~B+F- RNe8VX Ai Bb +�mb2/ #v K�tBK�H i2HQK2`2 2`QbBQM-
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RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H *?�Ti2` RX AMi`Q/m+iBQM

�M/ i?2 BM/m+iBQM Q7 � .L� /�K�;2 `2bTQMb2- �M/ Bi ?�b i?2`27Q`2 #22M i2`K2/ `2THB+�@
iBp2 b2M2b+2M+2X *2HHmH�` b2M2b+2M+2 +�M �HbQ #2 BM/m+2/ BM � i2HQK2`2@BM/2T2M/2Mi
K�MM2`- 7Q` BMbi�M+2 i?`Qm;? QM+Q;2MB+ BM/m+iBQM Q` BM `2bTQMb2 iQ .L� /�K�;2
U.B G2QM�`/Q 2i �HX- RNN9- GBM 2i �HX- RNN3 �M/ a2``�MQ 2i �HX- RNNdVX hrQ ivTB+�HHv
/2}M2/ +?�`�+i2`BbiB+b Q7 b2M2b+2Mi +2HHb �`2 i?2B` 2tT`2bbBQM Q7 b2M2b+2M+2@�bbQ+B�i2/
#2i�@;�H�+iQbB/�b2 Ua�@β@:�HV �M/ +v+HBM@/2T2M/2Mi FBM�b2 BM?B#BiQ` k� UTReALE9�VX
TRe 2tT`2bbBQM Bb +QKKQMHv b22M BM #2MB;M +�M+2`b- #mi Bi �TT2�`b iQ #2 HQbi BM K�HB;@
M�Mi b�KTH2b- bm;;2biBM; i?�i BM i?Bb b2iiBM; b2M2b+2M+2 Bb imKQm`@bmTT`2bbBp2 U"`�B;
2i �HX- kyy8- >�m;bi2ii2` 2i �HX- kyRy �M/ JB+?�HQ;HQm 2i �HX- kyy8VX AM �//BiBQM- i?2b2
+2HHb ?�p2 � +?�`�+i2`BbiB+ b2+`2iQK2 i2`K2/ a2M2b+2M+2 �bbQ+B�i2/ a2+`2iQ`v S?2MQ@
ivT2 Ua�aSV- r?B+? +QMi�BMb BM~�KK�iQ`v +viQFBM2b- ;`Qri? 7�+iQ`b �M/ T`Qi2�b2b
U�+Qbi� 2i �HX- kyy3- *QTTû 2i �HX- kyy3 �M/ EmBHK�M 2i �HX- kyy3VX h?Bb a�aS �HbQ
BM/m+2b b2M2b+2M+2 BM M2B;?#Qm`BM; +2HHb U�+Qbi� 2i �HX- kyRjVX

a�aS Bb `2H2p�Mi iQ i?2 �;2BM; }2H/ #2+�mb2 Bi +QMi`B#mi2b iQ � MmK#2` Q7 �;2BM;@`2H�i2/
/Bb2�b2b bm+? �b �i?2`Qb+H2`QbBb- +�M+2` �M/ ivT2 k /B�#2i2b i?`Qm;? KQ/mH�iBQM Q7 i?2
BKKmM2 bvbi2K Uh+?FQMB� 2i �HX- kyRjVX AMi2`2biBM;Hv- �Hi?Qm;? +QMi`Qp2`bB�HHv- Bi ?�b
#22M bm;;2bi2/ i?�i i?Bb b2M2b+2Mi bi�i2 +QmH/ #2 `2p2`bB#H2 U"2�mbûDQm` 2i �HX- kyyjVX
h?Bb bim/v T`QTQb2b i?�i i?2 +�mb2 Q7 b2M2b+2M+2- r?2i?2` #v T8j BM�+iBp�iBQM Q` T_"
BM�+iBp�iBQM 7Q` BMbi�M+2- rBHH /2i2`KBM2 ?Qr i?2 b2M2b+2M+2 #�``B2` +�M #2 Qp2`+QK2X
h?Bb bim/v �HQM;bB/2 Qi?2`b ?B;?HB;?ib irQ i?BM;b, }`biHv i?�i �;2BM;- r?2M +QMbB/2`2/
�b � b2M2b+2Mi bi�i2- Bb � +2HH@BMi`BMbB+ T?2MQK2MQM U�Hi?Qm;? 2ti`BMbB+ 7�+iQ`b �`2
?m;2Hv BM~m2MiB�H BM i?2 7Q`K�iBQM Q7 i?2 bi�i2Vc �M/ b2+QM/Hv i?�i i?2 �;2BM; T`Q+2bb
�b +QMbB/2`2/ BM i?Bb r�v Bb TQi2MiB�HHv `2p2`bB#H2X >Qr2p2`- Bi b?QmH/ #2 MQi2/ i?�i
�Hi?Qm;? b2M2b+2M+2 +�M #2 Qp2`+QK2- i?Bb `2p2`b�H T`Q+2bb Bb +QKKQMHv �bbQ+B�i2/ rBi?
+?`QK�iBM /272+ib bm+? �b THQB/v �M/ +QmH/ TQi2MiB�HHv #2 QM2 Q7 i?2 r�vb BM r?B+?
+�M+2`b �`2 �#H2 iQ 2pQHp2 U"2�mbûDQm` 2i �HX- kyyjVX

S`Q;2`QB/ avM/`QK2b �`2 � 7�KBHv Q7 `�`2 ;2M2iB+ /Bb2�b2b +?�`�+i2`Bb2/ #v i?2 T`2b2M+2
Q7 �;2BM; T?2MQivT2b- 7`QK r?2`2 i?2v /2`Bp2 i?2B` M�K2X h?2 KQbi +QKKQMHv bim/B2/
S`Q;2`QB/ avM/`QK2b rBi?BM i?2 }2H/ Q7 �;2BM; �`2 q2`M2` avM/`QK2 Uǳ�/mHi T`Q;2@
`B�ǴV �M/ >mi+?BMbQM@:BH7Q`/ S`Q;2`B� avM/`QK2 U>:Sac ǳT`Q;2`B�ǴV- #2+�mb2 i?2v
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*?�Ti2` RX AMi`Q/m+iBQM RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H

�`2 #2HB2p2/ iQ `2T`2b2Mi �bT2+ib Q7 i?2 ǳM�im`�HǴ �;2BM; T`Q+2bbX q2`M2` avM/`QK2 Bb
�M �miQbQK�H `2+2bbBp2 /Bb2�b2 +?�`�+i2`Bb2/ BM i?2 K�DQ`Biv Q7 +�b2b #v � Kmi�iBQM BM
i?2 ;2M2 q_LX q_L 2M+Q/2b � T`Qi2BM rBi? bi`QM; ?QKQHQ;v iQ `2+Z ?2HB+�b2b �M/ Bb
i?Qm;?i iQ #2 `2[mB`2/ 7Q` mMrBM/BM; .L� /m`BM; .L� `2T�B` �M/ `2THB+�iBQM U:`�v
2i �HX- RNNdVX >:Sa- +QMp2`b2Hv- Bb � `�`2 ;2M2iB+ /Bb2�b2 i?�i Bb KQbi +QKKQMHv i?2
`2bmHi Q7 � /2 MQpQ *@iQ@h Kmi�iBQM BM i?2 GJL� ;2M2 �i TQbBiBQM R3k9 BM i?2 +Q/@
BM; b2[m2M+2 U7QmM/ BM 2tQM RRV- r?B+? `2bmHib BM i?2 BM+Q`TQ`�iBQM Q7 � +`vTiB+ /QMQ`
bTHB+2 bBi2 BMiQ i?2 i`�Mb+`BTi �M/ � }7iv@�KBMQ �+B/ i`mM+�iBQM Q7 i?2 G�KBM � T`Qi2BM
U.2 a�M/`2@:BQp�MMQHB 2i �HX- kyyjVX h?Bb i`mM+�iBQM `2bmHib BM BM+Q``2+i T`Q+2bbBM; Q7
i?2 T`2H�KBM � T`Qi2BM rBi?BM i?2 Mm+H2mb- r?B+? BM im`M �z2+ib i?2 Mm+H2�` H�KBM�
U.2 a�M/`2@:BQp�MMQHB 2i �HX- kyyjVX

aim/B2b Q7 +2HHb /2`Bp2/ 7`QK T2QTH2 rBi? >:Sa- ?�p2 T`QpB/2/ mb rBi? BMbB;?ib BMiQ
i?2 M�im`2 Q7 �;2BM; 7`QK � b2M2b+2M+2 T2`bT2+iBp2X >:Sa T�iB2Mi@/2`Bp2/ }#`Q#H�bib
2t?B#Bi T`2K�im`2 +2HHmH�` b2M2b+2M+2 �HQM;bB/2 KmHiBTH2 Qi?2` Mm+H2�` �M/ +?`QK�iBM
�#MQ`K�HBiB2b- bm+? �b #H2##BM; Q7 i?2 Mm+H2�` 2Mp2HQT2 �M/ `2/m+2/ i2HQK2`2 H2M;i?
U�HHbQTT 2i �HX- RNNk- .2+F2` 2i �HX- kyyN- :QH/K�M 2i �HX- kyy9- >m�M; 2i �HX- kyy3- GBm
2i �HX- kyy8- GBm 2i �HX- kyye �M/ a?mK�F2` 2i �HX- kyyeVX 1tT2`BK2Mib `2T`Q;`�KKBM;
i?2b2 iQ BSa*b b?Qr2/ i?�i i?2 H�KBM �@�bbQ+B�i2/ Mm+H2�` /272+ib- �HQM;bB/2 K�Mv Q7
i?2 Qi?2` �#2``�Mi T?2MQivT2b- r2`2 �#b2Mi BM i?2 >:Sa@BSa +2HH HBM2b #mi i?2b2 Mm+H2�`
/272+ib `2im`M2/ mTQM `2@/Bz2`2MiB�iBQM UGBm 2i �HX- kyRRVX h?Bb bim/v ?B;?HB;?ib i?�i
i?2 T`Q;2`B� T?2MQivT2 Bb `2p2`bB#H2 �M/ i?�i i?2 ?�HHK�`Fb Q7 b2M2b+2M+2 �`2 `2p2`bB#H2
iQQX Ai �HbQ `2p2�Hb i?�i i?2 Mm+H2�` bi`m+im`2 �M/ +?`QK�iBM �`2 BKTQ`i�Mi 72�im`2b BM
i?2 BM/m+iBQM Q7 b2M2b+2M+2 �M/ i?2 T`QT2MbBiv 7Q` Bib `2p2`b�HX

h?Bb mM/2`bi�M/BM; Q7 b2M2b+2M+2 ?�b 2M+Qm`�;2/ `2b2�`+?2`b iQ i2bi Bib `2H2p�M+2 iQ
�;2BM; BM pBpQ �M/ r?2i?2` Q` MQi Bi +�M #2 2tT2`BK2Mi�HHv K�MBTmH�i2/ BM Q`/2` iQ
BKT`Qp2 ?2�Hi? Q` HB72bT�MX a+B2MiBbib ?�p2 �/QTi2/ b2p2`�H /Bz2`2Mi �TT`Q�+?2b iQ
�bb2bb i?BbX PM2 bm+? �TT`Q�+? r�b iQ miBHBb2 � ;2M2iB+�HHv 2M;BM22`2/ KQmb2 +�HH2/ i?2
ALE@�hh�* KQmb2 U"�F2` 2i �HX- kyRRVX h?Bb KQmb2 Bb ;2M2iB+�HHv 2M;BM22`2/ iQ �HHQr
�TQTiQbBb BM/m+iBQM BM TRe@2tT`2bbBM; +2HHb mTQM BMD2+iBQM Q7 �SkyR3dX �7i2` #Br22FHv
BM/m+iBQM Q7 �TQTiQbBb BM Qi?2`rBb2 rBH/@ivT2 KB+2 U7`QK i?2 }`bi v2�` QMr�`/bV- Bi r�b
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RXkX �;2BM; �i i?2 KQH2+mH�` H2p2H *?�Ti2` RX AMi`Q/m+iBQM

b?QrM i?�i i?2 K2/B�M #mi MQi K�tBKmK HB72 2tT2+i�M+v r�b 2ti2M/2/ BM/2T2M/2MiHv
Q7 i?2 ;2M2iB+ #�+F;`QmM/ Q` b2t Q7 i?2 �MBK�H U"�F2` 2i �HX- kyRRVX JQ`2Qp2`- i?2
`2b2�`+?2`b BM/B+�i2/ i?�i ǳ`2KQp�H Q7 TRe@TQbBiBp2 +2HHb /2H�v2/ imKQ`B;2M2bBb �M/
�ii2Mm�i2/ �;2@`2H�i2/ /2i2`BQ`�iBQM Q7 b2p2`�H Q`;�Mb rBi?Qmi �TT�`2Mi bB/2 2z2+ib-
BM+Hm/BM; FB/M2v- ?2�`i �M/ 7�i- r?2`2 +H2�`�M+2 T`2b2`p2/ i?2 7mM+iBQM�HBiv Q7 ;HQK2`mHB-
+�`/BQ@T`Qi2+iBp2 E�hS +?�MM2Hb- �M/ �/BTQ+vi2b- `2bT2+iBp2HvXǴ U"�F2` 2i �HX- kyReVX
h?2b2 `2bmHib ?B;?HB;?i i?�i � bm#TQTmH�iBQM Q7 b2M2b+2Mi +2HHb +�M ?�p2 � /2i`BK2Mi�H
BKT�+i QM �M Q`;�MBbK �b � r?QH2X h?Bb Bb +QMbBbi2Mi rBi? #Qi? i?2 T�bbBp2 /2+�v
i?2Q`B2b Q7 �;2BM; �M/ B/2�b �b+`B#BM; iQ �M �+iBp2 T`Q+2bbX

AM �//BiBQM iQ `2T`Q;`�KKBM; �M/ b2M2b+2M+2 2tT2`BK2Mib- T�`�#BQbBb 2tT2`BK2Mib ?�p2
T`QpB/2/ BMbB;?i BMiQ i?2 M�im`2 Q7 �;2BM; �M/ r�vb BM r?B+? +2`i�BM �;2@`2H�i2/ bvKT@
iQKb- bm+? �b +�`/B�+ ?vT2`i`QT?v- +�M #2 �HH2pB�i2/ BM K�KK�Hb U*�`HbQM 2i �HX- kyy3-
*QM#Qv 2i �HX- kyy8- .2KQMiBb 2i �HX- kyR9- 1H�#/ 2i �HX- kyR9- >Q``BM;iQM 2i �HX- RNey-
E�ibBKT�`/B 2i �HX- kyR9- GQz`2/Q 2i �HX- kyRj- J+*�v 2i �HX- RN8d- _m+F? 2i �HX- kyRk-
oBHH2/� 2i �HX- kyRR- oBHH2/� 2i �HX- kyR9- q�;2`b 2i �HX- kyyk �M/ q`B;?i 2i �HX- kyyRVX
S�`�#BQbBb 2tT2`BK2Mib BMpQHp2 i?2 DQBMBM; Q7 i?2 +B`+mH�iQ`v bvbi2Kb Q7 irQ BM/BpB/m@
�HbX AM i?2 +�b2 Q7 �;2BM; `2b2�`+?- T�`�#BQbBb 2tT2`BK2Mib �`2 +QM/m+i2/ #v DQBMBM;
QH/ UivTB+�HHv KQ`2 i?�M ky KQMi?b Q7 �;2V �M/ vQmM; UivTB+�HHv j KQMi?b Q7 �;2V BM/B@
pB/m�Hb iQ;2i?2` U?2i2`Q+?`QMB+V �M/ +QKT�`BM; i?2K iQ +QMi`QH T�B`BM;b UBbQ+?`QMB+ @
QH/fQH/ �M/ vQmM;fvQmM; T�B`BM;bVX 1tT2`BK2Mib +QM/m+i2/ �b bm+? ?�p2 b?QrM i?�i
K�Mv Q7 i?2 �;2BM; T?2MQivT2b- 7Q` BMbi�M+2 ?vT2`i`QT?v Q7 i?2 ?2�`i �M/ i?BMMBM; Q7
i?2 2TB/2`KBb- +�M #2 `2p2`b2/ BM QH/ KB+2 U*�`HbQM 2i �HX- kyy3- *QM#Qv 2i �HX- kyy8-
.2KQMiBb 2i �HX- kyR9- 1H�#/ 2i �HX- kyR9- >Q``BM;iQM 2i �HX- RNey- E�ibBKT�`/B 2i �HX-
kyR9- GQz`2/Q 2i �HX- kyRj- J+*�v 2i �HX- RN8d- _m+F? 2i �HX- kyRk- oBHH2/� 2i �HX- kyRR-
oBHH2/� 2i �HX- kyR9- q�;2`b 2i �HX- kyyk �M/ q`B;?i 2i �HX- kyyRV X >Qr2p2`- Bi b?QmH/
#2 MQi2/ i?�i MQi �HH �;2BM; T?2MQivT2b BM �HH iBbbm2b �`2 `2Dmp2M�i2/X AKTQ`i�MiHv-
i?Bb `2Dmp2M�iBQM T?2MQK2MQM ?�b #22M p�HB/�i2/ BM b2iiBM;b r?2`2 +2HH i`�Mb72` #2@
ir22M i?2 irQ T�`�#BQb2/ BM/BpB/m�Hb ?�b #22M BM?B#Bi2/- ?B;?HB;?iBM; i?�i Bi Bb 7�+iQ`b
rBi?BM i?2 #HQQ/ Bib2H7 i?�i �`2 `2bTQMbB#H2 7Q` i?2 `2Dmp2M�iBQMX PM2 bm+? B/2MiB}2/
7�+iQ`- �Hi?Qm;? Bi `2K�BMb +QMi`Qp2`bB�H- Bb ;`Qri? /Bz2`2MiB�iBQM 7�+iQ` RR U:.6@RRc
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

GQz`2/Q 2i �HX- kyRj �M/ aBM?� 2i �HX- kyR9VX h?2 }M/BM;b 7`QK i?2b2 T�`�#BQbBb �M/
7�+iQ`@BMi2`p2MiBQM 2tT2`BK2Mib �`2 +QMbBbi2Mi rBi? �;BM; #2BM; i?2 `2bmHi Q7 �M �+iBp2
T`Q+2bbX h?2b2 Q#b2`p�iBQMb Q7 `2Dmp2M�iBQM rQmH/ #2 KQ`2 /B{+mHi iQ 2tTH�BM i?`Qm;?
� T�bbBp2 /2+�v T`Q+2bbX

AMi2`2biBM;Hv- i?2 vQmM; KB+2 mb2/ BM i?2b2 T�`�#BQbBb 2tT2`BK2Mib �TT2�` iQ b?Qr
�M BM+`2�bBM;Hv �;2/ T?2MQivT2 +QM+m``2Mi rBi? i?2 `2Dmp2M�iBQM Q7 i?2 QH/2` �MBK�Hb
UE�ibBKT�`/B 2i �HX- kyR9VX h?Bb bm;;2bib i?�i- �i H2�bi BM i?2b2 +`m/2 2tT2`BK2Mib-
�;2BM; T?2MQivT2b �`2 K�HH2�#H2 BM #Qi? /B`2+iBQMbX AM �//BiBQM- Bi `�Bb2b i?2 i�Mi�HBbBM;
TQbbB#BHBiv i?�i i?2 T`Q+2bb `2bTQMbB#H2 7Q` i?2 QM2 T?2MQK2MQM K�v �HbQ mM/2`HB2 i?2
Qi?2`X AM Qi?2` rQ`/b- T2`?�Tb i?2`2 �`2 }MBi2 �KQmMib Q7 ǳvQmi?7mHǴ 7�+iQ`b r?Qb2
+QM+2Mi`�iBQMb �`2 `2/m+2/ mTQM i?2 DQBMBM; Q7 i?2 QH/ �M/ vQmM; BM/BpB/m�Hb- `2bmHiBM;
BM `2Dmp2M�iBQM BM i?2 QM2 �M/ �;2BM; BM i?2 Qi?2`X

�i T`2b2Mi- Bi Bb biBHH MQi +H2�` r?v +2`i�BM iBbbm2b #2+QK2 `2Dmp2M�i2/ /m`BM; T�`�#BQbBb
2tT2`BK2Mib r?BHbi Qi?2`b /Q MQi- MQ` ?Qr i?2 `2Dmp2M�iBM; 2z2+ib �`2 2M�+i2/ �i i?2
KQH2+mH�` H2p2HX h?Bb Bb H�`;2Hv /m2 iQ i?2 +QbiHv- iBK2@+QMbmKBM; �M/ i2+?MB+�HHv
+?�HH2M;BM; M�im`2 Q7 i?2 2tT2`BK2MibX >Qr2p2`- bQK2 7�+iQ`b ?�p2 #22M B/2MiB}2/
i?�i +QmH/ TH�v � `QH2- bm+? �b :.6@RR �M/ QtviQ+BM U1H�#/ 2i �HX- kyR9- GQz`2/Q
2i �HX- kyRj �M/ aBM?� 2i �HX- kyR9VX AM �//BiBQM- i?2 `2Dmp2M�iBQM Q7 bF2H2i�H Kmb+H2
�TT2�`b iQ #2 T�`iHv /m2 iQ `2Dmp2M�iBQM Q7 i?2 bi2K +2HH MB+?2 2MpB`QMK2Mi- r?B+? BM
im`M `2bmHib BM BKT`Qp2/ 7mM+iBQM�HBiv Q7 `2bB/2Mi Kmb+H2 b�i2HHBi2 +2HHb U*QM#Qv 2i �HX-
kyy8VX

RXj 1TB;2M2iB+ Q#b2`p�iBQMb

RXjXR .2}MBiBQM Q7 2TB;2M2iB+b

1TB;2M2iB+b r�b }`bi /2}M2/ #v *QM`�/ q�//BM;iQM BM i?2 2�`Hv RN9yb �b ǳi?2 #`�M+?
Q7 #BQHQ;v r?B+? bim/B2b i?2 +�mb�H BMi2`�+iBQMb #2ir22M ;2M2b �M/ i?2B` T`Q/m+ib r?B+?
#`BM; i?2 T?2MQivT2 BMiQ #2BM;Ǵ Uq�//BM;iQM- RN8jVX 6Q` i?2 Tm`TQb2b Q7 i?Bb i?2bBb-
2TB;2M2iB+b Bb /2}M2/ �b, i?2 K2+?�MBbK #v r?B+? ?2`Bi�#H2 +?�M;2b BM ;2M2 2tT`2bbBQM
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

+�M #2 /2`Bp2/- rBi?Qmi �Hi2`�iBQMb iQ i?2 mM/2`HvBM; .L� b2[m2M+2X 1TB;2M2iB+b
TH�vb � F2v `QH2 BM +2HH 7�i2 /2i2`KBM�iBQM �M/ /Bz2`2MiB�iBQM Uw?m 2i �HX- kyRjV- rBi?
�#2``�Mi KQ/B}+�iBQMb T`2b2Mi BM � rB/2 `�M;2 Q7 /Bb2�b2bX 6Q` BMbi�M+2- bQK2 +�M+2`b
+QMi�BM 2TB;2M2iB+ #mi MQ ;2M2iB+ �#MQ`K�HBiB2b UJ�+F 2i �HX- kyR9 �M/ o2`bi22;- kyR9VX
�//BiBQM�HHv- /Qb�;2 2z2+ib bm+? �b s@+?`QKQbQK2 BM�+iBp�iBQM U"�`�F�i �M/ :`B#M�m-
kyRyV �M/ ;2M2iB+ BKT`BMiBM; UJ�;2MBb 2i �HX- RN3dV �`2 �HbQ i?Qm;?i iQ #2 +QMi`QHH2/
#v 2TB;2M2iB+ +?�M;2bX AM Q`/2` 7Q` � KQ/B}+�iBQM iQ #2 +H�bbB}2/ �b �M 2TB;2M2iB+ K�`F
Bi Kmbi #2 b2H7@T`QT�;�iBM;- `2THB+�iBp2 �M/ `2bmHiBM; BM � T?2MQivT2X h?Bb i?2bBb rBHH
T`2/QKBM�MiHv /Bb+mbb QM2 bT2+B}+ ivT2 Q7 2TB;2M2iB+ K2+?�MBbKfKQ/B}+�iBQM i?�i Bb
`2H2p�Mi BM i?2 +QMi2ti Q7 �;BM;, .L� K2i?vH�iBQMX

RXjXk 1TB;2M2iB+b

J�Mv 2TB;2M2iB+ +?�M;2b Q++m` /m`BM; �;2BM; UGƦT2x@PiőM 2i �HX- kyRjVX h?2b2 BM+Hm/2
+?�M;2b BM KQ/B}+�iBQMb Q7 ?BbiQM2b- MQM@+Q/BM; _L�b �M/ KQ/B}+�iBQMb iQ i?2 .L�
Bib2H7X *Q`2 ?BbiQM2b �`2 Q+i�K2`B+ T`Qi2BM +QKTH2t2b i?�i �`2 7Q`K2/ 7`QK 7Qm` T`Qi2BM
bm#mMBib, >k�- >k"- >j �M/ >9 UGm;2` 2i �HX- RNNdVX h?2b2 bm#mMBib �`2 �``�M;2/
BM irQ >k�@>k" /BK2`b �M/ � >j@>9 i2i`�K2` UGm;2` 2i �HX- RNNdVX h?2b2 Q+i�K2`B+
+QKTH2t2b �`2 `272``2/ iQ �b Mm+H2QbQK2b �M/ 2�+? +�M #BM/ R9d #�b2 T�B`b Q7 .L�
U_B+?KQM/ �M/ .�p2v- kyyjVX h?2 ?BbiQM2 bm#mMBib +�M #2 +?2KB+�HHv KQ/B}2/ #v
i?2 �//BiBQM Q7 �+2ivH �M/ K2i?vH ;`QmTb �KQM; Qi?2` KQ/B}+�iBQMb UC2Mmr2BM �M/
�HHBb- kyyRVX AM im`M- i?2b2 KQ/B}+�iBQMb `2+`mBi +?`QK�iBM `2KQ/2HHBM; T`Qi2BMb �M/
i?mb �Hi2` i?2 +?`QK�iBM bi�i2X hrQ bm+? K�`Fb �`2 K2i?vH�iBQM Q7 HvbBM2 9 Q7 >j
U>jE9K2V- �bbQ+B�i2/ rBi? �+iBp2 +?`QK�iBM- �M/ i`BK2i?vH�iBQM Q7 HvbBM2 kd Q7 >j
U>jEkdK2jV- �bbQ+B�i2/ rBi? `2T`2bbBp2 +?`QK�iBM U"�`bFB 2i �HX- kyyd- "Qv2` 2i �HX-
kyye �M/ G�m#2`i? 2i �HX- kyRjVX h?2 7mM+iBQM Q7 Mm+H2�` MQM@+Q/BM; _L�b Bb H2bb r2HH
mM/2`biQQ/ U*?m 2i �HX- kyR8V- #mi i?2v �HbQ �TT2�` iQ #2 BMpQHp2/ BM Mm+H2�` Q`;�M@
Bb�iBQM UGmQ 2i �HX- kyR8V �M/ i`�Mb+`BTiBQM�H `2;mH�iBQM U.Q`M �M/ J�iFQpB+?- kyR8VX
sBbi- r?B+? TH�vb � TBpQi�H `QH2 BM i?2 BM�+iBp�iBQM Q7 i?2 s +?`QKQbQK2- Bb �M 2t�KTH2
i?�i ?�b #22M i?2 bm#D2+i Q7 BMi2MbBp2 `2b2�`+? U:2M/`2H �M/ >2�`/- kyRRVX
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

RXjXj 1TB;2M2iB+ +?�M;2b rBi? �;2

_2b2�`+? BMiQ i?2 `QH2 Q7 2TB;2M2iB+b BM �;2BM; ?�b BMi2``Q;�i2/ � /Bp2`b2 MmK#2` Q7
+2HH ivT2b �M/ iBbbm2b BM � MmK#2` Q7 BKTQ`i�Mi KQ/2H Q`;�MBbKbX h?2b2 bim/B2b ?�p2
`2bmHi2/ BM i?2 /2i2`KBM�iBQM Q7 bQK2 +QKKQM 2TB;2M2iB+ +?�M;2b rBi? �;2X 6Q` 2t@
�KTH2- Bi Bb Q7i2M b22M i?�i ?BbiQM2b #2+QK2 bT�`b2` �M/ i?2B` TQbBiBQMBM; �+`Qbb i?2
;2MQK2 #2+QK2b H2bb r2HH /2}M2/ rBi? �;2 U.�b �M/ hvH2`- kyRkVX AM �//BiBQM- bim/B2b
?�p2 b?QrM BM+`2�b2/ H2p2Hb Q7 bTm`BQmb i`�Mb+`BTiBQM- �Hi2`�iBQMb BM bTHB+BM; 2{+B2M+B2b
�M/ K_L� T`Q+2bbBM; U"mbmiiBH 2i �HX- kyyd- >2BMix 2i �HX- kyRd �M/ _�M;�`�Dm 2i �HX-
kyR8VX *QKKQM +?�M;2b BM .L� K2i?vH�iBQM rBi? �;2 ?�p2 �HbQ #22M /2i2`KBM2/-
�M/ i?2b2 rBHH #2 /2b+`B#2/ BM b2+iBQM RXjX9X PM2 BKTQ`i�Mi +�p2�i Q7 i?2b2 2TB;2M2iB+
bim/B2b Bb i?�i �HH K2�bm`2K2Mib r2`2 K�/2 �i � +2HH TQTmH�iBQM H2p2HX h?Bb K2�Mb i?�i
�Mv mM/2`HvBM; ?2i2`Q;2M2Biv rBi?BM i?2 +2HH TQTmH�iBQM +QmH/ ?�p2 #22M K�bF2/ Q`
�p2`�;2/ QmiX 6Q` �;2BM; bim/B2b- i?Bb Bb � bB;MB}+�Mi HBKBi�iBQM #2+�mb2 Bi K�v Q#b+m`2
+`m+B�H +?�`�+i2`BbiB+b Q7 i?2 /2+HBM2 BM Q`;�MBbK�H }iM2bbX

RXjX9 .L� K2i?vH�iBQM

.L� K2i?vH�iBQM Bb 7QmM/ BM �HH FBM;/QKb Q7 HB72 �M/ BMpQHp2b i?2 �//BiBQM Q7 � K2i?vH
;`QmT QMiQ � Mm+H2Q#�b2X h?2 KQbi +QKKQMHv K2i?vH�i2/ #�b2 Bb +viQbBM2- �Hi?Qm;?
i?2`2 Bb bQK2 BMi2`bT2+B2b p�`B�iBQM UqBHH#�MFb 2i �HX- kyReVX 6Q` BMbi�M+2- �/2MBM2 Bb
+QKKQMHv K2i?vH�i2/ BM K�Mv #�+i2`B�H bT2+B2b rBi? �bvKK2i`B+ .L� K2i?vHi`�Mb@
72`�b2b +�T�#H2 Q7 K2i?vH�iBM; #Qi? LeǶ Q7 �/2MBM2 �M/ *8Ƕ Q7 +viQbBM2 U_v�x�MQp� 2i �HX-
kyRkVX h?2 ?B;? bi`m+im`�H +QMb2`p�iBQM �KQM; .L� K2i?vHi`�Mb72`�b2b bm;;2bib i?�i
i?2 2K2`;2M+2 Q7 .L� K2i?vH�iBQM r�b �M 2pQHmiBQM�`BHv /Bbi�Mi 2p2Mi UAv2` 2i �HX-
kyRRVX aQK2 bT2+B2b ?�p2 bBM+2 HQbi i?2 �#BHBiv iQ K2i?vH�i2 i?2B` ;2MQK2- BM+Hm/BM;
bQK2 KQ/2H Q`;�MBbKb bm+? �b *X 2H2;�Mb UaQQDBM- kyRkVX �Hi?Qm;? i?2 +�i�HviB+ bm#@
/QK�BM- rBi?BM i?2 K2i?vHi`�Mb72`�b2 /QK�BM Q7 .L� K2i?vHi`�Mb72`�b2b- Bb bi`QM;Hv
+QMb2`p2/ �i i?2 bi`m+im`�H H2p2H- i?2 r�v BM r?B+? i?2 i�`;2iBM; Q7 i?Bb �+iBpBiv ?�b
2pQHp2/ p�`B2b ?m;2HvX 6Q` BMbi�M+2 TH�Mib +�M i�`;2i .L� K2i?vH�iBQM mbBM; bB_L�@
;mB/2/ K2+?�MBbKb MQi b22M BM Qi?2` Q`;�MBbKb Uw?�M; �M/ w?m- kyRRVX �//BiBQM�H iQ
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

i?2 i�`;2iBM;- i?2 �+im�H /QrMbi`2�K `QH2 Q` 7mM+iBQM i?�i i?2 K2i?vH�iBQM Bib2H7 ?�b
U_v�x�MQp� 2i �HX- kyRkV p�`B2b ?m;2Hv #2ir22M bT2+B2b �M/ 2p2M rBi?BM /Bz2`2Mi +2HH
ivT2b Q7 i?2 b�K2 Q`;�MBbKX

AM K�KK�Hb- .L� K2i?vH�iBQM Q++m`b T`BK�`BHv QM i?2 *8Ƕ TQbBiBQM Q7 +viQbBM2b i?�i
`2bB/2 BM i?2 bvKK2i`B+- ?2`Bi�#H2 +QMi2ti Q7 *T: /BMm+H2QiB/2bX h?2 2MxvK2b `2bTQM@
bB#H2 7Q` i?Bb KQ/B}+�iBQM BM KB+2 �M/ ?mK�Mb �`2 FMQrM �b .L� K2i?vHi`�Mb72`�b2b
U.LJhbVX P7 i?2 2MxvK2b 2M+Q/2/ BM i?2 K�KK�HB�M ;2MQK2- 7Qm` �`2 FMQrM iQ ?�p2
+�i�HviB+ �+iBpBiv QM .L� �M/ QM2 QM i_L�b U"�`�m 2i �HX- kyRe- "2biQ`- kyyy �M/
.QM; 2i �HX- kyyRVX h?`22 Q7 i?2b2 .LJhb �`2 /2 MQpQ .LJhb, .LJhj�- .LJhj"
�M/ i?2 KQbi `2+2MiHv �MMQi�i2/- .LJhj*X .LJhj� �M/ .LJhj" ?�p2 /BbiBM+i
#mi T�`iB�HHv Qp2`H�TTBM; 7mM+iBQMb BM /Bz2`2Mi +2HH ivT2b U*?�HH2M 2i �HX- kyR9 �M/ GB
2i �HX- kyR8VX AM �//BiBQM- #Qi? 2MxvK2b ?�p2 #22M b?QrM iQ +QKTH2t rBi? i?2 +�i�Hvi@
B+�HHv BM�+iBp2 .LJhjG- r?B+? BM+`2�b2b i?2B` �+iBpBiv BM pBi`Q Uam2i�F2 2i �HX- kyy9VX
h?2 T`BM+BT�H .L� b2[m2M+2 K2i?vH�i2/ #v #Qi? 2MxvK2b Bb 8Ƕ@*T:@jǶ- rBi? �//B@
iBQM�H �+iBpBiv �i 8Ƕ@*T�@jǶ �H#2Bi Ry@Ryy@7QH/ HQr2` U�QFB 2i �HX- kyyRVX AM �//BiBQM iQ
i?Bb b2[m2M+2 bT2+B}+Biv- i?2b2 2MxvK2b ?�p2 T`272`2M+2b `2;�`/BM; i?2 Mm+H2Q#�b2b mT@
bi`2�K �M/ /QrMbi`2�K Q7 i?Bb i�`;2i bBi2X h?2 T`272``2/ b2[m2M+2 8Ƕ@_*:u@jǶ Ur?2`2
_4Tm`BM2 �M/ u4Tv`BKB/BM2V +�M +QM72` KQ`2 i?�M Ry iBK2b i?2 2MxvK�iB+ �+iBpBiv Q7
i?2 H2�bi T`272``2/ b2[m2M+2- 8Ƕ@u*:_@jǶ U>�M/� �M/ C2Hib+?- kyy8VX .LJhj� �M/
.LJhj" K2i?vH�i2 .L� /Bz2`2MiHv, .LJhj� K2i?vH�i2b BM � /Bbi`B#miBp2 7�b?BQM
r?BHbi .LJhj" K2i?vH�i2b BM � T`Q;`2bbBp2 7�b?BQM U:Qr?2` �M/ C2Hib+?- kyyR �M/
LQ`pBH 2i �HX- kyReVX h?Bb Bb b22KBM;Hv /m2 iQ � KQ`2 TQbBiBp2Hv@+?�`;2/ .L� #BM/BM;
`2;BQM BM .LJhj" 2Mbm`BM; BM+`2�b2/ T`Q+2bbBpBiv ULQ`pBH 2i �HX- kyReVX .LJhj� +�M
7Q`K i2i`�K2`B+ +QKTH2t2b rBi? .LJhjG U.LhJj�@.LJhjG@.LJhjG@.LJhj�V
i?�i #BM/ i�`;2i .L� bm+? i?�i i?2 +�i�HviB+ bBi2b Q7 i?2 irQ .LJhj� bm#mMBib `2@
bB/2 3@Ry #T �T�`i- �HHQrBM; i?2K iQ +�i�Hvb2 .L� K2i?vH�iBQM bBKmHi�M2QmbHv UCB�
2i �HX- kyydVX AM/22/- i?Bb 3@Ry #T K2i?vH�iBQM bT�+BM; Bb b22M BM K�Mv K�i2`M�HHv@
BKT`BMi2/ ;2M2b BM KB+2 �M/ bQK2 ?B;?Hv@K2i?vH�i2/ `2;BQMb BM ?mK�Mb UCB� 2i �HX-
kyydVX .LJhj* Bb /BbiBM+i 7`QK i?2 Qi?2` irQ /2 MQpQ .LJhb BM i?�i Bi Bb bQH2Hv
2tT`2bb2/ BM i?2 K�H2 ;2`K HBM2- r?2`2 Bi Bb `2bTQMbB#H2 7Q` K2i?vH�iBM; i?2 T`QKQi2`b
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

Q7 2pQHmiBQM�`BHv vQmM; `2i`Qi`�MbTQbQMb U"�`�m 2i �HX- kyReVX

.LJhR- i?2 K�BMi2M�M+2 .LJh- Bb T`BK�`BHv `2bTQMbB#H2 7Q` i?2 bvKK2i`B+ `2 @ 2bi�#@
HBb?K2Mi Q7 .L� K2i?vH�iBQM- T`2/QKBM�MiHv �i *T: bBi2b i?�i �`2 ?2KB@K2i?vH�i2/
UBX2X QMHv QM2 Q7 i?2 irQ +viQbBM2 #�b2b rBi?BM i?Bb /Qm#H2@bi`�M/2/ .L� /BMm+H2QiB/2 Bb
K2i?vH�i2/VX .m`BM; .L� `2THB+�iBQM- K�BMi2M�M+2 Q7 .L� K2i?vH�iBQM Bb 2Mbm`2/ #v
BMi2`�+iBQM Q7 .LJhR rBi? i?2 l#B[mBiBM@HBF2 rBi? S>. �M/ _AL: }M;2` /QK�BMb R
Ul>_6RV T`Qi2BM- r?B+? +�M #BM/ ?2KB@K2i?vH�i2/ *T: /BMm+H2QiB/2b �M/ 8Ƕ@ ?v/`Qt@
vK2i?vH+viQbBM2 BM .L� i?`Qm;? � a1h �M/ _BM; }M;2` �bbQ+B�i2/ Ua_�V /QK�BM
U"QbiB+F 2i �HX- kyyd �M/ a?�`B7 2i �HX- kyydVX l>_6R �HbQ m#B[mBivH�i2b ?BbiQM2 >j
HvbBM2 Ekj i?`Qm;? Bib _2�HHv AMi2`2biBM; L2r :2M2 U_AL:V /QK�BM- r?B+? BM im`M
`2+`mBib .LJhR iQ bBi2b Q7 ?2KB@K2i?vH�iBQM ULBb?Bv�K� 2i �HX- kyRjVX AM �//BiBQM-
i?Bb �+iBpBiv Bb 7�+BHBi�i2/ #v i?2 BMi2`�+iBQM Q7 i?2 L@i2`KBMmb Q7 .LJhR rBi? S`QHB72`@
�iBM; *2HH Lm+H2�` �MiB;2M US*L�V pB� � Tmi�iBp2 S*L� _2+Q;MBiBQM .QK�BM US_.V
U"2biQ` 2i �HX- RN33- "QbiB+F 2i �HX- kyyd �M/ a?�`B7 2i �HX- kyydVX h?2 bT2+B}+Biv 7Q`
i?2b2 ?2KB@K2i?vH�i2/ bBi2b Bb �+?B2p2/ #v i?2 T`2b2M+2 Q7 "`QKQ@�/D�+2Mi >QKQHQ;v
.QK�BMb U"�> .QK�BMbV rBi?BM i?2 h�`;2i _2+Q;MBiBQM .QK�BM Uh_.VX h?2b2 "�>
/QK�BMb +QMi�BM i`vTiQT?�M �M/ Qi?2` ?v/`QT?Q#B+ `2bB/m2b i?�i +`2�i2 � b?�HHQr +H27i
7Q` `2+Q;MBiBQM Q7 i?2 ?2KBK2i?vH�i2/ *T: BbH�M/bX

RXjX8 h?2 +viQbBM2 .L� K2i?vHi`�Mb72`�b2 /QK�BM

h?2 +viQbBM2 .L� K2i?vHi`�Mb72`�b2 /QK�BM `2bTQMbB#H2 7Q` i?2 �//BiBQM Q7 i?2 K2i?vH
;`QmT QM iQ i?2 8Ƕ TQbBiBQM Q7 +viQbBM2 Mm+H2Q#�b2b BM i?2 +QMi2ti Q7 � .L� TQHvK2`
+QMbBbib Q7 � H�`;2 �M/ bK�HH bm#/QK�BM- b2T�`�i2/ #v � .L� #BM/BM; +H27i U6B;m`2 RXRV
UEHBK�b�mbF�b 2i �HX- RNN9 �M/ aQM; 2i �HX- kyRRVX h?2 i2`iB�`v bi`m+im`2 Q7 i?2 H�`;2
U+�i�HviB+V bm#/QK�BM +QMbBbib Q7 d β@b?22ib �M/ j α@?2HB+2bX aBt Q7 i?2 d β@b?22ib �`2 �`@
`�M;2/ BM � T�`�HH2H Q`B2Mi�iBQMX h?2 H�`;2 bm#/QK�BM +�M #2 7m`i?2` #`QF2M /QrM BMiQ
irQ b2T�`�i2 `2;BQMbX h?2 `2;BQM +QMi�BMBM; β@b?22ib R@j Bb `2bTQMbB#H2 7Q` a@�/2MQbvH
J2i?BQMBM2 Ua�J Q` �/QJ2iV #BM/BM; �M/ i?2 `2;BQM +QMi�BMBM; β@b?22ib 9@d Bb `2bTQM@
bB#H2 7Q` i?2 #BM/BM; Q7 i?2 i�`;2i +viQbBM2X h?2 bK�HH bm#/QK�BM Bb FMQrM �b i?2 h_.X
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

6B;m`2 RXR, ai`m+im`2 Q7 i?2 .L� J2i?vHi`�Mb72`�b2 .QK�BM, U�V oBbm�HBb�iBQM Q7
i?2 Qp2`�HH bi`m+im`2 Q7 i?2 *8 .L� K2i?vHi`�Mb72`�b2 /QK�BM rBi? bm#/QK�BMb �M/ +Q7�+iQ`
?B;?HB;?i2/X ai`m+im`2 b?QrM Bb .MKiR- S." +Q/2 jShe UaQM; 2i �HX- kyRRVX U"V b?Qrb
i?2 �+iBp2 bBi2 Q7 i?2 *8Ƕ .L� K2i?vHi`�Mb72`�b2 /QK�BM rBi? i?2 i�`;2i +viQbBM2 +Qp�H2MiHv
#QmM/X ai`m+im`2 b?QrM Bb Q7 >?�A .L� K2i?vHi`�Mb72`�b2- S." +Q/2 RJ>h UEHBK�b�mbF�b
2i �HX- RNN9V

h?Bb bm#/QK�BM Bb `2bTQMbB#H2 7Q` i�`;2i bT2+B}+Biv �M/ �b bm+? p�`B2b 7�` KQ`2 #2ir22M
*8Ƕ .L� K2i?vHi`�Mb72`�b2b i?�M i?2 H�`;2 U+�i�HviB+V bm#/QK�BMX AMi2`2biBM;Hv- BM@
bB;?ib BMiQ i?2 T`Q+2bbBpBiv Q7 /Bz2`2Mi K2i?vHi`�Mb72`�b2b bm;;2bi i?�i i?2`2 Bb bQK2
+`Qbb@i�HF #2ir22M i?2b2 irQ bm#/QK�BMbX 6Q` BMbi�M+2- .LJhR �TT2�`b iQ K2i?vH�i2
?2KBK2i?vH�i2/ .L� /Bbi`B#miBp2Hv �M/ mMK2i?vH�i2/ .L� T`Q+2bbBp2Hv rBi? i2Mb Q7
K2i?vH�iBQM 2p2Mib T2` T`Q+2bb2/ bi`2i+? Q7 .L� UoBHF�BiBb 2i �HX- kyy8VX

RXjXe *�i�HvbBb Q7 K2i?vH�iBQM #v .L� K2i?vHi`�Mb72`�b2b

*viQbBM2 K2i?vH�iBQM Q++m`b pB� �M aLk K2+?�MBbK BMpQHpBM; � +Qp�H2MiHv HBMF2/ BMi2`@
K2/B�`v bi2T U6B;m`2 RXRVX h?2 Qp2`�HH K2+?�MBbK +�M #2 #`QF2M /QrM BMiQ i?`22 bi2Tb
U.m 2i �HX- kyReVX 6B`biHv- i?2 +viQbBM2 Bb ~BTT2/ Qmi Q7 i?2 .L� /Qm#H2 ?2HBtX L2ti-
i?2 2MxvK2@bm#bi`�i2 BMi2`K2/B�i2 Bb 7Q`K2/X h?Bb BMi2`K2/B�i2 Bb 7Q`K2/ #v +Qp�H2Mi
�ii�+?K2Mi Q7 i?2 bB/2@+?�BM bmHT?m` �iQK Q7 � T�`iB+mH�` +vbi2BM2 U*vbV `2bB/m2 iQ i?2
*9Ƕ Q7 i?2 i�`;2i +viQbBM2X >Qr2p2`- i?2`2 K�v #2 2t+2TiBQMb iQ i?2 mb2 Q7 i?Bb +vbi2BM2-
�b ?B;?HB;?i2/ #v Kmi�iBQM�H bim/B2b Q7 .LJhj� U:Qr?2` �M/ C2Hib+?- kyyk �M/ _2@
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

Bi?2` 2i �HX- kyyjVX G�biHv- i?2 K2i?vH ;`QmT T`2b2Mi BM i?2 a�J +Q7�+iQ` Bb �ii�+?2/
i?`Qm;? �M aLk@ivT2 `2�+iBQM iQ i?2 *8Ƕ Q7 i?2 i�`;2i +viQbBM2X h?Bb 8Ƕ@K2i?vH+viQbBM2
U8K*V T`Q/m+i +�M i?2M `27Q`K 7QHHQrBM; #�bB+@+�i�Hvb2/ #`2�F�;2 Q7 i?2 +Qp�H2Mi 8K*@
*vb #QM/X h?Bb `2H2�b2 Q7 8K* ?�b #22M b?QrM iQ #2 i?2 `�i2@HBKBiBM; bi2T 7Q` J>?�A
U� #�+i2`B�H K2i?vHi`�Mb72`�b2c .m 2i �HX- kyRe �M/ u�M; 2i �HX- kyRjVX

h?2 �#Qp2 Bb i?2 T`BK�`v `2�+iBQM Q7 i?2 2MxvK2- #mi bB/2 `2�+iBQMb +�M Q++m` �M/ i?2`2
�`2 � MmK#2` Q7 Tm#HB+�iBQMb i?�i ?�p2 p�HB/�i2/ i?2 Q++m``2M+2 Q7 bm+? bB/2@`2�+iBQMb
BM pBpQX PM2 bB/2 `2�+iBQM BMpQHp2b i?2 /2�KBM�iBQM Q7 +viQbBM2 iQ m`�+BH U6B;m`2 RXRVX
h?Bb Q++m`b r?2M a�J �M/ i?2 +Q7�+iQ` T`Q/m+i a@�/2MQbvH?QKQ+vbi2BM2 Ua�>V �`2
MQi #QmM/- r?B+? �HHQrb r�i2` KQH2+mH2b iQ 2Mi2` i?2 �+iBp2 bBi2 �M/ /2�KBM�i2 i?2
+Qp�H2MiHv #QmM/ +viQbBM2X AMi2`2biBM;Hv- i?Bb bB/2 `2�+iBQM BMi`Q/m+2b i?2 TQbbB#BHBiv 7Q`
Kmi�iBQM b?QmH/ i?Bb 7Q`K�iBQM Q7 m`�+BH ;Q mM+?2+F2/ Ua?2M 2i �HX- RNN8V bBKBH�` iQ i?2
2z2+ib /2b+`B#2/ 7Q` �+iBp�iBQM@AM/m+2/ +viB/BM2 .2�KBM�b2 U�A.V �M/ �TQHBTQT`Qi2BM
" K_L� 2/BiBM; 2MxvK2- +�i�HviB+ TQHvT2TiB/2@HBF2 j: U�SP"1*j:VX �MQi?2` bB/2
`2�+iBQM Q++m`b BM i?2 T`2b2M+2 Q7 a�J �M/ �#b2M+2 Q7 .L�- `2bmHiBM; BM B``2p2`bB#H2
�miQK2i?vH�iBQM Q7 i?2 +vbi2BM2 `2bTQMbB#H2 7Q` i?2 +Qp�H2Mi �ii�+?K2Mi Q7 i?2 +viQbBM2
UaB//B[m2 2i �HX- kyRRVX h?Bb �miQK2i?vH�iBQM Bb i?Qm;?i iQ #2 �M BKTQ`i�Mi `2;mH�iQ`v
K2+?�MBbKX AM/22/- .LJhj� BM +QKTH2t rBi? .LJhjG Bb 7�` KQ`2 HBF2Hv iQ mM/2`;Q
i?Bb �miQK2i?vH�iBQM i?�M r?2M .LJhj� Bb QM Bib QrM BM bQHmiBQM UaB//B[m2 2i �HX-
kyRRVX

RXjXd .2K2i?vH�iBQM �M/ QtB/�iBp2 T`Q/m+ib

AM +QMi`�bi iQ i?Bb bBM;mH�` K2+?�MBbK #v r?B+? i?2 .L� K2i?vHi`�Mb72`�b2b �//
K2i?vH�iBQM iQ i?2 +viQbBM2 8Ƕ TQbBiBQM +Q``2+iHv- i?2`2 Bb � ?m;2 p�`B2iv Q7 /Bz2`2Mi
K2+?�MBbKb #v r?B+? i?Bb KQ/B}+�iBQM +�M #2 `2KQp2/X aQK2 Q7 i?2b2 T`Q+2bb2b ?�p2
#22M p�HB/�i2/ 2tT2`BK2Mi�HHv �M/ Qi?2`b biBHH �r�Bi 2tT2`BK2Mi�H p�HB/�iBQM U>BHH 2i �HX-
kyR9VX

h?2b2 /2K2i?vH�iBQM K2+?�MBbKb +�M #2 #`QF2M /QrM BMiQ T�bbBp2 Q` �+iBp2 `2KQp�H
Q7 i?2 8K* Ua2Bb2M#2`;2` 2i �HX- kyRjVX S�bbBp2 `2KQp�H Bb i?2 `2bmHi Q7 .L� `2THB@
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

passive processes
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active processes
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6B;m`2 RXk, J2+?�MBbKb Q7 .L� /2K2i?vH�iBQM, .L� /2K2i?vH�iBQM +�M Q++m` #v
�+iBp2 Q` T�bbBp2 K2+?�MBbKb- b?QrM b2T�`�i2Hv Uǳ�+iBp2 T`Q+2bbǴ �M/ ǳT�bbBp2 T`Q+2bbǴ `2@
bT2+iBp2HvVX .Qii2/ �``Qrb �`2 mb2/ iQ BM/B+�i2 r?2`2 i?2`2 �`2 BMi2`K2/B�`v bi2Tb i?�i �`2MǶi
b?QrMX

+�iBQM BM i?2 �#b2M+2 Q7 bm{+B2Mi 2TB;2M2iB+ K�BMi2M�M+2 UpQM J2v2MM 2i �HX- kyReVX
�+iBp2 `2KQp�H +�M BMpQHp2 i?2 QtB/�iBQM Q7 i?2 K2i?vH ;`QmT rBi? h2M@1H2p2M h`�MbHQ@
+�b2 Uh1hV 2MxvK2b- Q7 r?B+? i?2`2 �`2 i?`22 Uh1hR- h1hk �M/ h1hjc Av2` 2i �HX-
kyyN- h�?BHB�MB 2i �HX- kyyN �M/ qm �M/ w?�M;- kyRdc 6B;m`2 RXkVX h?2b2 2MxvK2b �`2
K2i?vH+viQbBM2 /BQtv;2M�b2b i?�i +�i�Hvb2 i?2 QtB/�iBQM Q7 K2i?vH+viQbBM2 iQ ?v/`Qt@
vK2i?vH+viQbBM2X AM �//BiBQM- i?2v K�v �HbQ +�i�Hvb2 i?2 7Q`K�iBQM Q7 7Q`KvH+viQbBM2
�M/ +�`#Qtv+viQbBM2X >Qr2p2`- bi`m+im`�H bim/B2b ?�p2 bm;;2bi2/ i?�i i?2b2 2MxvK2b
�`2 }M2@imM2/ iQ 2Mbm`2 bi�#BHBiv Q7 i?2 ?v/`QtvK2i?vH K�`F U>m 2i �HX- kyR8V- bm;;2bi@
BM; i?�i i?Bb K�`F K�v#2 � 7mM+iBQM�H 2TB;2M2iB+ K�`F BM Bib QrM `B;?i UAm`H�`Q 2i �HX-
kyRjVX h?2 2MxvK2b i?2Kb2Hp2b `2[mB`2 #Qi? 62UAAV@ �M/ k@QtQ;Hmi�`�i2 UkP:V 7Q`
i?2B` QtB/�iBQM �+iBpBiv- �M/ �`2 +QKT2iBiBp2Hv BM?B#Bi2/ #v k@?v/`Qtv;Hmi�`�i2 Uk>:V
QrBM; iQ Bib bBKBH�`Biv iQ kP: Uu�M; 2i �HX- kyR9VX �Hi2`M�iBp2Hv- �+iBp2 `2KQp�H +QmH/
Q++m` i?`Qm;? /2�KBM�iBQM pB� T`Qi2BMb bm+? �b �A. Q` K2K#2`b Q7 i?2 �SP"1*
bmT2`7�KBHv Q7 T`Qi2BMb bm+? �b �SP"1*j: UL�#2H 2i �HX- kyRkVX h?2b2 QtB/�iBQM
�M/fQ` /2�KBM�iBQM 2p2Mib +�M i?2M #2 `2+Q;MBb2/ �b KBbK�i+?2b #v i?2 "�b2 1t+BbBQM
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

_2T�B` U"1_V Q` Lm+H2QiB/2 1t+BbBQM _2T�B` UL1_V T�i?r�v T`Qi2BMb �M/ `2T�B`2/-
`2bmHiBM; BM i?2 `2KQp�H Q7 i?2 KQ/B}2/ #�b2 �M/ `2TH�+2K2Mi r?2`2 bm++2bb7mH #v �
+viQbBM2 Uw?m- kyyNVX am+? T`Qi2BMb BM+Hm/2 h?vKBM2 .L� :Hv+QbvH�b2 Uh.:V- l`�+BH
.L� :Hv+QbvH�b2 Ul.:V �M/ J2i?vH "BM/BM; .QK�BM 9 UJ".9Vc �HH Q7 r?B+? �`2
.L� ;Hv+QbvH�b2bX h?2 2t�+i K2+?�MBbK 2KTHQv2/ 7Q` � ;Bp2M K2i?vH�iBQM 2p2Mi rBHH
BMp�`B�#Hv BMpQHp2 � +QK#BM�iBQM Q7 i?2b2 T`Q+2bb2b �M/ KmHiBTH2 +QKT2Mb�iQ`v bvbi2Kb
K�v �+i rBi?BM i?2 b�K2 T�i?r�vX h?2 K2+?�MBbKb Q7 /2K2i?vH�iBQM /2b+`B#2/ ?2`2
�`2 BM/B`2+i BM M�im`2 QrBM; iQ i?2 /B{+mHiv BM +H2�pBM; i?Bb bi�#H2 �`QK�iB+@T`QtBK�H
*@* #QM/X >Qr2p2`- Bi ?�b #22M b?QrM BM pBi`Q i?�i i?2 .LJh 2MxvK2b i?2Kb2Hp2b
�`2 +�T�#H2 Q7 +�i�HvbBM; i?Bb `2p2`b2 `2�+iBQM mM/2` +Q``2+i bm#bi`�i2 +QM/BiBQMb U*?2M
2i �HX- kyRj#VX

RXjX3 .L� K2i?vH�iBQM BM i?2 bim/v Q7 �;2BM;

h?2 M�im`2 Q7 i?2 `2H�iBQMb?BT #2ir22M .L� K2i?vH�iBQM �M/ �;2BM; Bb +QKTH2tX a+B@
2MiBbib ?�p2 bQm;?i iQ 2tTH�BM i?Bb `2H�iBQMb?BT #v +QM/2MbBM; Q#b2`p�iBQMb /QrM BMiQ
bBM;mH�` bi�i2K2Mib Q7 ;HQ#�H ?vTQK2i?vH�iBQM �M/ 7Q+�H ?vT2`@K2i?vH�iBQM rBi? �;2
UCmM; �M/ S72B72`- kyR8VX >Qr2p2`- i?2 HBi2`�im`2 Bb +QMi`�/B+iQ`v BM i?Bb `2;�`/X 6Q`
BMbi�M+2- MmK2`Qmb bim/B2b +H�BK i?�i 8K* H2p2Hb /`QT rBi? �;2 U>2vM 2i �HX- kyRkV-
r?BH2 K�Mv Qi?2` bim/B2b `2TQ`i � ;�BM BM 8K* rBi? �;2- BM+Hm/BM; #mi MQi HBKBi2/
iQ HBp2` b�KTH2b �M/ ?�2K�iQTQB2iB+ bi2K +2HH U>a*V bim/B2b U>�?M 2i �HX- kyRd �M/
amM 2i �HX- kyR9VX PM2 TQbbB#H2 `2�bQM 7Q` i?Bb p�`B�iBQM Bb i?�i i?2 BM/BpB/m�H b�KTH2b
+QMbB/2`2/ �`2 p2`v `�`2Hv i�F2M BM � HQM;Bim/BM�H 7�b?BQM 7`QK i?2 b�K2 BM/BpB/m�Hb-
�M/ �b bm+? i?2v +QmH/ #2 /`Bp2M #v p�`B�iBQM #2ir22M BM/BpB/m�Hb B``2bT2+iBp2 Q7 �;2X
h?2 TQi2MiB�H 7Q` i?Bb Bb ?B;?HB;?i2/ #v i?2 K�;MBim/2 Q7 i?2 ;HQ#�H /Bz2`2M+2b `2TQ`i2/
ivTB+�HHv #2BM; KBMmi2 UI8WV- �M/ �b bm+? rBi?BM i?2 `�M;2 Q7 TQTmH�iBQM p�`B�iBQM
U"DQ`MbbQM 2i �HX- kyy3- P2v 2i �HX- kyR8 �M/ sB� 2i �HX- kyR8VX AM 7�+i- BM QM2 Q7 i?2 72r
HQM;Bim/BM�H bim/B2b i?�i +QmH/ �//`2bb i?2 [m2biBQM Q7 r?2i?2` i?2`2 r�b � ;HQ#�H ?vTQ@
Q` ?vT2`@ K2i?vH�iBQM rBi? �;2- i?2 `2bmHi r�b i?�i BM �Mv ;Bp2M BM/BpB/m�H 2Bi?2` +QmH/
#2 i?2 +�b2 U"DQ`MbbQM 2i �HX- kyy3VX h?Bb ?B;?HB;?ib i?2 BKTQ`i�M+2 Q7 HQM;Bim/BM�H
bim/B2b BM �;2BM; `2b2�`+?- #mi �HbQ i?2 +�`2 BM 2p�Hm�iBM; i?2 BKTQ`i�M+2 Q7 /`�rBM;

RN



RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

+QM+HmbBQMb 7`QK H�`;2 /�i�b2ib +QMi�BMBM; bK�HH b�KTH2 bBx2bX

AKTQ`i�MiHv- �Hi?Qm;? i?2b2 ;HQ#�H bBKTHB}+�iBQMb Q7 i?2 HBMF #2ir22M .L�K2i?vH�iBQM
�M/ �;2BM; �`2 Q7i2M KBbH2�/BM;- i?2`2 �`2 +2`i�BM �bT2+ib Q7 i?Bb `2H�iBQMb?BT i?�i /Q
�TT2�` iQ #2 ?B;?Hv +QMb2`p2/ �+`Qbb +2HH ivT2b �M/ �+`Qbb bT2+B2b UCmM; �M/ S72B72`-
kyR8VX

PM2 bm+? �bT2+i Bb i?�i r?2M ;2MQKB+ 72�im`2b �`2 �bb2bb2/ 7Q` i?2B` 2M`B+?K2Mi BM
�;2BM;@�bbQ+B�i2/ .L� ?vT2`K2i?vH�iBQM- i?2b2 `2;BQMb �`2 ?B;?Hv 2M`B+?2/ 7Q` SQHv@
+QK# :`QmT US+:V i�`;2i ;2M2b UCQ?MbQM 2i �HX- kyR9- J�2;�r� 2i �HX- kyRy �M/
h2b+?2M/Q`z 2i �HX- kyRyVX AMi2`2biBM;Hv- i?Bb Bb �HbQ b22M BM bim/B2b i?�i ?�p2 bQm;?i
iQ mM/2`bi�M/ .L� ?vT2`@K2i?vH�iBQM 2p2Mib BM �;2BM;@`2H�i2/ /Bb2�b2b bm+? �b +�M+2`
U>�?M 2i �HX- kyy3- E�H�`B 2i �HX- kyRj- P?K 2i �HX- kyyd- _�m+? 2i �HX- kyye- a+?H2bBM;2`
2i �HX- kyyd �M/ qB/b+?r2M/i2` 2i �HX- kyydVX SQHv+QK# :`QmT T`Qi2BMb �+i iQ bi�#Hv
`2T`2bb ;2M2 2tT`2bbBQM M2irQ`Fb bT2+B}+ 7Q` +2HH bi�i2b T`2b2Mi BM 2�`Hv /2p2HQTK2MiX
h?Bb Bb �+?B2p2/ i?`Qm;? i?2 `2;mH�iBQM Q7 +?`QK�iBM U"2`Mbi2BM 2i �HX- kyye- "H�+FH2/;2
2i �HX- kyR9- "Qv2` 2i �HX- kyye- "`�+F2M 2i �HX- kyye �M/ G22 2i �HX- kyyeVX AM K�K@
K�Hb- i?2b2 T`Qi2BMb +QKT`Bb2 irQ +QKTH2t2b, SQHv+QK# `2T`2bbBp2 +QKTH2t R US_*RV
�M/ TQHv+QK# `2T`2bbBp2 +QKTH2t k US_*kV U.B *`Q+2 �M/ >2HBM- kyRj �M/ a?�Q 2i �HX-
RNNNVX h?2b2 +QKTH2t2b r2`2 }`bi B/2MiB}2/ BM .X K2H�MQ;�bi2`- #mi �`2 +QMb2`p2/ BM �HH
�MBK�Hb- BM+Hm/BM; ?mK�Mb UG2rBb- RNd3VX h?2 +QKTQM2Mib Q7 S_*R �`2 *"s US+ ?Q@
KQHQ;V- S>*R- k- �M/ j US> ?QKQHQ;bV- _BM;R� �M/ _BM;R# U/_AL: ?QKQHQ;bV- "JAR
�M/ bBt KBMQ` Qi?2`b USa* ?QKQHQ;bV UG2pBM2 2i �HX- kyykV �M/ S_*k Bb +QKTQb2/ Q7 2M@
?�M+2` Q7 x2bi2 ?QKQHQ; R �M/ k U1w>RfkV- bmTT`2bbQ` Q7 x2bi2 Rk UalwRkV- 2K#`vQMB+
2+iQ/2`K /2p2HQTK2Mi U11.V �M/ i?2 ?BbiQM2 #BM/BM; T`Qi2BM _#"S9 U.B *`Q+2 �M/
>2HBM- kyRjVX �Hi?Qm;? i?2b2 �`2 i?2 K�BM +QKTQM2Mib Q7 S_*R �M/ S_*k i?2`2 �`2
�//BiBQM�H p�`B�Mib �M/ ?QKQHQ;b i?�i +QmH/ �HbQ 7mM+iBQM �b T�`i Q7 i?2b2 +QKTH2t2b
U"`B2M 2i �HX- kyRk- .B *`Q+2 �M/ >2HBM- kyRj- >mMF�TBHH2` 2i �HX- kyRk �M/ S�bBMB 2i �HX-
kyRyVX S_*k Bb `2bTQMbB#H2 7Q` i?2 i`B@K2i?vH�iBQM Q7 >jEkd- pB� i?2 +�i�HviB+ �+iBQM
Q7 1w>k- iQ >jEkdK2j U6`�M+Bb 2i �HX- kyy9VX h?Bb K�`F Bib b2H7 Bb bi�#Hv K�BMi�BM2/
Qp2` +2HH /BpBbBQM �M/ Bb `2T`2bbBp2 BM M�im`2 U:`QbbMBFH�mb �M/ S�`Q- kyR9VX >Qr2p2`-
Bi +�M �HbQ `2+`mBi S_*R- r?B+? `2+Q;MBb2b >jEkdK2j i?`Qm;? *"s- `2bmHiBM; BM KQMQ@

ky



*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

m#B[mBiBM�iBQM Q7 >k� QM ERRN pB� _AL:Rfk- 7m`i?2` +QKT�+iBM; i?2 +?`QK�iBM �M/
`2bmHiBM; BM bi�#H2 `2T`2bbBQM U1bF2H�M/ 2i �HX- kyRy �M/ 6`�M+Bb 2i �HX- kyy9VX

h?2 K2+?�MBbiB+ HBMF #2ir22M .L� ?vT2`K2i?vH�iBQM �M/ HQbb Q7 S_*k K�`Fb Bb biBHH
MQi 7mHHv mM/2`biQQ/- #mi +Hm2b 7`QK i?2 HBi2`�im`2 bm;;2bi i?�i i?2 KQbi HBF2Hv K2+?@
�MBbK Bb QM2 Q7 +QKT2iBiBQM #2ir22M i?2 /2 MQpQ .LJhb U.LJhj� �M/ .LJhj"V
�M/ S_*k U*2/�` �M/ "2`;K�M- kyRk- :�H@u�K 2i �HX- kyy3 �M/ CmM; �M/ S72B72`-
kyR8VX h?Bb 2`QbBQM Q7 S_*R �M/ S_*k T`Qi2+iBQM rBi? �;2 rQmH/ i?2M `2bmHi BM /2
MQpQ K2i?vH�iBQM �M/ H2bb TH�biB+ `2T`2bbBQM Q7 ;2M2 2tT`2bbBQM- bBM+2 .L� K2i?vH�iBQM
Bb �bbmK2/ iQ #2 � H2bb TH�biB+ K�`FX h?Bb K2+?�MBbK ?�b #22M ?vTQi?2bBb2/ iQ #2 Q+@
+m``BM; BM +�M+2` �b r2HH- r?2`2 Bi Bb `272``2/ iQ �b SQHv+QK# brBi+?BM; U:�H@u�K 2i �HX-
kyy3VX PM2 TB2+2 Q7 2pB/2M+2 7Q` i?Bb KQ/2H +QK2b 7`QK i?2 bm;;2biBQM i?�i �#b2M+2
Q7 .L� K2i?vH�iBQM �i *: /2Mb2 `2;BQMb Q7 i?2 ;2MQK2 Bb bm{+B2Mi 7Q` `2+`mBiK2Mi Q7
S+: UGvM+? 2i �HX- kyRkVX h?Bb r�b b?QrM BM KQmb2 2K#`vQMB+ bi2K +2HHb U1a*bV i?�i
r2`2 /Qm#H2 FMQ+F@Qmi 7Q` #Qi? .LJhj� �M/ .LJhj"X �MQi?2` bim/v b?Qr2/ i?�i
`2;BQMb Q7 i?2 ;2MQK2 i?�i �`2 T`2/QKBM�MiHv ?vT2`@K2i?vH�i2/ #2+QK2 2M`B+?2/ 7Q`
>jEkdK2j mTQM BM?B#BiBQM Q7 .L� K2i?vH�iBQM rBi? 8@�x�@kǶ@/2Qtv+viB/BM2 U� +QKT2i@
BiBp2 BM?B#BiQ` 7Q` .L� K2i?vHi`�Mb72`�b2bc _2//BM;iQM 2i �HX- kyRjVX PM2 K2+?�MBbK
#v r?B+? S_*k Bb i?Qm;?i iQ #2 `2+`mBi2/ iQ mMK2i?vH�i2/ .L� Bb i?`Qm;? GvbBM2
.2K2i?vH�b2 k" UE.Jk"V- r?B+? /2K2i?vH�i2b HvbBM2 E9 �M/ Eje BM ?BbiQM2 >jX �H@
i?Qm;? i?Bb bi`QM; �bbQ+B�iBQM 7Q` ?vT2`K2i?vH�iBQM ?�b #22M 7QmM/- bQ 7�` Bi ?�b MQi
#22M TQbbB#H2 iQ bi`QM;Hv HBMF �Mv QM2 T�`iB+mH�` ;2MQKB+ 72�im`2 Q` K2+?�MBbK iQ i?2
.L� ?vTQK2i?vH�iBQM i?�i Q++m`bX >Qr2p2`- i?2`2 �`2 ?vTQi?2b2b i?�i BM+Hm/2, HQbb Q7
�+iBpBiv Q7 .LJhR rBi? �;2- .LJhj� �M/ .LJhj" UsB�Q 2i �HX- kyy3V- `2/m+2/ 2t@
T`2bbBQM Q7 .LJh T`Qi2BMb rBi? �;2- `2/m+iBQM BM /B2i�`v BMi�F2 Q7 +`m+B�H QM2@+�`#QM
K2i�#QHBi2b- `2/m+2/ #�b�H K2i�#QHB+ `�i2b `2bmHiBM; BM `2/m+2/ H2p2Hb Q7 K2i?BQMBM2
�M/ i?mb a�J �HQM;bB/2 K�Mv Qi?2`b U*?B�M; 2i �HX- RNNe- C�K2b 2i �HX- kyyk- J�bQM-
kyyj- a+?`�+F 2i �HX- kyR9 �M/ lH`2v 2i �HX- kyy8VX

�MQi?2` +QMb2`p2/ �bT2+i Q7 .L� K2i?vH�iBQM +?�M;2b i?�i Q++m` rBi? �;2- r?B+? Bb
bm;;2biBp2 Q7 TQi2MiB�HHv i?2 M�im`2 Q7 �;2BM; Bib b2H7- Bb i?�i i?2 +?�M;2b i?�i �`2 b22M
�TT2�` iQ `2bmHi BM �M 2Mi`QTB+ BM+`2�b2 BM i?2 K2i?vH�iBQM �i � ;Bp2M bBi2 U>�MMmK

kR



RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

2i �HX- kyRj �M/ aHB2F2` 2i �HX- kyReVX 1Mi`QTv ?2`2 /2}M2/ �b i?2 a?�MMQM AM7Q`K�iBQM
1Mi`QTv Q7 i?2 TQbBiBQMX Smi �MQi?2` r�v- bBi2b i?�i �`2 HQrHv K2i?vH�i2/ rBHH i2M/
iQ BM+`2�b2 BM K2i?vH�iBQM rBi? �;2 �M/ bBi2b i?�i �`2 ?B;?Hv K2i?vH�i2/ rBHH i2M/ iQ
#2+QK2 ?vTQK2i?vH�i2/ rBi? �;2 UBX2X i2M/BM; iQr�`/b �M 2Mi`QTB+ K�tBKmK Q7 8yWc
>�MMmK 2i �HX- kyRj �M/ aHB2F2` 2i �HX- kyReVX h?Bb Bb Q7 BMi2`2bi #2+�mb2 Bi bm;;2bib
i?�i T2`?�Tb i?2 M�im`2 Q7 2TB;2M2iB+ +?�M;2b i?�i �`2 b22M rBi? �;2 7QHHQr r?�i rQmH/
#2 2tT2+i2/ 7Q` �;2BM; #2BM; � T�bbBp2 /2+�v T`Q+2bbX

>Qr2p2`- Bi ?�b `2+2MiHv #2+QK2 �TT�`2Mi i?�i .L� K2i?vH�iBQM +?�M;2b i?�i Q++m`
rBi? �;2 �`2 T`2/B+iBp2 Q7 +?`QMQHQ;B+�H �;2 BM � ?B;?Hv �++m`�i2Hv K�MM2` bm;;2biBM;
i?�i 2Bi?2` i?Bb T�bbBp2 /2+�v T`Q+2bb �i � TQTmH�iBQM H2p2H Bb Q`/2`2/ 2MQm;? iQ `2bmHi
BM � K2�bm`�#H2 /B`2+iBQM UbBKBH�` iQ `�/BQ�+iBp2 /2+�v T`Q+2bb2bV Q` i?�i i?Bb T`Q+2bb Bb
T2`?�Tb i?2 `2bmHi Q7 �M �+iBp2Hv T`Q+m`2/ bi�i2 U"Q+FH�M/i 2i �HX- kyRR- 6HQ`�i? 2i �HX-
kyRj- >�MMmK 2i �HX- kyRj- >Q`p�i?- kyRj �M/ q2B/M2` 2i �HX- kyR9VX

RXjXN 1biBK�iBM; �;2 7`QK .L� K2i?vH�iBQM

J�Mv bim/B2b +QM/m+i2/ BM ?mK�Mb ?�p2 b?QrM i?�i i?2`2 �`2 �;2@`2H�i2/ +?�M;2b BM
.L� K2i?vH�iBQM Q` �;2@`2H�i2/ /Bz2`2MiB�HHv K2i?vH�i2/ `2;BQMb U.J_bV �M/ i?�i
+?�M;2b BM K2i?vH�iBQM �TT2�` iQ Q++m` +QMbBbi2MiHv rBi?BM H�`;2 +Q?Q`ib- bm;;2biBM;
i?�i i?2v `2T`2b2Mi � +QMbBbi2Mi T?2MQK2MQMX JQ`2 `2+2MiHv- H�`;2Hv i?`Qm;? miBHBb�iBQM
Q7 i?2 TQr2`7mH .L� K2i?vH�iBQM �``�v@#�b2/ i2+?MQHQ;v /2p2HQT2/ #v BHHmKBM� UkdF-
98yF �M/ 1SA* �``�vbV- b+B2MiBbib ?�p2 #22M �#H2 iQ miBHBb2 K2i?vH�iBQM +?�M;2b �i
bBM;H2 +viQbBM2 TQbBiBQMb BM i?2 ;2MQK2 iQ /2}M2 T`2/B+iQ`b Q7 �;2 U"Q+FH�M/i 2i �HX-
kyRR- 6HQ`�i? 2i �HX- kyRj- >�MMmK 2i �HX- kyRj- >Q`p�i?- kyRj �M/ q2B/M2` 2i �HX-
kyR9VX

h?2b2 ǵ2TB;2M2iB+ +HQ+FbǶ ?�p2 #22M /2}M2/ mbBM; HBM2�` `2;`2bbBQM@#�b2/ KQ/2HbX AM
i?2 +�b2 Q7 q2B/M2` �M/ 6HQ`�i?- i?2b2 KQ/2Hb r2`2 /2`Bp2/ 7`QK KmHiBp�`B�i2 HBM2�`
`2;`2bbBQM KQ/2Hb 7`QK bBi2b i?�i r2`2 T`2pBQmbHv b2H2+i2/ �b #2BM; �;2@+Q``2H�i2/ 2Bi?2`
7`QK S2�`bQM +Q``2H�iBQM Q` 7`QK aT2�`K�M +Q``2H�iBQM `2bT2+iBp2Hv U6HQ`�i? 2i �HX- kyRj
�M/ q2B/M2` 2i �HX- kyR9VX h?2 /�i� 7Q` i?2 q2B/M2` KQ/2H +�K2 7`QK 7Qm` bim/B2b

kk



*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

i?�i miBHBb2/ i?2 kdF J2i?vH�``�v �M/ �HH miBHBb2/ r?QH2 #HQQ/ b�KTH2bX AM i?2 +�b2
Q7 6HQ`�i?- i?2 /�i� miBHBb2/ BM i?2 bim/v +�K2 7`QK i?2 1ah>1_ +Q?Q`i U"Q+F 2i �HX-
kyReV �M/ �HH b�KTH2b r2`2 �;�BM r?QH2 #HQQ/- i?Qm;? i?Bb iBK2 `mM QM i?2 KQ`2 `2+2Mi
98yF J2i?vH�``�vX h?2 6HQ`�i? T`2/B+iQ` r�b /2}M2/ 7`QK Rd +viQbBM2 bBi2b BM i?2
;2MQK2 �M/ i?2 q2B/M2` T`2/B+iQ` miBHBb2/ QMHv i?`22X AM #Qi? i?2 K2/B�M �#bQHmi2
/2pB�iBQM UJ�.V r�b I9v`b U6HQ`�i? 2i �HX- kyRj �M/ q2B/M2` 2i �HX- kyR9VX

AM i?2 +�b2 Q7 i?2 >�MMmK T`2/B+iQ` �M/ i?2 >Q`p�i? T`2/B+iQ`- KmHiBp�`B�i2 HBM2�`
`2;`2bbBQM r�b �;�BM T2`7Q`K2/- i?Bb iBK2 mbBM; BKTH2K2Mi�iBQMb Q7 �M 2H�biB+@M2i HBM2�`
`2;`2bbBQM U>�MMmK 2i �HX- kyRj �M/ >Q`p�i?- kyRjVX �M 2H�biB+@M2i `2;`2bbBQM Bb �
+QK#BM�iBQM Q7 #Qi? � G�bbQ@bivH2 KQ/2H BM r?B+? i?2 KQ/2H �ii2KTib iQ ;`2�iHv `2/m+2
i?2 MmK#2` Q7 T�`�K2i2`b BM Q`/2` iQ /2}M2 i?2 T`2/B+iQ` �M/ � `B/;2@bivH2 KQ/2H BM
r?B+? i?2 T`2/B+iQ` miBHBb2b �HH TQbBiBQMb BM i?2 KQ/2HX h?Bb KQ/2H r�b +?Qb2M BM #Qi?
BMbi�M+2b- #2+�mb2 Bi ?�b T`Qp2M mb27mH 7Q` HBM2�` `2;`2bbBQM@#�b2/ �TT`Q�+?2b r?2`2
i?2 MmK#2` Q7 T�`�K2i2`b UQ` *: bBi2b BM i?Bb +�b2V ;`2�iHv Qmir2B;? i?2 MmK#2` Q7
b�KTH2b i?�i �`2 �p�BH�#H2X �M 2H�biB+@M2i #�b2/ KQ/2H- i?2`27Q`2- miBHBb2b #Qi? i?2 GR
�#bQHmi2 p�Hm2 T2M�Hiv UBKTH2K2Mi2/ BM G�bbQ@#�b2/ `2;`2bbBQMV �M/ Gk [m�/`�iB+ p�Hm2
T2M�Hiv UBKTH2K2Mi2/ BM _B/;2@#�b2/ `2;`2bbBQMVX "Qi? bim/B2b miBHBb2/ i?2 ǳ;HKM2iǴ
BKTH2K2Mi�iBQM Q7 i?2 2H�biB+@M2i KQ/2H U6`B2/K�M 2i �HX- kyRyVX h?2 2ti2Mi iQ r?B+?
i?2 2H�biB+@M2i `2;`2bbBQM KQ/2H miBHBb2b i?2b2 irQ T2M�HiB2b Bb /2}M2/ #v � i2`K �HT?�
UαV- r?B+? Bb � `�iBQ i2`K �M/ p�`B2b #2ir22M R 7Q` � 7mHHv G�bbQ@#�b2/ KQ/2H �M/ y 7Q`
� 7mHHv _B/;2@#�b2/ KQ/2HX AM ;HKM2i i?2 H�K#/� i2`Kb i?�i /2}M2 i?2 b2p2`Biv Q7 i?2
GR �M/ Gk T2M�HiB2b �`2 QTiBKBb2/ pB� ;`�/B2Mi /2b+2MiX h?2 �HT?� i2`K i?�i /2}M2b
i?2 `�iBQ #2ir22M i?2 irQ T2M�HiB2b +�M 2Bi?2` #2 +?Qb2M �`#Bi`�`BHv Q` QTiBKBb2/ /m`BM;
i`�BMBM;X

h?2 >�MMmK T`2/B+iQ` r�b /2}M2/ mbBM; 98yF J2i?vH�``�v /�i� Q7 e8e r?QH2 #HQQ/
b�KTH2b U>�MMmK 2i �HX- kyRjVX h?2 T`2/B+iQ` i?�i 2M/2/ mT #2BM; /2}M2/- +QMi�BM2/
dR +vQibBM2b �M/ ?�/ � i2bi J�. 2``Q` Q7 9XN v2�`b U>�MMmK 2i �HX- kyRjVX AM �//B@
iBQM- iQ �bb2bb r?2i?2` +2`i�BM BM/BpB/m�Hb rBi?BM i?2B` bim/v �;2 7�bi2` i?�M Qi?2`b
�M/ r?�i +QmH/ #2 i?2 +�mb2 Q7 i?Bb- i?2v /2}M2/ �M BM/BpB/m�H@bT2+B}+ i2`K, �TT�`2Mi
K2i?vHQKB+ �;BM; `�i2 U�J�_VX h?Bb i2`K +QmH/ i?2M #2 mb2/ iQ i2bi � MmK#2` Q7

kj
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?vTQi?2b2b �#Qmi r?�i K�v �z2+i i?2 �TT�`2Mi �;2BM; `�i2- BM+Hm/BM; 2i?MB+Biv- "JA
�M/ ;2M/2`X 6Q` BMbi�M+2- i?2v 7QmM/ i?�i K�H2b r2`2 bB;MB}+�MiHv KQ`2 HBF2Hv iQ �;2
7�bi2` i?�M rQK2M- #mi i?�i i?2 /Bbi`B#miBQM #2ir22M i?2 irQ r�b MQi /Bz2`2MiX AM
�//BiBQM- Bi r�b 7QmM/ BM � MmK#2` Q7 bim/B2b i?�i i?2`2 �`2 HQM;2pBiv@�bbQ+B�i2/ aLSb
BM i?2 ?mK�M ;2MQK2- �M/ bQ- iQ mM/2`bi�M/ r?2i?2` i?2`2 r2`2 �Mv aLSb rBi?BM
i?2B` ?mK�M b�KTH2b i?�i +QmH/ #2 �z2+iBM; i?2 �J�_ Q7 � ;Bp2M BM/BpB/m�H- i?2v
T2`7Q`K2/ 2tQK2 b2[m2M+BM; QM k8k Q7 i?2 BM/BpB/m�Hb U>�MMmK 2i �HX- kyRjVX �H@
i?Qm;? � `2H�iBp2Hv bK�HH b�KTH2 bBx2 7Q` :q�a- i?Bb BM7Q`K�iBQM rQmH/ 2M�#H2 i?2K
iQ /2+BT?2` MQi QMHv r?2i?2` i?2`2 r2`2 aLSb i?�i r2`2 2z2+iBM; K2i?vH�iBQM �i i?2
/2bB;M�i2/ +viQbBM2b- #mi �HbQ r?2i?2` i?2 +vQibBM2b i?2Kb2Hp2b r2`2 #2BM; Kmi�i2/
�i � `2H�iBp2Hv HQr H2p2HX �b bm+?- Bi rQmH/ #2 TQbbB#H2 iQ �bb2bb r?2i?2` i?2 Q#b2`p2/
K2i?vH�iBQM +?�M;2b �`2 �+im�HHv � `2bmHi Q7 +?�M;BM; K2i?vH�iBQM �M/ MQi Q7 �M mM/2`@
HvBM; H2p2H Q7 .L� Kmi�iBQM- r?B+? �`2 FMQrM iQ �++mKmH�i2 rBi? �;2 U:B`�`/ 2i �HX-
kyReVX h?Bb �M�HvbBb ?B;?HB;?i2/ jyj K2i?vH�iBQM Zm�MiBi�iBp2 h`�Bi GQ+B UK2ZhGbc
>�MMmK 2i �HX- kyRjVX PM2 i?�i r�b T�`iB+mH�`Hv BMi2`2biBM;- r�b � aLS U`bR9yeNkV BM
�M BMi`QM +QMi�BM2/ rBi?BM J".9 �M/ i?2 �;2@�bbQ+B�i2/ +viQbBM2 7QmM/ Dmbi mTbi`2�K
Q7 i?2 +Q/BM; b2[m2M+2 Q7 i?Bb ;2M2X AKTQ`i�MiHv- i?2 aLS 72HH QmibB/2 Q7 i?2 `�M;2 Q7
i?2 T`Q#2 b2[m2M+2 Bib b2H7 �M/ bQ +QmH/MǶi #2 +�mbBM; i?Bb 2z2+i 7`QK � Tm`2Hv i2+?MB@
+�H bi�M/ TQBMiX AKTQ`i�MiHv- i?Bb bim/v �HbQ i2bi2/ i?2B` dR +viQbBM2 KQ/2H BM iBbbm2b
Qi?2` i?�M #HQQ/ mbBM; h?2 *�M+2` :2MQK2 �iH�b Uh*:�V /�i�b2iX h?2 BKTQ`i�M+2
Q7 i?Bb Bb /m2 iQ Bi #2BM; FMQrM i?�i i?2 #HQQ/ +QKTQbBiBQM +?�M;2b rBi? �;2 BM � p2`v
/2}M2/ �M/ T`2/B+i�#H2 K�MM2`- �M/ Bi Bb �HbQ FMQrM i?�i i?2 /Bz2`2Mi #HQQ/ +2HH ivT2b
rBi?BM #HQQ/ ?�p2 /Bz2`2Mi K2i?vH�iBQM bB;M�im`2b �M/ bQ vQm +QmH/ BK�;BM2 ?Qr �
T`2/B+iQ` +QmH/ #2 #mBHi i?�i QMHv iQQF i?2b2 72�im`2b BMiQ �++QmMi- �Hi?Qm;? T`2pBQmb
bim/B2b QM Tm`B}2/ +2HH ivT2b ?�p2 b?QrM i?�i i?2`2 �`2 �;2@`2H�i2/ +?�M;2b BM #HQQ/ BM@
/2T2M/2MiHv Q7 +2HH ?2i2`Q;2M2Biv +?�M;2b U_�Fv�M 2i �HX- kyRyVX h?2v 7QmM/ i?�i i?2B`
KQ/2H r�b �#H2 iQ T`2/B+i �;2 BM i?2b2 /Bz2`2Mi iBbbm2b #mi 7QmM/ i?�i i?2`2 r�b � +H2�`
HBM2�` Qzb2i BM #Qi? i?2 ;`�/B2Mi �M/ i?2 bHQT2 U>�MMmK 2i �HX- kyRjVX a?QrBM; i?�i
i?2 2TB;2M2iB+ +?�M;2b i?�i i?2v r2`2 mbBM; iQ T`2/B+i BM i?2 #HQQ/ �`2 T2`?�Tb KQ`2
rB/2bT`2�/X AM �//BiBQM- i?2v b?Qr i?�i r?2M +�M+2` b�KTH2b �`2 BMi2``Q;�i2/ i?2v
�TT2�`2/ iQ ?�p2 �M �++2H2`�i2/ 2TB;2M2iB+ �;2 BM/2T2M/2Mi Q7 i?2 bQm`+2 Q7 i?2 iBbbm2
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bim/B2/X am;;2biBM; i?�i +�M+2` BM+B/2M+2 �++2H2`�i2b i?2 2TB;2M2iB+ �;2BM; T`Q+2bbX
�//BiBQM�H p�HB/�iBQM r�b +QM/m+i2/ BM r?QH2 ;2MQK2 #BbmH}i2 b2[m2M+BM; Uq:"aV
b�KTH2b p�HB/�iBM; i?�i i?2 T`2/B+iQ` +QmH/ 7mM+iBQM +`Qbb@TH�i7Q`KX h?Bb T`2/B+iQ`
Bb 2t+BiBM; #2+�mb2 Bi bm;;2bi2/ 7Q` i?2 }`bi iBK2 i?�i MQi QMHv +QmH/ � +?`QMQHQ;B+�H
T`2/B+iQ` Q7 �;2 #2 /2}M2/ 7`QK +?�M;2b BM .L� K2i?vH�iBQM rBi? �;2- #mi i?�i �HbQ
BMi2`@BM/BpB/m�H /Bz2`2M+2b BM i?Bb T`2/B+iBQM �`2 T2`?�Tb #BQHQ;B+�HHv K2�MBM;7mHX

h?2 >Q`p�i? T`2/B+iQ` r�b /Bz2`2Mi 7`QK i?2 T`2pBQmb T`2/B+iQ`b K2MiBQM2/ BM i?�i Bi
r�b /2`Bp2/ �# BMBiBQ 7`QK KmHiBTH2 /Bz2`2Mi iBbbm2b U>Q`p�i?- kyRjVX >Q`p�i? miBHBb2/
/�i� 7`QK � H�`;2 MmK#2` Q7 /Bz2`2Mi /�i�b2ib U3kV- +QK#BMBM; KQ`2 i?�M d-yyy b�KTH2b
7`QK #Qi? i?2 kdF J2i?vH�``�v �M/ i?2 98yF J2i?vH�``�v- �b bm+? ?2 miBHBb2/ 72r2`
bBi2b BM i?2 i`�BMBM; Q7 i?2 KQ/2H i?�M >�MMmK ?�/ mb2/ BM ?Bb KQ/2H UkR-jeN +viQbBM2bVX
AM �//BiBQM- >Q`p�i? T2`7Q`K2/ � bTHBi i`�Mb7Q`K�iBQM Q7 �;2- bBM+2 ?2 7QmM/ i?�i i?Bb
T`QpB/2/ � #2ii2` }i iQ i?2 i`�BMBM; /�i� BM �//BiBQM iQ ?�pBM; � MmK#2` Q7 �//BiBQM�H
T`QT2`iB2bX 6Q` BMbi�M+2- �//BM; QM2 iQ i?2 7mM+iBQM 2M�#H2/ M2;�iBp2 �;2b UQ` T`2@#B`i?V
b�KTH2b iQ #2 +QMbB/2`2/,

A7 �;2 I4 �/mHiX�;2 Ub2i iQ ky v2�`b Q7 �;2 BM ?mK�MbV,

F (age) = log(age + 1) − log(adult.age + 1) URXRV

1Hb2 B7 �;2 = �/mHiX�;2,
F (age) = (age − adult.age)

adult.age + 1 URXkV

h?2 >Q`p�i? T`2/B+iQ` +QMi�BM2/ j8j +viQbBM2 bBi2b- �Hi?Qm;? ?2 �HbQ b?Qr2/ i?�i �
bBKBH�` T`2/B+iBp2 �++m`�+v +QmH/ #2 �+?B2p2/ rBi? � `2/m+2/ RRy Q7 i?2b2 bBi2bX h?2 i2bi
J�. 2``Q` Q7 i?2 j8j@bBi2 T`2/B+iQ` r�b jXe v2�`b- bHB;?iHv H2bb i?�M i?�i �+?B2p2/ #v
>�MMmK- #mi KQ`2 i?�M i?2 q2B/M2` T`2/B+iQ` U�Hi?Qm;? i?Bb r�b QMHv � #HQQ/@#�b2/
T`2/B+iQ`c >Q`p�i?- kyRjVX

>Q`p�i?- r�b �#H2 iQ b?Qr i?�i ?2 +QmH/ MQi QMHv T`2/B+i +?`QMQHQ;B+�H �;2 BM ?mK�M
iBbbm2b- #mi i?�i ?2 +QmH/ �HbQ T`2/B+i �;2 BM HB[mB/ b�KTH2b bm+? �b b�HBp�- BM +2HH +mHim`2
b�KTH2b- bm+? �b }#`Q#H�bib U>Q`p�i?- kyRjVX AM �//BiBQM- ?2 r�b �#H2 iQ b?Qr i?�i
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BSa*b ?�p2 �M 2TB;2M2iB+ �;2 Q7 H2bb i?�M x2`Q BM i?2 K�DQ`Biv Q7 +�b2b U>Q`p�i?- kyRjVX
>2 r�b �HbQ �#H2 iQ b?Qr i?�i- �Hi?Qm;? MQr?2`2 M2�` �b �++m`�i2 �M/ QMHv 7`QK �
p2`v bK�HH b�KTH2 bBx2- ?2 +QmH/ T`2/B+i +?`QMQHQ;B+�H �;2 BM Qi?2` ;`2�i �T2b U*?BK@
T�Mx22b- "QMQ#Qb �M/ :Q`BHH�bc >Q`p�i?- kyRjVX h?Bb +QKT�`BbQM Bb ?BM/2`2/ #2+�mb2
i?2 98yF J2i?vH�``�v Bb QTiBKBb2/ 7Q` i?2 ?mK�M ;2MQK2 �M/ QrBM; iQ Bi MQi #2BM;
� b2[m2M+BM; i2+?MQHQ;v- Bi `2HB2b mTQM bi`QM; ?QKQHQ;v �i i?2 #�b2b bm``QmM/BM; i?2
+viQbBM2 i?�i Bb mM/2` bim/v- r?B+? rBHH Q7i2M MQi #2 i?2 +�b2 U>2`M�M/Q@>2``�2x 2i �HX-
kyRjVX AM �//BiBQM- i?2 �;2 i`�Mb7Q`K�iBQM BM i?2 +�b2 Q7 i?2 ;`2�i �T2 +QKT�`BbQMb
r�b bHB;?iHv �Hi2`2/ rBi? �/mHiX�;2 2[m�iBM; iQ R8 BMbi2�/ Q7 kyX h?2 >Q`p�i? T`2/B+@
iQ` �HbQ ?B;?HB;?i2/ i?�i i?2`2 r2`2 � MmK#2` Q7 iBbbm2b i?�i r2`2 H2bb r2HH +�HB#`�i2/X
h?2b2 iBbbm2b 72HH BMiQ irQ +�i2;Q`B2b, i?Qb2 i?�i r2`2 ?Q`KQM�HHv `2;mH�i2/ bm+? �b
#`2�bi iBbbm2 �M/ mi2`BM2 2M/Qi?2HBmK �M/ Kmb+H2 iBbbm2b bm+? �b bF2H2i�H Kmb+H2 �M/
+�`/B�+ b�KTH2b U>Q`p�i?- kyRjVX >Qr2p2`- BM +QMi`�bi iQ >�MMmKǶb T`2/B+iQ`- i?2
>Q`p�i? bim/v 7QmM/ MQ +H2�` /B`2+iBQM�HBiv iQ i?2 +?�M;2 i?�i +�M+2` rQmH/ ?�p2 iQ
i?2 2TB;2M2iB+ �;2- BX2X /2T2M/BM; QM i?2 +�M+2` Q` +�M+2` +2HH HBM2 2TB;2M2iB+ �;2 Bb
2Bi?2` �++2H2`�i2/ Q` /2+2H2`�i2/ U>�MMmK 2i �HX- kyRj �M/ >Q`p�i?- kyRjVX AM �//B@
iBQM- +QMi`�`v iQ r?�i +QmH/ #2 2tT2+i2/ 7`QK i?2 FMQrM HB72bT�M b?Q`i2MBM; 2z2+i
Q7 >:Sa- BM BKKQ`i�HBb2/ " +2HHb /2`Bp2/ 7`QK i?2b2 T�iB2Mib i?2`2 r�b MQ bB;MB}+�Mi
�Hi2`�iBQM iQ i?2 2TB;2M2iB+ �;2 BM i?2b2 BM/BpB/m�Hb U>Q`p�i?- kyRjVX h?Bb +QmH/ `2~2+i
bK�HH b�KTH2 bBx2b- bBM+2 i?2 K�DQ`Biv Q7 2TB;2M2iB+ �;2 /Bz2`2M+2b i?�i �`2 b22M �`2
bK�HH �M/ `2[mB`2 H�`;2 b�KTH2 bBx2b BM Q`/2` iQ ?�p2 i?2 bi�iBbiB+�H TQr2` iQ +�HH i?2K
�b bB;MB}+�Mi- Q` Bi K�v #2 i?�i i?Bb /Bb2�b2 /Q2b MQi `2~2+i i?2 T`Q+2bb Q7 M�im`�H
�;2BM;X �MQi?2` BMi2`2biBM; Q#b2`p�iBQM Bb i?�i +2HHb BM +mHim`2 �;2 �+`Qbb T�bb�;2b- 7Q`
BMbi�M+2 K2b2M+?vK�H bi`QK�H +2HHb ?�p2 #Qi? #22M b?QrM iQ ?�p2 �M BM+`2�b2/ 2TB;2@
M2iB+ �;2 rBi? BM+`2�b2/ T�bb�;2 U>Q`p�i?- kyRjVX JQ`2 BMi2`2biBM; biBHH Bb i?2 }M/BM;
i?�i r?2i?2` +2HHb �`2 T`QHB72`�iBM; BM +mHim`2 Q` r?2i?2` i?2v �`2 b2M2b+2Mi i?2v biBHH
�;2 �i i?2 b�K2 `�i2- bm;;2biBM; i?�i i?Bb T`2/B+iQ` Bb MQi K2�bm`BM; � KBiQiB+ `�i2-
#mi i?�i Bi Bb TQi2MiB�HHv K2�bm`BM; ǳi?2 +mKmH�iBp2 2z2+i Q7 �M 2TB;2M2iB+ K�BMi2@
M�M+2 bvbi2KǴ U>Q`p�i?- kyRjV i?�i Bb �i H2�bi T�`iB�HHv BM/2T2M/2Mi Q7 +2HH `2THB+�iBQMX
�//BiBQM�H +B`+mKbi�MiB�H 2pB/2M+2 7Q` i?Bb Bb T`QpB/2/ #v b�KTH2b 7`QK #`�BM iBbbm2b
i?�i �`2 +QKKQMHv i?Qm;?i Q7 �b #2BM; T`2/QKBM�MiHv TQbi@KBiQiB+ �M/ b�KTH2b 7`QK

ke
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KQ`2 �+iBp2Hv im`M2/ Qp2` iBbbm2b bm+? �b #HQQ/ ?�pBM; i?2 b�K2 2TB;2M2iB+ �;2BM; `�i2X
PM2 BMi2`2biBM; +Q`QHH�`v Q7 i?Bb Bb i?�i T2`?�Tb i?Bb 2TB;2M2iB+ K�BMi2M�M+2 bvbi2K BM
/Bz2`2Mi iBbbm2b Bb K�BMi�BM2/ Q` K�M�;2/ i?`Qm;? /Bz2`2Mi T`Q+2bb2b- 7Q` BMbi�M+2 BM
MQM@`2THB+�iBp2 iBbbm2b T2`?�Tb ?vTQK2i?vH�iBM; bBi2b �`2 KQ`2 +HQb2Hv HBMF2/ iQ T`Q@
+2bb2b Q7 �+iBp2 /2K2i?vH�iBQM BMpQHpBM; ?v/`QtvK2i?vH�iBQMX h?Bb Bb #�+F2/ mT #v i?2
?B;? H2p2Hb Q7 8?K* b22M BM TQbiKBiQiB+ iBbbm2b `2H�iBp2 iQ `2THB+�iBp2 iBbbm2b UJ2M;
2i �HX- kyR9VX

"Qi? T`2/B+iQ`b- �`2 BMi`B;mBM; 7`QK i?2 TQBMi Q7 pB2r Q7 bm;;2biBM; i?�i i?2 T?2@
MQK2MQM Q7 2TB;2M2iB+ /`B7i Q` 2TB;2M2iB+ �;2BM; �TT2�`b iQ #2 `2~2+i2/ BM KmHiBTH2
iBbbm2b U>�MMmK 2i �HX- kyRj �M/ >Q`p�i?- kyRjVX h?Qm;? Bi Bb BKTQ`i�Mi iQ MQi2 i?�i
i?Bb /Q2b MQi K2�M i?�i i?2`2 �`2 MQi H�`;2 �;2@�bbQ+B�i2/ +?�M;2b ?�TT2MBM; i?�i �`2
MQi iBbbm2 bT2+B}+X AM �//BiBQM- #Qi? bim/B2b }M/ +2`i�BM +viQbBM2 TQbBiBQMb rBi?BM i?2
;2M2 1HQM;�iBQM P7 o2`v GQM; +?�BM 7�iiv �+B/b T`Qi2BM k U1GPoGkV iQ #2 bi`QM;Hv
+Q``2H�i2/ rBi? �;2X 1GPoGk Bb `2bTQMbB#H2 7Q` i?2 +�i�HvbBb Q7 i?2 `�i2 HBKBiBM; }`bi
bi2T Q7 i?2 7�iiv �+B/ 2HQM;�iBQM +v+H2 UG2QM�`/ 2i �HX- kyy9V �M/ ?�b T`2pBQmbHv #22M
�bbQ+B�i2/ rBi? �;2BM; U:�`�;M�MB 2i �HX- kyRkVX AM 7�+i- BM �HH i?2 T`2/B+iQ`b /2}M2/
#v >�MMmK 2i �HX +viQbBM2 bBi2b BM 1GPoGk �`2 T`2b2Mi U>�MMmK 2i �HX- kyRjVX �bB/2
7`QK bBi2b Qp2` i?Bb ;2M2 �M/ � MmK#2` Q7 Qi?2` ;2M2b Bi Bb BMi2`2biBM; iQ MQi2 i?�i
i?2`2 Bb p2`v HBiiH2 Qp2`H�T #2ir22M i?2 bBi2b +?Qb2M #v i?2b2 irQ KQ/2Hb bm;;2biBp2
i?�i i?2 2TB;2M2iB+ +?�M;2b i?�i �`2 Q++m``BM; K�v T2`?�Tb #2 ?�TT2MBM; �i � KQ`2
;HQ#�H H2p2HX

1t+BiBM;Hv- #Qi? bim/B2b ?�p2 b?QrM i?�i i?2v �`2 MQi QMHv �#H2 iQ 2biBK�i2 +?`QMQHQ;@
B+�H �;2 #mi �HbQ ǳ#BQHQ;B+�H �;2Ǵ U>�MMmK 2i �HX- kyRj �M/ >Q`p�i?- kyRjVX �i T`2b2Mi
ǳ#BQHQ;B+�H �;2Ǵ Bb HQQb2Hv /2}M2/ �b � +QKT�`�iBp2 K2�bm`2 Q7 � /Bb2�b2 bi�i2- �ii`B#mi2
Q` i`�Bi i?�i Bb �Hi2`2/ rBi? BM+`2�bBM; �;2X 6Q` BMbi�M+2- bQK2QM2 rBi? Q#pBQmb bB;Mb
Q7 Kmb+H2 r2�FM2bb �#Qp2 r?�i Bb 2tT2+i2/ 7Q` i?2B` �;2@;`QmT rQmH/ #2 +QMbB/2`2/ iQ
?�p2 �M �++2H2`�i2/ Q` BM+`2�b2/ ǳ#BQHQ;B+�H �;2ǴX AM i?2 +�b2 Q7 i?2 >Q`p�i? T`2/B+iQ`
i?Bb ?�b #22M KQ`2 rB/2Hv �//`2bb2/ BM bm#b2[m2Mi bim/B2bX am+? bim/B2b ?�p2 �/@
/`2bb2/ i?2 BKT�+i Q7 q2`M2` avM/`QK2- >Ao@R- .QrMǶb avM/`QK2- J2MQT�mb2- 7�iiv
HBp2` /Bb2�b2- /B2i- S�`FBMbQMǶb �M/ K�Mv KQ`2 U*�``QHH 2i �HX- kyRd- >Q`p�i? 2i �HX- kyR9-
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

>Q`p�i? 2i �HX- kyR8�- >Q`p�i? 2i �HX- kyR8#- >Q`p�i? �M/ G2pBM2- kyR8- >Q`p�i? �M/
_Bix- kyR8- >Q`p�i? 2i �HX- kyRe�- >Q`p�i? 2i �HX- kyRe#- G2pBM2 2i �HX- kyR8�- G2pBM2
2i �HX- kyR8#- Gm 2i �HX- kyRe- J�`BQMB 2i �HX- kyR8# �M/ oB/�H@"`�HQ 2i �HX- kyReVX AMi2`@
2biBM;Hv Bi ?�b �HbQ #22M b?QrM i?�i i?Bb T?2MQK2MQM Q7 iBbbm2b +Q?2`2MiHv �;2BM; 7�HHb
�T�`i BM bmT2`@+2Mi2M�`B�Mb 7Q` r?QK `2;BQMb Q7 i?2 #`�BM �;2 �i /Bz2`2Mi `�i2b rBi?
i?2 +2`2#2HHmK 7Q` BMbi�M+2 �;2BM; KQ`2 bHQrHv i?�M i?2 +Q`i2t UGm 2i �HX- kyReVX

AM �//BiBQM iQ i?2b2 Q#b2`p�iBQM�H bim/B2b- BM�/p2`i2Mi K�MBTmH�iBQM #�b2/ bim/B2b ?�p2
�HbQ #22M +QM/m+i2/ i?�i �//`2bb [m2biBQMb �b iQ i?2 TH�biB+Biv Q7 i?2 +HQ+F �M/ ?Qr i?2
2ti`BMbB+ 2MpB`QMK2Mi 2z2+ib BiX � MmK#2` Q7 bim/B2b ?�p2 MQr �ii2KTi2/ iQ �//`2bb i?2
BKT�+i Q7 /QMQ` pb `2+BTB2Mi �;2 QM i?2 BM+mK#2Mi �;2 Q7 i`�MbTH�Mi2/ ?�2K�iQTQB2iB+
bi2K +2HHb U>a*bVX AM 2bb2M+2- i?2v bim/B2/ i?2 BMi`Q/m+iBQM Q7 >a*b BMiQ `2+BTB2Mib
Q7 QH/2` Q` vQmM;2` �;2 i?�M i?2 /QMQ`bX h?2b2 bim/B2b ?�p2 miBHBb2/ #Qi? i?2 q2B/M2`
�M/ i?2 >Q`p�i? +HQ+F UaiƺHx2H 2i �HX- kyRd �M/ q2B/M2` 2i �HX- kyR8VX hQ;2i?2` i?2v
b?Qr i?�i mTQM BMi`Q/m+iBQM BMiQ i?2 `2+BTB2Mi i?2`2 Bb � #`B27 `2/m+iBQM Q7 �;2 mT
mMiBH e KQMi?b Q7 �;2 U`2H�iBp2 iQ i?2 /QMQ`V �7i2` r?B+? i?2 �;2 Q7 i?2 #HQQ/ #2;BMb
iQ `Bb2X �i �#Qmi R v2�` i?2 �;2 Q7 i?2 #HQQ/ Bb #�+F BM HBM2 rBi? i?2 �;2 Q7 i?2 /QMQ`X
>Qr2p2`- #v i?`22 v2�`b Q7 �;2 i?2 2TB;2M2iB+ �;2 Bb �++2H2`�i2/ `2H�iBp2 iQ i?2 /QMQ`
�M/ i?Bb +QMiBMm2b iQ `Bb2 mMiBH i?2 2M/ Q7 K2�bm`2K2Mi UaiƺHx2H 2i �HX- kyRdVX h?Bb
`2bmHi bm;;2bib i?�i i?2 +2HHb �`2 BMi`BMbB+�HHv �;2BM; �M/ i?�i i?2B` M2r 2MpB`QMK2Mi
+�M �Hi2` i?2 `�i2 Q7 2TB;2M2iB+ �;2 BM+`2�b2 #mi i?�i Bi Bb mM�#H2 iQ `2bmHi BM H�`;2
+?�M;2b iQ i?2 2TB;2M2iB+ �;2 T2` b2X

AMi2`2biBM;Hv- �HQM;bB/2 bim/vBM; i?2 BKTHB+�iBQM i?�i /Bz2`2Mi T�`�K2i2`b ?�p2 QM
#BQHQ;B+�H �;2- `2b2�`+?2`b ?�p2 bi�`i2/ �TTHvBM; i?2b2 T`2/B+iQ`b �M/ Qi?2`b #mBHi Qz
i?2 b�K2 T`BM+BTH2b- iQ i?2 [m2biBQM Q7 KQ`i�HBiv �M/ HB72bT�M T`2/B+iBQM U*?2M 2i �HX-
kyRe- J�`BQMB 2i �HX- kyR8� �M/ h?BM;;��`/ 2i �HX- kyReVX AM Qi?2` rQ`/b- +�M r2 T`2/B+i
MQi bBKTHv ?Qr QH/ bQK2QM2 Bb #mi ?Qr HQM; i?2v ?�p2 iQ HBp2 �M/ Bi �TT2�`b i?�i r2
+�MX AM � `2+2Mi T�T2`- *?2M "X 2i �H- b?Qr2/ i?�i Bi r�b TQbbB#H2 iQ T`2/B+i iBK2
iQ /2�i? mbBM; �HH K2�bm`2b Q7 �;2 �++2H2`�iBQM U*?2M 2i �HX- kyReVX AM �MQi?2` bm+?
T�T2` J�`BQMB _X 2i �H- b?Qr i?�i Bi Bb TQbbB#H2 iQ T`2/B+i �HH@+�mb2 KQ`i�HBiv 7`QK i?2b2
/2`Bp�iBp2 K2i`B+b UJ�`BQMB 2i �HX- kyR8�VX
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Reduction in strength 
of circadian rhythm

Metabolic changes Epigenetic changes

Reduction in 
homeostatic control

Expression of 
retroviral elements

Reduction in 
immune surveillance
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Age

Methylation 
at 353 CpGs

Programmed or unavoidable?

-Enzymes are imperfect.
-Reprogramming restores youth.
-Differences in lifespan.
-Cancer cells don't age.
-Increased disease incidence.
-Opening of chromatin.
-Stem cell depletion.
-Chemicals decay.

OR
?

6B;m`2 RXj, J2+?�MBbKb Q7 �;2BM;, U�V h?2 M�im`2 Q7 �;2BM;, Bb Bi T`Q;`�KK2/ Q` �
biQ+?�biB+ �M/ BM2pBi�#H2 /2+HBM2\ U"V a+?2K�iB+ Q7 +?�M;2b �bbQ+B�i2/ rBi? �;2BM; i?�i +QmH/
#2 `2bTQMbB#H2 7Q` Qm` �#BHBiv iQ T`2/B+i �;2 7`QK 2TB;2M2iB+bX U*V � /2TB+iBQM Q7 i?2 ?mK�M
.L�K�;2 +HQ+F- ?B;?HB;?iBM; i?�i BM/BpB/m�Hb Q7 /Bz2`2Mi �;2b +�M ?�p2 i?2B` K2i?vHQK2b
BMi2``Q;�i2/ �i j8j *T: bBi2b �M/ �M �++m`�i2 T`2/B+iBQM Q7 i?2B` �;2 K�/2X
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

�Hi?Qm;? Bi b22Kb mMHBF2Hv i?�i .L� K2i?vH�iBQM Bb i?2 K2+?�MBbK mM/2`HvBM; �;2@
BM; BM Q7 Bib2H7- bBM+2 i?Bb 2TB;2M2iB+ KQ/B}+�iBQM Bb MQi 7QmM/ BM �HH Q`;�MBbKb UG22
2i �HX- kyRyVX Ai /Q2b T`QpB/2 � mb27mH `2�/Qmi Q7 mM/2`HvBM; +?`QK�iBM �M/ K2i�#QHB+
+?�M;2b i?�i �`2 TQi2MiB�HHv Q++m``BM; rBi? �;2X �b bm+?- � ;`2�i2` mM/2`bi�M/BM; Q7
i?2 K2+?�MBbK #2?BM/ i?2b2 2TB;2M2iB+ +HQ+Fb rQmH/ #2 BKK2Mb2Hv mb27mH �b � `2b2�`+?
iQQHX AM �//BiBQM- i?2v rBHH #2 Q7 F2v `2H2p�M+2 iQ mM/2`bi�M/ �;2BM; BM KQ`2 /2i�BH �M/
rBHH �HbQ #2 BMbi`mK2Mi�H 7Q` i?2 /2bB;M Q7 7mim`2 BMi2`p2MiBQMbX >Qr2p2`- �i T`2b2Mi
�HH Q7 i?2b2 T`2/B+iQ`b ?�p2 #22M /2p2HQT2/ BM ?mK�Mb �M/ bQ i?2`2 Bb � ;`QrBM; M22/
iQ }`biHv i2bi i?2 +QMb2`p�iBQM Q7 bm+? �M 2TB;2M2iB+ bvbi2K 2pQHmiBQM�`BHv #mi �HbQ iQ
/2}M2 �M 2TB;2M2iB+ �;2 T`2/B+iQ` BM �M 2tT2`BK2Mi�HHv i`�+i�#H2 bvbi2KX

�b bm+?- BM i?Bb i?2bBb A ?�p2 b2i Qmi iQ /2}M2 � KmHiB@iBbbm2 2TB;2M2iB+ T`2/B+iQ` Q7 �;2
BM i?2 KQmb2X �i T`2b2Mi i?2 QMHv 2pB/2M+2 i?�i bm+? �M 2TB;2M2iB+ T`2/B+iQ` K�v �HbQ
7mM+iBQM BM i?2 KQmb2 Bb #�b2/ QM QM2 `2+2Mi bim/v mbBM; i?2 a2[m2MQK 1TBhuS1_ iQ
�bb2bb i?2 /B`2+iBQM�HBiv Q7 K2i?vH�iBQM +?�M;2b BM KQmb2 �i �;2BM;@�bbQ+B�i2/ +viQbBM2
bBi2b B/2MiB}2/ BM ?mK�M- BM+Hm/BM; �i 1GPoGk UaTB2`b 2i �HX- kyReVX

RXjXRy h?2 bim/v Q7 ?2i2`Q;2M2Biv

h?2 bim/v Q7 ?2i2`Q;2M2Biv Bb i?�i Q7 p�`B�iBQM rBi?BM � b�KTH2X h?Bb Bb � +QM+2Ti
i?�i HB2b �i i?2 p2`v ?2�`i Q7 2tT2`BK2Mi�H b+B2M+2- r?2`2 ?2i2`Q;2M2Biv UQ` /Bz2`2M+2bV
�`2 Q7i2M T?2MQivT2b i?�i +�M H2�/ BMp2biB;�iBQMbX �i � bBM;H2 +2HH H2p2H- i?2 bim/v Q7
?2i2`Q;2M2Biv ?�b #22M TQbbB#H2 7Q` K�Mv v2�`b QrBM; iQ KB+`Qb+QTv T`QpB/BM; mb rBi?
i?2 �#BHBiv iQ BMi2``Q;�i2 BM/BpB/m�H +2HHb pBbm�HHvX

AM KQ`2 `2+2Mi iBK2b- i?2 �#BHBiv iQ bim/v bBM;H2 +2HHb BM mMT`2+2/2Mi2/ /2i�BH Bb MQr
#2+QKBM; TQbbB#H2 rBi? K2i?Q/QHQ;B2b i?�i miBHBb2 i?2 TQr2` Q7 M2ti ;2M2`�iBQM b2@
[m2M+BM; UL:aV #�b2/ �TT`Q�+?2bX h?2b2 �TT`Q�+?2b �`2 ?m;2Hv p�Hm�#H2 7Q` #2BM;
�#H2 iQ �bb2bb �M/ bim/v /Bz2`2M+2 #2ir22M bBM;H2 +2HHb �b i?2v +�``v rBi?BM i?2K �
p�bi �KQmMi Q7 /�i� i?�i +�M #2 �M�Hvb2/X �i T`2b2Mi- Bi Bb TQbbB#H2 iQ BMi2``Q;�i2 ;2@
MQKB+ Ub+.L�@a2[c sm 2i �HX- kyRkV- i`�Mb+`BTiQKB+ Ub+_L�@a2[c AbH�K 2i �HX- kyR9 �M/
SB+2HHB 2i �HX- kyRjV- Mm+H2�` +QM7Q`K�iBQM Ub+>B@*c L�;�MQ 2i �HX- kyRjV- .L� �++2bbB@
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

#BHBiv Ub+�h�*@a2[ �M/ b+LPJ2@a2[c "m2M`Qbi`Q 2i �HX- kyR8 �M/ SQii- kyRdV- .L�
K2i?vH�iBQM Ub+"a@a2[c *H�`F 2i �HX- kyRd �M/ aK�HHrQQ/ 2i �HX- kyR9V- ?v/`QtvK2i?v@
H�iBQM �M/ 7Q`KvH+viQbBM2 Ub+�#�@a2[ �M/ *G1o1_@a2[c JQQBDK�M 2i �HX- kyRe �M/
w?m 2i �HX- kyRdV ?2i2`Q;2M2Biv mbBM; bBM;H2 +2HH bim/B2bc rBi? KQ`2 i2+?MB[m2b HBF2Hv iQ
2tT�M/ i?Bb HBbi Q7 TQbbB#BHBiB2b BM i?2 M2�` 7mim`2X J�Mv Q7 i?2b2 �TT`Q�+?2b ?�p2 MQr
#22M 2tT�M/2/ BMiQ ?B;?@i?`Qm;?Tmi K2i?Q/b i?�i +�M #2 mb2/ iQ bim/v p�bi MmK#2`b
Q7 bBM;H2 +2HHb BM �Mv QM2 2tT2`BK2MiX

AM �//BiBQM- Bi Bb TQbbB#H2 iQ MQr bim/v #Qi? ;2MQKB+ �M/ i`�Mb+`BTiQKB+ Ub+:�h@a2[c
J�+�mH�v 2i �HX- kyR8V- .L� K2i?vH�iBQM �M/ i`�Mb+`BTiQKB+ Ub+J�h@a2[c �M;2`@
Km2HH2` 2i �HX- kyReV �M/ .L� K2i?vH�iBQM- i`�Mb+`BTiQKB+ �M/ .L� �++2bbB#BHBiv
Ub+LJh@a2[c U*H�`F- a- 2i �HX- BM `2pB2rVV ?2i2`Q;2M2Biv �i bBM;H2 +2HH `2bQHmiBQM BM
+QK#BM�iBQMX h?Bb ?�b �HHQr2/- 7Q` i?2 }`bi iBK2- � /B`2+i HBMF #2ir22M i?2b2 /Bz2`2Mi
H�v2`b Q7 BM7Q`K�iBQM iQ #2 bim/B2/X 6Q` BMbi�M+2- i?2 �bbQ+B�iBQM #2ir22M T`QKQi2`
K2i?vH�iBQM �M/ i`�Mb+`BTiBQM�H QmiTmi +�M #2 /B`2+iHv BMi2``Q;�i2/ rBi?Qmi +QKT`Q@
KBb2- �b BM #mHF bim/B2b U�M;2`Km2HH2` 2i �HX- kyReVX

AM �//BiBQM iQ #2BM; �#H2 iQ �bb2bb i?2b2 KmHiBTH2 H�v2`b Q7 `2;mH�iBQM �M/ 2tT`2bbBQM
#Qi? BM bBM;H2 �M/ +QK#BM2/ b2iiBM;b- Bi Bb MQr #2+QKBM; TQbbB#H2 iQ �bb2bb i?2b2 /B7@
72`2M+2b #2ir22M +2HHb BM `2H�iBQM iQ i?2B` `2H�iBQMb?BTb iQ i?2 Qi?2` +2HHb T`2b2MiX h?Bb
Bb #2BM; /QM2 mbBM; � MmK#2` Q7 /Bz2`2Mi �TT`Q�+?2b i?�i KQ`2 ;2M2`�HHv �`2 `272``2/
iQ �b HBM2�;2 i`�+BM; K2i?Q/b- bQK2 Q7 r?B+? BM+Hm/2 i?2 BM+Q`TQ`�iBQM Q7 #�`+Q/2b
BMiQ i?2 +2HHb Q7 BMi2`2bi- r?BH2 Qi?2`b miBHBb2 i?2 BM?2`2Mi #2?�pBQm` Q7 �H`2�/v T`2b2Mi
?Qbi 2TB;2M2iB+ K�`Fb- bm+? �b ?v/`QtvK2i?vH�iBQM U.�pBb 2i �HX- kyRe- 6Bb+?2` 2i �HX-
kyRe- E�H?Q` 2i �HX- kyRe- GB 2i �HX- kyRe- J+E2MM� 2i �HX- kyRe- JQQBDK�M 2i �HX- kyRe
�M/ qQQ/rQ`i? 2i �HX- kyRdVX h?2b2 K2i?Q/b rBHH #2 BM+`2/B#Hv mb27mH BM i?2 7mim`2
7Q` i?2 bim/v Q7 ?2i2`Q;2M2Biv- +�M+2` �M/ �;2BM;- bBM+2 i?2v rBHH �HHQr i?2 b+B2MiBbi
iQ mM/2`bi�M/ i?2 HB72 ?BbiQ`v Q7 � ;Bp2M +2HH �M/ ?Qr Bi +�K2 iQ #2 BM Bib +m``2Mi
bi�i2X

>Qr2p2`- i?2`2 �`2 +m``2MiHv HBKBi2/ K2i?Q/b �p�BH�#H2 7Q` i?2 bim/v Q7 � ;Bp2M +2HH
�+`Qbb KmHiBTH2 iBK2 TQBMibX h?Bb rQmH/ #2 BM+`2/B#Hv mb27mH 7Q` #2BM; �#H2 iQ HQQF �i
/vM�KB+b i?�i �`2 +m``2MiHv QMHv #2BM; KQ/2HH2/fBM72``2/ 7`QK L:a@#�b2/ bBM;H2 +2HH
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

�TT`Q�+?2bX AM T�`iB+mH�`- i?2`2 �`2 MQ K2i?Q/b +m``2MiHv �p�BH�#H2 7Q` i?2 [m�MiBi�iBQM
Q7 .L� K2i?vH�iBQM /vM�KB+b Qp2` iBK2 7`QK i?2 b�K2 +2HHX 6`QK i?2 HBi2`�im`2- i?2`2
?�p2 #22M � MmK#2` Q7 T�T2`b i?�i ?�p2 miBHBb2/ � K2i?vH #BM/BM; /QK�BM UJ".V 7mb2/
iQ � ~mQ`2b+2Mi T`Qi2BM UAM;Qmz 2i �HX- kyRd- EBKm`� 2i �HX- kyRy- l2/� 2i �HX- kyR9-
u�K�x�FB 2i �HX- kyyd �M/ u�K�;�i�- kyRyVX AM KQbi +�b2b i?Bb T`Qi2BM r�b i?2 J". Q7
K2i?vH #BM/BM; /QK�BM T`Qi2BM R UJ".RV 7mb2/ iQ 2M?�M+2/ ;`22M ~mQ`2b+2Mi T`Qi2BM
U2:6SVX h?Bb +QMbi`m+i Bb ?2`2iQ `272``2/ iQ �b J".R@2:6S �M/ ?�b #22M mb2/ iQ
�bb2bb i?2 ;HQ#�H /vM�KB+b Q7 .L� K2i?vH�iBQM �i � [m�HBi�iBp2 H2p2H BM T`2pBQmb bim/B2b
Uu�K�;�i�- kyRyVX 6Q` BMbi�M+2- Bi ?�b #22M mb2/ iQ /2b+`B#2 i?2 +?�M;2b BM i?2 Mm+H2�`
Q`;�MBb�iBQM Q7 K2i?vH�i2/ `2;BQMb Q7 i?2 ;2MQK2 /m`BM; 2�`Hv /2p2HQTK2Mi Uu�K�x�FB
2i �HX- kyydV- ?Qr2p2` Bi ?�b M2p2` #22M mb2/ 7Q` � [m�MiBi�iBp2 �bb2bbK2Mi Q7 .L�
K2i?vH�iBQMX AM �//BiBQM- Qi?2` bim/B2b ?�p2 �bb2bb2/ .L� K2i?vH�iBQM [m�HBi�iBp2Hv
BM HBp2 +2HHb mbBM; +QMbi`m+ib +�T�#H2 Q7 /Bz2`2MiB�iBM; #2ir22M K2i?vH�iBQM BM +QMi2tib
MQi +QKKQMHv b22M BM K�KK�HB�M b2iiBM;b bm+? �b *>> +QMi2ti U> 4 *- h Q` �c
AM;Qmz 2i �HX- kyRdVX qBi? i?2 [m�MiBi�iBp2 2tT2`BK2Mib BM i?Bb bim/v �HH +QM/m+i2/ QM
}t2/ +2HHb- M2;�iBM; i?2 �#BHBiv iQ bim/v i?2 +2HHb �+`Qbb KmHiBTH2 iBK2 TQBMibX

�b bm+?- BM i?Bb i?2bBb A ?�p2 /2i�BH2/ 2tT2`BK2Mib b2i Qmi iQ /2}M2 � MQp2H bvbi2K
rBi?BM r?B+? Bi Bb TQbbB#H2 iQ bim/v ;HQ#�H K2i?vH�iBQM /vM�KB+b Qp2` � T2`BQ/ Q7 iBK2
7`QK i?2 b�K2 +2HHX h?2 K2i?Q/ mM/2` /2p2HQTK2Mi Bb +�HH2/ .Bz2`2MiB�H .vM�KB+
JB+`Qb+QTv U..Jc *2`#BMQ �M/ h`�TT2- kyy3V �M/ ?�b #22M T`2pBQmbHv mb2/ 7Q` i?2
bim/v Q7 +QHHQB/�H T�`iB+H2b BM "`QrMB�M KQiBQM UGm 2i �HX- kyRkV �M/ KQ`2 `2+2MiHv 7Q`
i?2 bim/v Q7 2Mb2K#H2 #�+i2`B�H KQiBQM UGm 2i �HX- kyRk �M/ qBHbQM 2i �HX- kyRRVX

RXjXRR >2i2`Q;2M2Biv BM �;2BM;

h?2 bim/v Q7 ?2i2`Q;2M2Biv �i i?2 bBM;H2 +2HH H2p2H Bb Q7 ;`2�i BMi2`2bi BM i?2 bim/v Q7
�;2BM; #2+�mb2 Bi rBHH T`QpB/2 mb rBi? BMbB;?i BMiQ i?2 p2`v M�im`2 Q7 �;2BM; Bib b2H7X
>QT27mHHv �HHQrBM; mb iQ i2�b2 �T�`i r?2i?2` �;2BM; Bb i?2 `2bmHi Q7 � T�bbBp2 /2+�v
T`Q+2bb- Q` �M �+iBp2Hv T`Q+m`2/ bi�i2X h?Bb rBHH #2 K�/2 TQbbB#H2 #v i?2 mMT`2+2/2Mi2/
/2i�BH i?�i r2 +�M MQr bim/v bBM;H2 +2HHb �i �HHQrBM; mb iQ i2bi ?vTQi?2b2b �#Qmi ?Qr
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

6B;m`2 RX9, SQi2MiB�H KQ/2Hb 7Q` ?2i2`Q;2M2Biv rBi? �;2, U�V hrQ T`QTQb2/ KQ/2Hb
7Q` ?Qr ?2i2`Q;2M2Biv K�v #2 �Hi2`2/ BM /Bz2`2Mi +QKT�`iK2Mib /m`BM; �;2BM;X U"V � KQ/2H
7Q` ?Qr 2TB;2M2iB+ /`B7i rBi? �;2 K�v �Hi2` i?2 +�T�+Biv Q7 �M Q`;�MBbK iQ K�BMi�BM Bib
`2[mB`2/ +2HH ivT2b �M/ BM i?2B` `2[mB`2/ biQB+?BQK2i`B2bX "Qi? 2TB;2M2iB+ 2`QbBQM �M/ +?�M;2b
BM ?2i2`Q;2M2Biv �`2 HBF2Hv TH�vBM; � `QH2 BM i?2 �;2BM; T`Q+2bb- i?Qm;? 2`QbBQM ?�b #22M 7�`
#2ii2` /Q+mK2Mi2/ i?�M ?2i2`Q;2M2B+ +?�M;2bX

i?2b2 irQ +QM+2Tib +QmH/ #2 /Bz2`2MiB�i2/X AM �//BiBQM- iQ i?2 �/p�M+2b i?�i bim/vBM;
�i i?Bb H2p2H Q7 /2i�BH rBHH T`QpB/2 BM i?Bb �#bi`�+i b2Mb2- Bi rBHH �HbQ T`QpB/2 mb rBi?
?m;2 �KQmMib Q7 BM7Q`K�iBQM �b iQ r?�i /2}M2b i?2 �;2/ bi�i2 Q7 /Bz2`2Mi +2HH ivT2b
�M/ iBbbm2bX Ai rBHH 2M�#H2 mb iQ /2}M2 �M/ mM/2`bi�M/ r?2i?2` i?2 T`QTQ`iBQMb Q7 +2HH
ivT2b rBi?BM � ;Bp2M iBbbm2 �`2 +?�M;BM; rBi? �;2 Q` r?2i?2` i?2 p2`v M�im`2 Q7 � ;Bp2M
+2HH ivT2 Bb +?�M;2/ rBi? �;2X AM7Q`K�iBQM i?�i rBHH ?QT27mHHv �Mbr2` [m2biBQMb bm+?
�b r?v �;2@`2H�i2/ /Bb2�b2b BM+`2�b2 rBi? �;2X

�i T`2b2Mi- i?2`2 �`2 p2`v 72r bim/B2b i?�i ?�p2 �//`2bb2/ i?2 M�im`2 Q7 �;2BM; �i
i?2 bBM;H2 +2HH H2p2H- QM2 bm+? bim/v r�b T2`7Q`K2/ BM +�`/BQKvQ+vi2b U"�?�` 2i �HX-
kyyeVX h?Bb bim/v r�b #�b2/ QM T`2pBQmb rQ`F i?�i b?Qr2/ i?�i rBi? �;2BM; i?2`2
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RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

r�b �M BM+`2�b2 BM .L� Kmi�iBQMb �M/ ;2MQKB+ `2�``�M;2K2Mib BM +�`/BQKvQ+vi2b-
r?B+? i?2v b?Qr2/ BM KQmb2 2K#`vQMB+ }#`Q#H�bib UJ16bV +QmH/ `2bmHi BM BM+`2�b2/
i`�Mb+`BTiBQM�H p�`B�#BHBiv U.QHH2 2i �HX- kyyy �M/ .QHHû �M/ oBD;- kyykVX �b bm+? i?2v
/2+B/2/ iQ +?�`�+i2`Bb2 r?2i?2` bm+? p�`B�#BHBiv +QmH/ #2 b22M 7Q` i?2 +�`/BQKvQ+vi2b
i?2Kb2Hp2b #v i�FBM; � T�M2H Q7 ?Qmb2@F22TBM; �M/ +�`/BQKvQ+vi2@bT2+B}+ i`�Mb+`BTibX
h?2v 7QmM/ i?�i rBi? �;2 i?2`2 r�b �M BM+`2�b2 BM i`�Mb+`BTiBQM�H ?2i2`Q;2M2Biv �M/
i?�i i?Bb BM+`2�b2 BM i`�Mb+`BTiBQM�H ?2i2`Q;2M2Biv +QmH/ T`QpB/2 � K2+?�MBbK iQ 2tTH�BM
i?2 7mM+iBQM�H /2+HBM2 Q7 i?2 iBbbm2 rBi? �;2- �Hi?Qm;? MQ 7mM+iBQM�H HBMF r�b K�/2
U"�?�` 2i �HX- kyye �M/ "�`Bb 2i �HX- kyR8VX

�MQi?2` bBM;H2 +2HH i`�Mb+`BTiQK2 bim/v- i?Bb iBK2 7Q+mb2/ QM �;2BM; Q7 i?2 >a* +QK@
T�`iK2Mi- �HbQ vB2H/2/ p�Hm�#H2 BMbB;?ib BMiQ i?2 M�im`2 Q7 �;2BM; �i i?2 bBM;H2 +2HH H2p2HX
Ai Bb �H`2�/v FMQrM 7`QK #mHF bim/B2b i?�i rBi? �;2 i?2 >a* +QKT�`iK2Mi +?�M;2b BM
Bib T`QT2MbBiv iQ /Bz2`2MiB�i2 BMiQ �HH Q7 i?2 /2}M2/ HBM2�;2b U_BKK2Hû 2i �HX- kyR9 �M/
_QbbB 2i �HX- kyy8VX h?Bb +?�M;2 BM T`QT2MbBiv `2bmHib BM � Kv2HQB/ HBM2�;2 bF2r rBi?
�;2 U_QbbB 2i �HX- kyy8VX AM �//BiBQM- Bi ?�b #22M b?QrM rBi? �;2 i?�i i?2 >a* +QK@
T�`iK2Mi #2+QK2b KQ`2 +HQM�H BM M�im`2 QrBM; iQ � +2`i�BM MmK#2` Q7 >a*b 2b+�TBM;
[mB2b+2M+2 �M/ 2tT�M/BM; rBi?BM i?2 MB+?2 U"22`K�M 2i �HX- kyRyVX h?Bb T?2MQK2MQM
?�b #22M 7m`i?2` p�HB/�i2/ #v i?2 Q#b2`p�iBQM i?�i BM ?mK�Mb i?2`2 �`2 � H�`;2 MmK#2`
Q7 +2HHb +�``vBM; bBKBH�` Kmi�iBQMb BM i?2 T2`BT?2`�H #HQQ/ bm;;2biBM; i?�i i?2 K�DQ`Biv
Q7 i?2K �`2 /2`Bp2/ 7`QK i?2 b�K2 KQi?2` +2HHb U"mb+�`H2i 2i �HX- kyRdVX P7 T�`iB+m@
H�` BMi2`2bi i?2 irQ KQbi 7`2[m2MiHv Kmi�i2/ ;2M2b BM i?Bb bvbi2K �`2 .LJhj� �M/
h1hk U"mb+�`H2i 2i �HX- kyRd �M/ w?�M; 2i �HX- kyRe#VX 1t+BiBM;Hv- i?Bb bBM;H2 +2HH bim/v
?�b B/2MiB}2/ i?�i i?2`2 r�b �M �;2@bT2+B}+ bm#TQTmH�iBQM Q7 >a*b i?�i r2`2 Kv2HQB/
#B�b2/ �M/ �TT2�`2/ iQ #2 2tT`2bbBM; T`Q@ �M/ �MiB@BM~�KK�iQ`v bB;M�Hb �i i?2 b�K2
iBK2 UEB`b+?M2` 2i �HX- kyRdVX h?2 7�+i i?�i i?2b2 +2HHb �TT2�`2/ iQ #2 Kv2HQB/ #B�b2/
�M/ 2tT`2bbBM; K�`F2`b +QMbBbi2Mi rBi? T`QHB72`�iBQM �M/ .L� /�K�;2 UT8jV- bm;;2bib
i?�i i?2v +QmH/ `2T`2b2Mi i?2 bm#@TQTmH�iBQM 7`QK r?B+? i?Bb +HQM�H T?2MQivT2 b22M BM
?mK�Mb Bb /2`Bp2/X

�MQi?2` BMi2`2biBM; Q#b2`p�iBQM T2`i�BMBM; iQ bi2K +2HHb Bb i?�i Bi �TT2�`b i?�i i?2v
�`2 �#H2 iQ mM/2`;Q �bvKK2i`B+ +2HH /BpBbBQM �i � MmK#2` Q7 H2p2Hb- 7`QK +?`QKQbQK�H
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*?�Ti2` RX AMi`Q/m+iBQM RXjX 1TB;2M2iB+ Q#b2`p�iBQMb

�bvKK2i`B+ /BpBbBQM iQ �bvKK2i`B+ /BpBbBQM Q7 Q`;�M2HH2b bm+? �b KBiQ+?QM/`B�X PM2
+m`BQmb ?vTQi?2bBb Q7 i?Bb #2?�pBQm` Bb i?�i 2pQHmiBQM Bb i`vBM; iQ K�BMi�BM i?2 KQbi
7�Bi?7mH /�m;?i2` +2HH BM i?2 H2�bi /Bz2`2MiB�i2/ bi�i2 UE�i�DBbiQ 2i �HX- kyR8VX h?Bb
rQmH/ bm;;2bi i?�i vQm rQmH/ 2tT2+i �Hi2`�iBQMb iQ i?2 2ti2Mi Q7 ?2i2`Q;2M2Biv rBi?BM
� iBbbm2 /2T2M/2Mi mTQM Bib /Bz2`2MiB�iBQM TQi2MiB�H- � ?vTQi?2bBb i?�i Bb v2i iQ #2
i2bi2/ BM i?2 b2iiBM; Q7 .L� K2i?vH�iBQMX

AM i?Bb i?2bBb- A /2b+`B#2 i?2 rQ`F +QM/m+i2/ iQ �//`2bb i?2 [m2biBQM Q7 r?2i?2` �
?QKQ;2M2Qmb TQTmH�iBQM Q7 +2HHb rBHH 2t?B#Bi +QM+2`i2/ +?�M;2b rBi? �;2 i?�i rQmH/ #2
`2KBMBb+2Mi Q7 �M �+iBp2Hv T`Q+m`2/ bi�i2- Q` r?2i?2` i?2v rQmH/ 2t?B#Bi 2pB/2M+2 Q7
+2HHb i?�i rQmH/ KQ`2 +HQb2Hv `2b2K#H2 i?�i Q7 � T�bbBp2 /2+�v T`Q+2bbX h?Bb [m2biBQM ?�b
#22M �//`2bb2/ BM �M BM pBpQ +QMi2ti- miBHBbBM; i?2 +QK#BM2/ bBM;H2 +2HH .L� K2i?vHQK2
�M/ i`�Mb+`BTiQK2 b2[m2M+BM; K2i?Q/ `2+2MiHv /2p2HQT2/ BM i?2 ;`QmT U�M;2`Km2HH2`
2i �HX- kyReVX h?Bb /�i�- ?�b 2M�#H2/ i?Bb [m2biBQM iQ #2 �//`2bb2/ �i #Qi? i?2 2TB;2M2iB+
�M/ i`�Mb+`BTiQKB+ H2p2HX h?2 ?QKQ;2M2Qmb +2HH TQTmH�iBQM mb2/ �b i?2 KQ/2H bvbi2K
BM i?Bb bim/v r�b � ?B;?Hv [mB2b+2Mi bF2H2i�H iB#B�HBb �Mi2`BQ` Uh�V Kmb+H2 b�i2HHBi2 +2HH
bm#TQTmH�iBQM Uh�@>B Jma*bc a�K#�bBp�M 2i �HX- kyRRVX AM �//BiBQM iQ #2BM; � mb27mH
KQ/2H bvbi2K- i?2b2 +2HHb �`2 Q7 +HBMB+�H BKTQ`i�M+2 BM i?2 bim/v Q7 �;2BM; QrBM; iQ i?2
#m`/2M Q7 7`�BHiv BM i?2 ;2M2`�H TQTmH�iBQM �M/ T�`iB+mH�`Hv rBi? �;2 UC�Mbb2M 2i �HX-
kyykVX

j8



RXjX 1TB;2M2iB+ Q#b2`p�iBQMb *?�Ti2` RX AMi`Q/m+iBQM

je



*?�Ti2` k

J�i2`B�H �M/ J2i?Q/b

kXR J�i2`B�Hb

h�#H2 kXR, EBib

S`Q/m+i *QKK2`+B�H bmTTHB2`

JBMBT`2T FBi ZB�;2M
:2H 2ti`�+iBQM FBi ZB�;2M
S*_ Sm`B}+�iBQM FBi ZB�;2M
.L2�bv "HQQ/ � hBbbm2 EBi ZB�;2M
E�T� GB#`�`v Zm�MiB}+�iBQM FBi E�T� "BQbvbi2Kb
>B;? a2MbBiBpBiv .L� FBi �;BH2Mi
L2ti2`� sh FBi AHHmKBM�
AKT`BMiȉ .L� KQ/B}+�iBQM FBi aB;K�

jd



kXRX J�i2`B�Hb *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

h�#H2 kXk, AMbi`mK2Mib

S`Q/m+i *QKK2`+B�H bmTTHB2`
SBT2ii2b :BHbQM SBT2iK�M S
L�MQS?QiQK2i2` L�MQ.`QTȉ h2+?MQHQ;B2b
h?2`KQ+v+H2`b "BQ`�/
Ga_ 6Q`i2bb� *2HH �M�Hvb2` ". "BQb+B2M+2b
6�*a JQ6HQ �bi`BQb "2+FK�M *QmHi2`
h�#H2+2Mi`B7m;2 1TT2M/Q`7
*2Mi`B7m;2 1TT2M/Q`7
oQ`i2t :2MBmb j
"BQ�M�Hvx2` �;BH2Mi
"`�pQ `Q#QiB+ bvbi2K �;BH2Mi
>Ba2[ kyyy BMbi`mK2Mi AHHmKBM�
>Ba2[ k8yy BMbi`mK2Mi AHHmKBM�
GaJd3y +QM7Q+�H KB+`Qb+QT2 w2Bbb
_2pQHmiBQM bTBMMBM; /BbF +QM7Q+�H KB+`Qb+QT2 �M/Q`
1+HBTb2 hB@1 KB+`Qb+QT2 LBFQM
GBp2 +2HH +?�K#2` PFQH�#

h�#H2 kXj, G�#Q`�iQ`v K�i2`B�Hb

J�i2`B�Hb *QKK2`+B�H bmTTHB2`
RX8 KH `2�+iBQM im#2b �tv;2M
yX8 KH `2�+iBQM im#2b �tv;2M
6�H+QM im#2b ". "BQb+B2M+2b
h* /Bb?2b 6Bb?2` LmM+
AK�;BM; T2i`B /Bb?2b A"A.A
9@r2HH ƒ bHB/2b A"A.A
S2i`B/Bb? a+B2MiB}+ G�#Q`�iQ`v amTTHB2b Gi/
:HQp2b JB+`Q~2t
:2M2`�H ;H�bbr�`2 6Bb?2`#`�M/
S�`�}HK S2+?BM2v SH�biB+ S�+F�;BM;
6BHi2` iBTb ai�`H�#
hBbbm2b EBKrBT2b
RX3 KH *`vQim#2 6Bb?2` a+B2MiB}+ lE Gi/
3 KH TQHvbiv`2M2 `QmM/ #QiiQK im#2b ". "BQb+B2M+2b
R9 KH `QmM/ #QiiQK im#2b ". "BQb+B2M+2b
*2HH bi`�BM2`b *Q`MBM;
*2HHh`B+bȉ +2HH }Hi2`b avbK2t
Ne@r2HH S*_ TH�i2b o> "BQ Gi/
Ne@r2HH GQ"BM/ S*_ TH�i2b 1TT2M/Q`7
S*_ bi`BTb �M/ HB/b �tv;2M
a+�HT2H a+B2MiB}+ G�#Q`�iQ`v amTTHB2b Gi/
>B;?@a2MbBiBpBiv .L� +?BTb �;BH2Mi
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXRX J�i2`B�Hb

h�#H2 kX9, _2�;2Mib 7Q` iBbbm2 +mHim`2

*?2KB+�H *QKK2`+B�H bmTTHB2`
.J1J :B#+Q
.J1Jf6Rk :B#+Q
L2m`Q#�b�H K2/BmK :B#+Q
62i�H "QpBM2 a2`mK U6"aV :B#+Q
S2MB+BHHBM@ai`2TiQKv+BM :B#+Q
G@;Hmi�KBM2 :B#+Q
LQM@2bb2MiB�H �KBMQ �+B/b UL1��V :B#+Q
β@K2`+�TiQ2i?�MQH aB;K�
L@k bmTTH2K2Mi h?2`KQ6Bb?2` a+B2MiB}+
"@kd bmTTH2K2Mi h?2`KQ6Bb?2` a+B2MiB}+
KQmb2 GA6 UKGA6V ai2K *2HH AMbiBimi2- *�K#`B/;2
S.yjk8NyR ai2K *2HH AMbiBimi2 *�K#`B/;2
*>A_NNykR ai2K *2HH AMbiBimi2 *�K#`B/;2
yXy8W h`vTbBM@1.h� :B#+Q
yXk8W h`vTbBM@1.h� :B#+Q
h`vTG1hJ 1tT`2bb URsV :B#+Q
S?QbT?�i2 "mz2`2/ a�HBM2 US"aV h?2`KQ6Bb?2` a+B2MiB}+
:2H�iBM2 aB;K�
PTiBK2K :B#+Q
6m:1L1ȉ S`QK2;�
:9R3 �MiB#BQiB+ h?2`KQ6Bb?2` a+B2MiB}+
.JaP aB;K�
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kXRX J�i2`B�Hb *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

h�#H2 kX8, *?2KB+�Hb �M/ _2�;2Mib A

*?2KB+�H *QKK2`+B�H bmTTHB2`
S`QT�M@k@QH oq_ *?2KB+�Hb
1i?�MQH oq_ *?2KB+�Hb
:Hv+2`QH oq_ *?2KB+�Hb
�;�`Qb2 J2H7Q`/
h`BiQMs@Ryy aB;K�
hr22Mȉ ky aB;K�
1.h� aB;K�
1:h� aB;K�
a.a aB;K�
�KTB+BHHBM GB72 h2+?MQHQ;B2b
.>8α #�+i2`B� h?2`KQ6Bb?2` a+B2MiB}+
aP* K2/B� h?2`KQ6Bb?2` a+B2MiB}+
_L�b2 � h?2`KQ 6Bb?2` a+B2MiB}+
*QHH�;2M�b2 . _Q+?2
.L�b2 A _Q+?2
6*a AMpBi`Q;2M
S6� aB;K�
.�SA aB;K�
aHQr6�/2 :QH/ h?2`KQ 6Bb?2` a+B2MiB}+
"a� L2r 1M;H�M/ "BQH�#b
�H2t� 6HmQ` +QMDm;�i2/ b2+QM/�`v �MiB#Q/B2b JQH2+mH�` S`Q#2b
AKK2`bBQM QBH LBFQM
AKK2`bQHhJ BKK2`bBQM QBH w2Bbb
am+`Qb2 aB;K�
>1S1a "mz2` :B#+Q
J;*H2 GB72 h2+?MQHQ;B2b
E*H aB;K�
h`Bb@>*H T> 3Xj aB;K�
.hh GB72 h2+?MQHQ;B2b
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXRX J�i2`B�Hb

h�#H2 kXe, *?2KB+�Hb �M/ _2�;2Mib AA

*?2KB+�H *QKK2`+B�H bmTTHB2`
�;2M+Qm`i �JSm`2 sS #2�/b "2+FK�M *QmHi2`
JbTA h?2`KQ6Bb?2` a+B2MiB}+
>B6B >Qiai�`i l`�+BHY _2�/vJBt E�T� "BQbvbi2Kb
_Gh SHmb #mz2` ZB�;2M
_L�b2 BM?B#BiQ` �K#BQM
_L�b2 BM?B#BiQ` alS1_�bBM- GB72 h2+?MQHQ;B2b
ai`2Ti�pB/BM@+QmTH2/ K�;M2iB+ #2�/b .vM�#2�/b- GB72 h2+?MQHQ;B2b
amT2`a+`BTi AA `2p2`b2 i`�Mb+`BTi�b2 GB72 h2+?MQHQ;B2b
amT2`b+`BTi AA 6B`bi@ai`�M/ 8t #mz2` GB72 h2+?MQHQ;B2b
"2i�BM2 aB;K�
h2KTH�i2@arBi+?BM; QHB;Q 1tB[QM
1HmiBQM #mz2` ZB�;2M
lHi`�Tm`2- Mm+H2�b2@7`22 >2P GB72 h2+?MQHQ;B2b
S`Qi2BM�b2 E aB;K�
/�hS L2r 1M;H�M/ "BQH�#b
h1 #mz2` ZB�;2M
L1"mz2` k L2r 1M;H�M/ "BQH�#b
h9 SQHvMm+H2QiB/2 EBM�b2 L2r 1M;H�M/ "BQH�#b
>* h9 .L� HB;�b2 L2r 1M;H�M/ "BQH�#b
a?`BKT �HF�HBM2 S?QbT?�i�b2 62`K2Mi�b
1tQMm+H2�b2 A L2r 1M;H�M/ "BQH�#b
EH2MQr 6`�;K2Mi- 2tQ@ 62`K2Mi�b
8t S?mbBQM >6 #mz2` L2r 1M;H�M/ "BQH�#b
/LhSb L2r 1M;H�M/ "BQH�#b
S?mbBQM TQHvK2`�b2 L2r 1M;H�M/ "BQH�#b
"S *HQM�b2 AA h?2`KQ6Bb?2` a+B2MiB}+
G_ *HQM�b2 AA h?2`KQ6Bb?2` a+B2MiB}+
>vT2`G�//2`b Ryy #T � R F# "BQHBM2
P`�M;2 : /v2 aB;K�
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kXkX J2i?Q/b *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

kXk J2i?Q/b

aBM+2 i?2`2 Bb MQ Qp2`H�T BM K2i?Q/b #2ir22M +?�Ti2`b- �M/ iQ bBKTHB7v �++2bb iQ K2i?@
Q/b `2H2p�Mi iQ T�`iB+mH�` +?�Ti2`b- i?2 J�i2`B�Hb �M/ J2i?Q/b b2+iBQM Bb #`QF2M /QrM
#v +?�Ti2`X

kXj J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

h?2 K2i?Q/b /2i�BH2/ BM i?Bb b2+iBQM �`2 �/�Ti2/ �M/ 2tT�M/2/ 7`QK i?2 Tm#HBb?2/
K2i?Q/b b2+iBQM 7QmM/ BM aim##b 2i �HX- kyRdX

kXjXR .2`Bp�iBQM Q7 mMB[m2 KQH2+mH�` B/2MiB}2` UlJAV �/�Ti2`b

*viQbBM2@K2i?vH�i2/ T`BK2`b mb2/ iQ /2`Bp2 i?2 �/�Ti2`b r2`2 Q`/2`2/ 7`QK A.hX h?2
b2[m2M+2b Q7 i?2 irQ T`BK2`b r2`2,

hQT T`BK2`, �f8K*f�f8K*fhf8K*fhhhf8K*f8K*f8K*fh�f8K*f�f8K*f:�f
8K*f:f8K*fhf8K*fhhf8K*f8K*f:� h f8K*f h

"QiiQK T`BK2`, 8Ƕ@S?Qbf�f8K*fh:LLLLLLLL�:�hf8K*f::��:�:f8K*f:
:hhf8K*f�:f8K*f�::��h:f8K*f8K*f : � :

q?2`2 L Bb �- :- h Q` 8K*X

h?2b2 T`BK2`b r2`2 �MM2�H2/ �i 2[mBKQH�` 100 ƒK +QM+2Mi`�iBQM BM h1 #mz2`X �MM2�H@
BM; r�b T2`7Q`K2/ #v ?2�iBM; i?2 T`BK2` KBtim`2 iQ N8◦* 7Q` 8 KBMb iQ `2KQp2 �Mv
b2+QM/�`v bi`m+im`2- i?2M `�KT +QQHBM; iQ Re◦* �i � `�i2 Q7 R◦* T2` KBMmi2X 10 ƒL Q7
}HH@BM K�bi2` KBt +QMi�BMBM; Rt L1" "mz2` k- 1 mK /LhS KBtim`2- 5 ƒL Q7 EH2MQr
1tQ@ �M/ mHi`�Tm`2 r�i2`X h?Bb bQHmiBQM r�b BM+m#�i2/ �i jd◦* 7Q` ey KBMmi2bX h?Bb
bQHmiBQM r�b T`2+BTBi�i2/ 7Q` Ry KBMmi2b rBi? Rt �JSm`2 sS bQHmiBQM �M/ kt T`QT�M@
k@QH- i?2M r�b TH�+2/ QM � K�;M2i �M/ i?2 bmT2`M�i�Mi `2KQp2/X h?2 T`2+BTBi�i2/
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

T`Q/m+i QM #2�/b r�b r�b?2/ kt rBi? 3yW 1iP>X h?2 #2�/b r2`2 /`B2/ 7Q` Ry KBM@
mi2b #27Q`2 2HmiBQM BMiQ �M �@i�BHBM; K�bi2` KBtX h?Bb K�bi2` KBt +QMi�BM2/ Rt L1"
"mz2` k- 1 mK /�hS �M/ mHi`�Tm`2 r�i2`X PM+2 BM bQHmiBQM- 40 ƒL Q7 EH2MQr 1tQ@ r�b
�//2/ UK�FBM; i?2 bQHmiBQM mT iQ 400 ƒLV �M/ i?2 bQHmiBQM r�b BM+m#�i2/ �i jd◦* 7Q`
98 KBMmi2bX h?Bb }M�H T`Q/m+i r�b T`2+BTBi�i2/ Qp2` Ry KBMmi2b rBi? Rt �JSm`2 sS
bQHmiBQM �M/ kt T`QT�M@k@QH- #27Q`2 i?2 bQHmiBQM r�b TH�+2/ QM � K�;M2i �M/ i?2 bmT2`@
M�i�Mi `2KQp2/X h?2 T`2+BTBi�i2/ T`Q/m+i QM #2�/b r�b r�b?2/ kt rBi? 3yW 1iP>X
h?2 #2�/b r2`2 /`B2/ 7Q` Ry KBMmi2b T`BQ` iQ 2HmiBQM BMiQ h1 #mz2`X h?2 �/�Ti2`
T`Q/m+i r�b 2Hmi2/ iQ � }M�H +QM+2Mi`�iBQM Q7 15 ƒK- rBi? i?2 +QM+2Mi`�iBQM [m�MiB}2/
mbBM; � L�MQ.`QTX �/�Ti2`b r2`2 �HB[mQi2/ �M/ biQ`2/ �i @ky◦*X

kXjXk a�KTH2 +QHH2+iBQM @ "�#`�?�K /�i�b2i

*8d"Gfe@"�"_ K�H2 KB+2 r2`2 F2Ti mM/2` bi�M/�`/ +QM/BiBQMb BM i?2 "�#`�?�K �M@
BK�H 6�+BHBivX 6Q` i?2 BMBiB�H /�i�b2i /2`Bp2/ 7`QK i?2b2 "�"_ KB+2 Ui?�i mb2/ 7Q`
i?2 �;2@�bbQ+B�iBQM bim/vV- +Q`i2t- ?2�`i- HBp2` �M/ HmM; b�KTH2b r2`2 +QHH2+i2/ �i 9
/Bz2`2Mi �;2b, M2r#Q`M UIR r22FV- R9 r22Fb- kd r22Fb �M/ 9R r22FbX �HH iBbbm2b r2`2
bM�T 7`Qx2M /B`2+iHv �7i2` BbQH�iBQMX :2MQKB+ .L� r�b BbQH�i2/ 7`QK ∼10 mg 7`Qx2M
iBbbm2 mbBM; i?2 .L2�bv "HQQ/ � hBbbm2 EBiX � iQi�H Q7 ek b�KTH2b r2`2 +QHH2+i2/- T`Q@
+2bb2/ �M/ 7m`i?2` �M�Hvb2/X h?2 `2bmHiBM; /�i�b2i Bb `272``2/ ?2`2 iQ �b i?2 "�#`�?�K
/�i�b2iX

kXjXj lJA@__"a HB#`�`v T`2T�`�iBQM

__"a HB#`�`B2b r2`2 T`2T�`2/ 7`QK BbQH�i2/ .L� 7QHHQrBM; Tm#HBb?2/ T`QiQ+QHb UJ2Bbb@
M2` 2i �HX- kyy8VX "`B2~v- __"a HB#`�`B2b r2`2 T`2T�`2/ #v JbTA /B;2biBQM Q7 Ryy@
500 ng ;2MQKB+ .L�- 7QHHQr2/ #v 2M/@`2T�B` �M/ h@i�BHBM; mbBM; EH2MQr 1tQ@X h@
i�BHBM; r�b T2`7Q`K2/ BMbi2�/ Q7 i?2 +QMp2MiBQM�H �@i�BHBM; �b Kv lJA@�/�Ti2`b �`2
KQ`2 2{+B2MiHv /2`Bp2/ mbBM; �M �@i�BHBM; T`QiQ+QHX �/�Ti2` HB;�iBQM UlJA@�/�Ti2`bV
r�b T2`7Q`K2/ Qp2`MB;?i mbBM; >* h9 .L� GB;�b2- 7QHHQr2/ #v � +H2�M@mT bi2T mbBM;
�JSm`2 sS #2�/b UyXNtVX am#b2[m2MiHv- HB#`�`B2b r2`2 #BbmH}i2 i`2�i2/ �++Q`/BM; iQ
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

i?2 K�Mm7�+im`2`Ƕb BMbi`m+iBQMb UaB;K� AKT`BMi EBic k bi2T T`QiQ+QHV �M/ Tm`B}2/ mb@
BM; �M �miQK�i2/ HB[mB/ ?�M/HBM; `Q#QiB+ bvbi2KX h?2 HB#`�`B2b r2`2 �KTHB}2/ mbBM;
E�S� >B6B l`�+BHY >Qiai�`i .L� SQHvK2`�b2- BM/2tBM; i?2 b�KTH2b rBi? BM/BpB/m�H
T`BK2`bX h?2b2 BM/2t2b r2`2 /2}M2/ #v i?2 a�M;2` AMbiBimi2- `272``2/ iQ �b a�M;2`
BM/2t2bX �HH �KTHB}2/ HB#`�`B2b r2`2 Tm`B}2/ U�JSm`2 sS #2�/b- yX3tV �M/ �bb2bb2/
7Q` [m�HBiv �M/ [m�MiBiv mbBM; >B;?@a2MbBiBpBiv .L� +?BTb QM i?2 �;BH2Mi "BQ�M�Hvx2`X
>B;?@i?`Qm;?Tmi b2[m2M+BM; Q7 �HH HB#`�`B2b r�b +�``B2/ Qmi rBi? � d8 #T T�B`2/@2M/ T`Q@
iQ+QH QM � >Ba2[ kyyy BMbi`mK2MiX d8 #T T�B`2/@2M/ b2[m2M+BM; r�b T2`7Q`K2/ #�b2/
QM � +Qbi@#2M2}i +�H+mH�iBQM +QM/m+i2/ QM �M BM bBHB+Q JbTA /B;2bi2/ KQmb2 ;2MQK2
U:_*Kj3VX S�B`2/@2M/ b2[m2M+BM; r�b +QM/m+i2/ iQ T`QpB/2 mb rBi? /Qm#H2 i?2 lJA
/Bp2`bBivX

kXjX9 "�#`�?�K lJA@__"a /�i� T`Q+2bbBM;

�HH "�#`�?�K lJA@__"a /�i�b2ib ?�/ i?2B` `�r T�B`2/@2M/ 6�biZ }H2b T`2@T`Q+2bb2/
iQ `2KQp2 i?2 }`bi Rj #T 7`QK i?2 8^ 2M/b +QMi�BMBM; i?2 lJA b2[m2M+2 i�;bX "Qi?
_2�/ R �M/ _2�/ k lJAb �M/ }t2/ b2[m2M+2b r2`2 r`Bii2M BMiQ i?2 `2�/ A.bX �HH
b�KTH2b r2`2 bm#D2+i2/ iQ �/�Ti2` �M/ [m�HBiv i`BKKBM; rBi? h`BK :�HQ`2 U?iiT,

ffrrrX#BQBM7Q`K�iB+bX#�#`�?�KX�+XmFfT`QD2+ibfi`BKn;�HQ`2fc pyX9Xkc QTiBQMb,
ĜT�B`2/ Ĝi?`22nT`BK2n+HBTn_R R8 Ĝi?`22nT`BK2n+HBTn_k R8V iQ `2KQp2 TQi2MiB�H
lJA �M/ }t2/ i�; b2[m2M+2b 7`QK i?2 j^ 2M/bX h?2 i`BKK2/ }H2b r2`2 i?2M �HB;M2/
iQ i?2 KQmb2 ;2MQK2 U:_*Kj3V mbBM; "BbK�`F (j8) UpyXReXj- /27�mHi T�`�K2i2`bVX
h?2 K�TT2/ b2[m2M+2b r2`2 /2/mTHB+�i2/ #v +?`QKQbQK�H TQbBiBQM +QK#BM2/ rBi? i?2
lJA b2[m2M+2b Q7 #Qi? _2�/ R �M/ _2�/ k UMQ KBbK�i+?2b iQH2`�i2/V mbBM; i?2 iQQH
lKB"�K U?iiTb,ff;Bi?m#X+QKf62HBtE`m2;2`flKB@:`BM/2`c pyXyXRc QTiBQMb, Ĝ#�K
Ĝ/m�HnmKBVX h?Bb /2/mTHB+�iBQM bi2T +�MMQi #2 �+?B2p2/ rBi?Qmi i?2 lJA b2[m2M+2b-
bBM+2 i?2 p2`v M�im`2 Q7 __"a T`2+Hm/2b i?BbX h?2b2 lJA@/2/mTHB+�i2/ "�J }H2b r2`2
i?2M 7m`i?2` T`Q+2bb2/ mbBM; i?2 "BbK�`F J2i?vH�iBQM 1ti`�+iQ` U/27�mHi T�`�K2i2`bV
iQ vB2H/ "BbK�`F +Qp2`�;2 }H2bX
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

kXjX8 LQM@"�#`�?�K __"a /�i� T`Q+2bbBM;

.�i�b2ib r2`2 T`Q+2bb2/ BM i?2 7QHHQrBM; K�MM2`, _�r 6�biZ }H2b r2`2 i`BKK2/
rBi? h`BK :�HQ`2 UpyX9Xkc T�`�K2i2`b, Ĝ``#bV �M/ i?2M �HB;M2/ iQ i?2 KQmb2 ;2MQK2
U:_*Kj3V rBi? "BbK�`F UpyXReXjc /27�mHi T�`�K2i2`bVX h?2 �HB;M2/ "�J }H2b /B/
MQi mM/2`;Q /2/mTHB+�iBQM #mi r2`2 T`Q+2bb2/ /B`2+iHv rBi? i?2 "BbK�`F J2i?vH�iBQM
1ti`�+iQ` U/27�mHi T�`�K2i2`bV iQ vB2H/ "BbK�`F +Qp2`�;2 }H2bX

kXjXe *�HHBM; Q7 K2i?vH�iBQM �i bBM;H2 *: bBi2b

6Q` i?2 �M�HvbBb Q7 �;2@�bbQ+B�i2/ +?�M;2b BM .L�K2i?vH�iBQM �M/ i?2B` bm#b2[m2Mi mb2
BM i?2 ;2M2`�iBQM Q7 i?2 2TB;2M2iB+ +HQ+F Uaim##b 2i �HX- kyRdV- +�HHBM; Q7 K2i?vH�iBQM
r�b +QM/m+i2/ QM �M BM/BpB/m�H +viQbBM2 #�bBbX "`B2~v- K2�M K2i?vH�iBQM H2p2Hb Q7
2�+? +viQbBM2 BM � *: +QMi2ti i?�i r�b +Qp2`2/ BM 2�+? b�KTH2 r�b +�H+mH�i2/ 7`QK i?2
"BbK�`F +Qp2`�;2 }H2bX AM �//BiBQM- � `2�/ +QmMi r�b T2`7Q`K2/ 7Q` 2�+? +viQbBM2 BM �
*: +QMi2ti BM 2�+? b�KTH2- bQ i?�i }Hi2`BM; +QmH/ #2 /QM2 #�b2/ QM i?Bb BM7Q`K�iBQM
BM /QrMbi`2�K �M�HvbBbX

6Q` i?2 /2`Bp�iBQM Q7 i?2 BKT`Qp2/ 2TB;2M2iB+ T`2/B+iQ` /2b+`B#2/ BM _2bmHib b2+iBQM jXj-
+�HHBM; Q7 .L� K2i?vH�iBQM r�b +QM/m+i2/ Qp2` BM/BpB/m�H *T: bBi2b BM i?2 ;2MQK2X
"`B2~v- K2�M K2i?vH�iBQM H2p2Hb Q7 2�+? *T: bBi2 i?�i r�b +Qp2`2/ BM 2�+? b�KTH2 r�b
+�H+mH�i2/ 7`QK i?2 "BbK�`F +Qp2`�;2 }H2bX AM �//BiBQM- � `2�/ +QmMi r�b T2`7Q`K2/
7Q` 2�+? *T: bBi2- bQ i?�i }Hi2`BM; +QmH/ #2 /QM2 #�b2/ QM i?Bb BM7Q`K�iBQM BM /QrM@
bi`2�K �M�HvbBbX AM7Q`K�iBQM r�b +�H+mH�i2/ Qp2` i?2 /BMm+H2QiB/2 BM i?Bb BMbi�M+2 BM
�M �ii2KTi iQ `2/m+2 Bbbm2b �bbQ+B�i2/ rBi? KBbbBM;M2bb �M/ iQ �HHQr KQ`2 b�KTH2b iQ
#2 BM+Hm/2/X

kXjXd ai�iBbiB+�H �M�HvbBb Q7 �;2 �bbQ+B�iBQM �i bBM;H2 *: bBi2b

6Q` i?2 bi�iBbiB+�H �M�HvbBb +QM/m+i2/ QM i?2 ek b�KTH2 "�#`�?�K /�i�b2i- A }`bi }Hi2`2/
Qmi TQbBiBQMb i?�i ?�/ � K2�M +Qp2`�;2 Q7 H2bb i?�M k `2�/b Q` KQ`2 i?�M Ryy `2�/bX
h?Bb r�b /QM2 iQ `2KQp2 bTm`BQmb `2�/b 7`QK HB#`�`v T`2T�`�iBQM �M/ TQi2MiB�H K�TTBM;
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

�`i27�+ibX 6Q` i?2 `2K�BMBM; TQbBiBQMb- �Mv TQbBiBQMb i?�i r2`2 +Qp2`2/ rBi? H2bb i?�M 8
`2�/b BM � b�KTH2 r2`2 `2TH�+2/ rBi? L�X "27Q`2 +�H+mH�iBM; �;2 �bbQ+B�iBQM- A 7m`i?2`
}Hi2`2/ bm+? i?�i TQbBiBQMb r2`2 +Qp2`2/ BM �i H2�bi NyW Q7 b�KTH2b UMmK#2` Q7 bBi2b
4 R-NkR-8eNVX �;2b BM /�vb r2`2 mb2/ r?2M +QKTmiBM; i?2 aT2�`K�M +Q``2H�iBQM 7Q`
2�+? bBi2 mbBM; i?2 _ BKTH2K2Mi�iBQM Q7 i?2 aT2�`K�M +Q``2H�iBQM- �M/ KmHiBTH2 i2biBM;
+Q``2+iBQM r�b T2`7Q`K2/ mbBM; i?2 Z@p�Hm2 T�+F�;2 U.�#M2v 2i �HX- kyRyVX 6Q` i?2
iBbbm2@bT2+B}+ �M�HvbBb- � 7m`i?2` }Hi2`BM; bi2T r�b +QM/m+i2/ iQ 2Mbm`2 i?�i i?2`2 r2`2
�i H2�bi 9 b�KTH2b #2BM; +QMbB/2`2/ 7Q` 2�+? +Q``2H�iBQM i2biX 6Q` /�i� 2tTHQ`�iBQM- A
mb2/ S*� �M�HvbBb Q7 bBi2b i?�i r2`2 +Qp2`2/ BM �HH b�KTH2b �i 8t UMmK#2` Q7 bBi2b 4
dkN-d38VX

kXjX3 :2MQKB+ 2M`B+?K2Mi �M�HvbBb Q7 bB;MB}+�Mi �;2@�bbQ+B�i2/

bBi2b

LQ`K�HBb2/ HBF2HB?QQ/ r�b +�H+mH�i2/ �b,

Normalised likelihood, at x = (s

b
× B

S
) − 1 UkXRV

q?2`2,
s4 MmK#2` Q7 bB;MB}+�Mi bBi2b �i � ;Bp2M x

S 4 iQi�H MmK#2` Q7 bB;MB}+�Mi bBi2b
b 4 MmK#2` Q7 #�+F;`QmM/ bBi2b �i � ;Bp2M x

B 4 iQi�H MmK#2` Q7 #�+F;`QmM/ bBi2b

kXjXN *: b+�`+Biv

*: b+�`+Biv r�b +�H+mH�i2/ �b,

CG scarcity = 200
(no. of CG sites within a 200bp window, centered on a CG of interest) UkXkV

9e



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

kXjXRy :2M2 QMiQHQ;v U:PV �M�HvbBb Q7 M2B;?#Qm`BM; ;2M2b

L2B;?#Qm`BM; ;2M2b r2`2 /2}M2/ 7Q` bBM;H2 +viQbBM2 TQbBiBQMb i?�i r2`2 rBi?BM 9 F#
Q7 � ;2M2X :P i2`Kb r2`2 /2}M2/ mbBM; i?2 ;T`Q}H2` QMHBM2 bQ7ir�`2 U_2BK�M/ 2i �HX-
kyydVX 6Q` i?2 :P 2M`B+?K2Mi �M�HvbBb- � #�+F;`QmM/ ;2M2 HBbi r�b K�/2 +QMbBbiBM;
Q7 i?2 M2B;?#Qm`BM; ;2M2b UK�t /Bbi�M+2 Q7 9 F#V 7Q` �HH bBi2b +QMbB/2`2/ BM i?�i �M�H@
vbBbX aB;MB}+�Mi :P i2`Kb r2`2 Q`/2`2/ #v T@p�Hm2 �M/ i?2 iQT bBt :P i2`Kb �`2
b?QrMX

kXjXRR >mK�M@+QKT�`�iBp2 �M�HvbBb

A /2}M2/ R F# rBM/Qrb �`QmM/ i?2 kR F *T: bBi2b i?�i �`2 BMi2``Q;�i2/ #v #Qi?
i?2 kd F �M/ 98y F J2i?vH�``�v U>Q`p�i?- kyRjV- iQ 2Mbm`2 i?�i i?2 bBi2b +QmH/ #2
7�Bi?7mHHv HB7i2/ Qp2`X h?2b2 bBi2b r2`2 i?2M HB7i2/ Qp2` 7`QK i?2 ?mK�M ;2MQK2 iQ i?2
+Q``2bTQM/BM; `2;BQMb BM i?2 KQmb2 ;2MQK2 U:_*Kj3VX P7 MQi2- NR W Q7 i?2 bBi2b
b2H2+i2/ #v >Q`p�i? U>Q`p�i?- kyRjV 7Q` i?2 ?mK�M +HQ+F r2`2 bm++2bb7mHHv HB7i2/- BX2X
jkN Q7 j8jX hQ #2 �#H2 iQ +QKT�`2 i?2 >Q`p�i? ?mK�M +HQ+F bBi2b U>Q`p�i?- kyRjV iQ
Qi?2` bBi2b BM i?2 KQmb2 ;2MQK2- A +?Qb2 iQ mb2 �HH ∼kR F bBi2b- Q7 r?B+? A r�b �#H2 iQ
HB7i Qp2` RN F `2;BQMbX Rd8 `2;BQMb +Q``2bTQM/BM; iQ i?2 j8j +HQ+F bBi2b �M/ Ry F `2;BQMb
+Q``2bTQM/BM; iQ �HH ∼kR F bBi2b r2`2 +Qp2`2/ BM i?2 BMBiB�H ek b�KTH2 "�#`�?�K /�i�b2iX
�//BM; �//BiBQM�H /�i�b2ib U2X;X i?2 _2Bx2H /�i�b2ic _2Bx2H 2i �HX- kyR8V `2/m+2/ i?2
MmK#2` Q7 `2;BQMb +Qp2`2/ /`�K�iB+�HHvX �b bm+?- i?2 +QKT�`BbQM �M�HvbBb rBi? i?2
>Q`p�i? +HQ+F r�b +QM/m+i2/ rBi? i?2 BMBiB�H "�#`�?�K /�i�b2i �HQM2X

lbBM; i?2b2 bBi2b- A }`bi �bb2bb2/ �;2 �bbQ+B�iBQM #v +QKT�`BM; i?2 +Q``2H�iBQM iQ �;2
Q7 i?2 >Q`p�i? +HQ+F `2;BQMb p2`bmb i?�i Q7 `�M/QK b2H2+iBQMb Q7 �HH HB7i2/@Qp2` `2;BQMbX
A i?2M #mBHi �M �;2 T`2/B+iBQM KQ/2H #�b2/ QM i?2 Rd8 +Qp2`2/ `2;BQMb +Q``2bTQM/BM;
iQ i?2 >Q`p�i? +HQ+F bBi2bX 6Q` i?Bb- A #mBHi � `B/;2 KQ/2H �b BKTH2K2Mi2/ BM ;HKM2i
#v }tBM; i?2 α T�`�K2i2` iQ yX h?2 T`2/B+iQ` `2�+?2b � K2/B�M �#bQHmi2 2``Q` UJ�1V
Q7 RRXk r22FbX hQ +QKT�`2 i?Bb iQ #�+F;`QmM/- A #mBHi Ryyy `�M/QK KQ/2Hb- TB+FBM;
� `�M/QK b2i Q7 jkN `2;BQMb- `2;�`/H2bb Q7 +Qp2`�;2- 7`QK i?2 RN F `2;BQMb A +QmH/ HB7i
Qp2`X h?2 �p2`�;2 J�1 r�b RyXe8 r22Fb BM i?2b2 `�M/QK KQ/2HbX
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

"�#`�?�K _2Bx2H *�MMQM w?�M; a+?BHH2#22+Ft hQi�H

a�KTH2b ek R9j je 9 j k93

J�H2 ek 3d je 9 y R3N

62K�H2 y 8e y y j 8N

�;2b
Rq R9 R9 @ @ @ k3
jq @ R3 @ @ @ R3
dq @ @ @ 9 @ 9
3q @ Ry @ @ @ Ry
Nq @ @ je @ @ je
Rjq 9 @ @ @ @ 9
R9q 3 @ @ @ @ 3
Req @ @ @ @ j j
kyq @ 39 @ @ @ 39
keq 9 @ @ @ @ 9
kdq Re @ @ @ @ Re
k3q @ Rj @ @ @ Rj
jRq @ 9 @ @ @ 9
9Rq Re @ @ @ @ Re

hBbbm2b
GBp2` R8 Nk je 9 j R8y
GmM; Re @ @ @ @ Re
*Q`i2t Re @ @ @ @ Re
>2�`i R8 @ @ @ @ R8
Jmb+H2 @ jj @ @ @ jj
*2`2#2HHmK @ 3 @ @ @ 3
aTH22M @ Ry @ @ @ Ry

h�#H2 kXd, �;2b �M/ iBbbm2 Q7 i?2 b�KTH2b mb2/ iQ /2}M2 i?2 KQmb2 2TB;2M2iB+ +HQ+F

kXjXRk .2}MBM; i?2 Tm#HBb?2/ 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM

KB+2

.�i�b2i Qp2`pB2r 7Q` Tm#HBb?2/ 2TB;2M2iB+ +HQ+F

6Q` /2}MBM; i?2 Tm#HBb?2/ 2TB;2M2iB+ KQmb2 +HQ+F Uaim##b 2i �HX- kyRdV- A BM+Hm/2/
7Qm` �//BiBQM�H 2ti2`M�H __"a /�i�b2ib- r?B+? r2`2 /QrMHQ�/2/ 7`QK i?2 :2M21t@
T`2bbBQMPKMB#mb U:1PV /�i�#�b2 U?iiTb,ffrrrXM+#BXMHKXMB?X;Qpf;2QfV, _2Bx2H
U_2Bx2H 2i �HX- kyR8c :a1eyyRkc M 4 RdjVc *�MMQM U*�MMQM 2i �HX- kyR9c :a18kkeec
M 4 9yVc w?�M; Uw?�M; 2i �HX- kyRe�c :a13ydeRc M 4 9Vc �M/ a+?BHH2#22+Ft Ua+?BHH2@
#22+Ft 2i �HX- kyRjc :a198jeRc M 4 kjV /�i�b2ibX � b?Q`i /2b+`BTiBQM Q7 i?2b2 /�i�b2ib
Bb T`QpB/2/X
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

"�#`�?�K _2Bx2H *�MMQM w?�M; a+?BHH2#22+Ft hQi�H

J�i2`M�H >6 � Pz@
bT`BM; >6 @ @ 3 @ @ 3

J�i2`M�H >6 � Pz@
bT`BM; G6 @ @ Ry @ @ Ry

J�i2`M�H G6 � Pz@
bT`BM; >6 @ @ N @ @ N

J�i2`M�H G6 � Pz@
bT`BM; >6 @ @ N @ @ N

*�bi`�iBQM UuJV @ Ry @ @ @ Ry
a?�K +�bi`�iBQM
UuJV @ 3 @ @ @ 3

*�bi`�iBQM UPJV @ N @ @ @ N
a?�K +�bi`�iBQM
UPJV @ 3 @ @ @ 3

h2biQ`QM2 +QMi`QH
UuJV @ 9 @ @ @ 9

Pp�`B2+iQKv U6V @ j @ @ @ j
h2biQbi2`QM2
Qp�`B2+iQKv U6V @ 9 @ @ @ 9

o2?B+H2 Qp�`B2+iQKv
U6V @ e @ @ @ e

h�#H2 kX3, h`2�iK2Mib mb2/ iQ �bb2bb +?�M;2b iQ #BQHQ;B+�H �;2

_2Bx2H /�i�b2i U_2Bx2H 2i �HX- kyR8V,

h?2 _2Bx2H /�i�b2i r�b ;2M2`�i2/ 7`QK Rdj b�KTH2b Q`B;BM�iBM; 7`QK 7Qm` /Bz2`2Mi
iBbbm2b UHBp2`- Kmb+H2- +2`2#2HHmK �M/ bTH22MV �M/ +QHH2+i2/ �i bBt iBK2 TQBMib `�M;BM;
7`QK R iQ jR r22FbX h?2 Q`B;BM�H bim/v BMp2biB;�i2/ ;2M/2` �M/ iBbbm2 bT2+B}+Biv Q7
/2K2i?vH�iBQM /m`BM; �;2BM;X �//BiBQM�HHv- � T2`im`#�iBQM #�b2/ QM +�bi`�iBQM �M/
`2biQ`BM; i2biQbi2`QM2 H2p2Hb �7i2` +�bi`�iBQM r�b T2`7Q`K2/X 6Q` i?2 /2p2HQTK2Mi Q7
Kv 2TB;2M2iB+ KQmb2 +HQ+F- i?2 T2`im`#�iBQMb r2`2 MQi i�F2M BMiQ i?2 i`�BMBM; #mi
r2`2 F2Ti 7Q` i?2 i2bi@b2iX 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM
U_2Bx2H 2i �HX- kyR8VX R9j b�KTH2b `2K�BM2/ �7i2` Z*X

*�MMQM /�i�b2i U*�MMQM 2i �HX- kyR9V,

h?2 *�MMQM /�i�b2i r�b ;2M2`�i2/ 7`QK 9y b�KTH2b- �HH HBp2` �i i?2 �;2 Q7 MBM2 r22FbX
h?2 Q`B;BM�H bim/v BMp2biB;�i2/ i?2 2z2+i Q7 K�i2`M�H /B2i QM i?2 K2i�#QHBbK Q7 �/mHi
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

QzbT`BM;X 6Q` i?2 Tm#HBb?2/ 2TB;2M2iB+ +HQ+F- A b2H2+i2/ T�`i Q7 i?2 /�i� iQ #2 BM i?2
i`�BMBM; b2i iQ `2~2+i i?2 MBM2@r22F iBK2 TQBMi UM 4 8VX h?2 Qi?2` T�`i Q7 i?2 /�i�
r�b mb2/ iQ �bb2bb i?2 2z2+i Q7 /B2i mTQM �;2BM;X 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM
i?2 Q`B;BM�H Tm#HB+�iBQM U*�MMQM 2i �HX- kyR9VX je b�KTH2b `2K�BM2/ �7i2` Z*X

w?�M; /�i�b2i Uw?�M; 2i �HX- kyRe�V,

h?2 w?�M; /�i�b2i r�b ;2M2`�i2/ 7`QK 7Qm` b�KTH2b �HH Q`B;BM�iBM; 7`QK HBp2` �;2/
#2ir22M bBt �M/ 2B;?i r22FbX h?2 Q`B;BM�H bim/v BMp2biB;�i2/ K2i?vH�iBQM /Bz2`2M+2b
#2ir22M /Bz2`2Mi bi`�BMb Q7 KB+2 �M/ #2ir22M KQmb2 �M/ x2#`�}b?X 6Q` i?2 Tm#HBb?2/
2TB;2M2iB+ +HQ+F- i?2b2 b�KTH2b r2`2 mb2/ �b � p�HB/�iBQM iQ b22 ?Qr i?2 T`2/B+iQ` rQ`Fb
7Q` �M mMQ#b2`p2/ iBK2 TQBMiX h?2 �;2 Q7 i?2b2 KB+2 r�b b2i iQ b2p2M r22FbX 6m`i?2`
BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM Uw?�M; 2i �HX- kyRe�VX 6Qm` b�KTH2b
`2K�BM2/ �7i2` Z*X

a+?BHH2#22+Ft /�i�b2i Ua+?BHH2#22+Ft 2i �HX- kyRjV,

h?2 a+?BHH2#22+Ft /�i�b2i r�b ;2M2`�i2/ 7`QK kj b�KTH2b �HH Q`B;BM�iBM; 7`QK i?2 HBp2`-
i?2 �/`2M�H ;H�M/ �M/ 7`QK 2M/QK2i`B�H +�M+2`X h?2 KB+2 r2`2 Qp�`B2+iQKBb2/ �i i?2
�;2 Q7 i?`22 iQ 7Qm` r22Fb i?2M b�KTH2b r2`2 +QHH2+i2/ 7QHHQrBM; �M �//BiBQM�H i?`22
KQMi?bX h?2 Q`B;BM�H bim/v BMi`Q/m+2/ � H�b2` +�Tim`2 KB+`Q/Bbb2+iBQM __"a K2i?Q/X
6Q` i?2 Tm#HBb?2/ 2TB;2M2iB+ +HQ+F A b2H2+i2/ i?2 HBp2` b�KTH2b- r?B+? r2`2 ;2M2`�i2/
mbBM; MQ`K�H __"ac i?`22 b�KTH2b `2K�BM2/ �7i2` Z*X h?2b2 b�KTH2b r2`2 mb2/ �b
� p�HB/�iBQM iQ b22 ?Qr i?2 T`2/B+iQ` rQ`Fb 7Q` �M mMQ#b2`p2/ iBK2 TQBMiX h?2 �;2
Q7 i?2b2 KB+2 r�b b2i iQ Re r22FbX 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H
Tm#HB+�iBQM Ua+?BHH2#22+Ft 2i �HX- kyRjVX

�;2 T`2/B+iBQM

hQ T`2/B+i KQmb2 �;2- A �/QTi2/ � bBKBH�` �TT`Q�+? iQ i?Qb2 miBHBb2/ BM ?mK�M bim/@
B2b U>�MMmK 2i �HX- kyRj �M/ >Q`p�i?- kyRjV- M�K2Hv �M 2H�biB+@M2i `2;`2bbBQM KQ/2HX
6B`biHv- A b2H2+i2/ i?2 +viQbBM2 TQbBiBQMb rBi? KQ`2 i?�M }p2@7QH/ +Qp2`�;2 BM �HH i`�BM@
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

BM; �M/ i2bi b�KTH2b mb2/- iQi�HHBM; iQ Rd-NNk TQbBiBQMbX "v b2H2+iBQM Q7 i?2 TQbBiBQMb
�p�BH�#H2 BM �HH /�i�b2ib- A ?QT2 iQ ?�p2 � b2i Q7 K2i?vH�iBQM bBi2b i?�i rBHH #2 T`2b2Mi
BM KQbi __"a bim/B2b- B``2bT2+iBp2 Q7 bBx2 b2H2+iBQM �M/ /�i� ?�M/HBM;X AM �//BiBQM- A
}Hi2`2/ Qmi #Qi? b2t +?`QKQbQK2b Us �M/ uV �M/ i?2 KBiQ+?QM/`B�H ;2MQK2 iQ 2Mbm`2
i?�i i?2 KQ/2H rQmH/ #2 M2Bi?2` b2t@bT2+B}+ MQ` ?�KT2`2/ #v i?2 mM`2HB�#BHBiv Q7 KBiQ@
+?QM/`B�H ;2MQK2 #BbmH}i2 +QMp2`bBQMX �7i2` b2H2+iBQM Q7 i?2 bBi2b �M/ b�KTH2b- A mb2/ �
[m�MiBH2 MQ`K�HBb�iBQM iQ MQ`K�HBb2 K2i?vH�iBQM p�Hm2b- 7QHHQr2/ #v � bi�M/�`/Bb�iBQM
i?�i Tmi i?2 K2�M K2i?vH�iBQM T2` bBi2 iQ y �M/ i?2 bi�M/�`/ /2pB�iBQM iQ RX

6Q` i?2 T`2/B+iQ`- A mb2/ i?2 2H�biB+@M2i ;2M2`�HBb2/ HBM2�` KQ/2H �b BKTH2K2Mi2/ BM
i?2 ;HKM2i T�+F�;2 U6`B2/K�M 2i �HX- kyRyVX AM Q`/2` iQ QTiBKBb2 i?2 α- r?B+? /2}M2b
i?2 2H�biB+ M2i KBtBM; T�`�K2i2` U7`QK R 7Q` H�bbQ iQ y 7Q` `B/;2V- �M/ iQ QTiBKBb2
i?2 λ- i?2 `2;mH�`Bb�iBQM T�`�K2i2`- A mb2/ � /Qm#H2@HQQT +`Qbb@p�HB/�iBQM b2imTX h?Bb
b2imT Bb /2b+`B#2/ BM _QM/2 2i �HX U/2 _QM/2 2i �HX- kyR9VX A i`�BM2/ i?2 KQ/2H iQ
T`2/B+i i?2 HQ;@i`�Mb7Q`K2/ KQmb2 �;2 UBM r22FbVc i?`22 r22Fb r2`2 �//2/ #27Q`2 HQ;
i`�Mb7Q`K�iBQM Q7 i?2 �;2b BM Q`/2` iQ #2 �#H2 iQ T`2/B+i b�KTH2 �;2b T`2@#B`i?X

6Q` i?2 i`�BMBM; b2i- A b2H2+i2/ RkN ?2�Hi?v b�KTH2b 7`QK i?2 "�#`�?�K- _2Bx2H �M/
*�MMQM bim/B2bX "v mbBM; �M BMi2`M�H i2M@7QH/ +`Qbb@p�HB/�iBQM BM i?2 BMM2` HQQT- i?2
QTiBK�H α UyXy8V �M/ QTiBK�H λ UyXNjV r2`2 B/2MiB}2/X h?2 �+im�H T2`7Q`K�M+2 Q7 i?2
T`2/B+iQ` r�b b+Q`2/ U�b �bb2bb2/ #v i?2 K2�M b[m�`2/ 2``Q`V BM i?2 Qmi2` HQQTX �7i2`
i?Bb +`Qbb@p�HB/�iBQM BM i?2 i`�BMBM; b2i- A #mBHi i?2 }M�H KQ/2H QM �HH RkN b�KTH2bX hQ
`2�+? i?2 }M�H KQ/2H- A iQQF i?2 β p�Hm2b �b /2`Bp2/ 7`QK ;HKM2i 7Q` i?2 b2H2+i2/ bBi2b
UjkNV �M/ i`�BM2/ � [m�/`�iB+ 7mM+iBQM mbBM; i?2 MHb 7mM+iBQM BM _ iQ i`�Mb7Q`K i?2 `�r
T`2/B+iBQM b+Q`2b UbmK Q7 i?2 T`Q/m+i Q7 i?2 β r2B;?ib KmHiBTHB2/ #v i?2B` `2bT2+iBp2
K2i?vH�iBQM H2p2HV iQ i?2 HQ; �;2 BM r22FbX h?Bb [m�/`�iB+ `2;`2bbBQM r�b T2`7Q`K2/
iQ +Q``2+i 7Q` i?2 �;2 #B�b BM i?2 i`�BMBM; �M/ i2bi /�i�b2ibX h?2 }M�H 7mM+iBQM mb2/
r�b,

log(age) = 0.1207x2 + 1.2424x − 2.5440 UkXjV

r?2`2 x Bb i?2 bmKK2/ β b+Q`2 T2` b�KTH2X
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

� b2i Q7 ?2�Hi?v �M/ i`2�i2/ b�KTH2b Q`B;BM�iBM; 7`QK i?2 b�K2 i?`22 bim/B2b- �b r2HH
�b i?2 a+?BHH2#22+Ft �M/ w?�M; b�KTH2b- r2`2 mb2/ iQ �bb2bb i?2 mb�#BHBiv Q7 i?2 }M�H
KQ/2HX h?2 J�1 Q7 i?2 T`2/B+iBQM r�b 7QmM/ iQ #2 jXjj r22FbX 6m`i?2`KQ`2- i?2
KQ/2H ?�b #22M mb2/ iQ �bb2bb i?2 BM~m2M+2 Q7 /B2i QM K2i?vH�iBQM �;2 mbBM; i?2 *�M@
MQM i`�BMBM; b�KTH2b- �b r2HH �b i?2 BM~m2M+2 Q7 72K�H2 +�bi`�iBQM QM i?2 K2i?vH�iBQM
�;2X

JQmb21TB;2M2iB+*HQ+F b+`BTi

A ?�p2 ;2M2`�i2/ �M 2�bv@iQ@mb2 _ T`QD2+i iQ T`2/B+i K2i?vH�iBQM �;2 7`QK M2r b�KTH2b
�M/ /2TQbBi2/ Bi mM/2` :Ll :2M2`�H Sm#HB+ GB+2Mb2 �i w2MQ/Q Uaim##b 2i �HX- kyRdV �M/
�b � :Bi>m# T`QD2+i, ?iiTb,ff;Bi?m#X+QKf1TB;2MQK2*HQ+FfJQmb21TB;2M2iB+*HQ+FX

kXjXRj .2}MBM; i?2 BKT`Qp2/ 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM

KB+2

.�i�b2i Qp2`pB2r 7Q` BKT`Qp2/ 2TB;2M2iB+ +HQ+F

6Q` /2}MBM; i?2 BKT`Qp2/ 2TB;2M2iB+ KQmb2 +HQ+F- A BM+Hm/2/ i?2 7Qm` 2ti2`M�H
__"a /�i�b2ib i?�i r2`2 miBHBb2/ BM i?2 Tm#HBb?2/ 2TB;2M2iB+ KQmb2 +HQ+F UJ�i2`B�Hb
�M/ J2i?Q/b b2+iBQM kXjXRkVX AM �//BiBQM- A BM+Q`TQ`�i2/ � 7m`i?2` e Tm#HB+�HHv
�p�BH�#H2 /�i�b2ib +QMi�BMBM; T`2/QKBM�MiHv __"a /�i�- �M/ irQ /�i�b2ib Q7
TQTmH�iBQM �M/ bBM;H2@+2HH q:"a /�i�X h?2b2 r2`2 �HbQ /QrMHQ�/2/ 7`QK i?2
:2M21tT`2bbBQMPKMB#mb U:1PV /�i�#�b2 U?iiTb,ffrrrXM+#BXMHKXMB?X;Qpf;2QfV
Q` i?2 a_� /�i�#�b2 U?iiTb,ffrrrXM+#BXMHKXMB?X;Qpfb`�fV, *BKKBMQ U*BK@
KBMQ 2i �HX- kyR8c :a1e8NRNc M 4 eVc :?�?`�K�MB U:?�?`�K�MB 2i �HX- kyR9c
:a18ykR3c M 4 k9Vc E2KT UE2KT 2i �HX- kyR9c :a193Nd8c M 4 R8Vc �m+H�B` U�m+H�B`
2i �HX- kyRec :a1dR9NN- M 4 RyVc S2iFQpB+? US2iFQpB+? 2i �HX- kyRdc :a13yedkc M
4 k88Vc :`�pBM� U:`�pBM� 2i �HX- kyRec a_SyeNRky- M 4 j9Vc 1L*P.1 KQmb2
q:"a U?iiTb,ffrrrX2M+Q/2T`QD2+iXQ`;fK�i`Btf\ivT241tT2`BK2Mi�`2THB+�i2bX

HB#`�`vX#BQb�KTH2X/QMQ`XQ`;�MBbKXb+B2MiB7B+nM�K24JmbYKmb+mHmb��bb�vn
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

bHBKb4.L�YK2i?vH�iBQM��bb�vniBiH24q:"ac M 4 dkV /�i�b2ibX

� b?Q`i /2b+`BTiBQM Q7 i?2b2 /�i�b2ib Bb T`QpB/2/X

*BKKBMQ /�i�b2i U*BKKBMQ 2i �HX- kyR8V,

h?2 *BKKBMQ /�i�b2i r�b ;2M2`�i2/ 7`QK e b�KTH2b �HH Q`B;BM�iBM; 7`QK HBM2�;2 M2;�@
iBp2- a+�R TQbBiBp2- +@FBi M2;�iBp2 UGaEV +2HHb /2`Bp2/ 7`QK KQmb2 #QM2 K�``Qr �i i?2
�;2 Q7 ke r22FbX h?2 Q`B;BM�H bim/v +?�`�+i2`Bb2/ .L� K2i?vH�iBQM BM rBH/ ivT2 �M/
h1hR FMQ+FQmi GaE +2HHbX h?2 �;2 Q7 i?2b2 KB+2 ?�b #22M b2i iQ k8X3 r22FbX 6m`i?2`
BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM U*BKKBMQ 2i �HX- kyR8VX 6Qm`
b�KTH2b `2K�BM2/ �7i2` Z*X

:?�?`�K�MB /�i�b2i U:?�?`�K�MB 2i �HX- kyR9V,

h?2 :?�?`�K�MB /�i�b2i r�b ;2M2`�i2/ 7`QK k9 b�KTH2b �HH Q`B;BM�iBM; 7`QK #2/ Mm@
+H2mb Q7 i?2 bi`B� i2`KBM�HBbfT`2QTiB+ �`2� �M/ bi`B�imK U"LahfSP�V �i 9 �M/ ey /�vb
Q7 �;2X h?2 Q`B;BM�H bim/v BMp2biB;�i2/ .L� K2i?vH�iBQM /Bz2`2M+2b QrBM; iQ T`2M�i�H
2tTQbm`2 iQ i2biQbi2`QM2X h?2`2 r2`2 i?`22 2tT2`BK2Mi�H ;`QmTb, K�H2b- 72K�H2b �M/
72K�H2b 2tTQb2/ iQ i2biQbi2`QM2X h?2 �;2 Q7 i?2b2 KB+2 ?�b #22M b2i iQ R �M/ N r22Fb `2@
bT2+iBp2HvX 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM U:?�?`�K�MB
2i �HX- kyR9VX k9 b�KTH2b `2K�BM2/ �7i2` Z*X

E2KT /�i�b2i UE2KT 2i �HX- kyR9V,

h?2 E2KT /�i�b2i r�b ;2M2`�i2/ 7`QK R8 b�KTH2b �HH Q`B;BM�iBM; 7`QK HmM; iBbbm2
7`QK 93 iQ 88 r22Fb Q7 �;2X h?2 Q`B;BM�H bim/v BMp2biB;�i2/ K2i?vH�iBQM /Bz2`2M+2b
`2bmHiBM; 7`QK *h*6 ?�THQBMbm{+B2M+v- Q7 BMi2`2bi /m2 iQ i?2 bmb+2TiB#BHBiv Q7 *h*6
?2i2`Qxv;Qmb KB+2 iQ M2QTH�bB�bX "Qi? K�H2b �M/ 72K�H2b r2`2 �bb2bb2/ BM i?2 bim/vX
62K�H2 KB+2 b?Qr2/ bB;MB}+�MiHv BM+`2�b2/ bmb+2TiB#BHBiv iQ M2QTH�bB�b +QKT�`2/ iQ
K�H2 KB+2 mTQM FMQ+F/QrM Q7 *h*6X h?2 �;2b Q7 i?2b2 KB+2 r2`2 /2}M2/ BM/BpB/m�HHv-
#2ir22M 93 �M/ 88 r22FbX 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM
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kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

UE2KT 2i �HX- kyR9VX R8 b�KTH2b `2K�BM2/ �7i2` Z*X

�m+H�B` /�i�b2i U�m+H�B` 2i �HX- kyReV,

h?2 �m+H�B` /�i�b2i r�b ;2M2`�i2/ 7`QK Ry b�KTH2b �HH Q`B;BM�iBM; 7`QK KBt2/ iBbbm2
7`QK 13X8 KQmb2 2K#`vQbX h?2 Q`B;BM�H bim/v BMp2biB;�i2/ i?2 `QH2 Q7 i?2 HvbBM2 K2i?vH@
i`�Mb72`�b2 :N� BM i?2 +QMi`QH Q7 .L� K2i?vH�iBQM /m`BM; 2K#`vQ;2M2bBbX h?2 �;2 Q7
i?2b2 KB+2 r�b /2}M2/ �b @R r22Fb Q7 �;2X 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2
Q`B;BM�H Tm#HB+�iBQM U�m+H�B` 2i �HX- kyReVX d b�KTH2b `2K�BM2/ �7i2` Z*X

S2iFQpB+? /�i�b2i US2iFQpB+? 2i �HX- kyRdV,

h?2 S2iFQpB+? /�i�b2i r�b ;2M2`�i2/ 7`QK k88 b�KTH2b �HH Q`B;BM�iBM; 7`QK r?QH2
#HQQ/ �+`Qbb � rB/2 `�M;2 Q7 �;2bX AM i?2 Q`B;BM�H bim/v- i?Bb /�i� r�b mb2/ iQ /2}M2
� #HQQ/@bT2+B}+ T`2/B+iQ` Q7 2TB;2M2iB+ �;2 mbBM; Ny *T: bBi2b BM i?2 ;2MQK2X 6m`i?2`
BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM US2iFQpB+? 2i �HX- kyRdVX kje
b�KTH2b `2K�BM2/ �7i2` Z*X

:`�pBM� /�i�b2i U:`�pBM� 2i �HX- kyReV,

h?2 :`�pBM� /�i�b2i r�b ;2M2`�i2/ 7`QK j9 b�KTH2b Q`B;BM�iBM; 7`QK ?2T�iQ+vi2b
UvQmM;49 KQMi?bc QH/4ke KQMi?bV- Q` }#`Q#H�bib 7`QK 1RjX8 KQmb2 2K#`vQbX AM i?2
Q`B;BM�H bim/v- i?Bb /�i� r�b mb2/ iQ T`Q#2 2TB;2M2iB+ ?2i2`Q;2M2Biv �i i?2 bBM;H2 +2HH
H2p2HX >Qr2p2`- #mHF /�i�b2ib Q7 `2H�iBp2Hv ?B;? +Qp2`�;2 UKQ`2 i?�M R8tV r2`2 �HbQ
/2}M2/X 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 Q`B;BM�H Tm#HB+�iBQM U:`�pBM� 2i �HX-
kyReVX w2`Q b�KTH2b `2K�BM2/ �7i2` Z*X

1L*P.1

h?2 1L*P.1 /�i�b2i r�b ;2M2`�i2/ 7`QK dk b�KTH2b Q`B;BM�iBM; 7`QK KmHiBTH2 /B7@
72`2Mi iBbbm2b BM+Hm/BM;, 7Q`2#`�BM- ?2�`i- ?BM/#`�BM- KB/#`�BM- HBp2`- 2K#`vQMB+ 7�+B�H
T`QKBM2M+2- HBK#- M2m`�H im#2- BMi2biBM2- FB/M2v- HmM; �M/ biQK�+?X h?2 �;2b Q7 i?2b2
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kXjX J2i?Q/b 7Q` h?2 �;2BM; *HQ+F

b�KTH2b `�M;2 7`QK 2K#`vQMB+ /�v 1RyX8 iQ /�v y UTQbi@M�i�HVX h?Bb /�i� Bb p2`v ?B;?
+Qp2`�;2 q:"a /�i� i?�i ?�b #22M K�/2 �p�BH�#H2 7Q` i?2 `2b2�`+? +QKKmMBiv �b T�`i
Q7 i?2 1L*P.1 T`QD2+iX 6m`i?2` BM7Q`K�iBQM +�M #2 7QmM/ QM i?2 1L*P.1 r2#bBi2
BM i?2 KQmb2 q:"a b2+iBQM U?iiTb,ffrrrX2M+Q/2T`QD2+iXQ`;fK�i`Btf\ivT24

1tT2`BK2Mi�`2THB+�i2bXHB#`�`vX#BQb�KTH2X/QMQ`XQ`;�MBbKXb+B2MiB7B+nM�K24

JmbYKmb+mHmb��bb�vnbHBKb4.L�YK2i?vH�iBQM��bb�vniBiH24q:"aVX �7i2` Z*- �HH
dk b�KTH2b r2`2 `2K�BMBM;X

�;2 T`2/B+iBQM

hQ T`2/B+i KQmb2 �;2 mbBM; i?Bb M2r KQ/2H- � p2`v bBKBH�` +QKTmi�iBQM�H rQ`F~Qr
iQ i?�i 7Q` i?2 Tm#HBb?2/ KQmb2 2TB;2M2iB+ +HQ+F U/2b+`B#2/ BM a2+iBQM kXjXRkV r�b
2KTHQv2/X h?2 /Bz2`2M+2b #2ir22M i?2 irQ �TT`Q�+?2b rBHH #2 /2b+`B#2/ ?2`2X

AMbi2�/ Q7 +�HHBM; K2i?vH�iBQM �i mMB[m2 +viQbBM2 TQbBiBQMb BM � *: +QMi2ti- K2i?vH�iBQM
r�b +�HH2/ Qp2` BM/BpB/m�H *T: bBi2b UBX2X irQ +viQbBM2bVX h?2b2 *T: bBi2b r2`2 }Hi2`2/
7Q` bBi2b i?�i 2t?B#Bi2/ KQ`2 i?�M }p2@7QH/ +Qp2`�;2 BM �HH i`�BMBM; �M/ i2bi b�KTH2b mb2/-
iQi�HHBM; j9-dkR bBi2bX AM �//BiBQM- �b T`2pBQmbHv- #Qi? b2t +?`QKQbQK2b Us �M/ uV �M/
i?2 KBiQ+?QM/`B�H ;2MQK2 r2`2 }Hi2`2/ QmiX 6QHHQrBM; i?Bb b2H2+iBQM- MQ`K�HBb�iBQM
�M/ bi�M/�`/Bb�iBQM r2`2 T2`7Q`K2/- bBKBH�`Hv iQ i?�i /2b+`B#2/ T`2pBQmbHv Ua2+iBQM
kXjXRkVX

6Q` i?2 T`2/B+iQ`- �;�BM i?2 2H�biB+@M2i ;2M2`�HBb2/ HBM2�` KQ/2H �b BKTH2K2Mi2/ BM i?2
;HKM2i T�+F�;2 U6`B2/K�M 2i �HX- kyRyV r�b mb2/ �M/ � /Qm#H2@HQQT +`Qbb@p�HB/�iBQM
b2imT T2`7Q`K2/ U/2 _QM/2 2i �HX- kyR9VX

6Q` i?2 i`�BMBM; b2i- 9kd ?2�Hi?v b�KTH2b 7`QK i?2 �m+H�B`- *�MMQM- "�#`�?�K- _2Bx2H-
1L*P.1 �M/ S2iFQpB+? bim/B2b r2`2 b2H2+i2/X "v mbBM; �M BMi2`M�H i2M@7QH/ +`Qbb@
p�HB/�iBQM BM i?2 BMM2` HQQT- i?2 QTiBK�H α UyXRV �M/ QTiBK�H λ UyXjkdRe3V r2`2 B/2M@
iB}2/X aBKBH�` iQ r?�i r�b +QM/m+i2/ 7Q` i?2 BMBiB�H KQmb2 2TB;2M2iB+ +HQ+F- i?2 T`2@
/B+iBQM Q7 � HQ;@i`�Mb7Q`K2/- HBM2�` i`�Mb7Q`K�iBQM p2`bmb � >Q`p�i?@bivH2 HQ;@HBM2�`
i`�Mb7Q`K�iBQM U1[m�iBQMb kX9 �M/ kX8V r�b i2bi2/X AM i?2 >Q`p�i?@bivH2 �TT`Q�+?-
�/mHiX�;2 Bb QTiBKBb2/ /m`BM; +`Qbb@p�HB/�iBQM Ua2+iBQM kXjXRkVX 6Q` i?Bb M2r KQ/2H- A
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kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

7QmM/ i?2 #2bi }i 7Q` i?2 /�i� r�b � >Q`p�i?@bivH2 HQ;@HBM2�` KQ/2H- r?2`2 �/mHiX�;2 Bb
/2}M2/ �b 9e r22FbX �b bm+? A miBHBb2/ i?Bb i`�Mb7Q`K�iBQM 7Q` i?2 }M�H KQ/2H /2`Bp�iBQMX
A7 �;2 I4 �/mHiX�;2,

F (age) = log(age + 1) − log(adult.age + 1) UkX9V

1Hb2 B7 �;2 = �/mHiX�;2,
F (age) = (age − adult.age)

adult.age + 1 UkX8V

�7i2` i?2 +`Qbb@p�HB/�iBQM BM i?2 i`�BMBM;- i?2 }M�H KQ/2H r�b #mBHi mbBM; �HH 9kd b�KTH2bX
h?2 }M�H KQ/2H r�b /2}M2/ �b i?2 β p�Hm2b /2`Bp2/ 7`QK ;HKM2i 7Q` i?2 b2H2+i2/ kd8
bBi2bX 6Q` i?Bb KQ/2H- i?2`2 r�b MQ M22/ iQ }i � [m�/`�iB+ 7mM+iBQM mbBM; i?2 MHb
T�+F�;2 BM _X h?Bb Bb HBF2Hv /m2 iQ i?2 Qzb2i #2BM; `2KQp2/ �b � `2bmHi Q7 BM+`2�b2/
b�KTH2 MmK#2`b mb2/ 7Q` i`�BMBM; 7Q` i?Bb T`2/B+iQ`X

� b2i Q7 ?2�Hi?v �M/ i`2�i2/ b�KTH2b 7`QK i?2 b�K2 Q`B;BM�H bim/B2b �M/ 7`QK E2KT-
:?�?`�K�MB- *BKKBMQ �M/ w?�M; bim/B2b r2`2 mb2/ iQ �bb2bb i?2 mb�#BHBiv Q7 i?2 }M�H
KQ/2HX h?2 J�1 Q7 i?2 T`2/B+iBQM r�b 7QmM/ iQ #2 8Xjj r22FbX

kX9 J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

kX9XR JB+2

�MBK�Hb r2`2 ?�M/H2/ �++Q`/BM; iQ M�iBQM�H �M/ 1m`QT2�M *QKKmMBiv ;mB/2HBM2b-
�M/ �M 2i?B+b +QKKBii22 Q7 i?2 AMbiBimi S�bi2m` U*h1�V BM 6`�M+2 �TT`Qp2/ T`QiQ@
+QHbX

kX9Xk AbQH�iBQM Q7 b�i2HHBi2 +2HHb

aBt iQ 2B;?i@r22F@QH/ UvQmM;V �M/ Ry9 iQ RRy r22F@QH/ UQH/V h;,S�td@M:6S KB+2 Ua�K@
#�bBp�M 2i �HX kyyNV r2`2 b�+`B}+2/ #v +2`pB+�H /BbHQ+�iBQMX hB#B�HBb �Mi2`BQ` Uh�V
Kmb+H2b Uaim2Hb�ix �M/ u�#HQMF�@_2mp2MB- kyReV r2`2 /Bbb2+i2/ �M/ TH�+2/ BMiQ +QH/
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

.J1JX Jmb+H2b r2`2 i?2M +?QTT2/ �M/ Tmi BMiQ � 50 mL 6�H+QM im#2 +QMi�BMBM; 10 mL
Q7 .J1J- yXRW +QHH�;2M�b2 .- yXk8W i`vTbBM- 10 ƒg mL−1 .L�b2A �i jd◦* mM/2` ;2M@
iH2 �;Bi�iBQM 7Q` jy KBMmi2bX .B;2bib r2`2 i?2M �HHQr2/ iQ bi�M/ 7Q` 8 KBMmi2b �i `QQK
i2KT2`�im`2 �M/ i?2 bmT2`M�i�Mib r2`2 +QHH2+i2/ BMiQ 5 mL Q7 6"a QM B+2X h?2 /B;2b@
iBQM r�b `2T2�i2/ 9 iBK2b mMiBH i?2 Kmb+H2 r�b +QKTH2i2Hv /B;2bi2/X h?2 bmT2`M�i�Mib
r2`2 bm#b2[m2MiHv }Hi2`2/ i?`Qm;? � 70 ƒm +2HH bi`�BM2`X *2HHb r2`2 bTmM �i 8R8; 7Q`
R8 KBMmi2b �i 9◦* �M/ i?2 T2HH2ib r2`2 `2bmbT2M/2/ BM 1 mL 7`22xBM; K2/BmK URyW
.JaP BM 72i�H +�H7 b2`mK U6*aVV 7Q` HQM; i2`K biQ`�;2 BM HB[mB/ MBi`Q;2MX

"27Q`2 6�*a BbQH�iBQM- b�KTH2b r2`2 i?�r2/ BM 50 mL Q7 +QH/ .J1J- bTmM �i 8R8; 7Q`
R8 KBMmi2b �i 9◦CX S2HH2ib r2`2 `2bmbT2M/2/ BM 300 ƒL Q7 .J1J k W 6*a �M/ }Hi2`2/
i?`Qm;? � 40 ƒm +2HH bi`�BM2`X *2HHb r2`2 BbQH�i2/ #�b2/ QM bBx2- ;`�MmHQbBiv �M/ :6S
2tT`2bbBQM H2p2Hb mbBM; � 6�*a JQ6HQ �bi`BQbX

:6S?B;? bm#TQTmH�iBQMb U?2M+27Q`i? `272``2/ iQ �b h�@>B Jma*bV r2`2 6�*a@BbQH�i2/-
+QHH2+i2/ BM 300 ƒL +QH/ .J1J kW 6*a- �M/ `2@bQ`i2/ �b bBM;H2 +2HHb BMiQ 2.5 ƒL +QH/
_Gh SHmb #mz2` +QMi�BMBM; 1 U/ƒL _L�b2 BM?B#BiQ` BM Ne@r2HH GQ"BM/ TH�i2bX h?2b2
r2`2 i?2M ~�b?@7`Qx2M QM /`v B+2 �M/ biQ`2/ �i @3y◦*X

kX9Xj aBM;H2@+2HH +QK#BM2/ K2i?vHQK2 �M/ i`�Mb+`BTiQK2 b2@

[m2M+BM; Ub+J�h@a2[V @ HB#`�`v T`2T�`�iBQM

h�@>B Jma*b i?�i ?�/ #22M bBM;H2@+2HH bQ`i2/ BMiQ _Gh SHmb HvbBb #mz2` +QMi�BMBM;
_L�b2 BM?B#BiQ` BM Ne r2HH TH�i2b r2`2 T`Q+2bb2/ mbBM; i?2 b+J�h@a2[ K2i?Q/ U�M;2`@
Km2HH2` 2i �HX- kyReV- r?B+? r�b /2p2HQT2/ mbBM; 2tBbiBM; b+:�h@a2[- b+"a@a2[ �M/
aK�`i@a2[k T`QiQ+QHb UJ�+�mH�v 2i �HX- kyR8- aK�HHrQQ/ 2i �HX- kyR9 �M/ SB+2HHB 2i �HX-
kyRjVX �M �/�Ti2/ /2b+`BTiBQM 7`QK i?2 K2i?Q/b T�T2`b Bb T`QpB/2/ ?2`2 7Q` +H�`Biv-
bBM+2 i?Bb b+J�h@a2[ K2i?Q/ ?�b #22M /2`Bp2/ 7`QK 7Qm` b2T�`�i2 K2i?Q/b T�T2`b
�M/ ?�b MQi T`2pBQmbHv #22M 7mHHv /2b+`B#2/ Bib2H7 U�M;2`Km2HH2` 2i �HX- kyRe- J�+�mH�v
2i �HX- kyR8- SB+2HHB 2i �HX- kyRj �M/ aK�HHrQQ/ 2i �HX- kyR9VX

:2MQKB+ .L� �M/ K_L� r2`2 b2T�`�i2/ mbBM; i?2 �;BH2Mi "`�pQ HB[mB/@?�M/HBM;
`Q#QiX � KQ/B}2/ QHB;Q@/h T`BK2` U8^@#BQiBM@i`B2i?vH2M2;Hv+QH@��:*�:h::h�h*
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kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

��*:*�:�:h�*hjyoL@j^- r?2`2 o Bb 2Bi?2` �- * Q` :- �M/ L Bb �Mv #�b2c A.hV
r�b +QMDm;�i2/ iQ bi`2Ti�pB/BM@+QmTH2/ K�;M2iB+ .vM�#2�/b �b T2` i?2 K�Mm7�+im`2`Ƕb
BMbi`m+iBQMbX hQ +�Tim`2 TQHv�/2MvH�i2/ K_L�- 10 ƒL +QMDm;�i2/ #2�/b r2`2 �//2/
iQ 2�+? r2HH +QMi�BMBM; +2HH Hvb�i2 �M/ i?Bb r�b BM+m#�i2/ 7Q` �i H2�bi R8 KBMmi2b �i
`QQK i2KT2`�im`2 rBi? KBtBM; iQ T`2p2Mi i?2 #2�/b 7`QK b2iiHBM;X h?2 K_L� r�b
i?2M +QHH2+i2/ iQ i?2 bB/2b Q7 i?2 r2HH mbBM; � K�;M2i �M/ i?2 bmT2`M�i�Mi- +QMi�BMBM;
i?2 ;2MQKB+ .L� U;.L�V- r�b i`�Mb72``2/ iQ � 7`2b? TH�i2X hQ K�tBKBx2 ;.L�
+�Tim`2- i?2 #2�/b r2`2 r�b?2/ i?`22 iBK2b rBi? � r�b? #mz2` U50 mK h`Bb@>*H T>
3Xj- 75 mK E*H- 3 mK J;*H2- 10 mK .hh- yX8W hr22M@ky- yXkt alS1_�bBM _L�b2
BM?B#BiQ`V �i `QQK i2KT2`�im`2X h?2 bQHmiBQM 7`QK 2�+? r�b? r�b TQQH2/ rBi? i?2
Q`B;BM�H bmT2`M�i�MiX hQ KBMBKBx2 b�KTH2 HQbb- i?2 b�K2 iBTb r2`2 mb2/ 7Q` �HH r�b?
bi2TbX

.B`2+iHv 7QHHQrBM; i?2 H�bi r�b?- 10 ƒL Q7 � `2p2`b2@i`�Mb+`BTiBQM K�bi2`@KBt U0.5 ƒL
amT2`a+`BTi AA `2p2`b2 i`�Mb+`BTi�b2 U200 U/ƒLV- 0.25 ƒL _L�b2 BM?B#BiQ` U20 U/ƒLV-
2 ƒL 8t amT2`b+`BTi AA 6B`bi@ai`�M/ "mz2`- 0.25 ƒL .hh U100 mKV- 2 ƒL #2i�BM2 U5 KV-
0.9 ƒL J;*H2 U1 KV- 1 ƒL h2KTH�i2@arBi+?BM; PHB;Q, 8^@��:*�:h::h�h*��*:*
�:�:h�*`:`:Y:@j^ r?2`2 ǵ`Ƕ BM/B+�i2b � `B#QMm+H2B+ �+B/ #�b2 �M/ ǵYǶ BM/B+�i2b �
HQ+F2/ Mm+H2B+ �+B/ #�b2c 10 ƒK- 1tB[QMV- 1 ƒL /LhS KBt U10 mKV �M/ 3.6 ƒL Mm+H2�b2@
7`22 r�i2`V r2`2 �//2/ iQ 2�+? r2HHX _2p2`b2 i`�Mb+`BTiBQM r�b T2`7Q`K2/ QM � S*_
K�+?BM2 7Q` ey KBMmi2b �i 9k◦* 7QHHQr2/ #v jy KBMmi2b �i 8y◦* �M/ Ry KBMmi2b �i ey◦*X
h?2 TH�i2 r�b pQ`i2t2/ /m`BM; i?Bb T`Q+2bb 2p2`v ky KBMmi2b- iQ 2Mbm`2 i?2 #2�/b r2`2
K�BMi�BM2/ BM bmbT2MbBQMX S*_ r�b i?2M T2`7Q`K2/ BKK2/B�i2Hv #v �//BM; i?2 S*_
K�bi2`@KBt U12.5 ƒL E�S� >B6B >Qiai�`i _2�/vJBt rBi? 0.25 ƒL S*_ T`BK2`, 8^@�
�:*�:h::h�h*��*:*�:�:h@j^- 10 mKVV iQ i?2 10 ƒL Q7 `2p2`b2@i`�Mb+`BTiBQM
`2�+iBQM KBtim`2X h?2 b�KTH2 r�b i?2M pQ`i2t2/ �M/ i?2`K�HHv +v+H2/ �b 7QHHQrb, N3◦*
7Q` j KBMmi2b- i?2M k9 +v+H2b Q7 (N3◦* 7Q` R8 b2+QM/b- ed◦* 7Q` ky b2+QM/b- dk◦* 7Q`
e KBMmi2b) �M/ }M�HHv dk◦* 7Q` 8 KBMmi2bX �KTHB}2/ +.L� r�b +H2�M2/ mT rBi?
yX3t bQHmiBQM Q7 �JSm`2 "2�/b �M/ 2Hmi2/ rBi? 25 ƒL Q7 2HmiBQM #mz2` U"mz2` 1"-
ZB�;2MVX h?2 [m�HBiv Q7 i?2 +.L� HB#`�`B2b r�b �bb2bb2/ mbBM; i?2 �;BH2Mi "BQ�M�Hvx2`X
_L�@b2[m2M+BM; U_L�@a2[V HB#`�`B2b r2`2 T`2T�`2/ 7`QK +H2�M2/ mT bBM;H2@+2HH +.L�
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

HB#`�`B2b mbBM; i?2 L2ti2`� sh FBi �++Q`/BM; iQ i?2 K�Mm7�+im`2`Ƕb BMbi`m+iBQMb- rBi?
i?2 2t+2TiBQM i?�i i?2 pQHmK2b r2`2 `2/m+2/ iQ QM2@}7i? Q7 i?2 bT2+B}2/ �KQmMibX
j39 _L�@a2[ HB#`�`B2b r2`2 TQQH2/ T2` H�M2 Q7 Rk8 #T T�B`2/@2M/ b2[m2M+BM; QM �
>Ba2[k8yyX

hQ �pQB/ #�i+? 2z2+ib K�bFBM; #BQHQ;B+�H 2z2+ib- HB#`�`B2b r2`2 T`2T�`2/ 7`QK vQmM;
�M/ QH/ BM/BpB/m�Hb BM T�`�HH2H- BM i?`22 b2T�`�i2 #�i+?2bX hQ +QMi`QH 7Q` +QMi�KBM�iBQM-
2KTiv TQbBiBQMb BM i?2 TH�i2b r2`2 �HbQ T`2T�`2/ �M/ b2[m2M+2/X

kX9X9 aBM;H2@+2HH +QK#BM2/ K2i?vHQK2 �M/ i`�Mb+`BTiQK2

b2[m2M+BM; Ub+J�h@a2[V @ T`Q+2bbBM; Q7 b2[m2M+BM;

/�i�

GB#`�`B2b r2`2 b2[m2M+2/ QM i?2 AHHmKBM� >Ba2[kyyy TH�i7Q`K mbBM; i?2 /27�mHi _h�
UpRXNV �M�HvbBb bQ7ir�`2X h?2 b2[m2M+BM; /�i� ;2M2`�i2/ 7`QK h�@>B Jma* HB#`�`B2b
BM+Hm/2b #Qi? .L� K2i?vH�iBQM /�i� �M/ i`�Mb+`BTiQKB+ /�i�X h?2b2 /�i� ivT2b r2`2
T`Q+2bb2/ b2T�`�i2Hv- �M/ i?2 HBMF #2ir22M i?2 /�i�b2ib r�b K�BMi�BM2/ rBi?BM i?2
b�KTH2 H�#2HHBM;X

.L� K2i?vH�iBQM @ BMBiB�H T`Q+2bbBM; Q7 b2[m2M+BM; /�i�

_�r "BbmH}i2@a2[ `2�/b r2`2 i`BKK2/ iQ `2KQp2 TQQ` [m�HBiv +�HHb- `2�/ i?`Qm;?
�/�Ti2` +QMi�KBM�iBQM �M/ }`bi e #T 7`QK i?2 8Ƕ 2M/ Q7 �HH `2�/b iQ `2KQp2 i?2 b2[m2M+2
#B�b BMi`Q/m+2/ #v i?2 `�M/QK T`BKBM; bi2T /m`BM; i?2 SQbi@"BbmH}i2 �/�Ti2` h�;@
;BM; US"�hV HB#`�`v T`2T�`�iBQM mbBM; h`BK :�HQ`2 UpyX9Xk- T�`�K2i2`b, ĜT�B`2/ Ĝ;xBT
ĜT?`2/jj Ĝ+HBTn`R e Ĝ+HBTn`k e- rrrX#BQBM7Q`K�iB+bX#�#`�?�KX�+XmFfT`QD2+ibf

i`BKn;�HQ`2f- *mi�/�Ti p2`bBQM, RXNXRVX

.L� K2i?vH�iBQM @ bm#b2[m2Mi T`Q+2bbBM; Q7 b2[m2M+BM; /�i�

h`BKK2/ `2�/b r2`2 �HB;M2/ iQ i?2 KQmb2 ;2MQK2 BM T�B`2/@2M/ KQ/2 mbBM; "BbK�`F
pyXReXj UE`m2;2` �M/ �M/`2rb- kyRRV rBi? /27�mHi T�`�K2i2`b THmb, ĜT#�i U"QriB2k
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kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

pkXkXNVX _2�/b r2`2 i?2M /2/mTHB+�i2/ rBi? /2/mTHB+�i2n#BbK�`F- b2H2+iBM; � `�M/QK
�HB;MK2Mi 7Q` 2�+? TQbBiBQM i?�i r�b +Qp2`2/ KQ`2 i?�M QM+2X *T: K2i?vH�iBQM +�HHb
r2`2 i?2M 2ti`�+i2/ mbBM; i?2 "BbK�`F K2i?vH�iBQM 2ti`�+iQ` UpyXReXjV rBi? i?2 7QHHQr@
BM; T�`�K2i2`b, ĜMQnQp2`H�T Ĝ#2/:`�T?X

6BHi2`BM; bi2Tb r2`2 T2`7Q`K2/ �b /2b+`B#2/ BM _2bmHib b2+iBQM 9XkXeX

h`�Mb+`BTiQK2 @ BMBiB�H T`Q+2bbBM; Q7 b2[m2M+BM; /�i�

_L�@a2[ `2�/b r2`2 i`BKK2/ mbBM; h`BK :�HQ`2 UpyX9Xkc ?iiT,ffrrrX

#BQBM7Q`K�iB+bX#�#`�?�KX�+XmFfT`QD2+ibfi`BKn;�HQ`2fV mbBM; /27�mHi T�@
`�K2i2`b iQ `2KQp2 i?2 L2ti2`� �/�Ti2` b2[m2M+2 �M/ TQQ` [m�HBiv #�b2 +�HHbX
h`BKK2/ `2�/b r2`2 K�TT2/ iQ i?2 KQmb2 ;2MQK2 U#mBH/ :_*Kj3- iQ r?B+? i?2
1_** bTBF2@BMb ?�/ #22M �//2/V mbBM; >Aa�hk UpkXyX8c QTiBQMb ĜbT Ryyy-Ryyy
ĜMQ@KBt2/ ĜMQ@/Bb+Q`/�MiV- ;mB/2/ #v 1Mb2K#H ;2M2 KQ/2Hb U`2H2�b2 d9VX

h`�Mb+`BTiQK2 @ bm#b2[m2Mi T`Q+2bbBM; Q7 b2[m2M+BM; /�i�

LQ`K�HBb2/ ;2M2 2tT`2bbBQM +QmMib T2` +2HH r2`2 /2}M2/ �b, `2�/b T2` KBHHBQM Q7 K�TT2/
`2�/b- mbBM; 72�im`2*QmMib BM _ UGB�Q 2i �HX- kyRjV rBi? 2Mb2K#H :h6 }H2X 6BHi2`BM;
bi2Tb r2`2 T2`7Q`K2/ �b /2b+`B#2/ BM _2bmHib b2+iBQM 9XkXkX

kX9X8 J�TTBM; Q7 Tm#HB+ *?AS /�i�b2i

h?2 Tm#HB+�HHv �p�BH�#H2 Jma* *?AS /�i�b2i 7`QK GBm 2i �HX- kyRj r�b /QrMHQ�/2/
7`QK :1P U�++2bbBQM :a19djekV- �M/ mMB[m2Hv �HB;M2/ iQ i?2 KQmb2 ;2MQK2 U#mBH/
:_*Kj3V mbBM; "QriB2 UpRXRXyc QTiBQMb, @K R ĜT?`2/jj@[m�Hb Ĝbi`�i� Ĝ#2biVX

S2�Fb r2`2 +�HH2/ mbBM; JQ/2H@#�b2/ �M�HvbBb Q7 *?AS@a2[ k UJ�*akc pkXRXyXkyR9yeRec
QTiBQMb Ĝ+�HHT2�F @7 a�J Ĝ:aAw1 KK ĜSo�Gl1 yXyyRVX S2�Fb r2`2 +�HH2/ 7Q`
>jE9K2j- >jEkdK2j- �M/ >jEjeK2jX
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

kX9Xe *2HH *v+H2 �M�HvbBb

*H�bbB}+�iBQM Q7 h�@>B Jma*b rBi? `2bT2+i iQ +2HH@+v+H2 r�b T2`7Q`K2/ mbBM; � T`2pB@
QmbHv /2b+`B#2/ +H�bbB}+�iBQM �H;Q`Bi?K Ua+B�H/QM2 2i �HX- kyR8VX

kX9Xd i@.Bbi`B#mi2/ aiQ+?�biB+ L2B;?#Qm` 1K#2//BM; UiaL1V@

#�b2/ i`�Mb+`BTiQK2 +Hmbi2`BM;

iaL1 /BK2MbBQM�HBiv `2/m+iBQM r�b T2`7Q`K2/ QM i?2 MQ`K�HBb2/ ;2M2 2tT`2bbBQM +QmMib
mbBM; i?2 _ibM2 T�+F�;2 BM _ Up�M /2` J��i2M �M/ >BMiQM- kyy3VX GQrHv@2tT`2bb2/
;2M2b- /2}M2/ �b #2BM; 2tT`2bb2/ BM H2bb i?�M i?`22 +2HHb- r2`2 `2KQp2/ 7`QK i?Bb
�M�HvbBbX

kX9X3 h`�Mb+`BTiBQM�H p�`B�#BHBiv

:2M2b i?�i r2`2 HQrHv@ Q` ?B;?Hv@p�`B�#H2 rBi?BM � ;Bp2M BM/BpB/m�H r2`2 /2}M2/ �b
T`2pBQmbHv /2b+`B#2/ BM JQ?�KK2/ 2i �HX- kyRdX "`B2~v- i?2 b[m�`2/ +Q2{+B2Mi Q7 p�`B@
�iBQM r�b THQii2/ �;�BMbi i?2 K2�M 2tT`2bbBQM 7Q` 2�+? ;2M2 rBi?BM �M BM/BpB/m�HX h?2
`QHHBM; K2/B�M r�b i?2M +�H+mH�i2/X .Bbi�M+2 7`QK i?Bb `QHHBM; K2/B�M r�b +QKTmi2/
7Q` 2�+? ;2M2- rBi? /B`2+iBQM�HBiv +QMbB/2`2/X :2M2b r2`2 i?2M Q`/2`2/ #v i?Bb /Bbi�M+2
�M/ b2H2+iBQMb K�/2- #�b2/ QM � ;2M2 MmK#2` +mi@Qz- iQ /2}M2 ?B;?2bi �M/ HQr2bi
p�`B�#H2 ;2M2b rBi?BM � ;Bp2M BM/BpB/m�HX

kX9XN *2HH@iQ@+2HH +Q``2H�iBQM Q7 i`�Mb+`BTiBQM�H p�`B�#BHBiv

*2HH@iQ@+2HH +QQ`/BM�iBQM Q7 ?B;?Hv@p�`B�#H2 ;2M2b r�b /2}M2/ �b T`2pBQmbHv +QM/m+i2/
BM JQ?�KK2/- >X 2i �H UJQ?�KK2/ 2i �HX- kyRdVX "`B2~v- aT2�`K�M +Q``2H�iBQMb r2`2
+�H+mH�i2/ BM _- mbBM; i?2 #�b2 +Q` 7mM+iBQMX 6Q` i?2b2 +QKT�`BbQMb- �Mv p�`B�#H2 ;2M2b
i?�i r2`2 MQi 2tT`2bb2/ BM 2Bi?2` Q7 i?2 +2HHb #2BM; +Q``2H�i2/ r2`2 2t+Hm/2/X h?2b2
+Q``2H�iBQM K�i`B+2b r2`2 i?2M pBbm�HBb2/ �b ?2�iK�TbX :2M2b r2`2 +QMbB/2`2/ B7 i?2B`
K2�M 2tT`2bbBQM r�b =RX hQ +�H+mH�i2 ?2i2`Q;2M2Biv 7`QK i?2b2 +Q``2H�iBQMb UρV i?Bb
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kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

i`�Mb7Q`K�iBQM r�b T2`7Q`K2/,

d =
√

(1 − ρ)
2 UkXeV

kX9XRy :2M2 PMiQHQ;v �M�HvbBb Q7 p�`B�#H2 ;2M2b

>B;?Hv@ �M/ HQrHv@p�`B�#H2 ;2M2b r2`2 �bb2bb2/ 7Q` :P 2M`B+?K2MiX h?Bb r�b +QM/m+i2/
mbBM; i?2 ;T`Q}H2` bQ7ir�`2 U_2BK�M/ 2i �HX- kyydV �M/ � #�+F;`QmM/ HBbi Q7 ;2M2bX h?Bb
#�+F;`QmM/ HBbi r�b /2}M2/ �b �HH ;2M2b i?�i +QmH/ ?�p2 #22M /22K2/ ?B;?Hv@ Q` HQrHv@
p�`B�#H2 rBi?BM � ;Bp2M BM/BpB/m�HX A7 i?2`2 r2`2 K�Mv bB;MB}+�Mi :P i2`Kb- i?2 iQT
bBt r2`2 b?QrMc r?2`2 i?2`2 r2`2 bBt Q` H2bb �HH r2`2 b?QrMX

kX9XRR *QMp2MiBQM�H .L� K2i?vH�iBQM p�`B�#BHBiv �M�Hv@

bBb

*QMp2MiBQM�H .L� K2i?vH�iBQM p�`B�#BHBiv �M�HvbBb- MQi b?QrM- r�b T2`7Q`K2/ �b T`2pB@
QmbHv /2b+`B#2/ BM aK�HHrQQ/- aX 2i �H UaK�HHrQQ/ 2i �HX- kyR9VX �M�HvbBb r�b +QM/m+i2/
/2}MBM; #BM�`v K2i?vH�iBQM p�Hm2bX

kX9XRk >�KKBM; /Bbi�M+2 U>.V .L� K2i?vH�iBQM p�`B�#BHBiv

�M�HvbBb

"27Q`2 +QKTmiBM; i?Bb >�KKBM; /Bbi�M+2 U>.V K2�bm`2 Q7 .L� K2i?vH�iBQM p�`B�#BH@
Biv- i?2 K2i?vH�iBQM bi�i2 �i 2�+? +viQbBM2 rBi?BM � *: +QMi2ti- rBi?BM 2�+? +2HH- r�b
/2}M2/ BM #BM�`vX hQ +QKTmi2 i?2 >.- � ;Bp2M b2i Q7 ;2MQKB+ 72�im`2b ?�/ iQ #2
/2}M2/X 6Q` 2p2`v +2HH@+2HH T�B`rBb2 +QKT�`BbQM- i?2 +viQbBM2b BM � *: +QMi2ti i?�i
BMi2`b2+i i?2 72�im`2 HBbi �M/ �`2 T`2b2Mi BM #Qi? +2HHb �`2 B/2MiB}2/X h?2 /Bz2`2M+2
BM K2i?vH�iBQM bi�i2 7Q` 2�+? bBM;H2 +viQbBM2 +QKT�`BbQM Bb i?2M +QKTmi2/ �M/ i?2
K2�M /2`Bp2/ 7`QK +QKTmiBM; i?2 bmK Q7 i?2 +QKT�`BbQMbX h?2 /B`2+iBQM�HBiv Q7 i?2
/Bz2`2M+2b Bb MQi +QKTmi2/X AM �//BiBQM iQ i?2 >.- K2�M K2i?vH�iBQM �+`Qbb i?2 72�@
im`2 b2i Bb /2}M2/ 7Q` 2�+? +2HH rBi?BM i?2 +QKT�`BbQMX h?Bb r�b BKTH2K2Mi2/ mbBM; �
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*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

+mbiQKBb2/ S1_G b+`BTiX

6Q` +QKT�`BbQM iQ 2tT2+i�iBQM- � `�M/QK /2`Bp�iBp2 Q7 i?Bb �M�HvbBb r�b /2}M2/X h?2
rQ`F~Qr 7Q` i?Bb r�b i?2 b�K2 �b i?�i +QM/m+i2/ 7Q` i?2 �+im�H +2HH@+2HH +QKT�`BbQM-
2t+2Ti i?�i i?2 p2+iQ`b +QMi�BMBM; i?2 K2i?vH�iBQM bi�imb2b 7Q` 2�+? +viQbBM2 rBi?BM
� *: +QMi2ti 7Q` 2�+? +2HH rBi?BM i?2 +QKT�`BbQM r2`2 `�M/QKBb2/X h?Bb r�b +QM@
/m+i2/ mbBM; i?2 `�M/QK T�+F�;2 rBi?BM Tvi?QM Uo�M _QbbmK �M/ .`�F2- kyRRV- Ryyy
iBK2b 7Q` 2�+? +2HH@+2HH +QKT�`BbQMX h?Bb r�b BKTH2K2Mi2/ mbBM; � +mbiQKBb2/ Tvi?QMk
b+`BTiX

S�`�HH2HBb�iBQM Q7 i?Bb �M�HvbBb r�b Q`;�MBb2/ mbBM; #�b?X

kX9XRj am#b2iiBM; #�b2/ QM .L� K2i?vH�iBQM

hQ 2M�#H2 i?2 >. p�`B�#BHBiv �M�HvbBb iQ #2 +QM/m+i2/ QM 72�im`2 HBbib bm#b2ii2/ #�b2/
QM .L� K2i?vH�iBQM H2p2Hb- K2i?vH�iBQM M22/2/ iQ #2 /2}M2/ Qp2` BM/BpB/m�H +viQbBM2
TQbBiBQMb 7`QK � ǵ#mHFǶ b�KTH2X h?Bb r�b �+?B2p2/ #v +QmMiBM; 7Q`r�`/ �M/ `2p2`b2 `2�/b
7`QK i?2 +Qp2`�;2 }H2b QmiTmi 7`QK #BbK�`F UE`m2;2` �M/ �M/`2rb- kyRRV 7Q` 2�+? +2HH
7`QK �HH BM/BpB/m�Hb- QH/ �M/ vQmM; BM+Hm/2/ iQ;2i?2`- �M/ +QmMiBM; i?2 MmK#2` Q7 +2HHb
i?�i +QMi�BM2/ BM7Q`K�iBQM �i 2�+? TQbBiBQMX h?Bb r�b T2`7Q`K2/ mbBM; � +mbiQKBb2/
Tvi?QMk b+`BTiX 6Q` >. p�`B�#BHBiv �M�Hvb2b- i?Bb ǵ#mHFǶ +Qp }H2 r�b }Hi2`2/ 7Q` TQbBiBQMb
i?�i +QMi�BM2/ BM7Q`K�iBQM 7`QK �i H2�bi 8 +2HHb �M/ 2�+? +viQbBM2 TQbBiBQM BM *:
+QMi2ti BM i?2 ;2MQK2 r�b #BMM2/ BMiQ RyW BMi2`p�Hb Q7 .L� K2i?vH�iBQMX h?2b2
#BMb r2`2 i?2M mb2/ 7Q` 72�im`2 HBbi bm#b2iiBM; #27Q`2 >. p�`B�#BHBiv +�H+mH�iBQMb r2`2
+QM/m+i2/ �b /2b+`B#2/ BM b2+iBQM kX9XRkX

kX9XR9 .2}MBM; *:@/2MbBiv 7Q` K�tBK�H +Qp2`�;2

hQ 2Mbm`2 i?�i �b Km+? �b TQbbB#H2 Q7 i?2 �p�BH�#H2 .L� K2i?vH�iBQM BM7Q`K�iBQM
+QmH/ #2 miBHBb2/ 7Q` i?2 BMi2``Q;�iBQM Q7 *:@/2MbBiv@`2H�i2/ #2?�pBQm`- � +mbiQKBb2/
�TT`Q�+? iQ i?2 +�HHBM; Q7 *:@/2MbBiv r�b /2}M2/X hQ 2Mbm`2 *:@/2MbBiv r�b /2}M2/
Qp2` `2;BQMb rBi? +Qp2`�;2 �M/ MQi #HBM/Hv 7`QK i?2 ;2MQK2 7�bi� }H2- i?2 ǵ#mHFǶ +Qp }H2

ej



kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM; *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

/2}M2/ BM i?2 bm#b2iiBM; b+`BTi Ua2+iBQM kX9XRjV r�b miBHBb2/X lbBM; i?Bb +Qp }H2- `2;BQMb
Q7 *:@/2MbBiv r2`2 /2}M2/ Qp2` }t2/ MmK#2`b Q7 ǵb22MǶ +viQbBM2 TQbBiBQMbX lbBM; i?2b2
}t2/ +QQ`/BM�i2b- i?2 i`m2 *:@/2MbBiv r�b i?2M /2}M2/ 7`QK i?2 ;2MQK2 7�bi� }H2X Lb
BM i?2 7�bi� }H2 r2`2 `2KQp2/ bQ �b MQi iQ +QM7QmM/ i?2 +�H+mH�iBQM Q7 *:@/2MbBivX AM
�//BiBQM- � K�tBK�H bBx2 r�b /2}M2/ U/27�mHi4RyyF#VX h?Bb r�b BKTH2K2Mi2/ mbBM; �
+mbiQKBb2/ Tvi?QMk b+`BTiX

� b2+QM/�`v Tvi?QMk b+`BTi r�b /2}M2/ iQ 2M�#H2 i?2b2 *:@/2MbBiv `2;BQMb iQ #2
b2;`2;�i2/ BMiQ #BMb Q7 *:@/2MbBiv �b /2}M2/ #v i?2 mb2` BM 2Bi?2` HQ;Ry Q` HBM2�`
bT�+2X h?2 /27�mHib �`2 Ry #BMb �M/ HQ;@i`�Mb7Q`K2/X AM i?2 T�T2`- i?2 p�Hm2b mb2/ �`2
bT2+B}2/ B7 i?2v /2pB�i2 7`QK i?2b2 /27�mHibX

kX9XR8 .L� K2i?vH�iBQM T�ii2`MBM;

� +QKTmi�iBQM�H �TT`Q�+? r�b /2p2HQT2/ iQ �bb2bb M2B;?#Qm`?QQ/ bBKBH�`Biv rBi?BM
� ;Bp2M HBbi Q7 72�im`2b- rBi?BM � bBM;H2 +2HHX h?Bb �TT`Q�+? +QKTmi2b i?2 �#bQHmi2
/Bz2`2M+2 7Q` 2p2`v +viQbBM2 TQbBiBQM `2H�iBp2 iQ 2p2`v Qi?2` +viQbBM2 TQbBiBQM rBi?BM �
;Bp2M 72�im`2X h?Bb +�H+mH�iBQM Q7 /Bbi�M+2 Bb bm#b2ii2/ BMiQ irQ #�b2/ QM K2i?vH�iBQM
bi�imb Q7 i?2 bBi2 #2BM; mb2/ �b i?2 `272`2M+2 UQ` +QKT�`BbQMV bBi2X h?2b2 K2i`B+b �`2
i?2M +QKTmi2/ 7Q` 2p2`v bBM;H2 72�im`2 rBi?BM i?2 HBbi Q7 72�im`2bX h?Bb T`Q/m+2b �
/�i�7`�K2- rBi? +QHmKMb +Q``2bTQM/BM; iQ bmK Q7 �#bQHmi2 /Bz2`2M+2b �M/ MmK#2` Q7
Q#b2`p�iBQMb- �M/ `Qrb `2T`2b2MiBM; /Bbi�M+2 7`QK i?2 `272`2M+2 TQbBiBQMX � bBKBH�`Biv
b+Q`2 Bb i?2M +�H+mH�i2/ 7Q` 2�+? /Bbi�M+2 7`QK i?2 `272`2M+2 mbBM; i?Bb /�i�7`�K2X h?2
bBKBH�`Biv b+Q`2 Bb /2}M2/ �b,

Similarity Score =
∑ |difference|
∑

observations
UkXdV

h?Bb r�b BKTH2K2Mi2/ mbBM; � +mbiQKBb2/ Tvi?QMk b+`BTiX h?Bb K2i?Q/ Bb �;MQbiB+ iQ
i?2 bi`�M/ Q7 i?2 +viQbBM2- �Hi?Qm;? 7mim`2 Bi2`�iBQMb Q7 i?2 bQ7ir�`2 +QmH/ i�F2 i?Bb
BMiQ �++QmMiX AM �//BiBQM- i?2 +Qp }H2b #2BM; T`QpB/2/ �`2 T`2b2MiHv MQi �HH2H2@bTHBi- �b
bm+? � R@M ;2MQK2 Bb �bbmK2/X

e9



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX9X J2i?Q/b 7Q` aBM;H2 *2HH �;2BM;

6Q` +QKT�`BbQM iQ 2tT2+i�iBQM- � `�M/QKBb2/ #�+F;`QmM/ r�b +QKTmi2/X h?Bb r�b
+QKTmi2/ BM i?2 b�K2 r�v �b 7Q` i?2 `2�H /�i�- 2t+2Ti i?�i 7Q` 2�+? 72�im`2 rBi?BM
2�+? +2HH- i?2 TQbBiBQMb r2`2 `�M/QKBb2/X h?Bb r�b � `2H�iBp2Hv +QKTmi�iBQM�HHv 2tT2M@
bBp2 T`Q+2bb- i?2`27Q`2 BM i?Bb �M�HvbBb QMHv i2M `�M/QK +QKT�`BbQMb r2`2 +�H+mH�i2/X
h?Bb r�b MQi � TQQ` #�+F;`QmM/ +QKT�`BbQM b2i- bBM+2 rBi?BM � ;Bp2M 72�im`2 i?2`2
�`2 � `2H�iBp2Hv bK�HH MmK#2` Q7 +viQbBM2 TQbBiBQMb +Qp2`2/X _�M/QKBb�iBQM r�b T2`@
7Q`K2/ mbBM; i?2 `�M/QK T�+F�;2 BM Tvi?QMX h?Bb r�b BKTH2K2Mi2/ mbBM; � +mbiQKBb2/
Tvi?QMk b+`BTiX

S�`�HH2HBb�iBQM Q7 i?Bb �M�HvbBb r�b Q`;�MBb2/ mbBM; #�b?X

kX9XRe .L� K2i?vH�iBQM@i`�Mb+`BTiBQM +Q``2H�iBQM �M�Hv@

bBb

h?2 �bbQ+B�iBQM #2ir22M .L� K2i?vH�iBQM �i T`QKQi2`b Q` ;2M2@#Q/B2b �M/ 2tT`2bbBQM
Q7 i?2 +Q``2bTQM/BM; ;2M2 r�b �bb2bb2/X h?Bb �M�HvbBb r�b +QM/m+i2/ QM � }Hi2`2/
b2i Q7 ;2M2bX h?2 }Hi2`BM; `2KQp2/ HQrHv@2tT`2bb2/ i`�Mb+`BTibX h?Bb 2Mbm`2/ i?�i
i?2`2 r2`2 2MQm;? +2HHb rBi? +Qp2`�;2 7Q` i?2 �M�HvbBbX h?2 KBMBK�H +`Bi2`B� i?�i r2`2
+?Qb2M 7Q` i?2 �M�HvbBb /2i�BH2/ BM _2bmHib b2+iBQM 9XkXRk r2`2, ky +2HHb rBi? K2i?vHQK2
+Qp2`�;2 Ur?2`2 +Qp2`�;2 Bb /2}M2/ �b =k +viQbBM2b BM *T: +QMi2ti T`2b2Mi UrBi?BM i?2
T`QKQi2`VVX 6Q` i?Bb �M�HvbBb T`QKQi2`b r2`2 /2}M2/ �b Yf@k F# 7`QK i?2 i`�Mb+`BTiBQM
bi�`i bBi2 UhaaVX "Qi? S2�`bQM �M/ aT2�`K�M +Q``2H�iBQMb r2`2 +QKTmi2/ mbBM; i?2
+Q` T�+F�;2 BM _ �M/ pBbm�HBb2/ �b pQH+�MQ THQibX � KmHiBTH2@i2biBM; +Q``2+iBQM r�b
�TTHB2/ mbBM; i?2 TX�/Dmbi T�+F�;2 BM _ �M/ � 7�Hb2 /Bb+Qp2`v `�i2 U6._V Q7 RyWX

kX9XRd .L� K2i?vH�iBQM@i`�Mb+`BTiBQM 72�im`2@#�b2/ �M�Hv@

bBb

h?2 `2H�iBQMb?BT #2ir22M .L� K2i?vH�iBQM p�`B�#BHBiv UK2�bm`2/ mbBM; i?2 >. K2i@
`B+V �M/ i`�Mb+`BTiBQM�H p�`B�#BHBiv r�b +�H+mH�i2/X hQ +QM/m+i i?Bb �M�HvbBb- ;2M2b
r2`2 +H�bbB}2/ BMiQ bi�i2b Q7 p�`B�#BHBivX 6Q` 2�+? Q7 i?2b2 #BMb- 72�im`2 HBbib r2`2 /2@

e8



kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

}M2/ 7Q` i?2 T`QKQi2`b Q` ;2M2 #Q/B2b Q7 i?2b2 ;2M2b �M/ .L� K2i?vH�iBQM p�`B�#BHBiv
+�H+mH�i2/X

kX8 J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM

kX8XR S?mbBQM S*_

h?2 bi�M/�`/ S?mbBQM S*_ `2�+iBQM r�b, 10 ƒL 8t S?mbBQM >6 #mz2`- 2 ƒL 8 KJ
/LhSb- 1 ƒL 10 ƒK T`BK2` KBt- 1 ƒL .L� UR,Ryyy /BHmiBQM Q7 KBMBT`2T B7 mb2/V- 0.5 ƒL
S?mbBQM TQHvK2`�b2 Uk-yyy lfKHV- 36.5 ƒL >kPX o�`B�iBQMb Q7 i?2 7QHHQrBM; +v+HBM;
+QM/BiBQMb r2`2 mb2/, jy b2+QM/b �i N3◦* 7QHHQr2/ #v j8 +v+H2b Q7 URy b2+QM/b �i N3◦*-
Ry b2+QM/b �i i2KT2`�im`2 j◦* �#Qp2 i?2 HQr2` T`BK2` hK- j KBMmi2b �i dk◦*V i?2M �
}M�H 8 KBMmi2 BM+m#�iBQM �i dk◦* #27Q`2 ?QH/BM; �i 9◦*X

kX8Xk "S �M/ G_ +HQMBM;

6Q` "S Q` G_ +HQMBM;- i?2 7QHHQrBM; r2`2 �//2/ iQ � 1.5 mL KB+`Q+2Mi`B7m;2 im#2 �i
`QQK i2KT2`�im`2 �M/ KBt2/, R@7 ƒL �ii"@S*_ T`Q/m+i U=10 ng ƒL−1c }M�H �KQmMi
R8@150 ngV- 1 ƒL .QMQ` p2+iQ` U150 ng ƒL−1V- �M/ h1 #mz2` T> 3Xy iQ 8 ƒL iQi�H pQHmK2X
h?2 "S Q` G_ *HQM�b2 AA 2MxvK2 r�b i?�r2/ �M/ pQ`i2t2/X 2 ƒL Q7 i?2 2MxvK2 r�b
�//2/ iQ 2�+? `2�+iBQM �M/ KBt2/ r2HHX h?2 `2�+iBQM r�b i?2M BM+m#�i2/ �i k8◦* 7Q` R
?Qm` Q` Qp2`MB;?i 7Q` H�`;2` 7`�;K2MibX h?2 `2�+iBQM r�b biQTT2/ #v �//BiBQM Q7 1 ƒL
Q7 S`Qi2BM�b2 E �M/ BM+m#�iBQM �i jd◦* 7Q` Ry KBMmi2bX S`Q/m+i r�b i?2M i`�Mb7Q`K2/
BMiQ #�+i2`B�X

kX8Xj "�+i2`B�H i`�Mb7Q`K�iBQM

SH�bKB/b r2`2 i`�Mb7Q`K2/ BMiQ .>8α #�+i2`B�X 50 ƒL Q7 #�+i2`B� r2`2 BM+m#�i2/ rBi?
10 ƒL Q7 .L� QM B+2 7Q` Ry KBMmi2bX � 9y@b2+QM/ ?2�i b?Q+F r�b T2`7Q`K2/ �i 9k◦*X
a�KTH2b r2`2 BM+m#�i2/ QM B+2 rBi? 200 ƒL aP* 7Q` � 7m`i?2` 8 KBMmi2b- 7QHHQr2/ #v

ee



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM

BM+m#�iBQM BM � b?�F2` �i jd◦* 7Q` R ?Qm`X "�+i2`B� r2`2 i?2M TH�i2/ QM �;�` TH�i2b
+QMi�BMBM; i?2 `2H2p�Mi �MiB#BQiB+ �M/ BM+m#�i2/ �i jd◦* Qp2`MB;?iX "�+i2`B�H +QHQMB2b
r2`2 TB+F2/ �M/ ;`QrM mT BM G" HB[mB/ +mHim`2 7Q` TH�bKB/ .L� 2ti`�+iBQM- p�HB/�iBQM
�M/ mb2X

kX8X9 SH�bKB/b /2}M2/ 7Q` 7mim`2 �TTHB+�iBQMb

� MmK#2` Q7 TH�bKB/b r2`2 +HQM2/ i?�i +QmH/ #2 mb27mH 7Q` 7mim`2 2tT2`BK2Mib K2�bm`BM;
KQ`2 i�`;2i2/ .L� K2i?vH�iBQM +?�M;2b BM HBpBM; +2HHbX � #`B27 /2b+`BTiBQM Q7 i?2b2
TH�bKB/b Bb T`QpB/2/ BM h�#H2 kXNX

S`Qi2BM "�+F#QM2b

GBMF2`

H2M;i?b

U��V

6HmQ`QT?Q`2b
P`B;BM�H

+QMbi`m+ib

J".

Q7

J".R

T.PL_ �M/ T.2bi

_1aAah�L*1
8- Ry- R8

o2Mmb-

*2`mH2�M

UEQmb?BF

2i �HX- kyye

�M/ u�@

K�;�i�-

kyRyV

>BbiQM2

>k�

T.PL_ �M/ T.2bi

_1aAah�L*1
8- Ry- R8 *2`mH2�M

UEQmb?BF

2i �HX- kyyeV

/*�bN
T.PL_ �M/ T.2bi

_1aAah�L*1
8- Ry- R8 *2`mH2�M

U*?2M 2i �HX-

kyRj� �M/

EQmb?BF

2i �HX- kyyeV

h�#H2 kXN, SH�bKB/b ;2M2`�i2/ 7Q` 7mim`2 6_1h@bivH2 2tT2`BK2Mib

h?2 bi�`iBM; TH�bKB/b 7Q` i?Bb +HQMBM; r2`2 T`2/QKBM�MiHv ;B7ibX Ko2Mmb LR r�b �
;B7i 7`QK ai2p2M oQ;2H U�//;2M2 TH�bKB/ O kddNjV- �M/ K*2`mH2�M LR r�b � ;B7i
7`QK ai2p2M oQ;2H U�//;2M2 TH�bKB/ O kddN8VX J".R@2:6S r�b � ;B7i 7`QK E�xmQ
u�K�;�i�X K*2`mH2�M@>k�@Ry r�b � ;B7i 7`QK JB+?�2H .�pB/bQM U�//;2M2 TH�bKB/

ed



kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

O 88jdjVX TaGZRe83@/*�bN@1:6S r�b � ;B7i 7`QK "Q >m�M; � ai�MH2v ZB U�//;2M2
TH�bKB/ O 8RykjVX

kX8X8 JQmb2 2K#`vQMB+ bi2K +2HH +mHim`2

JQmb2 2K#`vQMB+ bi2K +2HHb UK1a*bV �M/ Kmi�Mi /2`Bp�iBp2b i?2`2Q7 r2`2 2Bi?2` ;`QrM
BM R8W b2`mK K2/B� U450 mL .J1J- 75 mL 72i�H #QpBM2 b2`mK U6"aV- 5 mL Ryyt
S2MB+BHHBM@ai`2TiQKv+BM �MiB#BQiB+- 5 mL Ryyt G@;Hmi�KBM2- 5 mL Ryyt L1��- 500 ƒL β@
K2`+�TiQ2i?�MQH- 500 ƒL Ryyyt KGA6V Q` kBfGA6 K2/B� U250 mL .J1Jf6Rk- 250 mL
L2m`Q#�b�H- 2.5 mL L@k amTTH2K2Mi- 5 mL "@kd amTTH2K2Mi- 5 mL G@:Hmi�KBM2-
5 mL Ryyt S2MB+BHHBM@ai`2TiQKv+BM �MiB#BQiB+- 500 ƒL β@K2`+�TiQ2i?�MQH- 500 ƒL Ryyyt
KGA6- 3 ƒL mL−1 Q7 10 mK *>A_NNykR �M/ 1 ƒL mL−1 Q7 10 mK S.yjk8NyRX

q?2M T�bb�;2/- b2`mK@;`QrM K1a*b r2`2 r�b?2/ QM+2 rBi? Rt S"a 7QHHQrBM; `2KQp�H
Q7 K2/B�X S"a r�b `2KQp2/ �M/ +2HHb r2`2 BM+m#�i2/ rBi? i`vTbBM �i jd◦* 7Q` 8
KBMmi2b Q` mMiBH +2HHb ?�/ /2i�+?2/X 6Qm` pQHmK2b Q7 K2/B� r2`2 �//2/ iQ BM�+iBp�i2
i?2 i`vTbBMX �TT`QT`B�i2 pQHmK2b Q7 i?2 +2HH bmbT2MbBQM r2`2 i?2M i`�Mb72``2/ iQ M2r
TH�i2b iQ �+?B2p2 i?2 /2bB`2/ +2HH /2MbBivX L2r TH�i2b ?�/ #22M T`2@+Q�i2/ rBi? yXRW
;2H�iBM 7Q` R8 KBMmi2b - i?2M i?2 ;2H�iBM2 `2KQp2/ T`BQ` iQ mb2X

q?2M T�bb�;2/- kBfGA6@+mHim`2/ K1a*b r2`2 r�b?2/ QM+2 rBi? Rt S"a 7QHHQrBM;
`2KQp�H Q7 K2/B�X S"a r�b `2KQp2/ �M/ +2HHb r2`2 BM+m#�i2/ rBi? h`vTG1 7Q` R
KBMmi2 �i `QQK i2KT2`�im`2X *2HHb r2`2 i?2M `2bmbT2M/2/ BM S"a �M/ bTmM /QrM �i
kyy; 7Q` j KBMbX h?2 bmT2`M�i�Mi r�b `2KQp2/ �M/ i?2 +2HH T2HH2i r�b r�b?2/ rBi?
S"a �M/ bTmM /QrM �;�BMX 6QHHQrBM; bmT2`M�i�Mi `2KQp�H- i?2 +2HH T2HH2i r�b i?2M
`2bmbT2M/2/ BM kBfGA6 K2/B� �M/ `2TH�i2/ �i i?2 /2bB`2/ /2MbBivX aBKBH�` iQ b2`mK@
+mHim`2/ K1a*b- kBfGA6@+mHim`2/ K1a*b r2`2 +mHim`2/ QM ;2H�iBMX

kX8Xe 6`22xBM; �M/ i?�rBM; K1a*b

*2HHb r2`2 T`2T�`2/ 7Q` 7`22xBM; �b /2b+`B#2/ 7Q` T�bb�;2 T`Q+2/m`2b- rBi? i?2 2t+2TiBQM
i?�i 7Q` i?2 H�bi `2bmbT2MbBQM bi2T +2HHb r2`2 `2bmbT2M/2/ BM 0.5 mL Q7 K2/B�X hQ i?Bb

e3



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM

0.5 mL- 0.5 mL Q7 kt 7`22xBM; K2/B� U7Q` b2`mK@+mHim`2/ K1a*b 8yW b2`mK K2/B�- jyW
6"a �M/ kyW .JaPc 7Q` kBfGA6@+mHim`2/ K1a*b 3yW kBfGA6 K2/B� �M/ kyW .JaPV
r�b ;2MiHv �//2/X kt 7`22xBM; K2/B� r�b biQ`2/ �i 9◦* �M/ r�b mb2/ rBi?BM k r22FbX
6QHHQrBM; �//BiBQM Q7 7`22xBM; K2/BmK- b�KTH2b r2`2 i`�Mb72``2/ iQ H�#2HH2/ +`vQpB�Hb
#27Q`2 #2BM; TH�+2/ �i @3y◦* BM � J` 6`Qbiv- �HHQrBM; i?2 +2HHb iQ +QQH bHQrHvX �7i2` k@j
/�vb- +`vQpB�Hb r2`2 i`�Mb72``2/ iQ HB[mB/ MBi`Q;2M 7Q` HQM;@i2`K biQ`�;2X

h?�rBM; Q7 +2HHb r�b +QM/m+i2/ BM � iBK2Hv K�MM2` iQ KBMBKBb2 /�K�;2 iQ i?2 +2HHbX
*`vQpB�Hb r2`2 i?�r2/ �i jd◦* 7Q` QM2 KBMmi2- i?2M 9 KH Q7 �TT`QT`B�i2 K2/B� r�b
�//2/ �M/ i?2 b�KTH2b i`�Mb72``2/ iQ ;2H�iBMBb2/ TH�i2bX h?2 7QHHQrBM; /�v i?2 K2/B�
r�b +?�M;2/X *2HHb r2`2 T�bb�;2/ �i H2�bi QM+2 #27Q`2 #2BM; mb2/ 7Q` 2tT2`BK2MibX

kX8Xd h`�Mb72+iBQM

h`�Mb72+iBQMb r2`2 T2`7Q`K2/ mbBM; 6m:1L1ȉ BM � e@r2HH TH�i2 7Q`K�iX 250 ƒL Q7 PTiB@
J1Jȶ r�b �//2/ iQ im#2b +QMi�BMBM; 2 ƒg Q7 .L� BM iQi�HX AM b2T�`�i2 im#2b 250 ƒL
Q7 PTiB@J1Jȶ r�b BM+m#�i2/ rBi? 6 ƒL Q7 6m:1L1ȉX "Qi? b2ib Q7 im#2b r2`2 H27i
iQ BM+m#�i2 �i `QQK i2KT2`�i2 7Q` 8 KBMmi2b- i?2M i?2 irQ KBt2b r2`2 +QK#BM2/ �M/
BM+m#�i2/ iQ;2i?2` 7Q` � 7m`i?2` ky KBMmi2bX h?Bb i`�Mb72+iBQM KBt r�b i?2M �//2/ iQ
i?2 `2bT2+iBp2 r2HHb Q7 +2HHbX

kX8X3 ai�#H2 +2HH HBM2 /2`Bp�iBQM

hQ ;2M2`�i2 bi�#H2 +2HH HBM2b- +2HHb r2`2 b2H2+i2/ 7Q` Ry@R9 /�vb rBi? :9R3 TQbi@
i`�Mb72+iBQMX a2H2+i2/ +2HHb r2`2 bQ`i2/ iQ 2M`B+? 7Q` ?B;?Hv@2tT`2bbBM; :6S@TQbBiBp2
+2HHb BM Q`/2` iQ 7�+BHBi�i2 BK�;BM; 2tT2`BK2MibX AM T`2T�`�iBQM 7Q` �M�HvbBb #v
~mQ`2b+2M+2@�+iBp�i2/ +2HH bQ`iBM; U6�*aV- +2HHb r2`2 r�b?2/ rBi? S"a- `2bmbT2M/2/
BM S"a yXRW "a�- �M/ }Hi2`2/ i?`Qm;? � 50 ƒm }Hi2` iQ 2Mbm`2 � bBM;H2@+2HH bmbT2MbBQMX
:6S@TQbBiBp2 +2HHb r2`2 B/2MiB}2/ #v +QKT�`BbQM iQ � rBH/ivT2 K1a* HBM2X

eN



kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

kX8XN S`2T�`�iBQM Q7 +2HHb 7Q` HBp2 +2HH 2tT2`BK2Mib

*2HHb r2`2 bTHBi �b /2b+`B#2/ BM b2+iBQM kX8X8- 2t+2Ti 7Q` � 72r bm#iH2 /Bz2`2M+2bX 6B`biHv-
+2HHb r2`2 }Hi2`2/ i?`Qm;? � 50 ƒm }Hi2` iQ 2Mbm`2 � bBM;H2@+2HH bmbT2MbBQM T`BQ` iQ `2@
TH�iBM;X a2+QM/Hv- QMHv � p2`v i?BM +Q�iBM; Q7 ;2H�iBM r�b �TTHB2/ iQ i?2 TH�i2 bm`7�+2-
iQ 2Mbm`2 i?�i i?Bb /B/ MQi BMi2`72`2 rBi? i?2 BK�;BM;X G�biHv- +2HHb r2`2 `2@TH�i2/ QMiQ
A"A.A /Bb?2b Q` 9@r2HH ƒ@bHB/2bX h?2b2 7Q`K�ib r2`2 +?Qb2M /m2 iQ i?2B` +QKT�iB#BHBiv
rBi? ?B;?@[m�HBiv BK�;BM; �i ?B;? K�;MB}+�iBQMb �M/ rBi? i?2 KB+`Qb+QT2 QBHb miBHBb2/
7Q` ?B;? K�;MB}+�iBQM BK�;BM;X lTQM `2@TH�iBM;- +2HHb r2`2 �HHQr2/ iQ �/?2`2 iQ i?2
;2H�iBM bm`7�+2 BM i?2 bi�M/�`/ +2HH +mHim`2 BM+m#�iQ`b 7Q` QM2 ?Qm` #27Q`2 i?2v r2`2
i�F2M iQ i?2 KB+`Qb+QT2X h?2 +2HHb r2`2 i?2M ;Bp2M � 7m`i?2` jy KBMmi2b iQ �/Dmbi iQ
i?2 2MpB`QMK2Mi Q7 i?2 HBp2 +2HH +?�K#2` QM i?2 KB+`Qb+QT2 T`BQ` iQ BK�;BM;X

kX8XRy AKKmMQ~mQ`2b+2M+2 �M/ BK�;BM;

�MiB#Q/v bi�BMBM; r�b T2`7Q`K2/ �b T`2pBQmbHv /2b+`B#2/ Ua�MiQb 2i �HX- kyyjV QM
K1a*b ;`QrM QM +Qp2`bHBTb- �7i2` }t�iBQM rBi? kW S6� 7Q` jy KBMmi2b �i `QQK
i2KT2`�im`2X "`B2~v- +2HHb r2`2 T2`K2�#BHBb2/ rBi? yX8W h`BiQMs@Ryy BM S"a 7Q` R
?Qm`c #HQ+F2/ rBi? RW "a� yXy8W hr22M@ky BM S"a U"aV 7Q` R?c BM+m#�i2/ rBi?
i?2 �TT`QT`B�i2 T`BK�`v �MiB#Q/v /BHmi2/ BM "ac r�b?2/ BM "ac �M/ BM+m#�i2/ rBi?
b2+QM/�`v �MiB#Q/v 7Q` jy KBMmi2bX 6Q` bBKmHi�M2Qmb /2i2+iBQM Q7 .L� K2i?vH�@
iBQM- �7i2` i?2 }`bi `QmM/ Q7 �MiB#Q/v bi�BMBM; b�KTH2b r2`2 r�b?2/ BM S"a- TQbi@
}t2/ BM kW S6� 7Q` Ry KBMmi2b- i`2�i2/ rBi? kL >*H 7Q` jy KBMmi2b �i jd◦* �M/
r�b?2/ 2ti2MbBp2Hv rBi? S"a #27Q`2 BM+m#�iBM; rBi? �MiB@8K* /BHmi2/ BM "aX �HH b2+@
QM/�`v �MiB#Q/B2b r2`2 �H2t� 6HmQ` +QMDm;�i2/- /BHmi2/ R,Ryyy BM "aX AM+m#�iBQMb
r2`2 T2`7Q`K2/ �i `QQK i2KT2`�im`2 mMH2bb Qi?2`rBb2 bi�i2/X .L� r�b +QmMi2`@
bi�BM2/ rBi? 5 ƒg/ml .�SA BM S"aX aBM;H2 QTiB+�H b2+iBQMb r2`2 +�Tim`2/ rBi? � w2Bbb
GaJd3y KB+`Qb+QT2 Uejt QBH@BKK2`bBQM Q#D2+iBp2V �M/ i?2 BK�;2b Tb2m/Q@+QHQm`2/ mb@
BM; �/Q#2 S?QiQb?QT *a9X 6Q` pBbm�HBx�iBQM- BK�;2b r2`2 +Q``2+i2/ 7Q` #`B;?iM2bb
�M/ +QMi`�bi- rBi?BM i?2 `2+QKK2M/�iBQMb 7Q` b+B2MiB}+ /�i�X AK�;2C RX8RT ULA>V
r�b mb2/ 7Q` ~mQ`2b+2M+2 b2KB@[m�MiB}+�iBQM �M/ i?2 *QHQ+�HBx�iBQMn6BM/2` THm;BM

dy



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM

U?iiTb,ffBK�;2DXMB?X;QpfBDfTHm;BMbf+QHQ+�HBx�iBQM@7BM/2`X?iKHV 7Q` +QHQ+�HB@
b�iBQM �M�HvbBbX

�MiB#Q/v *�iX MQX *QKT�Mv .BHmiBQM

�MiB@.MKiR �#3de89 �#+�K R,Ryyy

�MiB@8K* "A@J1*u@yRyy 1m`Q;2Mi2+ R,8yy

h�#H2 kXRy, �MiB#Q/B2b mb2/ 7Q` BKKmMQ~mQ`2b+2M+2

kX8XRR 6HmQ`2b+2M+2 _2+Qp2`v �7i2` S?QiQ#H2�+?BM; U6_�SV

BK�;BM; �M/ T`BK�`v �M�HvbBb

J".R@2:6S KQ#BHBiv r�b �bb2bb2/ BM � MmK#2` Q7 /Bz2`2Mi K1a* HBM2bX h?2 `2;BQMb
+?Qb2M iQ #2 T?QiQ#H2�+?2/ r2`2 MQM@T2`BT?2`�H `2;BQMb Q7 i?2 Mm+H2mb iQ 2Mbm`2 i?�i
`2+Qp2`v +QmH/ Q++m` mM?BM/2`2/ BM �HH /B`2+iBQMbX

*2HHb r2`2 BK�;2/ mbBM; �M �M/Q` _2pQHmiBQM bTBMMBM; /BbF +QM7Q+�H KB+`Qb+QT2- +QK@
T`BbBM; LBFQM hB@1 7`�K2- LBFQM Ryyt RX9 L� TH�M �TQ+?Q`K�i H2Mb Q` LBFQM eyt
RX98 TH�M �TQ+?`QK�i H2Mb- uQFQ;�r� *al@s b+�M?2�/- �M/Q` H�b2` +QK#BM2`- �M/Q`
6_�SS� T?QiQ#H2�+?BM; mMBi �M/ �M/Q` BsQM 3Nd 1J@**. +�K2`�X h?2 bvbi2K r�b
+QM};m`2/ �M/ +QMi`QHH2/ mbBM; �M/Q` BZ bQ7ir�`2X :6S r�b BK�;2/ rBi? 100 ms 2tTQ@
bm`2 U1J ;�BM b2i iQ jyyV mbBM; 488 nm H�b2` 2t+Bi�iBQM Ub2i �i eWV rBi? 2KBii2/ HB;?i
}Hi2`2/ mbBM; � 8k8f40 nm #�M/T�bb }Hi2`X h?2 T?QiQ#H2�+?2/ `2;BQMb +?Qb2M BM+Hm/2/
`2;BQMb +QMi�BMBM; ?2i2`Q+?`QK�iB+ 7Q+B �M/ `2;BQMb rBi?QmiX h?2 T?QiQ#H2�+?2/ �`2�
r�b R8tR8 TBt2Hb Ur?2`2 i?2 /B�K2i2` Q7 QM2 TBt2H Bb 0.166 667 ƒm �i Ryyt K�;MB}+�iBQM
�M/ 0.266 ƒm �i eyt K�;MB}+�iBQMV- 2t+2Ti r?2`2 bT2+B}2/ BM i?2 +QMi`QH 2tT2`BK2MibX
hr2Miv BK�;2b r2`2 �+[mB`2/ T`BQ` iQ T?QiQ#H2�+?BM; mbBM; +QMiBMmQmb +�Tim`2X S?Q@
iQ#H2�+?BM; r�b T2`7Q`K2/ mbBM; 8yW H�b2` TQr2` �M/ � TBt2H /r2HH iBK2 Q7 40 ƒs-
`2T2�i2/ irB+2X � 7m`i?2` 93y BK�;2b r2`2 i?2M �+[mB`2/ mbBM; i?2 BK�;BM; b2iiBM;b
/2b+`B#2/ �#Qp2 iQ �bb2bb `2+Qp2`vX hrQ 6_�S 2tT2`BK2Mib r2`2 +QM/m+i2/ T2` +2HH
iQ p2`B7v `Q#mbiM2bb Q7 i?2 K2i?Q/X � HBp2 +2HH +?�K#2` bm``QmM/b i?2 KB+`Qb+QT2- �M/
i2KT2`�im`2 �M/ *Pk H2p2Hb r2`2 K�BMi�BM2/ �i jd◦* �M/ 8W `2bT2+iBp2HvX
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kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b

h?2 ~mQ`2b+2M+2 Q7 i?2 T?QiQ#H2�+?2/ `2;BQM- Q7 i?2 2MiB`2 Mm+H2mb- �M/ Q7 � #�+F;`QmM/
`2;BQM QmibB/2 Q7 i?2 +2HHb BM i?2 BK�;2 r�b [m�MiB}2/ 7Q` 2�+? 7`�K2 BM i?2 BK�;2
bi�+FX h?Bb r�b +QM/m+i2/ mbBM; 6ACA Ua+?BM/2HBM 2i �HX- kyRkVX "`B2~v- `2;BQMb Q7
BMi2`2bi U_PAbV r2`2 �MMQi�i2/ �M/ K2i`B+b 2ti`�+i2/ �+`Qbb 2�+? BK�;2 bi�+FX h?2b2
i?`22 _PA K2i`B+b r2`2 biQ`2/ BM � Xiti }H2 �M/ 2tTQ`i2/X h?2 6mHH LQ`K�HBb�iBQM
/2i�BH2/ BM _2bmHib b2+iBQM 8XkXj r�b T2`7Q`K2/ QM i?2b2 iQ 2Mbm`2 BM/2T2M/2M+2 7`QK
i?2 iQi�H ~mQ`2b+2M+2 T`2b2Mi BM i?2 Mm+H2mb Q7 � ;Bp2M +2HH- �M/ iQ 2M�#H2 mb iQ /Bb`2;�`/
/Bz2`2M+2b BM `2+Qp2`v /m2 iQ /Bz2`2M+2b BM i?2 T`QTQ`iBQM Q7 T`Qi2BM BM i?2 BKKQ#BH2
7`�+iBQMX h?2 +QMi`B#miBQM Q7 M2rHv@bvMi?2bBb2/ T`Qi2BM iQ i?2 `2+Qp2`v r�b �bbmK2/
iQ #2 M2;HB;B#H2- QrBM; iQ i?2 b?Q`i iBK2 rBM/Qr Q7 i?2 2tT2`BK2MiX h?2 `2+Qp2`v r�b
}i �b /2b+`B#2/ BM _2bmHib b2+iBQM 8XkXjX

kX8XRk :�mbbB�M JBtim`2 JQ/2H U:JJV iQ /2b+`B#2 .LJhR@

BEP

hQ KQ/2H i?2 #2?�pBQm` Q7 i?2 .LJhR@BEP- � :�mbbB�M JBtim`2 JQ/2H r�b /2}M2/
7`QK i?2 /�i�X 6Qm` bi�i2b r2`2 /2}M2/X h?2 T�`�K2i2`b 7Q` 2�+? bi�i2 r2`2 BMBiB�HBb2/
mbBM; � E@K2�Mb #�b2/ +Hmbi2`BM; �TT`Q�+? �M/ i?2b2 BMBiB�HBb2/ T�`�K2i2`b r2`2 i?2M
`2}M2/ #v i?2 :JJ �M/ bi�i2@HBF2HB?QQ/b +QKTmi2/X h?2 KQbi HBF2Hv bi�i2 r�b i?2M
�bbB;M2/ iQ 2�+? +2HHX

kX8XRj .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv U..JV BK�;BM;

J".R@2:6S KQ#BHBiv r�b �bb2bb2/ BM � MmK#2` Q7 /Bz2`2Mi K1a* HBM2bX 6HmQ`2b+2M+2
BK�;2b r2`2 i�F2M mbBM; � LBFQM hB@1 2[mBTT2/ rBi? � Ryyt RX9 L� TH�M �TQ+?`QK�i
H2Mb- GmK2M+Q` aT2+i`�@s G1. HB;?i bQm`+2 �M/ >�K�K�ibm P`+� 6H�b? 9Xy *JPa
+�K2`�X :6S 2t+Bi�iBQM mb2/ i?2 470 nm G1.- rBi? � 933fRy #�M/T�bb 2t+Bi�iBQM
}Hi2` �M/ 8k8f8y #�M/T�bb 2KBbbBQM }Hi2`X h?2 bvbi2K r�b +QM};m`2/ �M/ +QMi`QHH2/
mbBM; LBFQM 1H2K2Mib bQ7ir�`2X Ai r�b BKT2`�iBp2 i?�i 2�+? BK�;2 +QMi�BM2/ QMHv QM2
bBM;H2 +2HHX PM2 i?Qmb�M/ 7`�K2b r2`2 �+[mB`2/ 7Q` 2�+? BK�;2 Q7 QM2 +2HHX h?2b2 7`�K2b
r2`2 �+[mB`2/ �i 50 Hz- BX2X ky BK�;2b T2` b2+QM/X h?Bb 7`�K2 `�i2 r�b �+?B2p2/ #v

dk



*?�Ti2` kX J�i2`B�H �M/ J2i?Q/b kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM

`2/m+BM; i?2 }2H/ Q7 pB2r iQ 8Rk t 8Rk TBt2Hb- rBi? i?2 +�K2`� �ii�+?2/ iQ i?2 S*
mbBM; *�K2`�GBMFX AK�;2b r2`2 b�p2/ 7`QK i?2 KB+`Qb+QT2 BM XM/k }H2bX �M PEP H�#
HBp2 +2HH +?�K#2` bm``QmM/2/ i?2 KB+`Qb+QT2- �M/ i2KT2`�im`2 �M/ *Pk H2p2Hb r2`2
K�BMi�BM2/ �i jd◦* �M/ 8W `2bT2+iBp2Hv- 2t+2Ti r?2`2 /2i�BH2/ BM i?2 `2bmHibX

LBFQM 1H2K2Mib CP"a bQ7ir�`2 r�b mb2/ iQ 2M�#H2 KmHiBTH2 +2HHb iQ #2 BK�;2/ BM i?2
b�K2 2tT2`BK2MiX h?Bb bQ7ir�`2 K�`F2/ +2HH TQbBiBQMb mbBM; t-v-x +QQ`/BM�i2b �M/ �H@
HQr2/ 7Q` bi�;2 KQp2K2Mi iQ /Bz2`2Mi HQ+�iBQMb #2ir22M BK�;2 �+[mBbBiBQM #m`bibX

6Q` 2tT2`BK2Mib r?2`2 bBM;H2 +2HHb r2`2 BK�;2/ Qp2` iBK2- LBFQM 1H2K2Mib CP"a bQ7i@
r�`2 r�b miBHBb2/ �;�BMX >Qr2p2`- Bi r�b `mM b2T�`�i2Hv 7Q` 2�+? iBK2 BMi2`p�H /m2 iQ +2HH
KQp2K2Mi #2ir22M BK�;2 BMi2`p�HbX �b bm+?- +2HHmH�` TQbBiBQMb r2`2 `2+�H+mH�i2/ T`BQ`
iQ ..J BK�;BM; mbBM; � `2/m+2/ BMi2MbBiv G1. 2t+Bi�iBQM �M/ HQM;2` 2tTQbm`2 iBK2
U100 msVX h?Bb r�b /QM2 iQ 2Mbm`2 KBMBK�H [m2M+?BM; T`BQ` iQ i?2 ..J BK�;BM;X

AK�;2b r2`2 +QMp2`i2/ 7`QK XM/k }H2b iQ XiBz }H2b mbBM; 6ACA Ua+?BM/2HBM 2i �HX- kyRkVX
S`BK�`v �M/ b2+QM/�`v �M�HvbBb r2`2 /2p2HQT2/ �b T�`i Q7 i?Bb i?2bBb �M/ �b bm+? Bb
/2b+`B#2/ BM _2bmHib b2+iBQM 8XkXRRX

dj



kX8X J2i?Q/b 7Q` GBp2 *2HH .L� J2i?vH�iBQM *?�Ti2` kX J�i2`B�H �M/ J2i?Q/b
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*?�Ti2` j

h?2 �;2BM; *HQ+F

jXR AMi`Q/m+iBQM

.L� K2i?vH�iBQM ?�b #22M b?QrM iQ #2 �M �++m`�i2 `2�/Qmi Q7 +?`QMQHQ;B+�H �;2 �M/
TQbbB#Hv #BQHQ;B+�H �;2 BM ?mK�MbX �i T`2b2Mi- ?Qr2p2`- i?2`2 Bb MQ K2i?Q/ iQ T`2/B+i
+?`QMQHQ;B+�H �M/ #BQHQ;B+�H �;2 BM �M 2tT2`BK2Mi�HHv i`�+i�#H2 KQ/2H bvbi2KX h?Bb
K2�Mb i?�i r2 �`2 #Qi? mM�#H2 iQ T`Q#2 i?2 K2+?�MBbKb Q7 i?Bb 2TB;2M2iB+ T`2/B+iQ`
#mi �HbQ i?�i Bi Bb MQi T`2b2MiHv TQbbB#H2 iQ miBHBb2 i?2 iBK2@b�pBM; #2M2}ib i?�i bm+? �
+HQ+F +�M T`Q/m+2 BM �;2BM; bim/B2b BM � K�KK�HB�M KQ/2H bvbi2K b2iiBM;X am+? �b i?2
�#BHBiv iQ `�TB/Hv i2bi �;2BM; BMi2`p2MiBQMb BM �M BM pBpQ KQ/2HX AM i?Bb +?�Ti2`- A rBHH
/2}M2 �M 2TB;2M2iB+ �;2 T`2/B+iQ` 7Q` KB+2 mbBM; /�i� 7`QK � KQ/B}2/ 7Q`K Q7 `2/m+2/
`2T`2b2Mi�iBQM #BbmH}i2 b2[m2M+BM; U__"aVX

__"a Bb � bBKTH2 K2�Mb Q7 ;2MQKB+ 2M`B+?K2Mi #�b2/ QM i?2 T`2KBb2 i?�i i?2 ;2MQK2
?�b � MQM@`�M/QK #�b2 +QKTQbBiBQMX "v Dm/B+BQmb +?QB+2 Q7 `2bi`B+iBQM 2MxvK2- i?2b2
#�b2 +QKTQbBiBQM #B�b2b +�M #2 2tTHQBi2/ iQ 2M`B+? 7Q` bBi2b Q7 BMi2`2biX h?2 KQbi
+QKKQMHv mb2/ __"a K2i?Q/ 7Q` 2M`B+?BM; +viQbBM2@;m�MBM2 /BMm+H2QiB/2 b2[m2M+2b
U*T:bV BM i?2 ;2MQK2- Bb iQ /B;2bi BbQH�i2/ .L� rBi? i?2 K2i?vH�iBQM BMb2MbBiBp2
`2bi`B+iBQM 2MxvK2 JbTAX 1MxvK2b bm+? �b ";HAA- sK�A �M/ h�[αA ?�p2 �HbQ #22M mb2/
UGBK 2i �HX UkyReV- J2BbbM2` 2i �HX- kyy8 �M/ h�M�b 2i �HX- kyRdVX JbTA +mib �i i?2
`2+Q;MBiBQM b2[m2M+2 *%*::X h?Bb JbTA /B;2biBQM Q7 i?2 ;2MQK2 +�M +�Tim`2 RyW Q7
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jXRX AMi`Q/m+iBQM *?�Ti2` jX h?2 �;2BM; *HQ+F

*T:b BM i?2 ;2MQK2- r?BHbi `2/m+BM; i?2 MmK#2` Q7 7`�;K2Mib b2[m2M+2/ #v ∼jy 7QH/
+QKT�`2/ iQ r?QH2 ;2MQK2 #BbmH}i2 b2[m2M+BM; Uq:"aVX h?Bb +Qbi `2/m+iBQM K2�Mb
i?�i Bi Bb TQbbB#H2 iQ mb2 __"a iQ Q#i�BM � 7�` ?B;?2` +Qp2`�;2 T2` b�KTH2 i?�M Bb
�+?B2p�#H2 mbBM; q:"aX h?Bb Bb BKTQ`i�Mi 7Q` 2TB;2M2iB+ �;2 T`2/B+iBQM- #2+�mb2 i?2
K�;MBim/2 Q7 +?�M;2b Q#b2`p2/ �i bBM;H2 *T: bBi2b BM i?2b2 T`2/B+iQ`b Bb Q7i2M bK�HH
�M/ �b bm+? rQmH/ `2[mB`2 ?B;? /2Ti? b2[m2M+BM; iQ Q#b2`p2 i?2 +?�M;2bX h?2 mb2
Q7 __"a �HbQ K�F2b b2[m2M+BM; KQ`2 2{+B2Mi- bBM+2 `2TQ`i2/Hv dy@3yW Q7 bi�M/�`/
b2[m2M+BM; `2�/b +QMi�BM MQ *T:b �M/ i?mb MQ `2H2p�Mi BM7Q`K�iBQMX

h?2`2 �`2 K�Mv �//BiBQM�H �TT`Q�+?2b iQ 2M`B+? ;2MQKB+ `2;BQMb Q7 BMi2`2bi UJ�`iBM@
>2``�Mx 2i �HX- kyRdVX >Qr2p2`- A +?Qb2 __"a Qp2` i?2b2 7Q` � MmK#2` Q7 `2�bQMbX
6B`biHv- __"a Bb � /2TH2iBQM@#�b2/ K2i?Q/- `�i?2` i?�M � TQbBiBp2 b2H2+iBQM@#�b2/ �T@
T`Q�+?X h?Bb K2�Mb i?�i i?2 bBi2b Q7 BMi2`2bi �`2 MQi �+iBp2Hv �+[mB`2/ BM i?2 b2H2+iBQM
bi2T �M/ �b bm+? 72r2` #B�b2b �`2 BMi`Q/m+2/- K�FBM; i?2b2 �TT`Q�+?2b KQ`2 `2�/BHv
[m�MiB}�#H2X a2+QM/Hv- mMHBF2 bQK2 Q7 i?2 Qi?2` K2i?Q/b bm+? �b �MiB#Q/v TmHH/QrM
#�b2/ �TT`Q�+?2b U2X;X mbBM; �M �MiB@8K* �MiB#Q/vV- _""a +�M T`QpB/2 BM7Q`K�iBQM
�i bBM;H2 #�b2 `2bQHmiBQMX h?B`/Hv- __"a Bb �#H2 iQ T`QpB/2 �++2bb iQ � H�`;2 MmK#2`
Q7 *T: bBi2b UivTB+�HHv =kJ bBi2bV BM � `2T`Q/m+B#H2 K�MM2`X h?Bb Bb MQi i?2 +�b2 7Q`
�KTHB+QM@#�b2/ TQHvK2`�b2 +?�BM `2�+iBQM US*_V �TT`Q�+?2b- r?B+? +�M QMHv �bb�v �
bK�HH MmK#2` Q7 bBi2b- Q` �MiB#Q/v@#�b2/ �TT`Q�+?2b- r?B+? /Q MQi T`QpB/2 �Mv BM7Q`@
K�iBQM QM i?2 `2;BQMb i?�i rBHH #2 b2[m2M+2/X 6Qm`i?Hv- i?2`2 �`2 �H`2�/v ?B;? [m�HBiv
__"a /�i�b2ib ;2M2`�i2/ i?�i �`2 r2HH@/Q+mK2Mi2/ �M/ BM+Hm/2 �;2/ KQmb2 b�KTH2b
BM i?2 Tm#HB+ /QK�BMX �b bm+?- BM M2r __"a 2tT2`BK2Mib- i?2b2 /�i�b2ib +�M #2 BM@
+Q`TQ`�i2/ BMiQ i?2 �M�HvbBb iQ `2/m+2 #B�b2b BM KB+2 Q` b�KTH2 T`2T�`�iBQMX G�biHv-
�Hi?Qm;? KQmb2 b�KTH2b ?�p2 T`2pBQmbHv #22M `mM QM i?2 ?mK�M J2i?vH�``�v bvbi2Kb-
� J2i?vH�``�v r�b MQi miBHBb2/- #2+�mb2 � /2/B+�i2/ BMbi`mK2Mi Bb MQi +m``2MiHv �p�BH@
�#H2 7Q` i?2 KQmb2 ;2MQK2 �M/ �b bm+? i?2 MmK#2` Q7 *T:b i?�i +QmH/ #2 BMi2``Q;�i2/
rQmH/ #2 ;`2�iHv `2/m+2/ /m2 iQ H�+F Q7 ?QKQHQ;vX >Qr2p2`- rQmH/ bm+? �M �``�v@
#�b2/ bvbi2K ?�p2 #22M �p�BH�#H2- i?Bb rQmH/ ?�p2 #22M T`272`�#H2 QrBM; iQ i?2 ?B;?2`
`2T`Q/m+B#BHBivX h?Bb Bb /m2 iQ i?2 SQBbbQM /Bbi`B#miBQM Q7 `2�/b b2[m2M+2/- BM?2`2Mi
BM i?2 b2[m2M+BM; T`Q+2bb- r?B+? `2/m+2b i?2 MmK#2` Q7 bBi2b i?�i +�M #2 miBHBb2/ BM �

de



*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

HBM2�` KQ/2HHBM;@#�b2/ �TT`Q�+? rBi?Qmi `2[mB`BM; BKTmi�iBQMX

jXk _2bmHib

jXkXR 1M�#HBM; /2/mTHB+�iBQM BM i?2 __"a /�i�b2ib

AM i?2 ?mK�M 2TB;2M2iB+ T`2/B+iQ`b- Bi Bb +QKKQM 7Q` p2`v bK�HH +?�M;2b BM i?2 BM/BpB/@
m�H K2i?vHQK2b iQ `2bmHi BM H�`;2 +?�M;2b BM i?2 T`2/B+i2/ �;2X �b bm+?- A /2+B/2/ iQ
`2}M2 i?2 +m``2Mi __"a T`QiQ+QH iQ BM+Q`TQ`�i2 mMB[m2 KQH2+mH�` B/2MiB}2`b UlJAbV
BMiQ i?2 HB#`�`v T`2T�`�iBQM- iQ 2Mbm`2 i?�i A +QmH/ bm#b2[m2MiHv `2KQp2 �Mv /mTHB+�i2
`2�/b i?�i +QmH/ K�bF bm#iH2 +?�M;2b BM .L� K2i?vH�iBQMX � b+?2K�iB+ Q7 i?Bb Bb
b?QrM BM 6B;m`2 jXRX

Sequence

Bisulfite convert &
Amplify

6B;m`2 jXR, .2/mTHB+�iBQM 7`QK T�B`2/ lJAb, a+?2K�iB+ Q7 i?2 HB#`�`v T`Q+2bb miBHBbBM;
lJAb �M/ T�B`2/@2M/ M2ti ;2M2`�iBQM b2[m2M+BM;X AM #`B27- �/�Ti2`b +QMi�BMBM; lJAb �`2
HB;�i2/ iQ ;2MQKB+ .L�X h?Bb �/�Ti2` HB;�i2/ .L� +�M i?2M #2 #BbmH}i2 i`2�i2/ �M/ �KTHB}2/
BM � bi`�M/2/ K�MM2`X lTQM b2[m2M+BM; i?Bb rBHH `2bmHi BM 9 BM/2T2M/2Mi ivT2b Q7 BM7Q`K�iBQM
i?�i +�M #2 /2+BT?2`2/ 7`QK i?2 /B`2+iBQM�HBiv Q7 i?2 S*_ �M/ i?2 lJAX hrQ 2t�KTH2 lJAb
�`2 b?QrM- H�#2HH2/ � �M/ "X

dd



jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

AM q:"a- /2/mTHB+�iBQM Bb mbm�HHv �+?B2p2/ #v `2KQpBM; `2�/b i?�i bi�`i �M/ 2M/ �i
i?2 2t�+i b�K2 +QQ`/BM�i2b BM i?2 ;2MQK2X AM __"a- i?Bb Bb MQi � 72�bB#H2 K2i?Q/ 7Q`
/2/mTHB+�iBQM- bBM+2 �HH 7`�;K2Mib i?�i +Qp2` i?2 b�K2 `2;BQM Q7 � ;2MQK2 rBHH HBF2Hv �HH
Q`B;BM�i2 7`QK /B;2bi2/ 7`�;K2Mib i?�i bi�`i �M/ 2M/ �i i?2 2t�+i b�K2 TQbBiBQMbX h?2
T`Q#H2K Q7 /2/mTHB+�iBQM Bb ;`2�i2` BM �M __"a b2iiBM; i?�M � q:"a b2iiBM;- QrBM; iQ
i?2 BM+`2�b2/ MmK#2` Q7 S*_ +v+H2b T2`7Q`K2/ BM i?2 __"a b2iiBM; BM +QKT�`BbQM iQ
i?2 q:"a b2iiBM;- BM?2`2Mi BM i?2 `2/m+2/ MmK#2` Q7 7`�;K2Mib i?�i rBHH #2 b2[m2M+2/
7`QK i?2 b�K2 bi�`iBM; �KQmMi Q7 .L�X

GTmCA

GTmCA
mCA GT

GTmCA
mCA GTA

6B;m`2 jXk, .2`Bp�iBQM Q7 /Qm#H2@bi`�M/2/ lJA �/�Ti2`b, a+?2K�iB+ Q7 i?2 bi2Tb
BMpQHp2/ BM /2`BpBM; /Qm#H2@bi`�M/2/ lJA �/�Ti2`bX PHB;QMm+H2QiB/2b �`2 �MM2�H2/ iQ;2i?2`X
h?Bb /Qm#H2@bi`�M/2/ QHB;Q Bb i?2M }HH2/@BM 2Mbm`BM; i?�i i?2 irQ bi`�M/b +QMi�BMBM; i?2 lJA
U/2TB+i2/ rBi? LbV �`2 +QKTH2K2Mi�`vX h?2b2 /Qm#H2@bi`�M/2/ �/�Ti2`b +�M i?2M #2 �@i�BH2/
iQ BKT`Qp2 HB;�iBQM 2{+B2M+vX

hQ mMB[m2Hv H�#2H �HH 7`�;K2Mib BM �M __"a HB#`�`v- A KQ/B}2/ i?2 �/�Ti2`b i?�i �`2 HB;@
�i2/ iQ i?2 2M/b Q7 i?2 `2bi`B+iBQM /B;2bi2/ .L� BM bm+? � r�v i?�i i?2v BM+Hm/2/ 2B;?i
`�M/QK #�b2b 7`QK i?2 Mm+H2QiB/2b �/2MBM2- ;m�MBM2- i?vKBM2 �M/ 8Ƕ@K2i?vH+viQbBM2
U�- :- h- 8K*- `2bT2+iBp2HvVX A +?Qb2 8Ƕ@K2i?vH+viQbBM2 Qp2` +viQbBM2- #2+�mb2 i?2b2
HB;�i2/ �/�Ti2`b rBHH bm#b2[m2MiHv #2 #BbmH}i2 +QMp2`i2/- r?B+? rQmH/ +QMp2`i �Mv +v@
iQbBM2b BM i?2 �/�Ti2` iQ m`�+BHb �M/ i?2b2 rQmH/ i?2M #2 �KTHB}2/ �b i?vKBM2b BM im`MX
hQ 2Mbm`2 i?�i i?2 �/�Ti2`b rQmH/ +QMi�BM +QKTH2K2Mi�`v lJAb QM #Qi? bi`�M/b Q7 i?2
�/�Ti2`- .L� QHB;QMm+H2QiB/2b UQHB;QbV r2`2 Q`/2`2/ i?�i `2T`2b2Mi2/ i?2 iQT �M/ #Qi@
iQK bi`�M/b Q7 i?2 7mim`2 �/�Ti2`bX h?2 iQT .L� QHB;Q r�b /2bB;M2/ iQ QMHv +QMi�BM
i?2 bi�M/�`/ BHHmKBM� �/�Ti2` b2[m2M+2- r?2`2�b i?2 #QiiQK .L� QHB;Q r�b /2bB;M2/
iQ +QMi�BM i?2 bi�M/�`/ BHHmKBM� b2[m2M+2- 7QHHQr2/ #v �M 3L b2[m2M+2- 7QHHQr2/ #v
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

� 9@#�b2 +QMbi�Mi *�:h b2[m2M+2X h?2 Tm`TQb2 Q7 i?2 9@#�b2 +QMbi�Mi b2[m2M+2 r�b
iQ `2/m+2 �Mv HB;�iBQM #B�b /m`BM; i?2 HB;�iBQM Q7 i?2 3L b2[m2M+2X am+? #B�b2b +QmH/
#2 /2T2M/2Mi QM i?2 b2[m2M+2 Q7 i?2 ;2MQKB+ .L� #2BM; HB;�i2/ �M/ +QmH/ �z2+i i?2
+QKTH2tBiv Q7 i?2 bm#b2[m2Mi HB#`�`vX h?2b2 QHB;Qb r2`2 bHQrHv �MM2�H2/ iQ 7�pQm`
i?2 +Q``2+i 7Q`K�iBQM Q7 i?2 T�`iB�HHv /Qm#H2@bi`�M/2/ �/�Ti2`X am#b2[m2MiHv- i?2 iQT
bi`�M/ Q7 i?2 �/�Ti2` r�b }HH2/ BM mbBM; EH2MQr 2tQ@ mbBM; �- 8K*- : �M/ h BM Q`/2`
iQ 2Mbm`2 i?�i i?2 b2[m2M+2 +QKTH2K2Mi�`v iQ i?2 3L #�`+Q/2 r�b Q#i�BM2/ QM i?2 iQT
bi`�M/ �M/ i?�i i?2 +QKTH2K2Mi�`v M�im`2 rQmH/ `2K�BM 7QHHQrBM; #BbmH}i2 i`2�iK2MiX
6QHHQrBM; i?2 }HH BM `2�+iBQM- �M �@i�BHBM; `2�+iBQM r�b T2`7Q`K2/ QM i?2 �/�Ti2` iQ
BKT`Qp2 i?2 HB;�iBQM 2{+B2M+v rBi? i?2 h@i�BH2/ ;2MQKB+ .L�X � b+?2K�iB+ Bb b?QrM
BM 6B;m`2 jXkX

S`2HBKBM�`v b2[m2M+BM; 2tT2`BK2Mib b?Qr2/ i?�i i?2 3L #�`+Q/2 r�b KQbiHv `�M/QK-
rBi? � bHB;?i �@#B�bX h?Bb �@#B�b /Bb�TT2�`2/ r?2M bm#b2[m2Mi QHB;Q #�i+?2b r2`2
miBHBb2/- bm;;2biBM; i?�i Bi +QmH/ ?�p2 #22M /m2 iQ � #B�b BM #�b2 �p�BH�#BHBiv /m`BM;
QHB;Q bvMi?2bBbX L2ti- A r�Mi2/ iQ 2Mbm`2 i?�i i?2`2 r�b MQ #B�b BM i?2 b2[m2M+2 +QMi2Mi
Q7 i?2 #�`+Q/2 BM `2H�iBQM iQ i?2 b2[m2M+2 +QMi2Mi Q7 i?2 ;2MQKB+ 7`�;K2Mi i?�i Bi r�b
HB;�i2/ iQX A i?2`27Q`2 +QKT�`2/ i?2 :*@+QMi2Mi Q7 i?2 .L� �M/ �/�Ti2` �M/ 7QmM/
MQ b2[m2M+2 #B�b U6B;m`2 jXjVX

6QHHQrBM; i?2b2 BMBiB�H r?QH2 ;2MQK2 2tT2`BK2Mib- A i2bi2/ i?2 �/�Ti2`b BM �M __"a
2tT2`BK2Mi �M/ 7QmM/ i?�i A +QmH/ ;2M2`�i2 HB#`�`B2bX AKTQ`i�MiHv- [m�MiB}+�iBQM Q7 i?2
HB#`�`B2b b?Qr2/ i?�i 7`QK � bBKBH�` MmK#2` Q7 +v+H2b i?2b2 HB#`�`B2b r2`2 2[mBp�H2Mi
iQ i?Qb2 ;2M2`�i2/ rBi? i?2 bi�M/�`/ BHHmKBM� �/�Ti2`b- bm;;2biBM; i?�i Kv � �M/
h@i�BHBM; `2p2`b�H r�b MQ H2bb 2{+B2Mi i?�M i?2B` �TT`Q�+?X

AM +QHH�#Q`�iBQM rBi? 62HBt E`m2;2`- +`2�iQ` Q7 "BbK�`F UE`m2;2` �M/ �M/`2rb- kyRRV- A
M2ti /2`Bp2/ � +QKTmi�iBQM�H �TT`Q�+? 7Q` +�HHBM; �M/ `2KQpBM; /mTHB+�i2bX AM 2bb2M+2-
7`�;K2Mib r2`2 }`bi +QKT�`2/ #v i?2B` bi�`i �M/ 2M/ TQbBiBQMb BM i?2 ;2MQK2X h?2M
i?2b2 Tmi�iBp2 /mTHB+�iBQMb r2`2 �bb2bb2/ iQ b22 r?2i?2` i?2B` `2�/ R U_RV �M/ `2�/ k
U_kV #�`+Q/2b UReL BM iQi�HV r2`2 ?B;?Hv bBKBH�` Ur?B+? A /2}M2/ �b B/2MiB+�H Q` QM2
#�b2 /Bz2`2MiV #Qi? BM � /B`2+i K�i+? b2iiBM; �M/ BM � `2p2`b2 +QKTH2K2Mi b2iiBM;X �
QM2 #�b2 KBbK�i+? r�b +?Qb2M 7`QK 2KTB`B+�H 2pB/2M+2 �b i?Bb b?Qr2/ i?�i �Mv KQ`2
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

6B;m`2 jXj, h?2`2 Bb MQ :* #B�b BM lJA BM+Q`TQ`�iBQM, a+�ii2`THQi /2TB+iBM; i?2
:*@+QMi2Mi Q7 i?2 lJA �;�BMbi i?�i Q7 i?2 M2B;?#Qm`BM; HB;�i2/ ;2MQKB+ b2[m2M+2X h?2`2
r�b MQ `2H�iBQMb?BT /2i2+i2/X

bm#b2[m2Mi KBbK�i+?2b rQmH/ HBF2Hv #2 i?2 `2bmHi Q7 � b2T�`�i2 #�`+Q/2X

Pp2`�HH- i?2b2 Q#b2`p�iBQM b?Qr i?�i A ?�p2 bm++2bb7mHHv /2p2HQT2/ � K2i?Q/ i?�i Bb
+�T�#H2 Q7 /2/mTHB+�iBM; __"a /�i�X �//BiBQM�HHv- i?Qm;? MQi /2i�BH2/ BM i?Bb i?2bBb-
A ?�p2 b?QrM i?�i i?2b2 �/�Ti2`b +�M #2 mb2/ iQ +�HH aLSb- `�`2 #�b2 KQ/B}+�iBQMb-
�M/ ?2KB@K2i?vH�iBQMX

jXkXk .L� K2i?vH�iBQM +Q``2H�iBQMb rBi? �;2 BM KB+2

"27Q`2 /2`BpBM; �M 2TB;2M2iB+ T`2/B+iQ` BM KQmb2- A }`bi b2i Qmi iQ +QM}`K �M/ 2tT�M/
mTQM r?�i Bb FMQrM �#Qmi �;2@�bbQ+B�i2/ +?�M;2b BM .L� K2i?vH�iBQM BM KB+2X hQ
i?Bb 2M/- A +QHH2+i2/ HBp2`- HmM;- ?2�`i �M/ #`�BM U+Q`i2tV b�KTH2b 7`QK M2r#Q`M iQ
9R@r22F QH/ KB+2X hQ 2Mbm`2 i?�i i?2 2z2+ib A r�b b22BM; r2`2 `2H�i2/ iQ �;2 �M/ MQi
�M �//BiBQM�H p�`B�#H2- bm+? �b ;2M2iB+ Q` ?Q`KQM�H p�`B�#BHBiv rBi?BM i?2 /�i�b2i- A
`2bi`B+i2/ Qm` +Q?Q`i Q7 KB+2 iQ BM#`2/ *8d"Gfe "�"_ K�H2 KB+2 �M/ b�KTH2/ j@8
�MBK�Hb T2` iBK2 TQBMiX AM iQi�H- A bm++2bb7mHHv +QHH2+i2/ ek b�KTH2b �M/ 2ti`�+i2/
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

;2MQKB+ .L� 7Q` K2i?vH�iBQM �M�HvbBb 7`QK i?2b2 b�KTH2b U6B;m`2 jX9VX

Newborn 41wks27wks14wks

RRBS
gDNA

6B;m`2 jX9, a+?2K�iB+ Q7 i?2 "�#`�?�K /�i�b2i, :`�T?B+ bmKK�`v Q7 i?2 "�#`�?�K
/�i�b2i- rBi? KQmb2 �;2 /Bz2`2MiB�i2/ #v +QHQm`X .L� r�b BbQH�i2/ 7`QK HBp2`- HmM;- ?2�`i
�M/ +Q`i2t Q7 M2r#Q`M KB+2 �M/ KB+2 �;2/ R9- kd �M/ 9R r22Fb- �M/ `2/m+2/@`2T`2b2Mi�iBQM
#BbmH}i2 U__"aV HB#`�`B2b K�/2 7`QK i?BbX

A bm#b2[m2MiHv ;2M2`�i2/ lJA@bivH2 __"a HB#`�`B2b Q7 �HH b�KTH2b iQ �bb2bb .L� K2i?v@
H�iBQM +?�M;2b �i � rB/2 `�M;2 Q7 *T: bBi2bX hQ 2Mbm`2 i?�i i?2`2 r�b MQ #�i+? 2z2+i
BM i?2 b�KTH2 T`2T�`�iBQM i?�i +QmH/ #2 KBb+QMbi`m2/ �b �;2BM;@`2H�i2/ K2i?vH�iBQM
+?�M;2b- b�KTH2b r2`2 T`2T�`2/ BM QM2 #�i+?X h?2b2 HB#`�`B2b r2`2 b2[m2M+2/ iQ �M
�p2`�;2 Q7 R8t ;2MQKB+ +Qp2`�;2X h?Bb H2p2H Q7 +Qp2`�;2 r�b � +QKT`QKBb2 #2ir22M i?2
+Qbi Q7 i?2 b2[m2M+BM;- i?2 MmK#2` Q7 b�KTH2b i?�i A r�Mi2/ iQ BMi2``Q;�i2- �M/ i?2
K�;MBim/2 Q7 +?�M;2b i?�i A r�b ?QTBM; iQ #2 �#H2 iQ /2i2+iX S2` b�KTH2 A �+?B2p2/
�M �p2`�;2 +Qp2`�;2 Q7 KQ`2 i?�M RXkj KBHHBQM *T: bBi2b rBi? �i H2�bi 8@7QH/ +Qp2`@
�;2 �M/ Q7 i?2b2 yXdj KBHHBQM *T: bBi2b ?�/ KQ`2 i?�M 8@7QH/ +Qp2`�;2 BM �HH b�KTH2b
�M�Hvb2/X

A M2ti �M�Hvb2/ i?2 ;HQ#�H *T: K2i?vH�iBQM H2p2Hb Q7 i?2 b�KTH2b �M/ 7QmM/ i?�i i?2
M2r#Q`M b�KTH2b ?�/ �p2`�;2 ;HQ#�H K2i?vH�iBQM H2p2Hb Q7 U9jWV K2i?vH�iBQM U6B;m`2
jX8�VX A /B/ MQi Q#b2`p2 �Mv /Bz2`2M+2b #2ir22M i?2 ;HQ#�H K2i?vH�iBQM H2p2Hb 7QmM/
BM i?2 /Bz2`2Mi M2r#Q`M iBbbm2bX AM +QMi`�bi- BM i?2 b�KTH2b 7`QK �/mHi KB+2- A 7QmM/
i?�i i?2 ;HQ#�H K2i?vH�iBQM H2p2Hb r2`2 bHB;?iHv ?B;?2` i?�M i?Qb2 Q7 i?2 M2r#Q`M b�K@
TH2b �i 98WX �;�BM- i?2`2 r2`2 MQ K�DQ` /Bz2`2M+2b �KQM; i?2 /Bz2`2Mi �/mHi KQmb2
iBbbm2b MQ` r2`2 i?2`2 /Bz2`2M+2 #2ir22M i?2 K2i?vH�iBQM H2p2Hb Q7 i?2 KB+2 �+`Qbb i?2
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

�;2 ;`QmTbX AM q:"a /�i�b2ib ;HQ#�H H2p2Hb Q7 K2i?vH�iBQM �`2 ivTB+�HHv #2ir22M dy
�M/ 3yW U1?`HB+? 2i �HX- RN3kVX h?2 `2�bQM 7Q` i?2 HQr H2p2Hb Q7 ;HQ#�H K2i?vH�iBQM
b22M BM i?2b2 b�KTH2b Bb /m2 iQ i?2 7�+i i?�i __"a 2M`B+?2b 7Q` *T:b BM *T: AbH�M/b-
r?B+? i2M/ iQ #2 ?vTQK2i?vH�i2/ UJ2BbbM2` 2i �HX- kyy8VX hQ +?2+F i?�i i?2 #BbmH}i2
+QMp2`bBQM Q7 i?2 b�KTH2b r�b bm++2bb7mH- A �bb2bb2/ i?2 H2p2Hb Q7 MQM@*T: K2i?vH�@
iBQMX A /2}M2/ TQQ`Hv +QMp2`i2/ b�KTH2b �b ?�pBM; MQM@*T: K2i?vH�iBQM H2p2Hb ;`2�i2`
i?�M RyWX h?Bb ?B;?HB;?i2/ i?�i � +QmTH2 Q7 b�KTH2b ?�/ #22M TQQ`Hv +QMp2`i2/ �M/
i?2b2 r2`2 bm#b2[m2MiHv /Bb+�`/2/ 7`QK Kv 7m`i?2` �M�Hvb2bX Pp2`�HH- A Q#b2`p2/ p2`v
HQr H2p2Hb Q7 MQM@*T: K2i?vH�iBQM BM i?2 HBp2`- HmM; �M/ ?2�`i b�KTH2b U∼yX9WV rBi?
bHB;?iHv ?B;?2` H2p2Hb Q7 MQM@*T: K2i?vH�iBQM BM i?2 #`�BM U∼RX9WVX AM �//BiBQM- r?2M
i?2 +Q`i2t b�KTH2b r2`2 ;`QmT2/ #v �;2- A 7QmM/ i?�i M2r#Q`M +Q`i2t b�KTH2b ?�/
7�` HQr2` H2p2Hb Q7 MQM@*T: K2i?vH�iBQM i?�M i?2 QH/2` b�KTH2b U6B;m`2 jX8"VX h?Bb Bb
+QMbBbi2Mi rBi? i?2 B/2� i?�i /2 MQpQ K2i?vH�iBQM BM MQM@/BpB/BM; +2HHb `2bmHib BM �++m@
KmH�iBQM Q7 *>> K2i?vH�iBQM U>4*- �- Q` hc GBbi2` 2i �HX- kyRjVX G�biHv- iQ p�HB/�i2
i?�i �HH b�KTH2b r2`2 +Q``2+iHv �bbB;M2/ �M/ i?�i i?2`2 ?�/ MQi #22M �Mv +QM7mbBQM BM
i?2 �MMQi�iBQM T`BQ` iQ b2[m2M+BM;- A T2`7Q`K2/ � J�M?�ii�M /Bbi�M+2@#�b2/ ?B2`�`+?B@
+�H +Hmbi2`BM; Q7 i?2 KQbi p�`B�#H2 bBi2b BM i?2 /�i�b2i U6B;m`2 jX8*VX h?Bb �TT`Q�+?
b2H2+ib 7Q` bBi2b i?�i rQmH/ HBF2Hv 7�HH rBi?BM *T: AbH�M/b �M/ i?�i �`2 /Bz2`2MiB�HHv
K2i?vH�i2/ /2T2M/2Mi QM i?2 iBbbm2 ivT2X 6`QK i?Bb +Hmbi2`@#�b2/ �M�HvbBb- A 7QmM/
i?�i A +QmH/ +Q``2+iHv ;`QmT i?2 K�DQ`Biv Q7 i?2 b�KTH2b #v i?2B` F2v iBbbm2@bT2+B}+
K2i?vH�iBQM bB;M�im`2bX h?2 QMHv b�KTH2b i?�i /B/ MQi +Hmbi2` +Q``2+iHv r2`2 i?2 M2r@
#Q`M HmM; b�KTH2b- r?B+? ;`QmT2/ iQ;2i?2` rBi? i?2 ?2�`i b�KTH2bX h?2 `2�bQM 7Q`
i?Bb /Bb+`2T�M+v BM i?2 M2r#Q`M HmM; b�KTH2b +QmH/ #2 � `2bmHi Q7 bQK2 +QMi�KBM�iBQM
/m`BM; i?2 iBbbm2 2ti`�+iBQM- Q` Bi +QmH/ `2~2+i i?2 �//BiBQM�H iBK2 `2[mB`2/ 7Q` i?2 HmM;
iQ 7mHHv �+[mB`2 Bib �/mHi K2i?vH�iBQM bB;M�im`2 U*?`Bbi2Mb2M 2i �HX- kyyNVX

>�pBM; p2`B}2/ i?2 2tT2+i2/ ;HQ#�H �M/ iBbbm2@bT2+B}+ T`QT2`iB2b Q7 i?2 .L� K2i?v@
HQK2b BM Qm` /�i�b2i- A i?2M r�Mi2/ iQ �bb2bb r?2i?2` A +QmH/ B/2MiB7v MQi K2`2Hv `2;BQMb
Q7 i?2 ;2MQK2 i?�i r2`2 ?vTQ@ Q` ?vT2`K2i?vH�i2/ rBi? �;2- #mi r?2i?2` A +QmH/ B/2M@
iB7v bBM;H2 +viQbBM2 TQbBiBQMb BM i?2 ;2MQK2 i?�i r2`2 ?vTQ@ Q` ?vT2`K2i?vH�i2/ rBi?
�;2X h?2 K�BM `2�bQM 7Q` r�MiBM; i?Bb bBM;H2 TQbBiBQM `2bQHmiBQM r�b iQ 2Mbm`2 i?�i �Mv
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6B;m`2 jX8, Z* Q7 i?2 "�#`�?�K /�i�b2i, U�V S2`+2Mi�;2 ;HQ#�H *T: K2i?vH�iBQM
H2p2H Q7 /Bz2`2Mi iBbbm2b �i /Bz2`2Mi �;2b- Q`/2`2/ #v �;2 Ur22FbVX J2�M *T: K2i?vH�iBQM
H2p2Hb r2`2 +�H+mH�i2/ 7Q` 2�+? b�KTH2- rBi? +QHQm` BM/B+�iBM; b�KTH2 iBbbm2X U"V :HQ#�H H2p2Hb
Q7 .L� K2i?vH�iBQM BM � *>> +QMi2ti BM /Bz2`2Mi iBbbm2b �i /Bz2`2Mi �;2bX ǵPi?2` iBbbm2bǶ
BM+Hm/2b ?2�`i- HBp2` �M/ HmM; b�KTH2b Q7 �HH 7Qm` �;2b r?BHbi ǵ*Q`i2tǶ r�b b2;`2;�i2/ BMiQ
M2r#Q`M UH2bb i?�M QM2 r22F QH/V �M/ �/mHi UR9- kd �M/ 9R r22F QH/V b�KTH2bX U*V >B2`�`+?B+�H
+Hmbi2`BM; mbBM; J�M?�ii�M /Bbi�M+2 +Hmbi2`b b�KTH2b Q7 /Bz2`2Mi �;2b T`2/QKBM�MiHv #v iBbbm2
Q7 Q`B;BMX �;2 �M/ iBbbm2 ivT2 Q7 2�+? b�KTH2 Bb +QHQm` H�#2HH2/X

�;2@�bbQ+B�i2/ K2i?vH�iBQM +?�M;2b i?�i A B/2MiB}2/ r2`2 MQi +QM7QmM/2/ #v +Qp2`�;2X
h?Bb rQmH/ Q++m` /m2 iQ i?2 bT�+BM; Q7 i?2 *T: bBi2b BM i?2 ;2MQK2 +QKTQmM/2/
#v i?2 7`2[m2M+v Q7 JbTA `2bi`B+iBQM bBi2b BM `2;BQMb Q7 ?B;? *: /2MbBiv `2bmHiBM; BM
p�`vBM; +Qp2`�;2 Q7 M2B;?#Qm`BM; +viQbBM2b BM *T: +QMi2tiX AM �//BiBQM- A r�Mi2/ iQ
#2 bm`2 i?�i A r�bMǶi /BHmiBM; �Mv TQi2MiB�H bBi2@bT2+B}+ +?�M;2b #v �bb2bbBM; +?�M;2b
`2;BQM�HHvX 6`QK � +Q``2H�iBQM �M�HvbBb Q7 .L� K2i?vH�iBQM +?�M;2b rBi? �;2- A r�b
�#H2 iQ B/2MiB7v � bm#bi�MiB�H MmK#2` Q7 bBi2b i?�i r2`2 bB;MB}+�MiHv +Q``2H�i2/ rBi?
�;2 BM � iBbbm2 BM/2T2M/2Mi K�MM2` UaT2�`K�MǶb +Q``2H�iBQM- rBi? � KmHiBTH2 i2biBM;
+Q``2+i2/ T@p�Hm2 IyXy8VX A +QM/m+i2/ i?Bb �M�HvbBb BM � iBbbm2 BM/2T2M/2Mi K�MM2`-
#2+�mb2 A r�Mi2/ iQ �bb2bb i?2 HBF2HB?QQ/ Q7 /2}MBM; � KmHiB@iBbbm2 2TB;2M2iB+ T`2/B+iQ`
Q7 �;2 BM i?2 KQmb2X A +QM/m+i2/ i?Bb �M�HvbBb #Qi? rBi? �M/ rBi?Qmi i?2 M2r#Q`M
b�KTH2b iQ 2Mbm`2 i?�i �Mv /2p2HQTK2Mi�H@bT2+B}+ +?�M;2b r2`2 �#`Q;�i2/X lM7Q`im@
M�i2Hv- QrBM; iQ i?2 `2/m+2/ MmK#2` Q7 iBK2 TQBMib- A r�b QMHv �#H2 iQ B/2MiB7v bBi2b
i?�i r2`2 MQKBM�HHv bB;MB}+�MiHv �bbQ+B�i2/ rBi? �;2- #mi MQM2 Q7 i?2b2 T�bb2/ Kv
KmHiBTH2 i2biBM; +mi@QzX �M 2t�KTH2 Q7 � iBbbm2@BM/2T2M/2Mi +Q``2H�iBQM Bb b?QrM 7Q`
i?2 +Q``2H�iBQM �M�Hvb2b +QM/m+i2/ rBi? �M/ rBi?Qmi M2r#Q`M b�KTH2b U6B;m`2 jXe�
�M/ " `2bT2+iBp2HvVX
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

6B;m`2 jXe, 1t�KTH2 iBbbm2 BM/2T2M/2Mi +Q``2H�iBQMb, U�V �M 2t�KTH2 bBM;H2 *:
bBi2- +?`3,RkyjNdeey- r?Qb2 K2i?vH�iBQM H2p2H ?�b � aT2�`K�M +Q``2H�iBQM rBi? �;2 Q7 yXe8RX
hBbbm2 Q7 Q`B;BM Bb bT2+B}2/ #v +QHQm` �M/ DBii2` Bb Tm`2Hv 7Q` �2bi?2iB+ Tm`TQb2bX U"V b?Qrb i?2
b�K2 7Q` � *: bBi2- +?`Rj,RRRj9d99k- i?�i Bb B/2MiB}2/ �b +Q``2H�i2/ rBi? �;2 r?2M M2r#Q`M
b�KTH2b �`2 2t+Hm/2/ 7`QK i?2 �M�HvbBbX aT2�`K�M +Q``2H�iBQMb r?2M M2r#Q`M b�KTH2b �`2
BM+Hm/2/ Q` 2t+Hm/2/ �`2 /2i�BH2/X

AM �//BiBQM- A +QM/m+i2/ � +Q``2H�iBQM �M�HvbBb BM � iBbbm2@/2T2M/2Mi K�MM2` iQ �bb2bb
r?2i?2` bBi2b r2`2 �HbQ +Q``2H�i2/ rBi? �;2 BM � iBbbm2 bT2+B}+ K�MM2`X h?Bb �M�HvbBb
r�b �;�BM +QM/m+i2/ rBi? �M/ rBi?Qmi M2r#Q`M b�KTH2bX AM i?Bb �M�HvbBb- A 7QmM/
� H�`;2 MmK#2` Q7 bBi2b i?�i r2`2 2t+HmbBp2Hv iBbbm2 bT2+B}+�HHv +Q``2H�i2/ rBi? �;2
U6B;m`2 jXdVX 6`QK 6B;m`2 jXd"- Bi Bb �HbQ BMi2`2biBM; iQ MQi2 i?�i bQK2 Q7 i?2 bBi2b
i?�i �`2 +Q``2H�i2/ rBi? �;2 BM � M2r#Q`M@2t+Hm/2/ K�MM2` i2M/ iQ 2t?B#Bi � +?�M;2 BM
+Q``2H�iBQM /B`2+iBQM�HBiv #2ir22M TQbiM�i�H@/2p2HQTK2Mi UIR iQ R9 r22Fb Q7 �;2V �M/
�/mHi?QQ/ UR9 iQ 9R r22Fb Q7 �;2VX

GQQFBM; KQ`2 ;2M2`�HHv �i i?2 iBbbm2@BM/2T2M/2Mi +Q``2H�iBQMb A }M/ � bF2r BM i?2
M2r#Q`M@BM+HmbBp2 +Q``2H�iBQM �M�HvbBb 7Q` bBi2b i?�i �`2 ;�BMBM; K2i?vH�iBQM Q` #2+QK@
BM; ?vT2`K2i?vH�i2/ rBi? �;2 U6B;m`2 jX3� �M/ "VX h?Bb bF2r Bb `2KQp2/ r?2M i?2
M2r#Q`Mb �`2 2t+Hm/2/ 7`QK i?2 �M�HvbBb �M/ i?Bb Bb HBF2Hv � `2~2+iBQM Q7 i?2 ;HQ#�H BM@
+`2�b2 BM K2i?vH�iBQM i?�i Bb Q++m``BM; BM i?2 }`bi R9 r22Fb �7i2` KB+2 �`2 #Q`M U6B;m`2
jX3* �M/ .VX

AMi2`2biBM;Hv- r?2M i?2 +Q``2H�iBQM +Q2{+B2Mib 7Q` �HH bBi2b i?�i r2`2 T`2b2Mi BM #Qi? i?2
M2r#Q`M BM+HmbBp2 �M/ 2t+HmbBp2- iBbbm2@BM/2T2M/2Mi +Q``2H�iBQM �M�Hvb2b �`2 +QKT�`2/-
A Q#b2`p2 � bi`QM; i2M/2M+v 7Q` i?2 /B`2+iBQM�HBiv Q7 i?2 +Q2{+B2Mi iQ #2 K�BMi�BM2/- �b
Bb ?B;?HB;?i2/ #v i?2 b?�T2 Q7 i?2 /Bbi`B#miBQM U6B;m`2 jXNVX >Qr2p2`- Bi Bb BMi2`2biBM;
iQ MQi2 i?�i bBKBH�` iQ i?2 iBbbm2@/2T2M/2Mi +Q``2H�iBQMb- i?2`2 �`2 bBi2b i?�i 2t?B#Bi �
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6B;m`2 jXd, 1t�KTH2 iBbbm2 /2T2M/2Mi +Q``2H�iBQMb, U�V 1t�KTH2b Q7 iBbbm2@bT2+B}+
aT2�`K�M +Q``2H�iBQMb rBi? �;2 BM +Q`i2t- HBp2`- HmM; �M/ ?2�`iX S2`+2Mi�;2 *T: K2i?vH�@
iBQM H2p2H BM �HH b�KTH2b Bb b?QrM- rBi? i?Qb2 Q7 i?2 `2H2p�Mi iBbbm2 ?B;?HB;?i2/X �bbQ+B�i2/
aT2�`K�M +Q``2H�iBQMb �`2 b?QrM 7Q` #Qi? �HH iBbbm2b �M/ 7Q` i?2 `2H2p�Mi iBbbm2X CBii2` Bb
Tm`2Hv 7Q` �2bi?2iB+ Tm`TQb2bX U"V b?Qrb i?2 b�K2 7Q` iBbbm2@bT2+B}+ +Q``2H�iBQMb B/2MiB}2/
r?2M M2r#Q`M b�KTH2b �`2 2t+Hm/2/ 7`QK i?2 �M�HvbBbX aT2�`K�M +Q``2H�iBQMb r?2M M2r#Q`M
b�KTH2b �`2 BM+Hm/2/ Q` 2t+Hm/2/ �`2 /2i�BH2/X
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6B;m`2 jX3, amKK�`Bb2/ iBbbm2−BM/2T2M/2Mi +Q``2H�iBQMb, amKK�`v Q7 aT2�`K�M
+Q``2H�iBQMb +�H+mH�i2/ �+`Qbb �HH iBbbm2bX h?2 #�` THQi U�V /2TB+ib T`QTQ`iBQM�i2 MmK#2`b
Q7 +Q``2H�iBQMb �M/ i?2 ?BbiQ;`�K U"V /2TB+ib /Bbi`B#miBQMb Q7 +Q``2H�iBQM 2biBK�i2bX LQKB@
M�H +Q``2H�iBQMb UT p�Hm2IyXy8V �`2 +QHQm`2/ HB;?i Q`�M;2 UTQbBiBp2V �M/ HB;?i #Hm2 UM2;�iBp2V-
r?BHbi bB;MB}+�Mi +Q``2H�iBQMb U[@p�Hm2IyXy8V �`2 +QHQm`2/ Q`�M;2 UTQbBiBp2V �M/ #Hm2 UM2;@
�iBp2VX L MmK#2`b �#Qp2 i?2 #�` THQi bB;MB7v i?2 MmK#2` Q7 *: bBi2b rBi?BM � T�`iB+mH�`
+�i2;Q`vX U*V �M/ U.V b?Qr i?2 b�K2 7Q` aT2�`K�M +Q``2H�iBQMb +�H+mH�i2/ 2t+Hm/BM; M2r@
#Q`M b�KTH2b 7`QK i?2 �M�HvbBbX h?2`2 �`2 MQ bB;MB}+�Mi +Q``2H�iBQMb r?2M M2r#Q`M b�KTH2b
�`2 2t+Hm/2/X
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

+?�M;2 BM +Q``2H�iBQM /B`2+iBQM�HBiv #2ir22M TQbiM�i�H@/2p2HQTK2Mi UIR iQ R9 r22Fb Q7
�;2V �M/ �/mHi?QQ/ UR9 iQ 9R r22Fb Q7 �;2VX h?Bb +Q``2H�iBQM /B+?QiQKv- 7QmM/ #Qi?
iBbbm2@/2T2M/2MiHv �M/ BM/2T2M/2MiHv- BMi`B;mBM;Hv }ib r2HH rBi? i?2 i?2Q`v Q7 �Mi�;@
QMBbiB+ TH2BQi`QTv UqBHHB�Kb- kyyRV- r?2`2#v KBb`2;mH�iBQM Q7 BMi2;`�H /2p2HQTK2Mi�H
T`Q+2bb2b rBi? �;2 �`2 i?Qm;?i iQ #2 `2bTQMbB#H2 7Q` �;2BM;X

6B;m`2 jXN, *QKT�`BbQM Q7 iBbbm2−BM/2T2M/2Mi +Q``2H�iBQMb rBi? �M/ rBi?Qmi
M2r#Q`Mb, a+�ii2`THQi Q7 +QMb2`p�iBQM Q7 aT2�`K�M +Q``2H�iBQM 2biBK�i2b r?2M M2r#Q`M
b�KTH2b �`2 BM+Hm/2/ Q` 2t+Hm/2/ 7`QK �M�HvbBbX *Q``2H�iBQMb i?�i �`2 2Bi?2` TQbBiBp2 Q`
M2;�iBp2 BM #Qi? +�b2b �`2 ?B;?HB;?i2/ `2/ Q` #Hm2 `2bT2+iBp2HvX *Q``2H�iBQMb i?�i /Bz2` BM
/B`2+iBQM�HBiv rBi? M2r#Q`M@BM+HmbBp2 +Q``2H�iBQMb #2BM; TQbBiBp2 �`2 +QHQm`2/ ;`22M- �M/ rBi?
M2r#Q`M@BM+HmbBp2 +Q``2H�iBQMb M2;�iBp2 TBMFX aB;MB}+�M+2 Q7 +Q``2H�iBQM Bb bB;MB}2/ #v b?�/@
BM;X

hQ mM/2`bi�M/ r?2i?2` i?2`2 r�b �Mv bBKTH2 2tTH�M�iBQM 7Q` i?2 bB;MB}+�MiHv TQbBiBp2Hv
Q` M2;�iBp2Hv +Q``2H�i2/ iBbbm2@BM/2T2M/2Mi bBi2b BM i?2 ;2MQK2 UM2r#Q`Mb BM+Hm/2/V- A
�bb2bb2/ r?2i?2` i?2v r2`2 2M`B+?2/ 7Q` �Mv ;2MQKB+ 2H2K2Mi bT2+B}+�HHvX 6`QK i?2
�M�HvbBb b?QrM BM 6B;m`2 jXRy�- A 7QmM/ i?�i #Qi? TQbBiBp2Hv �M/ M2;�iBp2Hv +Q``2H�i2/
bBi2b r2`2 2M`B+?2/ �M/ /2TH2i2/ 7Q` `2H�iBp2Hv bBKBH�` 72�im`2b- bm;;2biBM; i?�i Bi Bb
MQi i?2 72�im`2b i?2Kb2Hp2b i?�i �`2 /2i2`KBMBM; i?2 /B`2+iBQM�HBiv Q7 i?2 +?�M;2b rBi?
�;2X AM T�`iB+mH�`- A 7QmM/ i?�i *T: AbH�M/b �M/ *T: AbH�M/@`B+? T`QKQi2`b r2`2
/2TH2i2/ 7Q` �;2@�bbQ+B�i2/ bBi2b- r?2`2�b *T: AbH�M/ b?Q`2b �M/ *T: AbH�M/ b?2Hp2b
r2`2 bi`QM;Hv 2M`B+?2/ 7Q` �;2@�bbQ+B�i2/ bBi2bX hQ 2Mbm`2 i?�i i?Bb i2bi iQQF BMiQ �+@
+QmMi i?2 #�+F;`QmM/ /Bbi`B#miBQM Q7 TQi2MiB�H bBi2b i?�i +QmH/ ?�p2 #22M bB;MB}+�MiHv
�bbQ+B�i2/ rBi? �;2 UQrBM; iQ i?2 BM?2`2Mi 72�im`2 #B�b2b Q7 __"aV- A T2`7Q`K2/ � #BMQ@
KB�H i2bi iQ /2i2`KBM2 r?B+? 2M`B+?K2Mib r2`2 bB;MB}+�Mi UKmHiBTH2 i2biBM; +Q``2+i2/
T@p�Hm2 IyXy8VX *T: AbH�M/ b?Q`2b r2`2 /2}M2/ �b i?2 bm``QmM/BM; y@k F# mTbi`2�K
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

�M/ /QrMbi`2�K Q7 *T: AbH�M/b- �M/ *T: AbH�M/ b?2Hp2b r2`2 /2}M2/ �b `2;BQMb k@9 F#
mTbi`2�K �M/ /QrMbi`2�K Q7 *T: AbH�M/bX h?2`2 r�b �HbQ KBMQ` 2M`B+?K2Mi 7Q` Qi?2`
;2MQKB+ 2H2K2Mib- bm+? �b BMi`QMbX h?Bb �M�HvbBb bm;;2bib i?�i iB;?iHv +QMi`QHH2/ `2;m@
H�iQ`v `2;BQMb Q7 i?2 ;2MQK2- bm+? �b *T: AbH�M/b- �`2 H2bb T`QM2 iQ �;2BM;@�bbQ+B�i2/
+?�M;2b BM .L� K2i?vH�iBQM- bm;;2biBM; i?�i i?2v �`2 #2ii2` K�BMi�BM2/ i?�M i?2 `2bi
Q7 i?2 ;2MQK2X AM �//BiBQM- i?2 /2TH2iBQM Q7 *T: AbH�M/b +QmH/ ?�p2 bm;;2bi2/ i?�i
i?2`2 r�b � *T: /2MbBiv@#�b2/ �bbQ+B�iBQM iQ i?2 +?�M;2b i?�i A r�b b22BM;X hQ i2bi
i?2 �#Qp2 ?vTQi?2bBb- A +�H+mH�i2/ i?2 BMp2`b2 Q7 i?2 *T: /2MbBiv- Q` *T: b+�`+Biv
7Q` i?2 bB;MB}+�MiHv �;2@�bbQ+B�i2/ bBi2b �M/ +QKT�`2/ i?2b2 iQ r?�i Bb b22M 7`QK �
#�+F;`QmM/ U`�M/QKV /Bbi`B#miBQM Q7 bBi2b UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM kXjXNc 6B;@
m`2 jXRy"VX � irQ@i�BH2/ i@i2bi rBi? "QM72``QMB +Q``2+iBQM r�b T2`7Q`K2/ iQ �bb2bb i?2
bB;MB}+�M+2 Q7 �Mv *T: b+�`+Biv /Bz2`2M+2 BM i?2b2 bBi2bX lbBM; � T@p�Hm2 Q7 yXy8 �b
bB;MB}+�M+2 +mi@Qz- A 7QmM/ BM i?Bb �M�HvbBb i?�i #Qi? *T:b i?�i r2`2 TQbBiBp2Hv �M/
M2;�iBp2Hv �bbQ+B�i2/ rBi? �;2 r2`2 bB;MB}+�MiHv KQ`2 HBF2Hv iQ #2 7QmM/ BM `2;BQMb rBi?
?B;?2` *T: /2MbBiv UHQr2` *T: b+�`+BivV i?�M rQmH/ #2 2tT2+i2/ #v +?�M+2X h?Bb Bb
T2`?�Tb MQi bm`T`BbBM;- bBM+2 A r�b K2�bm`BM; i?2 *T: /2MbBiv Q7 i?2 bm``QmM/BM; `2@
;BQMb �M/ A ?�/ �H`2�/v b22M 7`QK i?2 T`2pBQmb �M�HvbBb i?�i i?2b2 bBi2b r2`2 2M`B+?2/
BM *T: AbH�M/ b?Q`2b �M/ b?2Hp2b- BX2X `2;BQMb i?�i rQmH/ #v /2}MBiBQM #2 T`QtBK�H iQ
`2;BQMb Q7 ?B;? *T: /2MbBivX >Qr2p2`- Bi b?QmH/ #2 MQi2/ i?�i �Hi?Qm;? i?2b2 bBi2b
�`2 bB;MB}+�MiHv �bbQ+B�i2/ rBi? ?B;?2` *T: /2MbBiv- ?B;? *T: /2MbBiv Bb MQi bi`QM;Hv
T`2/B+iBp2 Q7 � bBi2 +?�M;BM; Bib .L� K2i?vH�iBQM bi�imb rBi? �;2 U�l* 4 yX83 �M/
yXeRVX

AM �//BiBQM iQ �bb2bbBM; bBKTH2 ;2MQKB+ 72�im`2b �M/ *T: /2MbBiv- A �HbQ r�Mi2/ iQ
�bb2bb r?2i?2` i?2 �;2@�bbQ+B�i2/ .L� K2i?vH�iBQM +?�M;2b r2`2 2M`B+?2/ BM `2;BQMb
bm``QmM/BM; ;2M2b i?�i r2`2 �bbQ+B�i2/ rBi? �Mv bT2+B}+ T`Q+2bb Q` QMiQHQ;vX �b bm+?-
A T2`7Q`K2/ � ;2M2 QMiQHQ;v U:PV �M�HvbBb Q7 i?2 ;2M2b +HQb2bi iQ i?2 +viQbBM2 Q7 BMi2`@
2bi- rBi? � K�tBKmK +mi@Qz Q7 9 F# �r�v 7`QK i?2 i`�Mb+`BTi Bib b2H7X SQbBiBp2Hv �M/
M2;�iBp2Hv +Q``2H�i2/ bBi2b r2`2 �bb2bb2/ b2T�`�i2HvX 6`QK i?Bb �M�HvbBb- A 7QmM/ � MmK@
#2` Q7 :P T`Q+2bb2b i?�i r2`2 ?B;?Hv bB;MB}+�MiHv �bbQ+B�i2/ rBi? TQbBiBp2Hv +Q``2H�i2/
.L� K2i?vH�iBQM +?�M;2b UBX2X bBi2b BM i?2 ;2MQK2 i?�i �`2 �bbQ+B�i2/ rBi? ;�BMb BM
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6B;m`2 jXRy, :2MQKB+ 72�im`2 2M`B+?K2Mi Q7 �;2@�bbQ+B�i2/ bBi2b, U�V 1M`B+?K2Mi
Q7 #Qi? TQbBiBp2Hv �M/ M2;�iBp2Hv �;2@+Q``2H�i2/ *: bBi2b �++Q`/BM; iQ ;2MQKB+ 72�im`2X h?Bb
r�b i2bi2/ mbBM; � #BMQKB�H i2bi-  T p�Hm2IyXy8X h?2 #�+F;`QmM/ mb2/ r�b �HH *: bBi2b rBi?
}p2@7QH/ +Qp2`�;2 BM NyW Q7 b�KTH2bX U"V *T: +QMi2Mi 8yy #T 2Bi?2` bB/2 Q7 bB;MB}+�MiHv �;2@
+Q``2H�i2/ bBi2bX h?2 #�+F;`QmM/ r�b +�H+mH�i2/ mbBM; �HH *: bBi2b rBi? }p2@7QH/ +Qp2`�;2 BM
NyW Q7 b�KTH2bc *T: b+�`+Biv Bb /2}M2/ �b i?2 �p2`�;2 /Bbi�M+2 iQ � *T: rBi?BM i?Bb R F#
`2;BQMX  "QM72``QMB +Q``2+i2/ T p�Hm2IyXy8X

K2i?vH�iBQMc 6B;m`2 jXRR�VX h?2b2 :P i2`Kb BM+Hm/2/ ǳ�M�iQKB+�H bi`m+im`2 KQ`T?Q@
;2M2bBbǴ- ǳ�M�iQKB+�H bi`m+im`2 /2p2HQTK2MiǴ �M/ ǳ/2p2HQTK2Mi�H T`Q+2bbǴ U6B;m`2 3VX
h?2b2 :P i2`Kb }i rBi? i?2 +QM+2Ti i?�i bBi2b i?�i ;�BM K2i?vH�iBQM �`2 �bbQ+B�i2/
rBi? TQi2MiB�H S_*k@�bbQ+B�i2/ ;2M2b- �M/ rBi? i?2 B/2� i?�i �M �ii2KTi2/ `2bi`B+iBQM
Q7 /2p2HQTK2Mi�H T�i?r�vb Bb �i H2�bi T�`iB�HHv /`BpBM; i?2 �;2BM; T`Q+2bbX AM i?2 +�b2 Q7
;2M2b M2B;?#Qm`BM; M2;�iBp2Hv +Q``2H�i2/ +viQbBM2b- A 7QmM/ � bB;MB}+�Mi 2M`B+?K2Mi 7Q`
T`Q+2bb2b BM+Hm/BM; Mm+H2QiB/2 �M/ 2MxvK2 #BM/BM;- r?B+? Bb bm;;2biBp2 Q7 TQi2MiB�HHv
KQ`2 K2i�#QHB+�HHv �bbQ+B�i2/ +?�M;2b U6B;m`2 jXRR�VX h?2b2 }M/BM;b bm;;2bi i?�i i?2
�;2@�bbQ+B�i2/ +?�M;2b i?�i A Q#b2`p2 +QmH/ �Hi2` BKTQ`i�Mi #BQHQ;B+�H T`Q+2bb2bX

AM Q`/2` iQ /2i2`KBM2 r?2i?2` i?2 �;2@�bbQ+B�i2/ +?�M;2b i?�i A Q#b2`p2 7Q` i?2 iBbbm2@
BM/2T2M/2Mi M2r#Q`M �M�HvbBb �`2 i`mHv iBbbm2@BM/2T2M/2Mi- A BMi2`b2+i2/ i?2b2 bBi2b
rBi? i?2 iBbbm2@/2T2M/2Mi +Q``2H�iBQM �M�HvbBb iQ /2i2`KBM2 r?2i?2` i?2 bBi2b r2`2
bB;MB}+�MiHv +Q``2H�i2/ BM �HH iBbbm2b BM/2T2M/2MiHv- �M/ iQ 2Mbm`2 i?�i i?2`2 r�bMǶi
� bBM;H2 iBbbm2 /`BpBM; �Mv bT2+B}+ +Q``2H�iBQMX q?�i A 7QmM/ U6B;m`2 jXRR"V Bb i?�i
�HKQbi �HH Q7 i?2 bBi2b �`2 b?�`2/ �KQM;bi i?2 7Qm` iBbbm2b rBi? � bm#b2i Q7 bBi2b #2BM;
QMHv b?�`2/ �KQM;bi i?`22 Q7 i?2 iBbbm2bX h?2 `2�bQM 7Q` i?Bb H�+F Q7 Qp2`H�T Q7 �HH bBi2b
+QmH/ #2 /m2 iQ � H�+F Q7 bi�iBbiB+�H TQr2` QrBM; iQ � `2/m+2/ /2Ti? Q7 i?2 bBi2b Q`
� `2/m+2/ b�KTH2 MmK#2`X Pp2`�HH i?2b2 `2bmHib bm;;2bi i?�i i?2b2 �;2BM; �bbQ+B�i2/
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bBi2b i?�i ?�p2 #22M B/2MiB}2/ �`2 i`mHv iBbbm2 BM/2T2M/2MiX

-log(corrected p-value)

enzyme binding
purine ribonucleotide binding

purine nucleotide binding
ribonucleotide binding

nucleoside phosphate binding
nucleotide binding

anatomical structure morphogenesis
multicellular organism development

single−multicellular organism process
anatomical structure development

system development
generation of neurons

0 5 10 15 20

sign. positive
correlations

sign. negative
correlations

A

q<0.05

0

0

0

0

181

6033

2

0

0

0
85 0

0

0

0

Cortex Heart

Liver Lung

B

6B;m`2 jXRR, hBbbm2−BM/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/, U�V h?2 bBt KQbi bB;MB7@
B+�Mi :2M2 PMiQHQ;v U:PV i2`Kb 7Q` bB;MB}+�MiHv �;2@+Q``2H�i2/ *: bBi2bX h2`Kb �`2 THQii2/
�;�BMbi @HQ;U+Q``2+i2/ T p�Hm2V- rBi? TQbBiBp2 +Q``2H�iBQMb BM Q`�M;2 �M/ M2;�iBp2 BM #Hm2X U"V
h?2 Qp2`H�T #2ir22M iBbbm2b Q7 iBbbm2@BM/2T2M/2Mi �;2@�bbQ+B�i2/ aT2�`K�M +Q``2H�iBQMb rBi?
� +Q``2+i2/ T@p�Hm2 U[@p�Hm2V Q7 IyXy8X

AM �//BiBQM- A +QM/m+i2/ � bBKBH�` +Q``2H�iBQM +QMb2`p�iBQM �M�HvbBb 7Q` i?2 iBbbm2@
BM/2T2M/2Mi +Q``2H�iBQMb +QM/m+i2/ rBi?Qmi i?2 M2r#Q`M b�KTH2bX >Qr2p2`- QrBM;
iQ i?2 H�+F Q7 bi�iBbiB+�H TQr2`- i?Bb �M�HvbBb r�b T2`7Q`K2/ rBi? ?B;?Hv MQKBM�HHv
bB;MB}+�Mi +Q``2H�iBQMb UT@p�Hm2 IyXyy8V �M/ MQi KmHiBTH2@i2biBM; +Q``2+i2/ bB;MB}+�Mi
+Q``2H�iBQMbX �b bm+?- i?Bb �M�HvbBb +QmH/ +QMi�BM 7�Hb2 TQbBiBp2bX JQ`2Qp2`- QrBM; iQ
i?2 �`#Bi`�`v M�im`2 Q7 i?2 T@p�Hm2 i?`2b?QH/- i?Bb �M�HvbBb +QmH/ �HbQ +QMi�BM 7�Hb2
M2;�iBp2bX 6`QK i?Bb �M�HvbBb- A 7QmM/ i?�i +QMi`�`v iQ i?2 ?B;? H2p2Hb Q7 +QMb2`p�iBQM
b22M 7Q` i?2 M2r#Q`M@BM+HmbBp2 +Q``2H�iBQMb i?2`2 r�b p2`v HBiiH2 iBbbm2@/2T2M/2Mi +QM@
b2`p�iBQM r?2M M2r#Q`Mb r2`2 2t+Hm/2/ U6B;m`2 jXRkVX AM Qi?2` rQ`/b- i?2 K�DQ`Biv
Q7 iBbbm2@BM/2T2M/2Mi +Q``2H�iBQMb �`2 b22KBM;Hv #2BM; /2`Bp2/ 7`QK bBM;H2 iBbbm2b �M/
�`2 MQi i`mHv iBbbm2@BM/2T2M/2MiX h?2b2 `2bmHib ?�p2 iQ #2 i�F2M rBi? bQK2 b+2TiB@
+BbK- QrBM; iQ i?2 BM?2`2Mi HBKBi�iBQMb Q7 i?2 /�i�b2iX >Qr2p2`- i?2v bm;;2bi i?�i i?2
�;2@�bbQ+B�i2/ +?�M;2b i?�i �`2 #2BM; +�HH2/ rBi? i?2 M2r#Q`Mb BM+Hm/2/ �`2 KQ`2 `2@
~2+iBp2 Q7 i?2 `2;mH�iBQM Q7 � +Q`2@/2p2HQTK2Mi�H T`Q;`�KK2- r?2`2�b i?2 +?�M;2b i?�i
�`2 b22M rBi? i?2 M2r#Q`Mb 2t+Hm/2/ KQ`2 HBF2Hv `2~2+i iBbbm2@bT2+B}+ T`Q+2bb2bX

G�biHv- A �bb2bb2/ r?2i?2` +Q``2H�iBQMb i?�i r2`2 +�HH2/ BM � iBbbm2@/2T2M/2Mi 7�b?BQM
r2`2 +QMb2`p2/ �+`Qbb i?2 /Bz2`2Mi iBbbm2b U6B;m`2 jXRjVX h?Bb �M�HvbBb ?B;?HB;?i2/ i?�i
iBbbm2@bT2+B}+ +Q``2H�iBQMb- #Qi? rBi? UKmHiBTH2@i2biBM; +Q``2+i2/ T@p�Hm2 IyXy8c 6B;m`2
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p<0.005

2207

392

1292

430

162

93

143

274

1898

270
109 110

532

1689

286

Cortex Heart

Liver Lung

6B;m`2 jXRk, hBbbm2−BM/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/ UM2r#Q`Mb 2t+Hm/2/V,
Pp2`H�T #2ir22M iBbbm2b Q7 iBbbm2@BM/2T2M/2Mi �;2@�bbQ+B�i2/ aT2�`K�M +Q``2H�iBQMb rBi? �
+Q``2+i2/ T@p�Hm2 U[@p�Hm2V Q7 IyXyy8X

jXRj�V �M/ rBi?Qmi i?2 M2r#Q`Mb UT@p�Hm2 IyXyy8c 6B;m`2 jXRj"V T`2b2Mi- r2`2 i`mHv
iBbbm2@bT2+B}+ +?�M;2b i?�i �`2 MQi `2�/BHv b22M BM i?2 Qi?2` iBbbm2bX

q<0.1

4876

4

543

53

0

0

0

0

8951
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0 0

1
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0

Cortex Heart

Liver Lung

A

p<0.005

8501

57

8648

60

0

0

1

56

9556

56
0 0

46

6934

51

Cortex Heart

Liver Lung

B

6B;m`2 jXRj, hBbbm2−/2T2M/2Mi �;2−�bbQ+B�iBQMb �bb2bb2/, U�VPp2`H�T #2ir22M iBb@
bm2b Q7 iBbbm2@bT2+B}+ �;2@�bbQ+B�i2/ aT2�`K�M +Q``2H�iBQMb- rBi? i?2b2 /2}M2/ �b +Q``2H�iBQMb
rBi? � +Q``2+i2/ T@p�Hm2 U[@p�Hm2V Q7 IyXR 7Q` �Mv Q7 i?2 7Qm` iBbbm2bX U"V h?2 b�K2 `2T`2b2M@
i�iBQM Q7 iBbbm2@bT2+B}+ +Q``2H�iBQMb rBi? � T@p�Hm2 Q7 IyXyy8X

h?Bb 7�+i Bb 7m`i?2` p�HB/�i2/ #v i?2 :P �M�HvbBb BM 6B;m`2 jXR9- r?B+? ?�b #22M +QM@
/m+i2/ QM i?2 iBbbm2@bT2+B}+ bB;MB}+�MiHv +Q``2H�i2/ +?�M;2b UM2r#Q`Mb BM+Hm/2/V �M/
?B;?HB;?ib i?�i iBbbm2@bT2+B}+ +?�M;2b �`2 �bbQ+B�i2/ rBi? iBbbm2@bT2+B}+ T`Q+2bb2b- bm+?
�b M2m`QM�H T`Q+2bb2b BM i?2 +Q`i2tX AMi2`2biBM;Hv- �Hi?Qm;? i?2`2 Bb p2`v HBiiH2 Qp2`H�T
#2ir22M i?2b2 iBbbm2b 7`QK i?2 T2`bT2+iBp2 Q7 i?2 +viQbBM2b i?2Kb2Hp2b- �M/ �Hi?Qm;?
i?2 T`2+Bb2 T`Q+2bb2b �`2 /Bz2`2Mi- �;�BM i?2`2 b22Kb iQ #2 � +QKKQM i?2K2 Q7 /2p2H@
QTK2Mi�H T`Q+2bb2b �TT2�`BM;X h?Bb Bb QM+2 KQ`2 bm;;2biBp2 Q7 �;2BM; #2BM; �bbQ+B�i2/
rBi? `2;mH�iBQM Q7 � +Q`2 /2p2HQTK2Mi�H T`Q;`�KK2X
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

-log(corrected p-value)

    anatomical structure morphogenesis

         neuron differentiation

        generation of neurons

      nervous system development

     system development

       neurogenesis

0 5 10 15 20 25

Cortex GO terms Lung GO terms

    cell differentiation

   positive regulation of cell differentiation

     regulation of cell differentiation
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-log(corrected p-value)
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   developmental process

   animal organ morphogenesis

evelopmental process

    sensory organ morphogenesis

    anatomical structure morphogenesis
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Heart GO terms

-log(corrected p-value)

    regulation of GTPase activity

     positive regulation of GTPase activity

    anatomical structure morphogenesis

    guan nucleotide exchange factor activity

   locomotion

    positive regulation of hydrolase activity

0 2 4 6

Liver GO terms

-log(corrected p-value)

6B;m`2 jXR9, hBbbm2−/2T2M/2Mi �;2−�bbQ+B�iBQM :P−�M�HvbBb, h?2 bBt KQbi bB;MB}@
+�Mi :P i2`Kb 7Q` bB;MB}+�MiHv iBbbm2@bT2+B}+- �;2@+Q``2H�i2/ *: bBi2b- THQii2/ 7Q` 2�+? iBbbm2X
h2`Kb �`2 THQii2/ �;�BMbi @HQ;U+Q``2+i2/ T p�Hm2VX

jXkXj .L� K2i?vH�iBQM H2p2Hb �i � /Bb+`2i2 b2i Q7 *T:b �`2

T`2/B+iBp2 Q7 �;2

>�pBM; b22M i?�i K�Mv BM/BpB/m�H +viQbBM2b BM � *T: +QMi2ti +Q``2H�i2 rBi? �;2- A
b2i Qmi iQ /2}M2 �M 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM KB+2X AM F22TBM; rBi? i?2 rQ`F
/QM2 BM ?mK�Mb- A /2+B/2/ iQ /2}M2 Kv T`2/B+iQ` mbBM; �M 2H�biB+@M2i `2;`2bbBQM KQ/2H
BKTH2K2Mi2/ rBi?BM i?2 ;HKM2i T�+F�;2 BM _ U6B;m`2 jXR8c 6`B2/K�M 2i �HX- kyRyVX AM
�//BiBQM- iQ Qm` QrM /�i�b2i- A �HbQ BM+Hm/2/ � MmK#2` Q7 Tm#HB+�HHv �p�BH�#H2 __"a
/�i�b2ib BM Kv �M�HvbBbX h?2b2 /�i�b2ib +QMi�BM2/ b�KTH2b 7`QK HBp2`- HmM;- Kmb+H2-
bTH22M- �M/ +2`2#2HHmK �M/ r2`2 /2`Bp2/ 7`QK #Qi? K�H2 �M/ 72K�H2 *8d"Gfe KB+2-
rBi? �;2b `�M;BM; 7`QK M2r#Q`M iQ jR r22Fb Q7 �;2 U*�MMQM 2i �HX- kyR9- _2Bx2H 2i �HX-
kyR8- a+?BHH2#22+Ft 2i �HX- kyRj �M/ w?�M; 2i �HX- kyRe�VX h?2 `�iBQM�H2 #2?BM/ i?2
BM+HmbBQM Q7 �//BiBQM�H b�KTH2b r�b T`2/QKBM�MiHv 7Qm`7QH/X 6B`biHv- KQ`2 b�KTH2b
rQmH/ K2�M i?�i � H�`;2` i`�BMBM; /�i�b2i rQmH/ #2 �p�BH�#H2 iQ /2}M2 � T`2/B+iQ` 7`QK-
BKT`QpBM; i?2 KQ/2HX a2+QM/Hv- ?�pBM; b�KTH2b 7`QK KB+2 F2Ti mM/2` bHB;?iHv /Bz2`2Mi
+QM/BiBQMb- rBi? HB#`�`B2b K�/2 mbBM; bHB;?iHv /Bz2`2Mi �TT`Q�+?2b rQmH/ K2�M i?�i
i?2 KQ/2H rQmH/ #2 H2bb T`QM2 iQ Qp2`}iiBM;- �M/ Kv KQ/2H rQmH/ TQi2MiB�HHv #2 KQ`2
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

;2M2`�HBx�#H2X h?B`/Hv- �//BiBQM�H /�i�b2ib K2�M i?�i Bi rQmH/ #2 TQbbB#H2 iQ F22T bQK2
/�i�b2ib +QKTH2i2Hv 2ti2`M�H 7`QK i?2 KQ/2HHBM; T`Q+2bb �M/ bQ i?2b2 +QmH/ #2 mb2/ 7Q`
�M BM/2T2M/2Mi p�HB/�iBQM Q7 i?2 T`2/B+iQ`X G�biHv- i?2b2 /�i�b2ib +QMi�BM2/ i`2�iK2Mib
i?�i +QmH/ #2 miBHBb2/ iQ �bb2bb r?2i?2` i?2 KQ/2H rQmH/ #2 �#H2 iQ K2�bm`2 #BQHQ;B+�H
�;2 BM �//BiBQM iQ +?`QMQHQ;B+�H �;2X � KQ`2 /2i�BH2/ /2b+`BTiBQM Q7 i?2 b�KTH2b +�M
#2 7QmM/ BM i?2 J�i2`B�Hb �M/ J2i?Q/b b2+iBQMX

6B;m`2 jXR8, a+?2K�iB+ Q7 i?2 KQ/2HHBM; T`Q+2/m`2, :`�T?B+�H `2T`2b2Mi�iBQM Q7
KQ/2H /2}MBiBQM �M/ i2biBM;X .Bz2`2Mi /�i�b2ib K�F2 mT +B`+H2b �M/ �`2 +QHQm`2/ BM �;`22@
K2Mi rBi? H�i2` };m`2b- M�K2Hv, _2Bx2H U_V BM #`QrM- *�MMQM U*V BM ;`22M- "�#`�?�K U"V
BM Tm`TH2- w?�M; UwV BM TBMF �M/ a+?BHH2#22+Ft UaV BM HB;?i ;`22MX h?2 irQ /�i�b2ib MQi mb2/
BM i`�BMBM; �`2 b?QrM BM � /Bz2`2Mi +B`+H2 �M/ HBM2b `2T`2b2Mi i?2 T`Q+2bbBM; Q7 .L� K2i?v@
H�iBQM /�i�X h`�BMBM; Q7 i?2 KQ/2H Bb `2T`2b2Mi2/ #v i?2 b+`22M rBi? +�TiBQM ǵ;HKM2iǶ �M/
`2bmHiBM; T`2/B+iBQM bBi2b �M/ i?2B` +Q``2bTQM/BM; r2B;?iBM; �`2 i`�Mb72``2/ iQ i?2 ǵ2TB;2M2iB+
�;2 T`2/B+iQ`ǶX h2bi /�i� Bb i?2M 72/ BMiQ i?2 T`2/B+iQ` �M/ �;2 Bb T`2/B+i2/- `2T`2b2Mi2/ #v
i?2 TQ+F2i r�i+?2bX

AM bmKK�`v- RkN ?2�Hi?v b�KTH2b r2`2 miBHBb2/ 7Q` i?2 i`�BMBM; b2i �M/ i?2 `2K�BM@
BM; R3N b�KTH2b r2`2 miBHBb2/ 7Q` i?2 i2bi b2i- BM+Hm/BM; irQ /�i�ib2ib Uw?�M; �M/
a+?BHH2#22+Ft /�i�b2ibV- #Qi? /2`Bp2/ 7`QK /Bz2`2Mi 2tT2`BK2Mi�H b2iiBM;b- i?�i ?�/ MQ
b�KTH2b T`2b2Mi BM i?2 i`�BMBM; b2i �M/ �b bm+? +QmH/ #2 mb2/ �b i`mHv BM/2T2M/2Mi i2bi
b2ib- iQ �bb2bb i?2 `Q#mbiM2bb Q7 i?2 KQ/2HX �HH b�KTH2b r2`2 T`Q+2bb2/ �b /2b+`B#2/
BM J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kXjX AKTQ`i�MiHv- �HH +viQbBM2b BM *T: +QMi2ti QM
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

i?2 b2t +?`QKQbQK2b Q` 7QmM/ BM KBiQ+?QM/`B�H .L� r2`2 2t+Hm/2/ 7`QK i?2 �M�Hv@
bBbX h?Bb r�b /QM2 7Q` � MmK#2` Q7 `2�bQMbX 6B`biHv- iQ 2Mbm`2 i?�i i?2 KQ/2H rQmH/
#2 b2t BM/2T2M/2MiX a2+QM/Hv- iQ 2Mbm`2 i?�i Bi rQmH/ #2 +QKT�iB#H2 rBi? HB#`�`v
T`2T�`�iBQM �TT`Q�+?2b i?�i K�v `2bmHi BM HQbb Q7 i?2 KBiQ+?QM/`B�H .L�X h?B`/Hv-
i?2 KBiQ+?QM/`B�H .L� r�b `2KQp2/ #2+�mb2 Bi Bb +QKKQMHv TQQ`Hv +QMp2`i2/ /m`BM;
#BbmH}i2 i`2�iK2MiX

hQ /2}M2 i?2 KQ/2H A /2+B/2/ iQ miBHBb2 bBi2b i?�i r2`2 +Qp2`2/ #v �i H2�bi 8 `2�/b BM
�HH b�KTH2bX h?Bb `2bmHi2/ BM i?2`2 #2BM; QMHv ∼R3F bBi2b i?�i +QmH/ #2 mb2/- r?B+?
`2T`2b2Mib �#Qmi kW Q7 i?2 iQi�H MmK#2` Q7 bBi2b T`2b2Mi BM �HH /�i�b2ibX PM2 Q7 i?2
`2�bQMb i?�i i?2`2 r2`2 bQ 72r mb�#H2 bBi2b r�b #2+�mb2 i?2`2 r�b MQi RyyW +QMp2`;2M+2
#2ir22M i?2 bBi2b Q7 i?2 /Bz2`2Mi /�i�ib2ib U6B;m`2 jXReVX

h?2 `2�bQM 7Q` i?Bb H�+F Q7 Qp2`H�T Bb /m2 iQ i?2 bBx2 b2H2+iBQM bi2T BM i?2 __"a T`QiQ+QH
#2BM; /Bz2`2Mi 7Q` i?2 /Bz2`2Mi __"a /�i�b2ibX h?2 `2�bQM 7Q` b2iiBM; i?Bb i?`2b?QH/
Q7 �i H2�bi 8 `2�/b BM �HH b�KTH2b r�b iQ 2Mbm`2 i?�i A +QmH/ #2 +QM}/2Mi i?�i i?2`2
r2`2 �i H2�bi bBt@bi�i2b i?�i 2�+? +viQbBM2 BM � *T: +QmH/ #2 BM UBX2X y- ky- 9y- ey-
3y �M/ RyyW K2i?vH�i2/VX AM �//BiBQM- Bi 2Mbm`2/ i?�i i?2`2 r�b MQ M22/ iQ �ii2KTi
BKTmi�iBQM@#�b2/ �TT`Q�+?2bX A ?�/ T`2pBQmbHv �ii2KTi2/ #Qi? K2�M �M/ K2/B�M
#�b2/ BKTmi�iBQM- r?2`2#v A +?Qb2 �HH bBi2b i?�i r2`2 `2T`2b2Mi2/ BM 3yW Q7 b�KTH2b
rBi? ;`2�i2` i?�M Q` 2[m�H iQ }p2 `2�/b T2` b�KTH2X >Qr2p2`- A 7QmM/ BM +`Qbb@p�HB/�iBQM
2tT2`BK2Mib i?�i i?2 `2bmHib r2`2 bBKBH�` iQ Q` rQ`b2 i?�M bi�`iBM; rBi? 72r2` bBi2b 7Q`
r?B+? MQ bm+? BKTmi�iBQM r�b `2[mB`2/X

�//BiBQM�HHv- A 7QmM/ BM i?2 BMBiB�H +`Qbb@p�HB/�iBQM i2biBM; 2tT2`BK2Mib i?�i i?2`2 r�b
� +QMbBbi2Mi Qp2` T`2/B+iBQM �i vQmM; �;2b �M/ � +QMbBbi2Mi mM/2` T`2/B+iBQM �i QH/
�;2bX h?Bb bm;;2bi2/ i?�i T2`?�Tb i?2 �;2 `2[mB`2/ � K�i?2K�iB+�H i`�Mb7Q`K�iBQM
T`BQ` iQ i`�BMBM;X h?Bb ?�/ T`2pBQmbHv #22M /QM2 7Q` i?2 KmHiB@iBbbm2 T`2/B+iQ` /2@
}M2/ #v >Q`p�i? BM ?mK�MbX AM ?mK�Mb- i?2 i`�Mb7Q`K�iBQM i?�i r�b �TTHB2/ r�b
� bTHBi i`�Mb7Q`K�iBQM- �b /2b+`B#2/ BM i?2 BMi`Q/m+iBQM- rBi? � HQ;�`Bi?KB+ i`�Mb7Q`@
K�iBQM 7`QK T`2@#B`i? iQ ky �M/ � HBM2�` i`�Mb7Q`K�iBQM �7i2` kyX �b bm+? A /2+B/2/
iQ i2bi r?2i?2` � Tm`2 HQ;�`Bi?KB+ i`�Mb7Q`K�iBQM- � Tm`2 HBM2�` i`�Mb7Q`K�iBQM Q` �
bTHBi i`�Mb7Q`K�iBQM UbBKBH�` iQ i?2 >Q`p�i? i`�Mb7Q`K�iBQM U1[m�iBQMb RXR �M/ RXkV-
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106910

381332

45

437161

27538
226

5774034

32347

7854

124

3
2513

102112

638539

27133

9853840
2061

223

255

14

331

6467

122932
21632

13844
33542

103

795

17992

Reizel

Babraham

Cannon

Zhang

Schillebeeckx

6B;m`2 jXRe, Pp2`H�T Q7 i?2 /�i�b2ib mb2/ iQ /2}M2 i?2 KQmb2 T`2/B+iQ`, o2MM
/B�;`�K Q7 i?2 bBi2 Qp2`H�T #2ir22M i?2 /�i�b2ib mb2/ iQ /2}M2 �M/ i2bi i?2 KQmb2 T`2/B+iQ`X
h?2 /�i�b2i Bb ?B;?HB;?i2/ M2ti iQ Bib b2;K2MiX
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

#mi rBi? �/mHiX�;2 b2i iQ Rk r22FbV rQmH/ #2 #2biX A 7QmM/ 7`QK i?2b2 2tT2`BK2Mib
i?�i i?2 Tm`2 HQ;�`Bi?KB+ i`�Mb7Q`K�iBQM T2`7Q`K2/ bHB;?iHv #2ii2` i?�M i?2 HQ;@HBM2�`
i`�Mb7Q`K�iBQM- rBi? #Qi? T2`7Q`KBM; #2ii2` i?�M i?2 HBM2�` i`�Mb7Q`K�iBQMX �b bm+?
A /2+B/2/ iQ /2}M2 i?2 KQ/2H mbBM; � HQ;�`Bi?KB+ i`�Mb7Q`K�iBQM Q7 i?2 /�i�X S2`?�Tb
rBi? /�i� bT`2�/ KQ`2 2p2MHv �+`Qbb i?2 iBK2 +Qm`b2- A rQmH/ �HbQ ?�p2 7QmM/ i?�i �
HQ;@HBM2�` i`�Mb7Q`K�iBQM rQmH/ #2 bBKBH�`Hv QTiBK�H #mi i?Bb rBHH QMHv #2 TQbbB#H2 iQ
�bb2bb �b KQ`2 iBK2 TQBMib �`2 �bb�v2/X

h?2 KQ/2H r�b /2}M2/ mbBM; +`Qbb@p�HB/�iBQM iQ QTiBKBb2 i?2 KQ/2H T�`�K2i2`b- /2i�BHb
+�M #2 7QmM/ BM i?2 J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kXjXRkX AM �//BiBQM iQ i?2 QTiBKB@
b�iBQM T2`7Q`K2/ #v ;HKM2i 7Q` H�K#/� UλV- A T2`7Q`K2/ �HT?� UαV QTiBKBb�iBQM �b
T�`i Q7 i?2 +`Qbb@p�HB/�iBQMX S`2pBQmbHv- BM i?2 ?mK�M iBbbm2@bT2+B}+ KQ/2Hb U6HQ`�i?
2i �HX- kyRj- >�MMmK 2i �HX- kyRj �M/ q2B/M2` 2i �HX- kyR9V i?2 �HT?� T�`�K2i2` r�b
/2}M2/ �`#Bi`�`BHv- r?2`2�b BM i?2 +�b2 Q7 i?2 KmHiB@iBbbm2 T`2/B+iQ` �HT?� r�b b2i iQ
yX8 U?�H7r�v #2ir22M G�bbQ �M/ _B/;2c >Q`p�i?- kyRjVX "v +QMi`�bi- A r�Mi2/ iQ /2}M2
�HT?� 2KTB`B+�HHv mbBM; i?2 i`�BMBM; /�i�b2iX 6QHHQrBM; i?Bb +`Qbb@p�HB/�iBQM- i?2 KQ/2H
A /2}M2/ +QMi�BM2/ jkN *T: bBi2bX h?2 KQ/2H rBHH ?2`2iQ #2 `272``2/ iQ �b i?2 KQmb2
+HQ+FX *QBM+B/2Mi�HHv- i?2 MmK#2` Q7 bBi2b BM i?2 KQmb2 +HQ+F Bb bBKBH�` iQ i?�i /2}M2/
7Q` i?2 ?mK�M KmHiB@iBbbm2 T`2/B+iQ` Q7 >Q`p�i? U>Q`p�i?- kyRjVX

h?Bb KQmb2 +HQ+F T2`7Q`K2/ r2HH BM i?2 i`�BMBM; /�i�b2i- �b r�b iQ #2 2tT2+i2/- rBi?
� +Q``2H�iBQM Q7 yXNdd #2ir22M i?2 T`2/B+i2/ �;2b �M/ i?2 �+im�H �;2b U6B;m`2 jXRd�VX
AM �//BiBQM- BM i?2 i`�BMBM; b2i i?2 KQ/2H ?�/ � K2/B�M �#bQHmi2 2``Q` UJ�1V Q7 yXNd
r22FbX AM i?2 i2bi b2i i?2 KQ/2H T2`7Q`K2/ rQ`b2 i?�M BM i?2 i`�BMBM; b2i- #mi r�b biBHH
�#H2 iQ `2H�iBp2Hv �++m`�i2Hv T`2/B+i �;2 U6B;m`2 jXRd"VX AM i?2 i2bi b2i i?2 +Q``2H�iBQM
#2ir22M T`2/B+i2/ �M/ �+im�H �;2 r�b yX3jN �M/ i?2 J�1 r�b H�`;2` �i jXjj r22Fb
U6B;m`2 jXR3�VX h?Bb i2bi b2i 2``Q` +Q``2bTQM/b iQ � 3X8W K2�bm`2K2Mi 2``Q` �i i?2
QH/2bi �;2 i2bi2/ U9R r22FbVX A +�H+mH�i2/ i?�i Kv 2TB;2M2iB+ T`2/B+iQ` r�b �++m`�i2 iQ
rBi?BM � bBKBH�` K�`;BM Q7 2``Q` �b i?2 ?mK�M T`2/B+iQ`b r?2M 2tT`2bb2/ �b � T`QTQ`iBQM
Q7 HB72bT�MX h?Bb +�H+mH�iBQM r�b K�/2 �bbmKBM; i?�i i?2 2tT2+i2/ HB72bT�M 7Q` � KQmb2
Bb U=Ryy r22FbV �M/ i?�i Q7 � ?mK�M Bb U=38 v2�`bVX AM �//BiBQM iQ /2}MBM; i?2 2``Q`
�+`Qbb �HH b�KTH2b- A �HbQ bTHBi i?2 J�1 BMiQ irQ ;`QmTb #�b2/ mTQM i?2 �;2b Q7 i?2

Ne



*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

0 10 20 30 40

0

10

20

30

40

Age [weeks]

Ep
ig

en
et

ic
 A

ge
 [w

ee
ks

]
Liver
Lung
Heart
Muscle
Spleen
Cerebellum
Cortex

Training samples (cor: 0.977)

●●

●

●

●●

●

●

●

●

●

●●●

●●

●●
●
●

●

●
●

●●●

●
●

●

●
●

●

●

●
●

●●●

●
●

●
●

●

●

●

●●

●●
●
●
●●●●●

●
●

●

●

●
●
●
●
●

●●●●●●●●●●

●●●●●●●
●●

●
●●●
●●●●
●
●

●
●
●
●

●

●

●

●

●

●

●●

●
●●
●
●
●

●●

●
●

●

●●
●

●

●

●●
●
●●●
●

Test samples (cor: 0.839)
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6B;m`2 jXRd, �;2 T`2/B+iBQMb 7Q` i`�BMBM; �M/ i2bi /�i�, U�V h?2 �;2b Q7 b�KTH2b
7`QK i?2 i`�BMBM; b2i- T`2/B+i2/ #v i?2 KQ/2H- rBi? �+im�H �;2 BM t �M/ T`2/B+i2/ �;2 BM
vX .�i� TQBMib �`2 +QHQm`2/ #v iBbbm2 �M/ DBii2` b?Qrb 2tT2`BK2Mi�H 2``Q` BM 2biBK�i2b Q7
�;2X U"V h?2 �;2b Q7 b�KTH2b 7`QK i?2 i2bi b2i- T`2/B+i2/ #v i?2 KQ/2HX h`�BMBM; b2i /�i� Bb
�//BiBQM�HHv b?QrMX

b�KTH2b �M/ 7QmM/ i?�i rBi? BM+`2�bBM; �;2 i?2`2 r�b �M BM+`2�bBM; 2``Q` �bbQ+B�i2/
rBi? i?2 T`2/B+iBQMb K�/2 #v i?2 KQ/2H UkXR9 r22Fb BM i?2 Iky r22Fb i2bi b2i- �M/
9Xee r22Fb BM i?2 =ky r22Fb i2ti b2ic 6B;m`2 jXR3"VX AMi2`2biBM;Hv- i?Bb r�b 7QmM/ #Qi?
BM i?2 i`�BMBM; �M/ BM i?2 i2bi b�KTH2b- bm;;2biBM; i?�i Bi Bb � T?2MQK2MQM MQi Dmbi
�bbQ+B�i2/ rBi? TQQ` i2bi T`2/B+iBQMb �i BM+`2�b2/ �;2bX

AKTQ`i�MiHv- A }M/ i?�i i?2 b�KTH2b 7`QK i?2 irQ BM/2T2M/2Mi /�i�b2ib �`2 p2`v r2HH
T`2/B+i2/- bm;;2biBM; i?�i i?Bb KQ/2H BbMǶi bBKTHv Qp2`@}iiBM; iQ i?2 /�i�b2ib i?2Kb2Hp2b
U6B;m`2 jXRNVX h?Bb r�b � H2;BiBK�i2 +QM+2`M BM i?2 /2`Bp�iBQM Q7 i?Bb KQ/2H- #2+�mb2
2�+? /�i�b2i ?�b p2`v +?�`�+i2`BbiB+ �;2b �bbQ+B�i2/ rBi? Bi- �M/ bQ �Mv /�i�b2i@bT2+B}+
/Bz2`2M+2 +QmH/ K�MB72bi Bib2H7 �b � TQi2MiB�H +QM7QmM/BM; �;2BM; bB;M�im`2 U7Q` BMbi�M+2
i?2 *�MMQM /�i�b2i QMHv ?�b b�KTH2b �i N r22Fb Q7 �;2VX

AM �//BiBQM- A r�Mi2/ iQ �bb2bb r?2i?2` i?2`2 r2`2 �Mv �//BiBQM�H TQi2MiB�H +QM7QmM/2`b
Q` #B�b2b BM Kv KQ/2HX �b bm+?- A r�Mi2/ iQ �bb2bb r?2i?2` i?2`2 r�b �Mv /�i�b2i i?�i
r�b K�FBM; i?2 KQ/2H H2bb r2HH +�HB#`�i2/ - #mi b�r i?�i i?Bb /B/ MQi �TT2�` iQ #2 i?2
+�b2 U6B;m`2 jXkyVX AM �//BiBQM- A r�Mi2/ iQ b22 r?2i?2` i?2`2 r�b �Mv `2H�iBQMb?BT
#2ir22M i?2 2``Q` BM i?2 T`2/B+iBQM �M/ i?2 K2/B�M /2Ti? Q7 +Qp2`�;2 Q7 i?2 ;Bp2M
b�KTH2- #mi 7QmM/ MQM2 U6B;m`2 jXkyVX G�biHv- A r�Mi2/ iQ �bb2bb r?2i?2` � ;2M/2`

Nd
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6B;m`2 jXR3, J2/B�M �#bQHmi2 /2pB�iBQM Q7 �;2 T`2/B+iBQMb, U�V h?2 �#bQHmi2 2``Q`
BM �;2 T`2/B+iBQM 7Q` i`�BMBM; �M/ i2bi b�KTH2b- rBi? K2/B�M 2``Q` H�#2HH2/X U"V h?2 �#bQHmi2
2``Q` BM �;2 T`2/B+iBQM 7Q` i`�BMBM; �M/ i2bi b�KTH2b #v �;2 ;`QmT UmM/2` �M/ Qp2` ky r22Fb
Q7 �;2V- rBi? K2/B�M 2``Q` H�#2HH2/X
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Zhang et al. 2016
Schillebeeckx et al. 2013
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6B;m`2 jXRN, AM/2T2M/2Mi p�HB/�iBQMb Q7 �;2 T`2/B+iBQM, �;2 T`2/B+iBQM #v i?2 KQ/2H
Q7 �;2 Q7 b�KTH2b 7`QK irQ mMQ#b2`p2/ /�i�b2ib Ua+?BHH2#22+Ft 2i �HX- kyRj �M/ w?�M; 2i �HX-
kyRe�V- rBi? i`�BMBM; /�i� �HbQ b?QrMX
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#B�b +QmH/ #2 �z2+iBM; i?2 �++m`�+v Q7 T`2/B+iBQM U6B;m`2 jXkyVX �;�BM i?Bb +QmH/ ?�p2
#22M 2tT2+i2/ QrBM; iQ i?2 irQ ;2M/2`b MQi #2BM; 2[m�HHv `2T`2b2Mi2/ BM i?2 i`�BMBM;
/�i�b2iX >Qr2p2`- A 7QmM/ MQ bB;MB}+�Mi /Bz2`2M+2 #2ir22M i?2 T`2/B+iBQM 2``Q` 7Q`
K�H2b �M/ 72K�H2bX
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Training samples

Cannon et al. 2014
Reizel et al. 2015

This study

Zhang et al. 2016
Schillebeeckx et al. 2013
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6B;m`2 jXky, *QMi`QHHBM; 7Q` #B�b2b BM �;2 T`2/B+iBQMb, U�V �;2 T`2/B+iBQM Q7 i2bi
b�KTH2b #v i?2 KQ/2H- rBi? b�KTH2b +QHQm`2/ #�b2/ QM /�i�b2iX h`�BMBM; /�i� �HbQ b?QrMX
U"V �;2 T`2/B+iBQM Q7 i2bi b�KTH2b #v i?2 KQ/2H- rBi? b�KTH2b +QHQm`2/ #�b2/ QM �p2`�;2
b2[m2M+BM; +Qp2`�;2 Q7 T`2/B+iBQM bBi2bX U*V �;2 T`2/B+iBQM Q7 i2bi b�KTH2b #v i?2 KQ/2H-
rBi? b�KTH2b +QHQm`2/ #�b2/ QM b2tX

hQ �ii2KTi iQ mM/2`bi�M/ i?2 M�im`2 Q7 i?2 p�`B�iBQM rBi?BM i?2 b�KTH2b rBi? `2H�iBQM
iQ i?2 jkN bBi2b i?�i /2}M2 i?2 KQmb2 2TB;2M2iB+ T`2/B+iQ`- A T2`7Q`K2/ � T`BM+BTH2 +QK@
TQM2Mi �M�HvbBb US*�V QM i?2 i`�BMBM; b2iX LBM2iv T2`+2Mi Q7 i?2 Q#b2`p2/ p�`B�#BHBiv
r�b 2tTH�BM2/ #v eN T`BM+BT�H +QKTQM2Mib US*bV- Q7 r?B+? k S*b US*R �M/ S*RjV

NN
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/BbTH�v2/ � +H2�` �;2 `2H�iBQM UTIyXy8c 6B;m`2 jXkRVX

Principle components describing 
variation in the clock sites
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6B;m`2 jXkR, o�`B�M+2 2tTH�BM2/ #v �;2, S2`+2Mi�;2 2tTH�BM2/ p�`B�iBQM Q7 T`BM+BT�H
+QKTQM2Mib i?�i b2;`2;�i2 b�KTH2b mbBM; i?2 +?Qb2M +HQ+F bBi2bX R �M/ Rj U`2/V �`2 MQKBM�HHv
bB;MB}+�Mi `2H�i2/ iQ �;2X

a?QrM BM 6B;m`2 jXkk �`2 S*R �M/ S*kX S*R +�Tim`2b �;2@/2T2M/2Mi p�`B�iBQM-
r?2`2�b S*k Bb �#H2 iQ /Bz2`2MiB�i2 r2HH #2ir22M HBp2` b�KTH2b- r?B+? K�/2 mT �
p�bi T`QTQ`iBQM Q7 i?2 i`�BMBM; b2i �M/ i?2 Qi?2` iBbbm2bX h?Bb �M�HvbBb Q7 p�`B�iBQM
�i i?2b2 bBi2b ?B;?HB;?ib i?�i i?2 K�DQ` p�`B�iBQM rBi?BM i?2 KQmb2 +HQ+F bBi2b BM i?2
i`�BMBM; b2i Bb /m2 iQ � MmK#2` Q7 7�+iQ`b- BM+Hm/BM; iBbbm2 �M/ �;2 �M/ BKTQ`i�MiHv
i?�i 7�+iQ`b bm+? �b /�i�b2i �M/ Qi?2` i2+?MB+�H p�`B�#H2b bm+? �b #BbmH}i2 `2�;2Mi �`2
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+HQ+F bBi2 ;2MQKB+ HQ+�iBQMb- rBi? TQbBiBp2Hv r2B;?i2/ bBi2b BM/B+�i2/ BM `2/ �M/ M2;�iBp2Hv
r2B;?i2/ bBi2b BM #Hm2X
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}`bi HQQF �i i?2 HQ+�iBQM Q7 i?2 bBi2b BM i?2 ;2MQK2- A ;2M2`�i2/ �M B/2Q;`�K Q7 i?2
+HQ+F bBi2b U6B;m`2 jXkeVX 6`QK i?Bb Bi r�b MQi TQbbB#H2 iQ B/2MiB7v �Mv bT2+B}+ BbQ+?Q`2-
+?`QKQbQK2 Q` Qi?2` H�`;2 ;2MQKB+ 72�im`2 i?�i i?2 +HQ+F bBi2b b22K2/ iQ #2 �bbQ+B�i2/
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bBi2b U"BMQKB�H i2bi- +Q``2+i2/ T@p�m2 I yXy8VX >Qr2p2`- A b22 i?�i �Hi?Qm;? i?2`2
Bb � bB;MB}+�Mi 2M`B+?K2Mi Q7 i?2 bBi2b BM *T: AbH�M/ b?2Hp2b 7Q` M2;�iBp2Hv r2B;?i2/
bBi2b- i?2`2 Bb MQ /2i2+i�#H2 2M`B+?K2Mi BM 2Bi?2` /B`2+iBQM 7Q` i?2 TQbBiBp2Hv r2B;?i2/
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/2TH2i2/ BM BMi2`;2MB+ `2;BQMb- #mi �`2 KBH/Hv 2M`B+?2/ BM TQbBiBp2Hv +Q``2H�i2/ bBi2bX
�//BiBQM�HHv- A r�Mi2/ iQ b22 r?2i?2` i?2`2 r�b � bB;MB}+�Mi 2M`B+?K2Mi 7Q` i?2 bBi2b
iQ 7�HH rBi?BM `2;BQMb Q7 HQr Q` ?B;? *T: b+�`+Biv U6B;m`2 jXkdVX >Qr2p2`- A 7QmM/ i?�i
i?2`2 r�b MQ /Bz2`2M+2 2Bi?2` #2ir22M TQbBiBp2Hv r2B;?i2/ bBi2b- M2;�iBp2Hv r2B;?i2/
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T`2+Hm/2 �Mv :P 2M`B+?K2MiX
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6B;m`2 jXkd, 62�im`2 2M`B+?K2Mi Q7 T`2/B+iBp2 bBi2b, U�V 1M`B+?K2Mi Q7 TQbBiBp2Hv
U`2/V �M/ M2;�iBp2Hv U#Hm2V r2B;?i2/ +HQ+F bBi2b �++Q`/BM; iQ ;2MQKB+ 72�im`2X 1M`B+?K2Mi
i2bi2/ mbBM; � #BMQKB�H i2bi rBi? U V BM/B+�iBM; � T@p�Hm2 Q7 IyXy8X U"V *: b+�`+Biv Q7
i?2 +?Qb2M +HQ+F bBi2b +QKT�`2/ iQ � `�M/QK b2i Q7 *: bBi2b- rBi? TQbBiBp2Hv r2B;?i2/ bBi2b
BM/B+�i2/ BM `2/ �M/ M2;�iBp2Hv r2B;?i2/ bBi2b BM #Hm2X

jXkX9 .L� K2i?vH�iBQM �;2 Bb �Hi2`2/ BM Qp�`B2+iQKBb2/ 72@

K�H2b �M/ #v /B2i

6QHHQrBM; QM 7`QK i?2 /2bB;M Q7 i?2 KQmb2 T`2/B+iQ`- p�HB/�iBQM i?�i Bi +�M 7mM+iBQM iQ
T`2/B+i +?`QMQHQ;B+�H �;2 �M/ �bb2bbK2Mi Q7 i?2 +HQ+F bBi2b i?2Kb2Hp2b- A M2ti r�Mi2/
iQ �bb2bb r?2i?2` A +QmH/ T`2/B+i #BQHQ;B+�H �;2 /Bz2`2M+2bX 6Q`imM�i2Hv- BM i?2 Tm#HB+Hv
�p�BH�#H2 /�i�b2ib i?�i r2`2 �p�BH�#H2 iQ K2- A +QmH/ �bb2bb r?2i?2` ;2M/2`- Qp�`B2+iQKv

Ry8



jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

Q` /B2i `2bmHi2/ BM K2�bm`�#H2 �;2 /Bz2`2M+2bX 6`QK �M BMBiB�H BMbT2+iBQM A 7QmM/ bi`QM;
�;`22K2Mi #2ir22M i?2 +?`QMQHQ;B+�H �;2 �M/ 2TB;2M2iB+ �;2 Q7 i?2 KB+2 BM/2T2M/2Mi Qz
i`2�iK2Mi Q` +QMi`QH- bm;;2biBM; i?�i �Mv +?�M;2 i?�i A rQmH/ b22 rQmH/ #2 `2H�iBp2Hv
KBMQ`X h?Bb Bb BM F22TBM; rBi? r?�i ?�b #22M b22M #Qi? 7Q` >�MMmKǶb +�M+2` p�HB/�iBQM
�M/ 7Q` i?2 p�HB/�iBQMb +QM/m+i2/ mbBM; i?2 >Q`p�i? T`2/B+iQ`- �HH Q7 r?B+? `2[mB`2/
H�`;2 b�KTH2 bBx2b iQ /2i2+i i?2b2 #BQHQ;B+�H �;2 2z2+ibX

female male
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6B;m`2 jXk3, h?2`2 �`2 MQ ;2M/2` #B�b2b BM T`2/B+iBQM �++m`�+v, h?2 �;2b T`2/B+i2/
#v i?2 KQ/2H Q7 ky@r22F@QH/ HBp2` b�KTH2b U_2Bx2H 2i �HX- kyR8V- rBi? b�KTH2b b2;`2;�i2/ #v
b2tX � i@i2bi ;2M2`�i2/ � T@p�Hm2 Q7 yX83X

AM i?2 +�b2 Q7 ;2M/2`- A i2bi2/ r?2i?2` i?2`2 r�b � bB;MB}+�Mi /Bz2`2M+2 #2ir22M i?2
T`2/B+iBQMb Q7 �;2 BM 72K�H2b �M/ K�H2b 7`QK i?2 i2bi /�i�b2i U6B;m`2 jXk3VX AM i?2
HBi2`�im`2- Bi ?�b #22M `2TQ`i2/ i?�i i?2`2 �`2 ;2M/2`@bT2+B}+ .L�K2i?vH�iBQM T�ii2`Mb
U_2Bx2H 2i �HX- kyR8VX AM �//BiBQM- Bi Bb FMQrM i?�i K�H2b �M/ 72K�H2b ?�p2 /Bz2`BM; HB72
2tT2+i�M+B2b- rBi? 72K�H2 KB+2 +QKKQMHv QmiHBpBM; i?2B` K�H2 +QmMi2`T�`ib- �Hi?Qm;?
i?Bb }M/BM; Bb bi`�BM /2T2M/2Mi U�mbi�/ �M/ 6Bb+?2`- kyReVX AM i?2 b�KTH2b i?�i A
i2bi2/ A 7QmM/ MQ bB;MB}+�Mi /Bz2`2M+2 #2ir22M K�H2b �M/ 72K�H2b U6B;m`2 jXk3VX h?Bb
?B;?HB;?ib i?�i i?2 KQ/2H Bb �#H2 iQ �++m`�i2Hv T`2/B+i #Qi? ;2M/2`b- �M/ bm;;2bib
i?�i i?2`2 Bb MQ bF2rBM; BM i?2 T`2/B+iBQMb- /2`Bp2/ 7`QK � #B�b BM i?2 i`�BMBM; b2i
;2M/2`bX >Qr2p2`- Bi r�b MQiB+2�#H2 i?�i i?2 72K�H2 KB+2 ?�/ � ;`2�i2` p�`B�#BHBiv BM
i?2B` T`2/B+iBQMb U6B;m`2 jXk3VX PM2 2tTH�M�iBQM 7Q` i?Bb Bb i?�i i?2`2 r2`2 p2`v 72r
72K�H2 b�KTH2b BM i?2 i`�BMBM; b2i �M/ �b bm+? i?2 KQ/2H r�b #2ii2` +�HB#`�i2/ iQ K�H2
KB+2X

Rye



*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

control ovariectomy ovariectomy
+ testosterone

10

12

14

16

18

20

22

24

ovariectomy
+ vehicle
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n.s.

p=0.0139

n.s.n.s.

6B;m`2 jXkN, 1TB;2M2iB+ �;2 T`2/B+iBQMb �`2 2H2p�i2/ mTQM Qp�`B2+iQKv, �;2 T`2/B+@
iBQM #v i?2 KQ/2H Q7 HBp2` b�KTH2b 7`QK MQ`K�H 72K�H2b �M/ 7`QK 72K�H2 KB+2 i?�i mM/2`r2Mi
Qp�`B2+iQKv �M/ r2`2 �/KBMBbi2`2/ 2Bi?2` p2?B+H2 Q` i2biQbi2`QM2 U_2Bx2H 2i �HX- kyR8VX �M
mMT�B`2/ irQ@i�BH2/ i@i2bi r�b T2`7Q`K2/ iQ �bb2bb i?2 BKT�+i Q7 Qp�`B2+iQKv �M/ ;�p2 �
T@p�Hm2 Q7 yXyR9X

6`QK i?2 HBi2`�im`2- Bi ?�b #22M FMQrM 7Q` K�Mv v2�`b i?�i Qp�`B2+iQKv BM KB+2 �M/
`�ib `2bmHib BM � +QMbB/2`�#H2 /2+`2�b2 BM �p2`�;2 HB72bT�M U�b/2HH 2i �HX- RNedVX Ai
?�b �HbQ #22M b?QrM i?�i- BM i?2 +�b2 Q7 `�ib- i?Bb HB72bT�M T?2MQivT2 Bb MQi `2p2`b2/
r?2M i?2 Qp�`B2+iQKBb2/ BM/BpB/m�Hb �`2 i`2�i2/ rBi? i2biQbi2`QM2 U�b/2HH 2i �HX- RNedVX
�b bm+? A r�Mi2/ iQ �bb2bb r?2i?2` i?2 Qp�`B2+iQKBb2/ KB+2 BM i?2 _2Bx2H /�i�b2i �T@
T2�`2/ 2TB;2M2iB+�HHv vQmM;2` i?�M +QMi`QH KB+2 �M/ BM �//BiBQM r?2i?2` i?Bb /Bz2`2M+2
`2K�BM2/ r?2M i?2b2 KB+2 r2`2 i`2�i2/ rBi? 2Bi?2` i2biQbi2`QM2 U8K;fKHV Q` p2?B+H2
U6B;m`2 jXkNVX A 7QmM/ i?�i Qp�`B2+iQKv `2bmHi2/ BM � bB;MB}+�Mi BM+`2�b2 BM 2TB;2M2iB+
�;2 BM KB+2X �//BiBQM�HHv- A 7QmM/ i?�i KB+2 i?�i r2`2 Qp�`B2+iQKBb2/ �M/ i?2M i`2�i2/
rBi? i2biQbi2`QM2 Q` p2?B+H2 /B/ MQi ?�p2 � bB;MB}+�MiHv /Bz2`2Mi 2TB;2M2iB+ �;2 7`QK
i?2 Qp�`B2+iQKBb2/ KB+2X h?2b2 `2bmHib �`2 BM F22TBM; rBi? �M �++2H2`�i2/ 2TB;2M2iB+
�;2 UQ` BM+`2�b2/ #BQHQ;B+�H �;2V i?�i Bb �bbQ+B�i2/ rBi? � /2+`2�b2/ HB72bT�MX AM im`M-
i?Bb `2bmHi bm;;2bib i?�i ?Q`KQM�H /Bz2`2M+2b BM KB+2 +�M `2bmHi BM #BQHQ;B+�H �;2 /B7@
72`2M+2bX h?Bb Bb BM F22TBM; rBi? r?�i Bb b22M BM ?mK�M #`2�bi �M/ 2M/QK2i`B�H iBbbm2
r?2`2 2TB;2M2iB+ �;2 Bb FMQrM iQ #2 TQQ`Hv +�HB#`�i2/ `2H�iBp2 iQ Qi?2` iBbbm2b U>Q`p�i?-
kyRjVX

h?2 H�bi i`2�iK2Mi i?�i A +QmH/ �bb2bb 7`QK i?2 i2bi /�i�b2i i?�i A ?�/ �p�BH�#H2 r�b
/B2iX AM i?2 HBi2`�im`2 i?2`2 Bb � ?m;2 #Q/v Q7 2pB/2M+2 i?�i +�HQ`B2 `2bi`B+iBQM +�M

Ryd



jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

maternal diet:
offspring diet:

low fat
high fat

high fat
high fat

low fat
low fat

high fat
low fat
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n.s. n.s.

p=0.0361
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6B;m`2 jXjy, 1TB;2M2iB+ �;2 T`2/B+iBQMb �`2 2H2p�i2/ #v ?B;? 7�i /B2i, �;2 T`2/B+iBQM
#v i?2 KQ/2H Q7 b�KTH2b 7`QK � /B2i �Hi2`�iBQM bim/v U*�MMQM 2i �HX- kyR9VX GBp2` b�KTH2b
r2`2 7`QK KB+2 i?�i ?�/ mM/2`;QM2 i?2 7QHHQrBM; /B2i T2`im`#�iBQMb, K�i2`M�H ?B;? 7�i /B2i
�M/ bm#b2[m2MiHv QzbT`BM; ?B;? 7�i /B2i- K�i2`M�H ?B;? 7�i /B2i �M/ bm#b2[m2MiHv QzbT`BM;
HQr 7�i /B2i- K�i2`M�H HQr 7�i /B2i �M/ bm#b2[m2MiHv QzbT`BM; ?B;? 7�i /B2i- �M/ K�i2`M�H HQr
7�i /B2i �M/ bm#b2[m2MiHv QzbT`BM; HQr 7�i /B2iX � irQ@r�v �LPo� r�b T2`7Q`K2/- rBi?
T@p�Hm2b /BbTH�v2/ r?2`2 bB;MB}+�MiX

�Hi2` HB72bT�M- KQbi +QKKQMHv #v BM+`2�bBM; BiX AM i?2 +�b2 Q7 ?B;? 7�i /B2i i?2`2 Bb
�HbQ 2pB/2M+2 i?�i Bi `2bmHib BM �M BM+`2�b2/ HBF2HB?QQ/ Q7 K2/B+�H +QKTHB+�iBQMb �M/
+QM+QKBi�MiHv � b?Q`i2M2/ HB72bT�MX AM �//BiBQM- Bi Bb FMQrM 7`QK ?mK�M bim/B2b i?�i
/B2i�`v �Hi2`�iBQMb iQ i?2 T`2;M�Mi KQi?2` +�M `2bmHi BM K2i�#QHB+ T?2MQivT2b BM i?2
QzbT`BM;X h?Bb ?�b #22M MQi2/ BM ?mK�M bim/B2b Q7 M�im`�H /Bb�bi2`b bm+? �b 7�KBM2b-
#mi ?�b �HbQ #22M /Q+mK2Mi2/ BM KQ`2 +QMi`QHH2/ 2tT2`BK2Mi�H b2iiBM;b U*�MMQM 2i �HX-
kyR9 �M/ PǶ_Qm`F2- kyR9VX h?2 bim/v #v *�MMQM 2i �HX- +?�`�+i2`Bb2/ i?2 2z2+ib
Q7 HBTB/ +QMi2Mi BM i?2 K�i2`M�H �M/ QzbT`BM; /B2i QM � `�M;2 Q7 p�`B�#H2b bm+? �b
T?vbBQHQ;v- #Q/v r2B;?i �M/ .L� K2i?vH�iBQM H2p2Hb BM i?2 HBp2`X AM i?Bb bim/v i?2v
7QmM/ i?�i i?2`2 r�b � bB;MB}+�Mi BM+`2�b2 BM i?2 HBF2HB?QQ/ Q7 i?2 QzbT`BM; bmz2`BM;
7`QK K2i�#QHB+ /Bb2�b2 �M/ Q#2bBiv B7 i?2 KQi?2` r�b 72/ � ?B;? 7�i /B2i U*�MMQM 2i �HX-
kyR9VX AM �//BiBQM- i?2v 7QmM/ i?�i i?2 ;`2�i2bi �/p2`b2 2z2+i r�b Q#b2`p2/ r?2M �
K�i2`M�H HQr 7�i /B2i r�b +QK#BM2/ rBi? �M QzbT`BM; /B2iX AM +QMi`�bi i?2v 7QmM/
i?�i i?2 H2�bi �/p2`b2Hv 2z2+i2/ r2`2 QzbT`BM; 72/ � HQr 7�i /B2i 7QHHQrBM; � K�i2`M�H
?B;? 7�i /B2iX h?2b2 `2bmHib �`2 BM F22TBM; rBi? +�HQ`B2 `2bi`B+iBQM BKT`QpBM; ?2�Hi?
�M/ i?2 MQiBQM i?�i � ?B;? 7�i /B2i Bb BM?2`2MiHv #�/ 7Q` ?2�Hi? US�`i`B/;2 2i �HX- kyy8VX
A �bb2bb2/ r?2i?2` i?2`2 r�b }`biHv � bB;MB}+�Mi /Bz2`2M+2 #2ir22M i?2 �;2b Q7 i?2
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

QzbT`BM; 72/ QM ?B;? �M/ HQr 7�i /B2i BM/2T2M/2Mi Q7 i?2 /B2i i?�i i?2 KQi?2` r�b
72/X A 7QmM/ i?�i BM/22/ i?2`2 r�b � bB;MB}+�Mi 2TB;2M2iB+ BM+`2�b2 BM i?2 QzbT`BM; i?�i
r2`2 72/ � ?B;? 7�i /B2i- BX2X �M �++2H2`�i2/ 2TB;2M2iB+ �;2 Q` BM+`2�b2/ #BQHQ;B+�H �;2
U6B;m`2 jXjyVX >Qr2p2`- �Hi?Qm;? Bi �TT2�`b �b i?Qm;? i?2`2 Bb � KBMQ` i2M/2M+v 7Q`
i?2 K�i2`M�H HQr 7�i /B2i iQ T2`7Q`K rQ`b2 i?�M i?2 K�i2`M�H ?B;? 7�i /B2i Kv `2bmHib
r2`2 MQi bB;MB}+�Mi U6B;m`2 jXjyVX h?Bb bm;;2bib i?�i /B2i Bb �#H2 iQ 2z2+i 2TB;2M2iB+
�;2 �M/ i?�i TQi2MiB�HHv 2p2M K�i2`M�H /B2i +�M �HbQ ?�p2 �M BKT�+i- i?Qm;? KQ`2
b�KTH2b rQmH/ #2 M22/ iQ i2bi i?Bb ?vTQi?2bBbX

h?2b2 `2bmHib �`2 Q7 T�`iB+mH�` BMi2`2bi #2+�mb2 #Qi? Q7 i?2b2 bim/B2b �`2 T2`7Q`K2/
QM KB+2 i?�i �`2 7�` vQmM;2` i?�M i?2B` K2/B�M HB72bT�MX h?Bb Bb T�`iB+mH�`Hv i`m2
BM i?2 +�b2 Q7 i?2 /B2i bim/v r?2`2 i?2 KB+2 r2`2 QMHv N r22Fb Q7 �;2 �M/ bm;;2bib
i?�i i?Bb 2TB;2M2iB+ T`2/B+iQ` +QmH/ #2 BM+`2/B#Hv mb27mH 7Q` bT22/BM; mT i?2 Bi2`�iBQM
iBK2 #2ir22M �;2BM; 2tT2`BK2Mib +QM/m+i2/ BM i?2 KQmb2X �Hi?Qm;? p�HB/�iBQM Q7 F2v
2tT2`BK2Mib rQmH/ +H2�`Hv biBHH #2 `2[mB`2/X

jXkX8 �;2 T`2/B+iBQMb mbBM; i?2 ?mK�M +HQ+F bBi2b BM KQmb2

>�pBM; b22M i?�i Bi Bb TQbbB#H2 iQ /2}M2 �M 2TB;2M2iB+ T`2/B+iQ` 7Q` �;2 BM i?2 KQmb2
rBi? � bBKBH�` 2``Q` iQ i?�i Q7 i?2 ?mK�M T`2/B+iQ`b U�b � T`QTQ`iBQM Q7 HB72bT�MV- A M2ti
r�Mi2/ iQ �bb2bb ?Qr r2HH +QMb2`p2/- B7 �i �HH- i?2 ?mK�M T`2/B+iQ` Bb BM KQmb2X

h?Bb +QKT�`BbQM r�b K�/2 KQ`2 /B{+mHi QrBM; iQ i?2 /B{+mHiv BM HB7iBM; Qp2` bBM;H2
#�b2 +QQ`/BM�i2b BM i?2 ;2MQK2 BMiQ KQmb2X �b bm+?- RF# `2;BQMb bm``QmM/BM; 2�+?
Q7 i?2 j8j >Q`p�i? 2TB;2M2iB+ T`2/B+iQ` bBi2b r2`2 /2}M2/- iQ �B/ i?2 HB7iQp2`X h?`22
?mM/`2/ �M/ ir2Miv@2B;?i Q7 i?2 j8j `2;BQMb i?�i A /2}M2/ +QmH/ #2 HB7i2/ Qp2` iQ i?2
KQmb2 ;2MQK2 U`2H2�b2 KKRyVX P7 i?2b2 jk3 `2;BQMb- A 7QmM/ i?�i QMHv Rd8 Qp2`H�TT2/
rBi? `2;BQMb i?�i r2`2 +Qp2`2/ rBi?BM Qm` __"a /�i�b2i- r?2M QMHv i?2 "�#`�?�K
__"a /�i� r�b +QMbB/2`2/X h?2 `2�bQM A +?Qb2 iQ +QM/m+i i?2 �M�HvbBb bQH2Hv QM i?2
"�#`�?�K b�KTH2b r�b iQ K�tBKBb2 i?2 MmK#2` Q7 `2;BQMb i?�i rQmH/ Qp2`H�TX h?2b2
Rd8 `2;BQMb rBHH ?2`2iQ #2 `272``2/ iQ �b i?2 >Q`p�i? +HQ+F `2;BQMb BM KQmb2X Ai Bb
BKTQ`i�Mi iQ MQi2 i?�i Dmbi #2+�mb2 i?2b2 Rd8 `2;BQMb +QMi�BM2/ �i H2�bi QM2 +viQbBM2
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

BM � *T: +QMi2ti- i?2v /B/ MQi M2+2bb�`BHv +QMi�BM i?2 2t�+i +viQbBM2 i?�i 2tBbi2/ BM
i?2 ?mK�M ;2MQK2X �//BiBQM�HHv- Bi b?QmH/ #2 MQi2/ i?�i Q7i2M i?2`2 r�b KQ`2 i?�M
QM2 +viQbBM2 BM � *T: +QMi2ti rBi?BM 2�+? Q7 i?2b2 `2;BQMb i?�i r2`2 +Qp2`2/X AM i?2b2
BMbi�M+2b- i?2 K2i?vH�iBQM H2p2H Q7 i?2 `2;BQM r�b /2}M2/ �b i?2 bmK Q7 i?2 K2i?vH�i2/
+QmMib /BpB/2/ #v i?2 iQi�H MmK#2` Q7 +QmMib Qp2` i?2 `2;BQMX h?Bb +QmH/ H2�/ iQ #B�b2b
BM /2Ti? #2ir22M i?2 /Bz2`2Mi `2;BQMb- �M/ K�v �HbQ `2bmHi BM �p2`�;BM; #B�b2b /m2 iQ
i?2 /Bz2`2Mi +viQbBM2b #2BM; +Qp2`2/ #v /Bz2`2Mi 7`�;K2Mib rBi?BM i?2 __"a /�i�b2i-
bQK2i?BM; i?�i A �pQB/2/ #v mbBM; bBM;H2 TQbBiBQMb BM i?2 KQmb2 T`2/B+iQ`X EMQrBM;
i?2b2 +�p2�ib- A �bb2bb2/ ?Qr r2HH +Q``2H�i2/ i?2 ?mK�M +HQ+F `2;BQMb BM KQmb2 r2`2
+QKT�`2/ iQ � `�M/QK b2i Q7 K�i+?2/ `2;BQMb U6B;m`2 jXjR�VX 6`QK i?Bb �M�HvbBb- A
7QmM/ i?�i i?2 �#bQHmi2 K2�M +Q``2H�iBQM Q7 i?2 >Q`p�i? +HQ+F `2;BQMb BM KQmb2 r2`2
r2�FHv +Q``2H�i2/ rBi? �;2- �M/ r2`2 MQi bB;MB}+�MiHv KQ`2 +Q``2H�i2/ rBi? �;2 i?�M
i?2 `�M/QK `2;BQM +QKT�`BbQM- �Hi?Qm;? i?2v r2`2 b?B7i2/ iQ i?2 KQ`2 +Q``2H�i2/ bB/2
Q7 i?2 /Bbi`B#miBQMX h?Bb r�b MQi mM2tT2+i2/- bBM+2 i?2 ?mK�M +HQ+F bBi2b r2`2 �HbQ
r2�FHv +Q``2H�i2/ rBi? �;2 BM ?mK�Mb- QrBM; iQ i?2 M�im`2 Q7 i?2 2H�biB+@M2i `2;`2bbBQM
K2i?Q/X

mean correlation value [abs]

Fr
eq

ue
nc

y

Horvath sites
Random

0.105 0.110 0.115 0.120
0

50

100

150

A

weighting of human clock sites in human

positive cor. and weight
positive weight only
negative weight only
negative cor. and weight

●

●

●

●
●●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●●
●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●
●
●

●
●

●

●
●

●

●

●
●●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●
●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

● ●

●

●

●
●

●●●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●●
●

●

●

●

●

●●

●

●

●●

●●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●

●●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

●

●●

●
●●

●

●

●

●

●

●

●

●

●
●

●
●●

●

●

●

●
●●
●

●

●

●

●

●●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●
●
●
●

●

●

●

●
●
●

●

●
●

●
●
●
●

●

●

●

●
●●

●
●

●

●

●

●

●

●

●●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●
●

●

●
●

●
●

●

●
●

●

●

●
●●

●

●

●
●●

●

●

●

●

●●

●

●

●

●

●●

●

●
●

●●

●
●

●
●

●
●
●

●

●

●

●

●●

●

●

●

●
●

●
●

●

●
●●

●●

●

●●

●

●

●

●
●
●●

●

●

●●●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●

●

●
●

●

●

●
●

●

●

●●
●

●●

●
●
●●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●
●
●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●●

●
●

●●
●

●

●

●

●

●
●

●
●

●

●

●

●●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●●

●

●●

●

●●

●

●

●

●

●●●●

●
●

●

●

●
●

●

●●

●

●

●
●

●●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●●
●
●

●

●
●
●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●
●●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●

●

●

●

●

●

●
●
●●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●●
●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●●●
●

●

●
●
●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●
●

●

●

●

●●●

●●

●

●

●
●

●
●

●

●
●

●

●

●

●

●●

●●●●●●

●
●

●

●

●

●

●

●●

●

●
●●

●

● ●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●
●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●

●

●

●●

●

●

●
●

●

●●

●

●

●
●

●

●●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●

●

●●

●

●

●●
●

●
●

●●
●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●●

●

●
●

●

●

●

●

●

●●

●●

●

●

●
●

●

●

●

●

●●

●

●

●●

●

●

●

●●

●

●
●●
●

●

●
●●
●●

●

●●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●
●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0

−0.005

0.000

0.005

w
ei

gh
tin

g 
of

 h
um

an
 c

lo
ck

 s
ite

s 
in

 m
ou

se

B

6B;m`2 jXjR, *QMb2`p�iBQM Q7 i?2 >Q`p�i? T`2/B+iBp2 bBi2b BM KQmb2, U�V h?2 K2�M
�#bQHmi2 �;2 +Q``2H�iBQM Q7 i?2 Rd8 >Q`p�i? +HQ+F `2;BQMb BM KQmb2 U`2/ HBM2V �M/ i?2 �p2`�;2
�#bQHmi2 �;2 /Bbi`B#miBQM Q7 Ryyy `�M/QK b2ib Q7 Rd8 `2;BQMb U#Hm2VX U"V � +QKT�`BbQM Q7
i?2 r2B;?iBM;b Q7 i?2 T`2/B+iBp2 bBi2b BM i?2 >Q`p�i? ?mK�M +HQ+F U>Q`p�i?- kyRjV rBi? i?2
r2B;?iBM;b Q7 i?2 +Q``2bTQM/BM; `2;BQMb BM i?2 2TB;2M2iB+ T`2/B+iQ` #mBHi mbBM; i?2 >Q`p�i?
+HQ+F `2;BQMb BM KQmb2X

>�pBM; �bb2bb2/ i?2 �bbQ+B�iBQM Q7 i?2b2 `2;BQMb rBi? �;2- A M2ti r�Mi2/ iQ �bb2bb
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib

r?2i?2` i?2 >Q`p�i? bBi2b- r?2M mb2/ iQ T`2/B+i �;2 BM KB+2- 2t?B#Bi2/ bBKBH�` #2?�pBQm`
rBi?BM i?2 KQ/2H- BX2X ?�/ r2B;?ib i?�i ?�/ i?2 b�K2 /B`2+iBQM�HBiv �b i?Qb2 b22M BM
?mK�MbX �b bm+? A /2}M2/ � `B/;2 KQ/2H Q7 i?2 >Q`p�i? +HQ+F `2;BQMb BM i?2 KQmb2X
6`QK i?Bb �M�HvbBb- A 7QmM/ i?�i i?2 bBi2b /B/ MQi ?�p2 � bBKBH�` /B`2+iBQM�HBiv BM i?2
irQ Q`;�MBbKb U6B;m`2 jXjR"VX h?Bb bm;;2bib i?�i i?2 #2?�pBQm` Q7 i?2b2 bBi2b �`2
TQi2MiB�HHv /Bz2`2Mi BM i?2b2 irQ Q`;�MBbKbX >Qr2p2`- Bi �;�BM b?QmH/ #2 MQi2/ i?�i
i?2b2 `2bmHib �`2 +QKT�`BM; i?2 `2;BQM�H r2B;?ib BM QM2 Q`;�MBbK �;�BMbi bBM;H2 bBi2
r2B;?ib BM �MQi?2` Q`;�MBbK �M/ �b bm+? MQ bi`QM; +QM+HmbBQMb +�M #2 /`�rMX

Median absolute error [weeks]
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6B;m`2 jXjk, h?2 r?QH2 ;2MQK2 Bb T`2/B+iBp2 Q7 �;2, S`2/B+iBQM 2p�Hm�iBQM Q7 i?2
>Q`p�i? ?mK�M T`2/B+iBQM bBi2b BM KQmb2X h?2 `2/ HBM2 BHHmbi`�i2b i?2 J�1 Q7 i?2 �;2 T`2@
/B+iBQM KQ/2H #mBHi mbBM; i?2 ?mK�M +HQ+F bBi2b U>Q`p�i?- kyRjVX h?2 /Bbi`B#miBQM BHHmbi`�i2b
i?2 J�1b Q7 Ryyy �;2 T`2/B+iBQM KQ/2Hb 2�+? ;2M2`�i2/ mbBM; jkN `�M/QK `2;BQMb /2}M2/ BM
i?2 KQmb2 ;2MQK2X

h?Bb 2TB;2M2iB+ T`2/B+iQ`- /2}M2/ 7`QK i?2 >Q`p�i? +HQ+F `2;BQMb BM KQmb2- r�b �#H2 iQ
T`2/B+i �;2 rBi? �M J�1 Q7 RRXk r22Fb U7`QK +`Qbb@p�HB/�iBQMV- BM/B+�iBM; i?�i i?2b2
bBi2b �`2 BM bQK2 r�v T`2/B+iBp2 Q7 �;2 U6B;m`2 jXjkVX lM7Q`imM�i2Hv- Bi r�b MQi TQbbB#H2
iQ /B`2+iHv +QKT�`2 Kv 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM KB+2 rBi? i?Bb >Q`p�i? T`2/B+iQ`-
QrBM; iQ � MmK#2` 7�+iQ`bX PM2 bm+? 7�+iQ` Bb i?�i Kv T`2/B+iQ` r�b #�b2/ QM � i`�BMBM;
b2i i?�i BM+Hm/2/ b�KTH2b 7`QK � MmK#2` Q7 Tm#HB+Hv �p�BH�#H2 /�i�b2ibX �MQi?2` 7�+iQ`
r�b i?2 7�+i i?�i Kv T`2/B+iQ` r�b /2}M2/ 7`QK bBM;H2 +viQbBM2b BM *T:b �M/ MQi
`2;BQMb +QMi�BMBM; KmHiBTH2 +viQbBM2b �p2`�;2/X �b bm+? iQ ;2i �M BKT`2bbBQM Q7 i?2
T`2/B+iBp2 TQr2` Q7 i?2 >Q`p�i? T`2/B+iQ` BM +QKT�`BbQM iQ Qi?2` TQi2MiB�H KQ/2Hb-
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jXkX _2bmHib *?�Ti2` jX h?2 �;2BM; *HQ+F

A /2}M2/ `�M/QK b2ib Q7 `2;BQMb- 2�+? +QMi�BMBM; Rd8 `2;BQMb- i?�i r2`2 K�i+?2/- �b
Km+? �b TQbbB#H2- 7Q` `2;BQM�H bBx2 �M/ MmK#2` Q7 +viQbBM2b +QMi�BM2/ rBi?BM 2�+? `2;BQMX
_B/;2 KQ/2Hb r2`2 i?2M /2}M2/ 7Q` 2�+? `�M/QK b2i Q7 `2;BQMb �M/ i?2b2 r2`2 +QKT�`2/
iQ i?�i Q#i�BM2/ 7`QK i?2 >Q`p�i? T`2/B+iQ` U6B;m`2 jXjkVX S`2/B+iBQMb i?�i r2`2 K�/2
BM +`Qbb@p�HB/�iBQM r2`2 i?2M mb2/ �b i?2 i2bi b2i iQ �bb2bb T`2/B+iBp2 �++m`�+v UJ�1VX
h?Bb �M�HvbBb b?Qr2/ i?�i i?2 >Q`p�i? T`2/B+iQ` r�b MQi bB;MB}+�MiHv KQ`2 T`2/B+iBp2
Q7 +?`QMQHQ;B+�H �;2 BM i?2 "�#`�?�K /�i�b2i i?�M i?2 T`2/B+iQ`b /2}M2/ 7`QK `�M/QK
b2ib Q7 `2;BQMbX AM 7�+i- i?2 �p2`�;2 J�1 7`QK i?2 T`2/B+iQ`b /2}M2/ 7`QK `�M/QK
b2ib Q7 `2;BQMb r�b RyXe r22Fb- bHB;?iHv #2ii2` i?�M i?2 >Q`p�i? T`2/B+iQ`X h?Bb r�b
BMi2`2biBM; #2+�mb2 Bi ?B;?HB;?i2/ MQi i?�i i?2 >Q`p�i? T`2/B+iQ` r�b MQi T`2/B+iBp2
Q7 �;2 BM KQmb2- #mi- KQ`2 +m`BQmbHv- i?�i i?2 r?QH2 ;2MQK2 Bib b2H7 �TT2�`b iQ #2
T`2/B+iBp2 Q7 �;2 iQ � ;`2�i2` Q` H2bb2` 2ti2MiX

AM bmKK�`v- i?2b2 `2bmHib �bb2bbBM; i?2 T`2/B+iBp2 TQr2` Q7 i?2 >Q`p�i? +HQ+F `2;BQMb
BM KQmb2- ?�p2 ?B;?HB;?i2/ i?�i i?2`2 �`2 TQi2MiB�H /Bz2`2M+2b #2ir22M i?2 `2;BQMb
Q7 i?2 ;2MQK2 i?�i �`2 KQbi T`2/B+iBp2 Q7 �;2 BM i?2 irQ bT2+B2bX h?Bb `2bmHi +QmH/
bT2+mH�iBp2Hv bm;;2bi i?�i i?2 bT2+B}+b Q7 i?2 irQ T`Q+2bb2b �`2 /Bz2`2Mi- r?B+? Bb MQi
bQ bm`T`BbBM; QrBM; iQ i?2 /Bz2`2Mi iBK2 b+�H2b i?�i i?2v �`2 Q++m``BM; Qp2`X JQ`2
BKTQ`i�MiHv i?Qm;?- i?2v bm;;2bi i?2 BMi`B;mBM; TQbbB#BHBiv i?�i .L� K2i?vH�iBQM
;2MQK2 rB/2 Bb +?�M;BM; rBi? �;2- �M/ �b bm+? �HH `2;BQMb Q7 i?2 ;2MQK2 �`2 iQ bQK2
2ti2Mi T`2/B+iBp2 Q7 �;2X h?2 2t�+i M�im`2 Q7 i?Bb T`2/B+iBp2 TQr2` �i �Mv ;Bp2M +viQbBM2
BM � *T: Bb TQi2MiB�HHv `2~2+iBp2 Q7 +QMi2ti@bT2+B}+ T`QT2`iB2b �M/ rBHH TQi2MiB�HHv
T`QpB/2 BMbB;?ib BMiQ i?2 K2+?�MBbK #2?BM/ i?2b2 �;2@`2H�i2/ +?�M;2bX

jXkXe �ii2KTib iQ BM+Hm/2 q:"a b�KTH2b

A r�Mi2/ iQ �bb2bb r?2i?2` Kv T`2/B+iQ` rQmH/ rQ`F BM q:"a b�KTH2b �b r2HH �b __"a
b�KTH2bX h?Bb r�b 7Q` � MmK#2` Q7 `2�bQMbX 6B`biHv A r�Mi2/ iQ b22 ?Qr ;2M2`�HBx�#H2
Kv KQ/2H r�b iQ /Bz2`2Mi 2tT2`BK2Mi�H T`QiQ+QHb 7Q` K2�bm`BM; .L� K2i?vH�iBQM
H2p2HbX a2+QM/Hv �M/ T2`?�Tb KQ`2 BKTQ`i�MiHv- A �HbQ r�Mi2/ iQ �bb2bb i?2 `2HB�#BHBiv
Q7 Kv KQ/2H BM KB+2 Q7 QH/2` �;2b- 7Q` r?B+? i?2`2 r�b QMHv q:"a /�i� �p�BH�#H2
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXkX _2bmHib
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B

6B;m`2 jXjj, Z* Q7 q:"a /�i�b2ib, U�V "QtTHQi Q7 7QH/ +Qp2`�;2 Q7 bBi2b `2[mB`2/ #v
i?2 KQ/2HX U"V >2�iK�T Q7 7QH/ +Qp2`�;2 Q7 i?2 bBi2b `2[mB`2/ #v i?2 KQ/2HX a?QrM �`2
Tm#HB+�HHv �p�BH�#H2 q:"a /�i�b2ib 7`QK :`�pBM� 2i �HX- kyRe �M/ _2Bx2H 2i �HX- kyR8- 7Q`
+QKT�`BbQM irQ "�#`�?�K __"a b�KTH2b �`2 b?QrMX

U:`�pBM� 2i �HX- kyReVX

�b bm+? A �ii2KTi2/ iQ BM+Hm/2 Tm#HB+Hv �p�BH�#H2 q:"a b�KTH2b 7`QK _2Bx2H 2i �HX
�M/ :`�pBM� 2i �HXX AM T�`iB+mH�`- A r�b BMi2`2bi2/ BM i?2 :`�pBM� b�KTH2b #2+�mb2 i?2v
+QMi�BM2/ b�KTH2b /2`Bp2/ 7`QK Ry9 r22F QH/ �MBK�HbX lM7Q`imM�i2Hv- i?2b2 b�KTH2b
r2`2 MQi Q7 ?B;? 2MQm;? +Qp2`�;2 Qp2` i?2 T`2/B+iBp2 bBi2b BM Kv KQ/2HX AM 7�+i 2p2M
r?2M A �HHQr2/ 7Q` kyW Q7 bBi2b iQ #2 Q7 BMbm{+B2Mi +Qp2`�;2- biBHH MQM2 Q7 i?2 q:"a
b�KTH2b T�bb2/X h?Bb `2bmHi Bb /2i�BH2/ BM 6B;m`2 jXjj �HQM;bB/2 irQ T�bbBM; 2t�KTH2
"�#`�?�K __"a b�KTH2b 7Q` `272`2M+2X h?2 #QtTHQi BM 6B;m`2 jXjj�- /BbTH�vb i?2
+Qp2`�;2 �+`Qbb �HH bBi2b iQ ?B;?HB;?i i?2 ;2MQK2 rB/2 /2Ti? Q7 i?2b2 b�KTH2bX 6B;m`2
jXjj" ?B;?HB;?ib i?2 /2Ti? �i i?2 bT2+B}+ *: bBi2b i?�i �`2 `2[mB`2/ #v i?2 KQ/2H Bib2H7X
AM i?2 7mim`2- Bi rBHH #2 p2`v BMi2`2biBM; iQ b22 ?Qr Kv KQ/2H T2`7Q`Kb BM � q:"a
b2iiBM;- b?QmH/ i?2`2 #2 �Mv b�KTH2b Q7 bm{+B2Mi +Qp2`�;2- �M/ BM �M �KTHB+QM b2iiBM;X
h?2 7�+i i?�i A +QmH/ MQi BM+Hm/2 i?2 b�KTH2b 7`QK i?2 :`�pBM� /�i�b2i �HbQ K2�Mb
i?�i A �K biBHH mMbm`2 �b iQ ?Qr r2HH Kv KQ/2H rQmH/ T2`7Q`K �i �;2b 7�` ;`2�i2` i?�M
i?2 9R r22Fb i?�i A ?�p2 /�i� 7Q`X
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jXjX .Bb+mbbBQM *?�Ti2` jX h?2 �;2BM; *HQ+F

jXj .Bb+mbbBQM

AM i?Bb rQ`F A ?�p2 /2}M2/ � p2`v +QKT`2?2MbBp2 b2i Q7 K�i+?2/ bBM;H2 #�b2 `2bQHmiBQM
K2i?vHQK2b Q7 KB+2 �+`Qbb KmHiBTH2 �;2b �M/ iBbbm2bX lbBM; i?Bb /�i�b2i- A r�b �#H2
iQ /2i2`KBM2 i?�i i?2`2 �`2 K�Mv i?Qmb�M/b Q7 +viQbBM2b i?`Qm;?Qmi i?2 ;2MQK2 i?�i
2t?B#Bi +?�M;2b BM .L� K2i?vH�iBQM i?�i �`2 bB;MB}+�MiHv HBM2�`Hv +Q``2H�i2/ rBi? �;2-
#Qi? TQbBiBp2Hv �M/ M2;�iBp2HvX AM �//BiBQM- A +QmH/ /2`Bp2 bQK2 #BQHQ;B+�H BMbB;?i BMiQ
i?2 T`Q+2bb2b i?�i i?2b2 bBi2b �`2 HBF2Hv iQ �z2+iX >Qr2p2`- 7mim`2 2tT2`BK2Mib rBHH
#2 `2[mB`2/ iQ p�HB/�i2 r?2i?2` bm+? T`Q+2bb2b �`2 i`mHv #2BM; �Hi2`2/ BM �M �;2@ �M/
K2i?vH�iBQM@/2T2M/2Mi K�MM2`X 6Q` BMbi�M+2- Bi rBHH #2 BMi2`2biBM; iQ /2i2`KBM2 ?Qr
r2HH +Q``2H�i2/ i?2 .L� K2i?vH�iBQM +?�M;2b i?�i A b22 �`2 BM `2H�iBQM iQ +?�M;2b iQ
i?2 i`�Mb+`BTiQK2X

A i?2M r2Mi QM iQ /2`Bp2 � KQmb2 2TB;2M2iB+ T`2/B+iQ` Q7 +?`QMQHQ;B+�H �;2 i?�i miBHBb2b
BM7Q`K�iBQM 7`QK jkN +viQbBM2b BM *T: +QMi2tiX A ?�p2 p�HB/�i2/ i?�i i?Bb +HQ+F Bb
�++m`�i2 �M/ �#H2 iQ /2i2`KBM2 +?`QMQHQ;B+�H �;2 BM b�KTH2b 7`QK BM/2T2M/2Mi /�i�b2ibX
>Qr2p2`- A ?�p2 QMHv #22M �#H2 iQ p�HB/�i2 i?�i Kv KQ/2H rQ`Fb mT iQ 9R r22Fb
Q7 �;2- r?B+? Bb biBHH `2H�iBp2Hv vQmM; BM i2`Kb Q7 i?2 HB72bT�M Q7 � KQmb2 U∼jyW Q7
i?2 K2/B�M HB72bT�M Q7 i?2 "�#`�?�K KB+2VX �b bm+?- 7mim`2 rQ`F rBHH #2 BM+`2/B#Hv
BKTQ`i�Mi iQ 7m`i?2` `2}M2 i?Bb KQ/2H bm+? i?�i Bi Bb �++m`�i2 �+`Qbb � 7�` ;`2�i2` `�M;2
Q7 �;2bX AM �//BiBQM- A ?�p2 b?QrM i?�i bBKBH�` iQ i?2 ?mK�M 2TB;2M2iB+ +HQ+Fb i?�i ?�p2
#22M /2}M2/ A �K �HbQ �#H2 iQ /2i2`KBM2 �bT2+ib Q7 #BQHQ;B+�H �;2 7`QK K�MBTmH�iBQMb
Q` BMi2`p2MiBQMb- BM+Hm/BM; /B2i �M/ Qp�`B2+iQKv �i p2`v vQmM; �;2bX h?Bb Bb p2`v
2t+BiBM;- #2+�mb2 Bi K2�Mb i?�i i?2 2tT2`BK2Mi�H Bi2`�iBQM iBK2 7Q` K�KK�HB�M �;2BM;
2tT2`BK2Mib +QmH/ #2 ;`2�iHv `2/m+2/X h?Bb rBHH K�F2 K2+?�MBbiB+ K�MBTmH�iBQMb �M/
#Hm2 bFv 2tT2`BK2Mi�iBQM 7�` +?2�T2` �M/ K2�M i?�i i?2b2 bQ`ib Q7 2tT2`BK2Mib BM
�;2BM; bim/B2b rBHH #2 7�` KQ`2 `2�/BHv mM/2`i�F2MX

jXjXR Pi?2` 2TB;2M2iB+ +HQ+Fb

�i i?2 b�K2 iBK2 i?�i i?2 rQ`F 7`QK i?Bb +?�Ti2` r�b #2BM; Tm#HBb?2/ BM :2MQK2
"BQHQ;v- irQ �//BiBQM�H KQmb2 +HQ+Fb r2`2 /2}M2/ US2iFQpB+? 2i �HX- kyRd �M/ q�M;
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXjX .Bb+mbbBQM

2i �HX- kyRdVX AM �//BiBQM- iQ i?Bb � qQH7 +HQ+F r�b �HbQ /2}M2/ Uh?QKTbQM 2i �HX-
kyRdVX h?2b2 bim/B2b 7m`i?2` p�HB/�i2 i?2 ?vTQi?2bBb i?�i bm+? � K2+?�MBbK Bb ?B;?Hv
+QMb2`p2/- �i H2�bi �KQM; TH�+2Mi�H K�KK�HbX

h?2b2 irQ KQmb2 +HQ+Fb r2`2 #Qi? /2}M2/ BM bT2+B}+ iBbbm2bX h?2 q�M; 2i �HX 2TB@
;2M2iB+ T`2/B+iQ` r�b /2}M2/ mbBM; Tm#HB+Hv �p�BH�#H2 HBp2` /�i� �M/ i?2 S2iFQpB+? 2i
�HX T`2/B+iQ` r�b /2}M2/ BM r?QH2 #HQQ/X h?2b2 T`2/B+iQ`b r2`2 #Qi? /2}M2/ mbBM;
2H�biB+@M2i `2;`2bbBQM KQ/2HbX >Qr2p2`- i?2v /Bz2`2/ bHB;?iHv BM i?2 bT2+B}+b Q7 i?2 r�v
BM r?B+? bBi2b r2`2 +?Qb2M 7Q` i?2 KQ/2HHBM;X 6Q` BMbi�M+2- BM i?2 +Qp2`�;2 i?`2b?QH/b
i?�i r2`2 b2iX

h?2 q�M; T`2/B+iQ` miBHBb2/ Ryd b�KTH2b iQ /2}M2 �M/ i2bi i?2B` T`2/B+iQ`X h?2 T`2@
/B+iQ` Bib2H7 r�b /2}M2/ 7`QK R93 *T: bBi2b BM i?2 ;2MQK2 �M/ r�b �++m`�i2 iQ rBi?BM
9Xk KQMi?b U∼R3 r22FbVX h?Bb Bb BM +QMi`�bi iQ Kv T`2/B+iQ`- r?B+? r�b /2}M2/ 7`QK
jkN +viQbBM2b BM *T: +QMi2ti �M/ 7Q` r?B+? i?2`2 r�b �M 2``Q` Q7 jXjj r22FbX >Qr@
2p2`- Bi b?QmH/ #2 MQi2/ i?�i i?2B` 2``Q` K2�bm`2 BM+Hm/2b KB+2 mT iQ Ry9 r22Fb Q7 �;2
r?2`2�b Qm`b QMHv BM+Hm/2b KB+2 mT iQ 9R r22Fb Q7 �;2- r?B+? +QmH/ BM T�`i 2tTH�BM i?Bb
/Bb+`2T�M+v BM `2+Q`/2/ K2�bm`2K2Mi 2``Q`X �MQi?2` `2�bQM 7Q` i?Bb /Bb+`2T�M+v +QmH/
#2 /m2 iQ i?2 /Bz2`2M+2 BM bBx2 Q7 i?2 i`�BMBM; b2i i?�i r�b mb2/ iQ /2}M2 i?2 KQ/2H
�M/ i?2 MmK#2` Q7 7QH/b Q7 +`Qbb@p�HB/�iBQM- iQ;2i?2` rBi? i?2 H�+F Q7 QTiBKBb�iBQM Q7
i?2 �HT?� T�`�K2i2` BM i?2B` KQ/2HX

AM i?2B` bim/v- q�M; 2i �HX �bb2bb2/ r?2i?2` i?2`2 r�b �Mv /2i2+i�#H2 /Bz2`2M+2b BM
#BQHQ;B+�H �;2 7Q` i?2 r2HH@bim/B2/- HQM;@HBp2/ ;2M2iB+ Kmi�Mi �K2b .r�`7 KQmb2- 7Q`
i?2 HB72 2ti2M/BM; BMi2`p2MiBQM Q7 +�HQ`B2 `2bi`B+iBQM- �M/ 7Q` i?2 HB72 2ti2M/BM; i`2�iK2Mi
Q7 `�T�Kv+BMX h?2v 7QmM/ i?�i �HH `2bmHi2/ BM � /2+`2�b2 BM 2TB;2M2iB+ �;2 `2H�iBp2 iQ
+?`QMQHQ;B+�H �;2- +QMbBbi2Mi rBi? i?2 B/2� Q7 i?2b2 �MBK�Hb �;2BM; �i � bHQr2` `�i2X

h?2 S2iFQpB+? T`2/B+iQ` r�b /2}M2/ mbBM; M2rHv ;2M2`�i2/ __"a /�i� 7`QK R9R K�H2
KB+2X h?2 S2iFQpB+? T`2/B+iQ` miBHBb2b Ny *T: bBi2b BM i?2 ;2MQK2 �M/ Bb ?B;?Hv
+Q``2H�i2/ rBi? +?`QMQHQ;B+�H �;2 #Qi? BM i?2 i`�BMBM; �M/ i2bi b�KTH2bX h?2 2``Q` BM
i?2 T`2/B+iBQMb 7Q` i?2 b�KTH2b �bb2bb2/ �`2 9 iQ R9 r22Fb mT iQ 9j r22Fb Q7 �;2 �M/
kR iQ jy r22Fb Q7 �;2 7Q` KB+2 QH/2` i?�M 9j r22Fb Q7 �;2X h?Bb HQr2` #QmM/ Q7 2``Q`
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jXjX .Bb+mbbBQM *?�Ti2` jX h?2 �;2BM; *HQ+F

Bb +QKT�`�#H2 rBi? Kv 2``Q` K2�bm`2K2Mi Q7 jXjj r22Fb Q7 �;2- �M/ bm;;2bib i?�i i?Bb
KQ/2H Bb `2H�iBp2Hv T`2+Bb2X

AM i?Bb bim/v S2iFQpB+? 2i �HX �bb2bb2/ r?2i?2` i?2`2 r2`2 �Mv /2i2+i�#H2 /Bz2`2M+2b
BM #BQHQ;B+�H �;2 7Q` irQ r2HH@bim/B2/ HQM;@HBp2/ ;2M2iB+ Kmi�Mib, i?2 aM2HH .r�`7 �M/
i?2 ;`Qri? ?Q`KQM2 `2+2TiQ` FMQ+FQmi U:>_@EPV KB+2X AM �//BiBQM- i?2v �bb2bb2/
#BQHQ;B+�H �;2 mTQM +�HQ`B2 `2bi`B+iBQM BM irQ /Bz2`2Mi KQmb2 bi`�BMb- BM }#`Q#H�bib �M/
BM `2T`Q;`�KK2/ BSa*bX h?2v 7QmM/ i?�i 7Q` i?2 aM2HH .r�`7 KB+2- i?2 :>_@EP KB+2-
�M/ i?2 +�HQ`B2 `2bi`B+i2/ KB+2- BM/2T2M/2Mi Q7 bi`�BM- i?2`2 r�b � `2/m+2/ 2TB;2M2iB+
�;2 `2H�iBp2 iQ i?2 2TB;2M2iB+ �;2b Q7 i?2 +QMi`QH b�KTH2bX AM �//BiBQM- i?2v 7QmM/ i?�i
BSa*b ?�/ � `2b2i 2TB;2M2iB+ �;2 r?2M +QKT�`2/ iQ i?2 2TB;2M2iB+ �;2 Q7 i?2 HmM; �M/
FB/M2v }#`Q#H�bib 7`QK r?2M+2 i?2v r2`2 /2`Bp2/X h?Bb Bb bBKBH�` iQ r?�i Bb b22M BM
i?2 ?mK�M b2iiBM;X

AMi2`2biBM;Hv- #Qi? i?2b2 bim/B2b �M/ Qm`b 7QmM/ i?�i �;2BM;@�bbQ+B�i2/ +?�M;2b i2M/2/
iQ `2bmHi BM �M BM+`2�b2 BM 2Mi`QTv Q7 i?2 bBi2 mM/2` bim/vX *m`BQmbHv i?2b2 bim/B2b �HbQ
bm;;2bi i?�i i?Bb 2TB;2M2iB+ +HQ+F T?2MQK2MQM Bb � ;2MQK2 rB/2 QM2X �MQi?2` TB2+2 Q7
2pB/2M+2 BM bmTTQ`i Q7 i?Bb Bb i?�i i?2`2 Bb p2`v HBiiH2 Qp2`H�T #2ir22M i?2 i?`22 KQ/2HbX
>Qr2p2`- i?Bb +QmH/ �HbQ #2 /m2 iQ i?2 }Hi2`BM; +`Bi2`B� �M/ i?2 M�im`2 Q7 i?2 KQ/2Hb
#2BM; /2`Bp2/ BM /Bz2`2Mi iBbbm2 b2iiBM;bX h?Bb Bb T�`iB+mH�`Hv 2pB/2Mi 7`QK i?2 rQ`F
+QM/m+i2/ #v S2iFQpB+? 2i �HX r?Q /2}M2/ irQ BM/2T2M/2Mi KQ/2Hb i?�i r2`2 #Qi?
bi`QM;Hv T`2/B+iBp2 Q7 �;2 �M/ Qm` bim/v r?2`2 A 7QmM/ i?�i 2p2M `�M/QKHv b2H2+i2/
b2ib Q7 `2;BQMb r2`2 T`2/B+iBp2 Q7 �;2X

AM �//BiBQM- �HH 7QmM/ i?�i Bi r�b TQbbB#H2 iQ T`2/B+i #BQHQ;B+�H �;2 BM � MmK#2` Q7
/Bz2`2Mi b2iiBM;bX AM +QMi`�bi iQ #Qi? Q7 i?2b2 bim/B2b- Qm`b r�b i?2 QMHv bim/v iQ `2TQ`i
�++2H2`�i2/ 2TB;2M2iB+ �;2 `2H�iBp2 iQ +QMi`QHbX >Qr2p2`- i?2b2 `2bmHib i�F2M iQ;2i?2`
?B;?HB;?i i?�i Bi Bb TQbbB#H2 7Q` 2TB;2M2iB+ �;2 iQ #Qi? BM+`2�b2 �M/ /2+`2�b2 mTQM
i`2�iK2Mi- #mi �HbQ iQ iB+F bHQr2` KQ`2 ;2M2`�HHv BM i?2 +�b2 Q7 i?2 ;2M2iB+ Kmi�MibX
AKTQ`i�MiHv- Qm` bim/v r�b i?2 QMHv QM2 i?�i /2}M2/ �M 2TB;2M2iB+ T`2/B+iQ` BM �
iBbbm2 BM/2T2M/2Mi 7�b?BQMX h?Bb Bb BKTQ`i�Mi #2+�mb2 Bi `2/m+2b i?2 HBF2HB?QQ/ Q7 i?2
T`2/B+iQ` #2BM; +2HH +QKTQbBiBQM /2`Bp2/ �M/ bm;;2bib i?�i bBKBH�` iQ i?2 ?mK�M b2iiBM;-
�M 2TB;2M2iB+ T`2/B+iQ` +�M #2 /2}M2/ bQH2Hv 7`QK +2HH BMi`BMbB+ +?�M;2bX �Hi?Qm;? Bi
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXjX .Bb+mbbBQM

Bb HBF2Hv i?�i BM i?2 Qi?2` bim/B2b i?2 T`2/B+iQ`b �`2 �HbQ #2BM; /2`Bp2/ 7`QK bm+? +2HH
BMi`BMbB+ +?�M;2b iQQX h?Bb Bb T�`iB+mH�`Hv HBF2Hv iQ #2 i?2 +�b2 7Q` i?2 S2iFQpB+? 2i
�HX bim/v bBM+2 i?2v �`2 �#H2 iQ b?Qr i?�i i?2v +�M T`2/B+i i?2 ǳ2tT2+i2/Ǵ 2TB;2M2iB+
�;2b 7Q` MQM@#HQQ/ b�KTH2b- M�K2Hv BSa*b �M/ }#`Q#H�bib /2`Bp2/ 7`QK irQ b2T�`�i2
Q`B;BMbX

lM7Q`imM�i2Hv- Bi r�b MQi TQbbB#H2 iQ /B`2+iHv +QKT�`2 i?2 T`2/B+iBp2 TQr2` Q7 i?2
p�`BQmb KQ/2Hb �;�BMbi QM2 �MQi?2`X h?Bb r�b /m2 iQ � MmK#2` Q7 i2+?MB+�H `2�bQMbX
h?2 K�BM +QMbi`�BMi #2BM; +Qp2`�;2- i?Bb Bb /m2 BM T�`i iQ i?2 b2[m2M+BM; /2Ti? �+?B2p2/
BM i?2 /Bz2`2Mi /�i�b2ib #mi �HbQ /m2 iQ i?2 /Bz2`2Mi HB#`�`v T`2T�`�iBQM T`QiQ+QHb i?�i
r2`2 T2`7Q`K2/X AM �M �ii2KTi iQ +QmMi2` i?Bb A i`B2/ T2`7Q`KBM; � MmK#2` Q7 /Bz2`2Mi
BKTmi�iBQM@#�b2/ �TT`Q�+?2bX h?2b2 BM+Hm/2/ K2�M �M/ K2/B�M BKTmi�iBQM- �HQM;bB/2
BKTmi�iBQM /2`Bp2/ 7`QK � /22T H2�`MBM; �TT`Q�+? +�HH2/ .22T*T: U�M;2`Km2HH2` 2i �HX-
kyRdVX lM7Q`imM�i2Hv- i?2`2 r2`2 bQ K�Mv bBi2b KBbbBM; i?�i i?2 T`2/B+iBQMb i?�i +�K2
Qmi r2`2 KQ`2 � `2~2+iBQM Q7 i?2 BKTmi�iBQM i?�M Q7 i?2 b�KTH2b i?2Kb2Hp2bX h?Bb r�b
+QKTQmM/2/ #v i?2 Qi?2` HBKBi�iBQM BM i?Bb +QKT�`BbQM- r?B+? Bb i?�i A rQmH/ r�Mi iQ
B/2�HHv +QKT�`2 i?2 irQ Qi?2` +HQ+Fb BM b�KTH2b i?�i i?2v /B/ MQi miBHBb2 7`QK Tm#HB+
/�i� #mi i?�i +�K2 7`QK i?2 b�K2 Q` bBKBH�` iBbbm2X h?Bb 7m`i?2` `2/m+2/ i?2 �p�BH�#H2
b�KTH2b i?�i +QmH/ K22i i?2 +Qp2`�;2 +`Bi2`B�X AM i?2 +�b2 Q7 i?2 q�M; bim/v �MQi?2`
Bbbm2 r�b i?�i i?2v /2`Bp2/ i?2B` +HQ+F 7`QK b�KTH2b i?�i A �HbQ miBHBb2/- �b bm+? �Mv
T`2/B+iBQM i?�i /B/ ?QH/ rQmH/ MQi #2 bi`B+iHv 7`QK �M BM/2T2M/2Mi /�i�b2iX

.m2 iQ i?2 MQr BM+`2�b2/ MmK#2` Q7 �p�BH�#H2 b�KTH2b 7`QK i?2b2 bim/B2b �M/ 7`QK
�//BiBQM�H Tm#HB+ bim/B2b- iQ;2i?2` rBi? M2rHv ;2M2`�i2/ /�i� 7`QK Qm`b2Hp2b- r?B+?
MQr bT�Mb �;2b mT iQ �M/ BM+Hm/BM; Ry9 r22Fb U6B;m`2 jXj9V- A /2+B/2/ iQ 7Q+mb QM
/2}MBM; � KQ`2 ;2M2`�H 2TB;2M2iB+ T`2/B+iQ` i?�i 2M+QKT�bb2b �HH Q7 i?2b2 /�i�b2ib
`�i?2` i?�M bT2M/BM; iBK2 i`vBM; iQ BKT2`72+iHv +QKT�`2 i?2 /Bz2`2Mi T`2/B+iQ`b �;�BMbi
QM2 �MQi?2`X h?Bb KQ/2H MQr +QMi�BMb /�i� 7`QK �HKQbi Ryyy b�KTH2b BM+Hm/BM; __"a
�M/ q:"a- 7`QK � KmHiBim/2 Q7 /Bz2`2Mi i`2�iK2Mib- bi`�BMb �M/ �;2bX qBi? �;2b
`�M;BM; 7`QK 2�`Hv T`2@#B`i? iQ Qp2` j v2�`b Q7 �;2X h?Bb KQ/2H Bb biBHH #2BM; /2`Bp2/
�M/ rBHH 7Q`K i?2 #�bBb 7Q` 7mim`2 rQ`FX

>Qr2p2`- 7`QK r?�i A ?�p2 b22M 7`QK T`2HBKBM�`v +`Qbb@p�HB/�iBQM 2tT2`BK2Mib Bi Bb
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jXjX .Bb+mbbBQM *?�Ti2` jX h?2 �;2BM; *HQ+F

6B;m`2 jXj9, a+?2K�iB+ Q7 i?2 "�#`�?�K /�i�b2i 2ti2M/2/, :`�T?B+ bmKK�`v Q7
i?2 "�#`�?�K /�i�b2iX .L� r�b BbQH�i2/ 7`QK HBp2`- HmM;- ?2�`i �M/ +Q`i2t Q7 M2r#Q`M KB+2
�M/ KB+2 �;2/ R9- kd- 9R- ee �M/ Ry8 r22Fb- �M/ `2/m+2/@`2T`2b2Mi�iBQM #BbmH}i2 U__"aV
HB#`�`B2b K�/2 7`QK i?BbX
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6B;m`2 jXj8, J2/B�M �#bQHmi2 /2pB�iBQM Q7 �;2 T`2/B+iBQMb 7`QK 2ti2M/2/ KQ/2H,
h?2 �#bQHmi2 2``Q` BM �;2 T`2/B+iBQM 7Q` i`�BMBM; �M/ i2bi b�KTH2bX
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*?�Ti2` jX h?2 �;2BM; *HQ+F jXjX .Bb+mbbBQM

+H2�` i?�i i?2 KQ/2H 2M+QKT�bbBM; �HH Q7 i?2b2 /�i�b2ib T2`7Q`Kb 7�` #2ii2` i?�M �Mv
Q7 i?2 KQ/2Hb BM/BpB/m�HHv rBi? �M J�1 �+`Qbb �HH �;2b Q7 8Xjj r22Fb U6B;m`2 jXj8VX A
?QT2 i?�i 7mim`2 rQ`F QM i?Bb KQ/2H rBHH p�HB/�i2 i?2 }M/BM;b T2`i�BMBM; iQ #BQHQ;B+�H
�;2 i?�i i?2 T`2pBQmb KQmb2 2TB;2M2iB+ T`2/B+iQ`b /2KQMbi`�i2/X AM �//BiBQM- A ?QT2
i?�i i?2 KQ/2H rBHH T`QpB/2 � bQHmiBQM iQ i?2 Bbbm2 Q7 KBbbBM;M2bb �M/ QT2M i?2 /QQ`
7Q` mb2 Q7 i?Bb T`2/B+iQ` BM � KQ`2 ;2M2`�H �;2BM; `2b2�`+? b2iiBM;X
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jXjX .Bb+mbbBQM *?�Ti2` jX h?2 �;2BM; *HQ+F
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*?�Ti2` 9

aBM;H2 +2HH �;2BM;

9XR AMi`Q/m+iBQM

AMbB;?ib BMiQ i?2 �;2BM; T`Q+2bb i?�i �`2 K�/2 �i i?2 bBM;H2 +2HH H2p2H rBHH BKT`Qp2 Qm`
mM/2`bi�M/BM; Q7 i?2 i`m2 M�im`2 Q7 �;2BM; �M/ ?Qr Bi Bb Q++m``BM;X aim/vBM; �;2BM; �i
i?Bb H2p2H Q7 /2i�BH rBHH 2M�#H2 mb iQ BMi2``Q;�i2 ?vTQi?2b2b iQ 2t�KBM2 r?2i?2` �;2BM;
Bb i?2 `2bmHi Q7 � T�bbBp2 /2+�v T`Q+2bb- Q` �M �+iBp2Hv T`Q+m`2/ bi�i2X �KQM;bi Qi?2`
?vTQi?2b2b- r2 +QmH/ �bF 7Q` BMbi�M+2 r?2i?2` i?2 �;2/ bi�i2 `2bmHib 7`QK +?�M;2b BM
+2HH ivT2 +QKTQbBiBQM Q` bi2K +2HH 2t?�mbiBQMX AM �//BiBQM iQ 2M�#HBM; mb iQ �bF i?2b2
T2`?�Tb KQ`2 �#bi`�+i [m2biBQMb `2;�`/BM; �;2BM;- bim/vBM; i?2 T`Q+2bb Q7 �;2BM; �i
i?Bb H2p2H Q7 /2i�BH BM bT2+B}+ +2HH ivT2b �M/ iBbbm2b rBHH �HbQ ?2HT mb mM/2`bi�M/ i?2 `QQi
+�mb2b Q7 �;2@`2H�i2/ T�i?QHQ;B2b BM b�B/ +2HH ivT2b �M/ iBbbm2b �M/ r?v i?2v BM+`2�b2
rBi? �;2X

AM i?Bb T`2b2Mi bim/v- A r�Mi2/ iQ �bF i?2 [m2biBQM Q7 r?2i?2` A +QmH/ /2i2+i �M/
+?�`�+i2`Bx2 i?2 T`Q+2bb Q7 �;2BM; BM � T`2/QKBM�MiHv [mB2b+2Mi bi2K +2HH TQTmH�iBQM
�i i?2 bBM;H2 +2HH H2p2H 7`QK 2TB;2M2iB+ �M/ i`�Mb+`BTiQKB+ BM7Q`K�iBQMX h?2`2 r2`2
K�Mv `2�bQMb 7Q` r?v � [mB2b+2Mi bi2K +2HH TQTmH�iBQM r�b +?Qb2MX 6B`biHv- BM Q`/2`
iQ bBKTHB7v i?2 �M�HvbBb- A r�Mi2/ iQ bim/v � TQTmH�iBQM Q7 +2HHb i?�i r2`2 /BTHQB/ �M/
MQi TQHvTHQB/- bm+? �b +�`/BQKvQ+vi2b- r?B+? 2t?B#Bi � `�M;2 Q7 THQB/v i?�i ?�b #22M
b?QrM iQ #2 �;2 /2T2M/2Mi UG�~�KK2 �M/ Jm``v- kyRRVX a2+QM/Hv- A r�Mi2/ iQ bim/v
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9XRX AMi`Q/m+iBQM *?�Ti2` 9X aBM;H2 +2HH �;2BM;

� [mB2b+2Mi TQTmH�iBQM Q7 +2HHb iQ KBiB;�i2 �b Km+? �b TQbbB#H2 �;�BMbi �Mv +QM7QmM/BM;
?2i2`Q;2M2Biv i?�i +QmH/ #2 i?2 HBF2Hv `2bmHi Q7 +2HH +v+H2 /Bz2`2M+2b #2ir22M vQmM; �M/
QH/ +2HHbX h?B`/Hv- A r�Mi2/ � TQTmH�iBQM Q7 +2HHb i?�i r2`2 p2`v ?QKQ;2M2Qmb- �;�BM-
iQ `2KQp2 �Mv +QM7QmM/BM; ?2i2`Q;2M2Biv �bbQ+B�i2/ rBi? p�`B�iBQM BM +2HH +QKTQbBiBQMX
6Qm`i?Hv- A r�Mi2/ iQ bim/v � TQTmH�iBQM Q7 bi2K +2HHb i?�i `2T`2b2Mi2/ i?2 ;`2�i2bi
/Bz2`2MiB�iBQM TQi2MiB�H rBi?BM i?2B` HBM2�;2UbVX h?Bb Bb #2+�mb2 Bi Bb FMQrM i?�i K�Mv
bi2K +2HHb �`2 �#H2 iQ /BpB/2 iQ /Bz2`BM; 2ti2Mib BM �M �bvKK2i`B+ 7�b?BQM U*QM#Qv 2i �HX-
kyyd- Em�M; 2i �HX- kyyd �M/ _Q+?2i2�m 2i �HX- kyRkV- �b bm+? A r�Mi2/ iQ /2i2`KBM2
r?2i?2` /2i`BK2Mi�H 2TB;2M2iB+ 2z2+ib ?�p2 �H`2�/v K�MB72bi2/ i?2Kb2Hp2b BM i?Bb bi2K
+2HH TQQH �M/ �b bm+? +QmH/ i?2v #2 T�bb2/ QM iQ KQ`2 /Bz2`2MiB�i2/f7mM+iBQM�H +2HHb
mTQM /BpBbBQMX 6B7i?Hv- � bi`QM; HBMF ?�b #22M K�/2 #2ir22M �;2BM; �M/ i?2 HQbb Q7
K2i?vH�iBQM Q7 ?BbiQM2 >j �i HvbBM2 Ekd- U>jEkdK2jV- �M 2TB;2M2iB+ KQ/B}+�iBQM
i?�i Bb BKTQ`i�Mi 7Q` 2Mbm`BM; +Q``2+i HBM2�;2 bT2+B}+�iBQM 2�`Hv BM /2p2HQTK2Mi �M/
Bb K�BMi�BM2/ BM �/mHi bi2K +2HHbX aBti?Hv- A r�Mi2/ iQ �bb2bb � TQTmH�iBQM Q7 +2HHb
BM �M BM pBpQ +QMi2tiX AM �//BiBQM- A r�Mi2/ iQ bim/v bi2K +2HHb i?�i ?�/ � bBKTH2
/Bz2`2MiB�iBQM i`�D2+iQ`v- bm+? i?�i 7mim`2 rQ`F bim/vBM; +2HH ivT2b /QrMbi`2�K Q7 Qm`
+?Qb2M bi2K +2HHb +QmH/ #2 �bb2bb2/ +QKT�`�iBp2Hv 2�bBHvX h?2 bvbi2K i?�i A +?Qb2
iQ bim/v i?�i }i �HH i?2b2 +`Bi2`B� r2`2 i?2 [mB2b+2Mi bi2K +2HHb Q7 i?2 KQmb2 bF2H2i�H
Kmb+H2 bvbi2KX

AM i?2 bF2H2i�H Kmb+H2 bvbi2K- �;2BM; Bb �++QKT�MB2/ #v � /2+HBM2 BM Kmb+H2 K�bb �M/
bi`2M;i? U"`�+F �M/ JmƢQx@*�MQp2b- kyRe �M/ 1p�Mb �M/ *�KT#2HH- RNNjV �b r2HH �b
� ?�KT2`2/ `2;2M2`�iBp2 +�T�+Biv U"2`M2i 2i �HX- kyR9- *?�FF�H�F�H 2i �HX- kyRk- *Qb@
;`Qp2 2i �HX- kyR9- S`B+2 2i �HX- kyR9- aQmb�@oB+iQ` 2i �HX- kyR9 �M/ hB2`M2v 2i �HX- kyR9VX
h?Bb +QKKQMHv `2bmHib BM T?vbB+�H BM+�T�+Bi�iBQM Q7 BM/BpB/m�Hb rBi?BM i?2 2H/2`Hv TQT@
mH�iBQM UC�M; 2i �HX- kyRR �M/ _2M�mHi 2i �HX- kyykVX aF2H2i�H Kmb+H2 ?QK2Qbi�bBb �M/
`2;2M2`�iBQM �`2 2Mbm`2/ #v iBbbm2@bT2+B}+ S�td@2tT`2bbBM; b�i2HHBi2 Ubi2KV +2HHb UG2T@
T2` 2i �HX- kyRR- a�K#�bBp�M 2i �HX- kyRR �M/ pQM J�Hix�?M 2i �HX- kyRjc 6B;m`2 9XRVX
AM �/mHi KB+2 i?2b2 +2HHb �`2 H�`;2Hv [mB2b+2Mi BM ?QK2Qbi�iB+ Kmb+H2bX >Qr2p2`- mTQM
Kmb+H2 BMDm`v b�i2HHBi2 +2HHb �`2 �+iBp�i2/- T`QHB72`�i2 �M/ 2Bi?2` /Bz2`2MiB�i2 iQ 7Q`K
M2r Kmb+H2 }#2`b Q` b2H7@`2M2r iQ `2+QMbiBimi2 i?2 bi2K +2HH TQQH U"`�+F �M/ _�M/Q-
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XRX AMi`Q/m+iBQM

Pax7+ MyHC+
MyoD+
Myf5+

Pax7+
Desmin+Pax7-

MyoD+
Myf5+

normal 3 hours 3 days 7 days 28 days

A

B

6B;m`2 9XR, a+?2K�iB+ Q7 i?2 Kmb+H2 HBM2�;2, U�V .B�;`�K Q7 i?2 Kmb+H2 HBM2�;2c
7`QK S�td TQbBiBp2 [mB2b+2Mi Kmb+H2 b�i2HHBi2 +2HHb- iQ �+iBp�i2/ Kmb+H2 b�i2HHBi2 +2HHb- iQ S�td
M2;�iBp2 KvQ#H�bib �M/ QMiQ 7mb2/ Kmb+H2 }#2`bX U"V AK�;2b Q7 KQmb2 h� Kmb+H2 mTQM BMDm`vX
AK�;2b �`2 i�F2M �i /2}M2/ iBK2 TQBMib /BbTH�v2/ mM/2` 2�+? BK�;2X "Hm2 bi�BMBM; BM/B+�i2b
i?2 TQbBiBQM Q7 Mm+H2B rBi?BM i?2 Kmb+H2 iBbbm2X AK�;2b +Qm`i2bv Q7 .` "`2M/�M 1p�MQX

kyRk- *QM#Qv �M/ _�M/Q- kyyk- PH;mBM �M/ PHrBM- kyy9 �M/ w�KKBi 2i �HX- kyy9VX �;2
Bb �bbQ+B�i2/ rBi? � `2/m+iBQM BM i?2 `2;2M2`�iBp2 TQi2MiB�H Q7 Kmb+H2b �M/ ?�b #22M �i@
i`B#mi2/ iQ BKT�B`2/ BMi`BMbB+ `2;2M2`�iBp2 TQi2MiB�H Q7 i?2 b�i2HHBi2 +2HHb U"2`M2i 2i �HX-
kyR9- *?�FF�H�F�H 2i �HX- kyRk- *Qb;`Qp2 2i �HX- kyR9 �M/ aQmb�@oB+iQ` 2i �HX- kyR9VX
h?Bb Bb i?Qm;?i iQ #2 T�`iHv /m2 iQ i?2 BM~m2M+2 Q7 2ti`BMbB+ 2MpB`QMK2Mi�H +m2b U*QM@
#Qv 2i �HX- kyy8V i?�i �`2 FMQrM iQ �Hi2` i?2 MB+?2X h?Bb Bb 7m`i?2` 2t�+2`#�i2/ #v i?2
/2+`2�b2 Q7 b�i2HHBi2 +2HH MmK#2`b BM #Qi? KQmb2 U"`�+F 2i �HX- kyy8- *QHHBMb 2i �HX- kyyd
�M/ *QM#Qv 2i �HX- kyy8V �M/ ?mK�Mb rBi? �;2 U_2M�mHi 2i �HX- kyykVX AKTQ`i�MiHv- 7Q`
i?Bb +m``2Mi bim/v- i?Bb `2/m+iBQM BM bi2K +2HH MmK#2` Bb 7�` H2bb i?�M i?�i Q#b2`p2/ BM
Qi?2` bi2K +2HH bvbi2Kb bm+? �b i?2 ?2K�iQTQB2iB+ bvbi2KX

1tTQbm`2 Q7 QH/ KQmb2 Kmb+H2 b�i2HHBi2 +2HHb iQ � vQmi?7mH 2MpB`QMK2Mi Q` ;`Qri? 7�+iQ`b
?�b #22M b?QrM iQ T�`iHv `2biQ`2 i?2 T`QHB72`�iBQM �M/ /Bz2`2MiB�iBQM T`QT2`iB2b Q7
i?2 bi2K +2HHb U"`�+F 2i �HX- kyyd- *QHHBMb 2i �HX- kyyd �M/ *QM#Qv 2i �HX- kyy8VX AM
�//BiBQM- +�HQ`B2 `2bi`B+iBQM ?�b #22M b?QrM iQ BKT`Qp2 i?2 7mM+iBQM�HBiv Q7 b�i2HHBi2
+2HH �M/ Kmb+H2 `2;2M2`�iBQM Q7 #Qi? vQmM; �M/ QH/ �MBK�Hb U*2`H2iiB 2i �HX- kyRkVX h?2
TH�biB+Biv Q7 i?2b2 +?�M;2b bm;;2bib i?�i i?2 7mM+iBQM�H /2+HBM2 b22M 7Q` �;2/ b�i2HHBi2
+2HHb +QmH/ �i H2�bi #2 T�`iB�HHv � `2bmHi Q7 +?�M;2b iQ i?2B` 2TB;2MQK2X AMi2`2biBM;Hv-
.L� K2i?vH�iBQM Bb rB/2Hv BM+`2�b2/ BM QH/ ?mK�M KvQ#H�bib- r?B+? MQi�#Hv bmTT`2bb
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9XRX AMi`Q/m+iBQM *?�Ti2` 9X aBM;H2 +2HH �;2BM;

aT`QmivR UaS_uRV 2tT`2bbBQM- � +`m+B�H 7�+iQ` 7Q` 2Mbm`BM; `2@2Mi`v BMiQ [mB2b+2M+2
�M/ b2H7@`2M2r�H 7QHHQrBM; �+iBp�iBQM /m`BM; ?QK2Qbi�bBb U"B;Qi 2i �HX- kyR8VX

h?2 Kmb+H2 b�i2HHBi2 +2HH TQTmH�iBQM Bb Bib2H7 T?2MQivTB+�HHv �M/ 7mM+iBQM�HHv ?2i2`Q;2@
MQmb- #Qi? /m`BM; ?QK2Qbi�bBb �M/ �HbQ mTQM `2;2M2`�iBQM U*?�FF�H�F�H 2i �HX- kyRk-
*QM#Qv 2i �HX- kyyd- Em�M; 2i �HX- kyyd �M/ _Q+?2i2�m 2i �HX- kyRkVX J�Mv /Bz2`2Mi
K2i?Q/QHQ;B2b ?�p2 #22M mb2/ iQ B/2MiB7v Kmb+H2 b�i2HHBi2 +2HH bm#TQTmH�iBQMb �M/ iQ
+?�`�+i2`Bx2 i?2B` T`QT2`iB2bX h?Bb ?�b `2bmHi2/ BM �M mM/2`bi�M/BM; i?�i bm#b2ib Q7
Kmb+H2 b�i2HHBi2 +2HHb 2t?B#Bi /Bz2`2Mi T`QHB72`�iBQM ?BbiQ`B2b �M/ � `�M;2 Q7 b2H7@`2M2r�H-
/Bz2`2MiB�iBQM �M/ `2;2M2`�iBQM +�T�+BiB2b Uw�KKBi 2i �HX- kyy9VX h?2 2ti2Mi iQ r?B+?
i?Bb ?2i2`Q;2M2Biv Bb BKTQ`i�Mif`2[mB`2/ 7Q` iBbbm2 ?QK2Qbi�bBb �M/ `2;2M2`�iBQM Bb �i
T`2b2Mi mMFMQrMX AM �//BiBQM- Bi `2K�BMb mM+H2�` ?Qr i?Bb ?2i2`Q;2M2Biv T`Q;`2bb2b
/m`BM; �;2BM;X L2p2`i?2H2bb- Bi ?�b #22M bm;;2bi2/ i?�i i?2 b�i2HHBi2 +2HH TQTmH�iBQM
#2+QK2b KQ`2 ?QKQ;2MQmb rBi? �;2- rBi? � `2/m+2/ T`QTQ`iBQM Q7 +2HHb ?�pBM; � ?B;?
`2;2M2`�iBQM TQi2MiB�H �M/ BM+`2�b2/ 7`�+iBQM Q7 +2HHb ?�pBM; HQr T`QHB72`�iBp2 +�T�+Biv
U"`�+F �M/ JmƢQx@*�MQp2b- kyRe �M/ *?�FF�H�F�H 2i �HX- kyRkVX h?2`27Q`2- QM2 K�DQ`
mM�Mbr2`2/ [m2biBQM BM i?2 }2H/ Bb r?2i?2` �;2@�bbQ+B�i2/ /2+HBM2 BM b�i2HHBi2 +2HH 7mM+@
iBQM Bb �bbQ+B�i2/ rBi? � ;HQ#�H 7mM+iBQM�H /`B7i Q7 i?2 TQTmH�iBQM- Q` rBi? i?2 b2H2+iBQM
Q7 � 72r mM}i +HQM2bX �b bm+?- iQ `2/m+2 i?2 7mM+iBQM�H ?2i2`Q;2M2Biv rBi?BM Qm` T`2b2Mi
bim/v- A /2+B/2/ iQ 7Q+mb QM � bm#TQTmH�iBQM Q7 7mM+iBQM�HHv ?QKQ;2M2Qmb- [mB2b+2Mi
Kmb+H2 b�i2HHBi2 +2HHb 7`QK i?2 iB#B�HBb �Mi2`BQ` Uh�V bF2H2i�H Kmb+H2X h?2b2 +2HHb r2`2
/2}M2/ �b #2BM; i?2 KQbi ?B;?Hv 2tT`2bbBM; Q7 �HH S�td TQbBiBp2 Kmb+H2 b�i2HHBi2 +2HHb
UJma*V �M/ �`2 i?Qm;?i iQ mM/2`;Q �bvKK2i`B+ +2HH /BpBbBQMX h?2b2 S�td@?B;? bi2K
+2HHb rBHH ?2`2iQ #2 `272``2/ iQ �b h�@>B Jma*bX h?2b2 +2HHb `2T`2b2Mi MQi QMHv � TQr@
2`7mH KQ/2H bvbi2K #mi i?2v �`2 �HbQ ?m;2Hv BKTQ`i�Mi BM i?2 bim/v Q7 �;2BM; QrBM; iQ
i?2 #m`/2M Q7 Kmb+H2 7`�BHiv BM i?2 �;2/ TQTmH�iBQMX

hQ +?�`�+i2`Bx2 ?Qr i?2 T`Q+2bb Q7 �;2BM; Bb /2}M2/ BM � T`2/QKBM�MiHv [mB2b+2Mi
bi2K +2HH TQTmH�iBQM- A +`2�i2/ � +QK#BM2/ 2TB;2MQK2 �M/ i`�Mb+`BTiQK2 bBM;H2 +2HH
/�i�b2i 7`QK vQmM; U�TT`QtBK�i2Hv j KQMi?b Q7 �;2V �M/ QH/ UKQ`2 i?�M k9 KQMi?b
Q7 �;2V h�@>B Jma*bX h?Bb /�i�b2i `2T`2b2Mib i?2 }`bi +QK#BM2/ 2TB;2MQKB+ �M/
i`�Mb+`BTiQKB+ bBM;H2 +2HH /�i�b2i BMp2biB;�iBM; �/mHi +2HH TQTmH�iBQMb �M/ T`QpB/2b mb
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

rBi? �M mMT�`�HH2H2/ `2bQm`+2 iQ �//`2bb i?Bb 2t+BiBM; [m2biBQMX

9Xk _2bmHib

9XkXR .2b+`BTiBQM Q7 i?2 b�KTH2b +QHH2+i2/

h�@>B Jma*b r2`2 +QHH2+i2/ 7`QK K�H2 KB+2 +QMi�BMBM; � :6S `2TQ`i2` mM/2` i?2 2t@
T`2bbBQM Q7 � S�td T`QKQi2` Uh;,S�td@M:6S Ua�K#�bBp�M 2i �HX- kyyNV- QM � "e.k6RfC_D
#�+F;`QmM/ UKBt2/ "H�+Fef."�kVVX am#b2[m2Mi iQ 2mi?�MBb�iBQM- i?2 h� Kmb+H2 r�b
+�`27mHHv /Bbb2+i2/ 7`QK i?2b2 KB+2 U6B;m`2 9Xk�VX L2ti- i?2 b�i2HHBi2 +2HHb r2`2 /Bb@
bQ+B�i2/ 7`QK i?2 Kmb+H2 #27Q`2 ~mQ`2b+2M+2@�+iBp�i2/ +2HH bQ`iBM; U6�*aV 7Q` :6S
U6B;m`2 9Xk"VX h?2 6�*a r�b T2`7Q`K2/ irB+2 iQ 2Mbm`2 i?�i i?2 +2HHb #2BM; +QHH2+i2/
r2`2 bBM;H2 +2HHbX h?2 h�@>B Jma*b r2`2 /2}M2/ i?`Qm;? ;�iBM; Q7 i?2 b�i2HHBi2 +2HH
TQTmH�iBQM �M/ /2}M2/ �b i?2 iQT RyW Q7 S�td 2tT`2bbBM; +2HHb U6B;m`2 9Xk*VX � KQ`2
/2i�BH2/ /2b+`BTiBQM Q7 i?2 BbQH�iBQM Q7 i?2b2 +2HHb Bb T`QpB/2/ BM J�i2`B�Hb �M/ J2i?Q/b
b2+iBQM kX9XkX

h?2 h�@>B Jma*b r2`2 +QHH2+i2/ BMiQ HvbBb #mz2` �M/ i?2 bBM;H2 +2HH +QK#BM2/ T`QiQ+QH
r�b T2`7Q`K2/ UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX9XjVX .m2 iQ i?2 7�+i i?�i i?2b2
+2HHb �`2 ?B;?Hv [mB2b+2Mi �M/ i?mb +QMi�BM2/ H2bb _L� i?�M +v+HBM; +2HHb- k9 +v+H2b
Q7 �KTHB}+�iBQM r2`2 `2[mB`2/ iQ ;2M2`�i2 � HB#`�`v 7`QK i?2 TQHv�@+QMi�BMBM; _L�X
h?Bb Bb BM +QMi`�bi iQ i?2 ivTB+�H Re@R3 +v+H2b +QKKQMHv mb2/- 7Q` BMbi�M+2 7Q` K1a*bX
�TT`QtBK�i2Hv- Ne +2HHb r2`2 +QHH2+i2/ T2` KQmb2X

9XkXk Zm�HBiv@+QMi`QH Q7 i?2 i`�Mb+`BTiQK2 /�i�

h`�Mb+`BTiQK2 BM7Q`K�iBQM r�b �bb2bb2/ 7`QK }p2 vQmM; �M/ i?`22 QH/ BM/BpB/m�HbX 6QH@
HQrBM; �HB;MK2Mi Q7 i?2 i`�Mb+`BTiQK2 iQ KKRy- ;2M2 2tT`2bbBQM +QmMib r2`2 [m�MiB}2/
UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQMb kX9X9 �M/ kX9X9V �M/ i?2 MmK#2` Q7 i`�Mb+`BTib 7Q` �
;Bp2M +2HH r2`2 THQii2/ iQ �bb2bb i?2 [m�HBiv Q7 i?2 HB#`�`B2bX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

Tibialis anterior
 isolation

A B C

6B;m`2 9Xk, 6HQr bQ`iBM; Q7 h� >B Jma*b, U�V a+?2K�iB+ Q7 i?2 HQ+�iBQM Q7 i?2 h�
Kmb+H2 i?�i r�b BbQH�i2/ iQ 2ti`�+i Jma*bX U"V 6�*a THQi Q7 i?2 ;�iBM; mb2/ iQ bQ`i i?2
h�@>B Jma*b 7`QK i?2 #�+F;`QmM/X U*V 6�*a THQi Q7 i?2 ;�iBM; mb2/ iQ /2}M2 i?2 h�@>B
Jma* TQTmH�iBQM 7`QK i?2 `2bi Q7 i?2 h� Jma*bX h?2 +?�MM2H QM i?2 v@�tBb Bb bi�BMBM; 7Q`
S?v+Q2`vi?`BM US1V �M/ i?2 6Ah* +?�MM2H QM i?2 t@�tBb Bb 7Q` :6SX AK�;2b +Qm`i2bv Q7 .`
"`2M/�M 1p�MQX

6`QK i?Bb T`2HBKBM�`v �M�HvbBb- A Q#b2`p2/ i?�i BM +QMi`�bi iQ T`2pBQmb HB#`�`B2b ;2M2`@
�i2/ 7`QK K1a*b- i?2`2 r2`2- QM �p2`�;2- 72r2` ;2M2b 2tT`2bb2/ 7Q` � ;Bp2M +2HH U=R-yyy
;2M2b ?2`2- +QKT�`2/ rBi? =9-yyy 7Q` K1a*bc 6B;m`2 9XjVX h?Bb Bb HBF2Hv /m2 iQ i?2b2
+2HHb #2BM; [mB2b+2Mi �M/ �b bm+? `2[mB`BM; HBiiH2 i`�Mb+`BTiBQM iQ `2K�BM 7mM+iBQM�HX
AKTQ`i�MiHv- i?2 K�DQ`Biv Q7 +2HHb r2`2 2tT`2bbBM; � +QMbBbi2Mi MmK#2` Q7 i`�Mb+`BTib
�M/ i?2 2tT`2bbBQM T`Q}H2 �+`Qbb i?2 i`�Mb+`BTiQK2 r�b +QMbBbi2Mi rBi? r?�i rQmH/
#2 2tT2+i2/ 7`QK i?2 /Bbi`B#miBQM Q7 +QmMibX >Qr2p2`- Bi +�M #2 b22M i?�i i?2`2 �`2
bQK2 +2HHb i?�i 2tT`2bb p2`v 72r i`�Mb+`BTib U6B;m`2 9XjVX �b bm+?- r2 /2+B/2/ iQ b2i
�M �`#Bi`�`v [m�HBiv i?`2b?QH/ QM i?2 MmK#2` Q7 ;2M2b 2tT`2bb2/ BM � ;Bp2M +2HHX q2
b2i i?Bb +mi@Qz �i R-yyy ;2M2bX h?2 `2K�BMBM; MmK#2` Q7 +2HHb i?�i T�bb2/ i?Bb [m�HBiv
+mi@Qz �M/ i?2 BM/BpB/m�Hb i?�i r2`2 +?Qb2M 7Q` bm#b2[m2Mi �M�HvbBb �`2 ?B;?HB;?i2/ QM
�M BM/BpB/m�H #�bBb BM h�#H2 9XRX

9XkXj �bb2bbK2Mi Q7 +2HH +v+H2 7`QK i?2 i`�Mb+`BTiQK2

PM2 Q7 i?2 H�`;2bi bQm`+2b Q7 p�`B�iBQM BM bBM;H2 +2HH i`�Mb+`BTiQK2 �M�HvbBb Bb i?�i Q7
+2HH +v+H2X �b bm+?- �Hi?Qm;? i?2 +2HHb A b2H2+i2/ r2`2 [mB2b+2Mi- A r�Mi2/ iQ 2Mbm`2
i?�i �Mv `2bmHib A Q#i�BM2/ r2`2 MQi � `2bmHi Q7 p�`B�iBQM BM T`QTQ`iBQMb Q7 +2HHb BM
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

6B;m`2 9Xj, :2M2 +QmMi Z* Q7 +2HHb, a+�ii2`THQib iQ /2TB+i i?2 MmK#2` Q7 ;2M2b T2`
+2HHX 1�+? TQBMi `2T`2b2Mib � bBM;H2 +2HHX 1�+? b+�ii2`THQi `2T`2b2Mib �M BM/BpB/m�HX uQmM;
BM/BpB/m�Hb �`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi? �M ǳPǴX h?2 `2/ HBM2 Bb i?2
+mi@Qz i?`2b?QH/ i?�i r�b mb2/ Ub2i iQ R-yyy ;2M2b T2` +2HHVX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

AM/BpB/m�H hQi�H +2HHb S�bb *?Qb2M
uk Ne y LQ
u9 Ne 39 u2b
u8 Ne 8y LQ
ud Ne dN u2b
u3 Ne dd u2b
PR Ne eN u2b
P8 Ne 3j u2b
P3 Ne 8 LQ

h�#H2 9XR, Z* Q7 bBM;H2 +2HH i`�Mb+`BTiQK2b

/Bz2`2Mi bi�;2b Q7 i?2 +2HH +v+H2X h?2 `2�bQM A /2+B/2/ iQ �bb2bb h�@>B Jma*b r�b BM
T�`i /m2 iQ i?2B` T`2/QKBM�MiHv [mB2b+2Mi M�im`2- r?B+? A ?QT2/ rQmH/ KBMBKBx2 i?Bb
TQi2MiB�H Bbbm2X >Qr2p2`- �b � K2�Mb Q7 T2`7Q`KBM; �M �//BiBQM�H [m�HBiv +QMi`QH bi2T-
A �bb2bb2/ bi�;2b Q7 i?2 +2HH +v+H2 �+`Qbb �HH +2HHb i?�i T�bb2/ i?2 BMBiB�H [m�HBiv +QMi`QHX
h?Bb �bb2bbK2Mi Q7 +2HH +v+H2 r�b T2`7Q`K2/ mbBM; � T`2pBQmbHv /2b+`B#2/ +H�bbB}+�iBQM
�H;Q`Bi?K Ua+B�H/QM2 2i �HX- kyR8V r?B+? �bbB;Mb � bi�;2 BM i?2 +2HH +v+H2 U:R- a Q`
:kfJV iQ 2�+? +2HHX aBM+2 i?2b2 +2HHb �`2 T`2/QKBM�MiHv i?Qm;?i iQ #2 BM :y- A rQmH/
2tT2+i i?2b2 iQ #2 +H�bbB}2/ �b :RX h?Bb 2tT2+i�iBQM r�b #2+�mb2 :y +2HHb 2tBi i?2
+2HH +v+H2 i?`Qm;? :R �M/ i?2b2 +2HHb biBHH `2~2+i :R +2HHb BM i2`Kb Q7 .L� +QMi2Mi �M/
K�Mv Qi?2` +2HHmH�` �ii`B#mi2bX

h?Bb �M�HvbBb- ?B;?HB;?i2/ i?�i i?2 K�DQ`Biv Q7 +2HHb r2`2 BM 7�+i +H�bbB}2/ �b :R- �b r�b
2tT2+i2/ 7`QK r?�i r�b FMQrM �#Qmi i?2b2 +2HHb #2BM; ?B;?Hv [mB2b+2Mi U6B;m`2 9X9VX
>Qr2p2`- i?2`2 r2`2 � MmK#2` Q7 +2HHb i?�i r2`2 +H�bbB}2/ BM b2T�`�i2 +2HH +v+H2 bi�;2bX
h?Bb +QmH/ `2~2+i i?2 7�+i i?�i rBi?BM �Mv ?QK2Qbi�iB+ Kmb+H2 i?2`2 �`2 +QMbi�Mi-
i?Qm;? KBMBK�H- `2[mB`2K2Mib 7Q` iBbbm2 `2;2M2`�iBQMX h?2 MmK#2` Q7 +2HHb i?�i b22K
iQ #2 +H�bbB}2/ QmibB/2 Q7 :R �TT2�` iQ #2 p�`B�#H2 #2ir22M BM/BpB/m�HbX h?Bb 7m`i?2`
bm;;2bib i?�i i?Bb +QmH/ #2 `2H�i2/ iQ ?QK2Qbi�bBb mTQM KBMQ` /�K�;2 i?�i Bb BM/BpB/m�H
bT2+B}+X AMi2`2biBM;Hv- i?2`2 b22K iQ #2 � bHB;?iHv H�`;2` MmK#2` Q7 +2HHb i?�i r2`2 MQi
BM :y BM i?2 vQmM;2` BM/BpB/m�HbX h?Bb +QmH/ #2 /m2 iQ i?2 BM+`2�b2/ �+iBpBiv �M/fQ`
2t2`+Bb2 2t?B#Bi2/ BM vQmM;2` KB+2 i?�i `2bmHib BM KQ`2 `2;2M2`�iBQM #2BM; `2[mB`2/ iQ
K�BMi�BM ?QK2Qbi�bBbX q?�i2p2` i?2 `2�bQM- BM Q`/2` iQ 2Mbm`2 i?�i A r�b bim/vBM; i?2
2z2+ib Q7 �;2BM; �M/ MQi i?2 TQi2MiB�H 2z2+ib Q7 +2HH +v+H2- A /2+B/2/ iQ 2t+Hm/2 7`QK

Rk3
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6B;m`2 9X9, *2HH +v+H2 Z* Q7 +2HHb, a+�ii2`THQib iQ /BbTH�v i?2 +2HH +v+H2 +H�bbB}+�iBQMb
/2}M2/ mbBM; a+B�H/QM2 2i �HX- kyR8X h?2 `2/ /Qii2/ HBM2b /2TB+i i?2 #QmM/�`B2b Q7 i?2 i?`22
bi�i2b U:R :kfJ �M/ aVX 1�+? BM/BpB/m�H Bb /2TB+i2/ BM � b2T�`�i2 b+�ii2`THQi- r?2`2 ǳuǴ
BM/BpB/m�Hb �`2 vQmM; �M/ ǳPǴ BM/BpB/m�Hb �`2 QH/X

RkN
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6B;m`2 9X8, iaL1 THQi Q7 h�−>B Jma*, � b+�ii2`THQi Q7 i?2 }`bi irQ /BK2MbBQMb
Q7 i?2 iaL1X 1�+? BM/BpB/m�H Bb /2TB+i2/ rBi? � +QHQm`- B/2MiB}2/ BM i?2 H2;2M/X uQmM;
BM/BpB/m�Hb �`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi? �M ǳPǴX h?2`2 r�b MQ B/2MBiB7�#H2
bm#bi`m+im`2X

�Mv /QrMbi`2�K �M�HvbBb +2HHb i?�i 7�BH2/ iQ #2 +H�bbB}2/ �b :RX

9XkX9 *QKT�`BbQM Q7 i`�Mb+`BTiQK2b #2ir22M QH/ �M/ vQmM;

>�pBM; /2i2`KBM2/ r?B+? i`�Mb+`BTiQK2b K2i i?2 [m�HBiv +`Bi2`B�- A r�Mi2/ iQ /2i2`@
KBM2 r?2i?2` Bi rQmH/ #2 TQbbB#H2 iQ b2T�`�i2 i?2 QH/ �M/ vQmM; h�@>B Jma*b 7`QK
QM2 �MQi?2` #�b2/ bQH2Hv QM i?2B` i`�Mb+`BTiQK2 T`Q}H2bX hQ �bb2bb i?Bb � iaL1 /B@
K2MbBQM�HBiv `2/m+iBQM@#�b2/ �TT`Q�+? r�b miBHBb2/ UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM
kX9XdVX

6`QK i?Bb �M�HvbBb Bi r�b MQi TQbbB#H2 iQ B/2MiB7v �Mv /Bb+`2i2 bm#bi`m+im`2 Ubm#@
TQTmH�iBQMbV BM i?2 /�i�b2i U6B;m`2 9X8VX Pi?2` +Hmbi2`BM; K2i?Q/b bm+? �b S*� �M/
?B2`�`+?B+�H +Hmbi2`BM; r2`2 �HbQ i2bi2/ rBi? bBKBH�` `2bmHibX h?Bb ?B;?HB;?ib i?�i i?2`2

Rjy



*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

r2`2 MQ K�DQ` #�i+? 2z2+ib BM Qm` /�i�b2i #2ir22M BM/BpB/m�HbX q?BHbi A ?�/ �BK2/ iQ
KBMBKBx2 �Mv +QM7QmM/BM; #�i+? 2z2+ib #v +QM/m+iBM; vQmM; �M/ QH/ HB#`�`v T`2T�`�@
iBQM 7Q` �Mv QM2 BM/BpB/m�H BM T�`�HH2H- Bi r�b BKTQ`i�Mi iQ p2`B7v i?�i i?2`2 r2`2 MQ
#�i+? 2z2+ibX AM �//BiBQM- Bi bm;;2bi2/ i?�i BM i?Bb bm#TQTmH�iBQM Q7 Kmb+H2 b�i2HHBi2
+2HHb- �Mv �;2@`2H�i2/ /Bz2`2M+2b BM i?2 7mM+iBQM�HBiv Q7 i?2b2 +2HHb +QmH/ MQi #2 /2i2+i2/
Tm`2Hv 7`QK �M 2tT`2bbBQM H2p2H T2`bT2+iBp2X h?Bb bm;;2bib i?�i i?2 �;2@`2H�i2/ +?�M;2b
i?�i ?�p2 #22M Q#b2`p2/ 7Q` i?Bb bm#@TQTmH�iBQM �`2 MQi i?2 `2bmHi Q7 � +QMbBbi2Mi �;2@
�bbQ+B�i2/ /`B7i BM 2tT`2bbBQM T`Q}H2b- �b ?�b #22M T`2pBQmbHv TQbimH�i2/ UGBm 2i �HX-
kyRj �M/ aQmb�@oB+iQ` 2i �HX- kyR9VX

9XkX8 *QKT�`BbQM Q7 i`�Mb+`BTiQK2 p�`B�#BHBiv #2ir22M QH/ �M/

vQmM;

>�pBM; /2i2`KBM2/ i?�i i?2 +2HHb �TT2�` iQ #2 ?QKQ;2M2Qmb rBi? `2;�`/b iQ i?2B`
2tT`2bbBQM T`Q}H2b- A M2ti �bb2bb2/ r?2i?2` A +QmH/ /2i2+i /Bz2`2M+2b BM i?2 p�`B�#BHBiv
Q7 i?2 i`�Mb+`BTiQK2b #2ir22M vQmM; �M/ QH/X hQ �bb2bb i?Bb- i?2 /Bbi�M+2 #2ir22M
i?2 b[m�`2/ +Q2{+B2Mi Q7 p�`B�iBQM 7Q` 2�+? ;2M2 �M/ i?2 `QHHBM; K2/B�M Q7 i?2 b[m�`2/
+Q2{+B2Mi Q7 p�`B�iBQM 7Q` � ;Bp2M K2�M 2tT`2bbBQM H2p2H r2`2 +QKTmi2/ U6B;m`2 9XeVX
GQrHv 2tT`2bb2/ ;2M2b r2`2 `2KQp2/ 7`QK i?2 �M�HvbBb- /m2 iQ i?2K ?�pBM; H�`;2
MmK#2`b Q7 /`QT@QmibX � KQ`2 /2i�BH2/ 2tTH�M�iBQM Q7 i?2 �M�HvbBb +�M #2 7QmM/ BM i?2
J�i2`B�H �M/ J2i?Q/bX h?2 KQbi ?B;?Hv p�`B�#H2 ;2M2b r2`2 i?2M �M�Hvb2/X

h?Bb �M�HvbBb ?B;?HB;?i2/ i?�i i?2`2 r�b �M 2H2p�i2/ �p2`�;2 /Bbi�M+2 7`QK i?2 K2/B�M
7Q` ?B;?Hv p�`B�#H2 ;2M2b BM i?2 QH/ +2HHb `2H�iBp2 iQ i?2 vQmM; U6B;m`2 9XdVX AM Qi?2`
rQ`/b i?2`2 r�b �M BM+`2�b2 BM p�`B�#BHBiv b22M BM i?2 QH/ +2HHb +QKT�`2/ iQ i?2 vQmM;
U6B;m`2 9XdVX h?Bb }M/BM; ?2H/ 7Q` 2�+? BM/BpB/m�H rBi?BM i?2 bim/vX AM �//BiBQM- i?Bb
}M/BM; r�b BM/2T2M/2Mi Q7 i?2 2t�+i MmK#2` Q7 ?B;?Hv p�`B�#H2 ;2M2b i?�i r2`2 �bb2bb2/
UiQT Ryy- jyy �M/ 8yy r2`2 �HH i2bi2/ �M/ b?Qr2/ i?2 b�K2 #2?�pBQm`VX h?Bb Bb BM F22T@
BM; rBi? i?2 ?vTQi?2bBb i?�i rBi? �;2- b�i2HHBi2 +2HHb #2+QK2 KBb`2;mH�i2/ `2bmHiBM; BM
i?2B` 7mM+iBQM�H /2+HBM2X AMi2`2biBM;Hv- i?2`2 Bb HBKBi2/ Qp2`H�T #2ir22M i?2 KQbi ?B;?Hv
p�`B�#H2 ;2M2b 7`QK �Mv QM2 BM/BpB/m�HX h?Bb +QmH/ T�`iHv #2 � `2bmHi Q7 i?2 i2+?MB+�H

RjR
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6B;m`2 9Xe, a[m�`2/ +Q2{+B2Mi Q7 p�`B�M+2 #v BM/BpB/m�H, a+�ii2`THQib �`2 b?QrM 7Q`
i?2 b[m�`2/ +Q2{+B2Mi Q7 p�`B�M+2 �b � 7mM+iBQM Q7 i?2 K2�M +QmMi T2` ;2M2X >B;?HB;?i2/ BM
`2/ �`2 i?2 iQT 8yy KQbi p�`B�#H2 ;2M2bX h?2b2 �`2 +�H+mH�i2/ 7Q` 2�+? BM/BpB/m�H b2T�`�i2Hv-
�b i?2 8yy KQbi /Bbi�Mi ;2M2b 7`QK i?2 `QHHBM; K2/B�MX uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ rBi?
� ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi? �M ǳPǴX

Rjk



*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

young old

Y4 Y7 Y8 O1 O5
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6B;m`2 9Xd, h`�Mb+`BTiBQM�H p�`B�#BHBiv /2}M2/ #v /Bbi�M+2, "QtTHQi Q7 i?2 /Bbi�M+2
iQ K2/B�M Q7 i?2 8yy KQbi p�`B�#H2 ;2M2b T2` BM/BpB/m�HX a?QrM BM TBMF �`2 i?2 vQmM;
BM/BpB/m�Hb �M/ BM ;`22M i?2 QH/ BM/BpB/m�HbX

HBKBi�iBQMb Q7 i?2 bBM;H2 +2HH �TT`Q�+?2b �M/ i?2 BM?2`2MiHv HQr 2tT`2bbBQM H2p2Hb 2t?B#@
Bi2/ #v i?2b2 +2HHb- #mi +QmH/ �HbQ `2~2+i �M mM/2`HvBM; H�+F Q7 ?QKQ;2M2Biv BM i?2b2
+2HHbX h?Bb BM+`2�b2/ p�`B�#BHBiv b22Kb mMHBF2Hv iQ #2 /m2 iQ b�KTH2 T`2T�`�iBQM- bBM+2
�HH HB#`�`B2b r2`2 �KTHB}2/ i?2 b�K2 MmK#2` Q7 +v+H2b �M/ i?2 HB#`�`v [m�MiB}+�iBQM
7`QK i?2 #BQ�M�Hvb2` /B/ MQi ?B;?HB;?i �M BM?2`2MiHv HQr2` Q` ?B;?2` 2tT`2bbBQM H2p2H
BM i?2 QH/ h�@>B Jma*bX aBM+2 A +QmH/ MQi /2i2`KBM2 �Mv BM?2`2Mi /B`2+i Qp2`H�T Q7
i?2 KQbi ?B;?Hv p�`B�#H2 ;2M2b- A /2+B/2/ iQ �bb2bb r?2i?2` i?2 ;2M2b i?�i r2`2 KQbi
Q` H2�bi p�`B�#H2 BM Qm` /�i�b2i r2`2 2M`B+?2/ 7Q` �Mv 7mM+iBQM�H +�i2;Q`vX �b bm+?- A
T2`7Q`K2/ � ;2M2 QMiQHQ;v U:PV �M�HvbBb Q7 i?2 KQbi �M/ H2�bi ?B;?Hv p�`B�#H2 ;2M2b
7Q` 2�+? BM/BpB/m�H �M/ 7Q` i?2 QH/ �M/ vQmM; �b ;`QmTbX 6Q` i?Bb �M�HvbBb- i?2 #�+F@
;`QmM/ r�b /2}M2/ �b i?2 ;2M2b 2tT`2bb2/ BM 2�+? BM/BpB/m�H i?�i r2`2 +QMbB/2`2/ BM
i?2 p�`B�#BHBiv �M�HvbBbX

h?Bb �M�HvbBb ?B;?HB;?i2/ i?�i i?2 H2�bi p�`B�#H2 ;2M2b 7Q` #Qi? vQmM; �M/ QH/ BM/BpB/@
m�Hb r2`2 2M`B+?2/ BM ;2M2 QMiQHQ;v i2`Kb �bbQ+B�i2/ rBi? #�bB+ +2HHmH�` T`Q+2bb2b bm+?
�b ǳ`B#QbQK2Ǵ �M/ ǳbi`m+im`�H KQH2+mH2 �+iBpBivǴ U6B;m`2 9X3VX h?Bb Bb MQi mMbm`T`BbBM;
QrBM; iQ i?2 BKTQ`i�M+2 Q7 i?2b2 T`Q+2bb2bX JQ`2 +m`BQmbHv- A 7QmM/ i?�i i?Bb r�b MQi
i?2 +�b2 7Q` i?2 ?B;?Hv p�`B�#H2 ;2M2b BM QH/ +2HHb r?2M +QKT�`2/ iQ vQmM; +2HHbX A 7QmM/

Rjj



9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

corrected p−value enrichment, −log(p−value) corrected p−value enrichment, −log(p−value) corrected p−value enrichment, −log(p−value)

corrected p−value enrichment, −log(p−value) corrected p−value enrichment, −log(p−value)

Low variability
High variability

structural constituent of ribosome

ribosome

cytosolic ribosome

ribosomal subunit

cytosolic part

cytosolic large ribosomal subunit

hormone metabolic process

cellular response to cytokine stimulus

0 10 20 30 40 50

Y8

structural constituent of ribosome

cytosolic ribosome

ribosome

ribosomal subunit

cytosolic part

structural molecule activity

chemokine activity

chemokine receptor binding

chemokine−mediated signaling pathway

response to cytokine

G−protein coupled receptor signaling pathway

cellular response to cytokine stimulus

0 10 20 30 40

Y7

structural constituent of ribosome

ribosome
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cytosolic part

structural molecule activity
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Y4

structural constituent of ribosome

ribosome
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structural molecule activity
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0 5 10 15 20 25 30

O1

-log(p-value)

structural constituent of ribosome

cytosolic ribosome

ribosome

ribosomal subunit

cytosolic part

cytosolic large ribosomal subunit

cell chemotaxis

chemotaxis

taxis

Factor: LF−A1; motif: GGGSTCWR; match class: 1

Factor: NeuroD; motif: NNSCWGCTGNSY; match class: 1

regulation of hemostasis

0 10 20 30 40

O5

-log(p-value) -log(p-value)

-log(p-value)-log(p-value)

6B;m`2 9X3, :P �M�HvbBb Q7 p�`B�#H2 ;2M2b #v BM/BpB/m�H, � #�`THQi /2TB+iBM; i?2 iQT
8 KQbi bB;MB}+�Mi :P i2`Kb 7Q` i?2 KQbi �M/ H2�bi p�`B�#H2 ;2M2bX q?2`2 i?2`2 r2`2 8 bB;MB7@
B+�Mi :P i2`Kb Q` H2bb- �HH bB;MB}+�Mi :P i2`Kb r2`2 pBbm�HBb2/X :P i2`Kb �bbQB+�i2/ rBi?
HQrHv p�`B�#H2 ;2M2b �`2 /2TB2+i2/ BM #Hm2X :P i2`Kb �bbQ+B�i2/ rBi? ?B;?Hv p�`B�#H2 ;2M2b
r2`2 pBbm�HBb2/ rBi? v2HHQrX uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb
rBi? �M ǳPǴX

Rj9



*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

i?�i ?B;?Hv p�`B�#H2 ;2M2b BM vQmM; +2HHb r2`2 �bbQ+B�i2/ rBi? i2`Kb bm+? �b ǳ`2bTQMb2
iQ +viQFBM2 biBKmHmbǴ �M/ ǳ+?2KQFBM2 `2+2TiQ` #BM/BM;Ǵ U6B;m`2 9X3VX AM +QMi`�bi- A
}M/ i?�i ?B;?Hv p�`B�#H2 ;2M2b BM QH/ +2HHb r2`2 �bbQ+B�i2/ rBi? i2`Kb �bbQ+B�i2/ rBi?
ǳ+?2KQi�tBbǴ U6B;m`2 9X3VX AMi2`2biBM;Hv- BM �;2/ BM/BpB/m�H P8- A 7QmM/ i?�i i?2`2 r�b
� bB;MB}+�Mi 2M`B+?K2Mi 7Q` i?2 ;2M2b #QmM/ #v i?2 i`�Mb+`BTiBQM 7�+iQ` L2m`Q. U6B;@
m`2 9X3VX h?Bb Bb BMi2`2biBM; #2+�mb2 L2m`Q. ?�b �M Qp2`H�TTBM; TQbBiBQM r2B;?i K�i`Bt
USqJV rBi? JvQ.X *`m+B�HHv- i?2 �+iBpBiv Q7 L2m`Q. Bb 7`2[m2MiHv HBM2�;2 `2bi`B+i2/
QrBM; iQ +?`QK�iBM �++2bbB#BHBiv U6QM; 2i �HX- kyRkVX �b bm+?- i?Bb }M/BM; bm;;2bib i?2
i�Mi�HBxBM; TQbbB#BHBiv i?�i bm+? `2;mH�iBQM Bb 2`Q/2/ rBi? �;2X

hQ �bb2bb +2HH@iQ@+2HH p�`B�#BHBiv Q7 i?2b2 ?B;?Hv p�`B�#H2 ;2M2b- � T�B`rBb2 +Q``2H�iBQM
�M�HvbBb Q7 i?2b2 ;2M2b r�b T2`7Q`K2/ #2ir22M +2HHb Q7 � ;Bp2M BM/BpB/m�H UJ�i2`B�Hb
�M/ J2i?Q/b b2+iBQM kX9XNVX h?2b2 T�B`rBb2 +Q``2H�iBQMb r2`2 pBbm�HBx2/ �b +Q``2H�iBQM
?2�iK�Tb- QM2 T2` BM/BpB/m�H U6B;m`2 9XNV �M/ bmKK�`Bx2/ BM � pBQHBM THQi U6B;m`2
9XRyVX

h?Bb �M�HvbBb H2/ iQ i?2 BMi2`2biBM; }M/BM; i?�i i?2 ?B;?Hv p�`B�#H2 ;2M2b +QMi�BM2/
rBi?BM QH/ h�@>B Jma*b �`2 H2bb +Q``2H�i2/ iQ QM2 �MQi?2` i?�M Bb b22M 7Q` vQmM;
h�@>B Jma*b U6B;m`2 9XRyVX h?Bb bm;;2bib i?�i MQi QMHv /Q QH/ h�@>B Jma*b ?�p2
KQ`2 p�`B�#H2 ;2M2b T2` b2 #mi i?�i i?2 2tT`2bbBQM Q7 i?2b2 ?B;?Hv p�`B�#H2 ;2M2b- �`2
BM Q7 i?2Kb2Hp2b KQ`2 `�M/QK BM M�im`2X AM Qi?2` rQ`/b- rBi? �;2 i?2`2 �TT2�`b iQ #2
� HQQb2MBM; Q7 i?2 i`�Mb+`BTiBQM�H M2irQ`FX AMi2`2biBM;Hv- bm+? HQr +Q``2H�iBQMb �`2 MQi
2p2M b22M BM i?2 +?�`�+i2`BbiB+�HHv ?2i2`Q;2M2Qmb 2MpB`QMK2Mi Q7 i?2 K1a* +mHim`2 Q`
i?2 2�`Hv 2K#`vQ UJQ?�KK2/ 2i �HX- kyRdVX >Qr2p2`- i?Bb +QKT�`BbQM b?QmH/ #2 i�F2M
rBi? bQK2 +�miBQM- #2+�mb2 Bi +QmH/ #2 #B�b2/ #v i?2 /Bz2`2M+2 BM MmK#2` Q7 i`�Mb+`BTib
i?�i �`2 2tT`2bb2/ BM �Mv QM2 +2HH #2BM; 7�` HQr2` BM i?2 h�@>B Jma*b i?�M i?2 K1a*b
Q` 2�`Hv 2K#`vQ +2HHb- �Hi?Qm;? i?Bb BM Bib2H7 +QmH/ #2 +QMbB/2`2/ #BQHQ;B+�HX

Pp2`�HH- i?2b2 `2bmHib b?Qr i?�i i?2 Jma* i`�Mb+`BTiQK2 Bb `2H�iBp2Hv bi�#H2- BM i2`Kb
Q7 �p2`�;2 2tT`2bbBQM H2p2Hb Q7 �Mv ;Bp2M ;2M2- rBi? �;2X >Qr2p2`- i?2 p�`B�#BHBiv
Q7 ;Bp2M ;2M2b �M/ #2ir22M +2HHb rBi?BM �M BM/BpB/m�H Bb bB;MB}+�MiHv BM+`2�b2/ mTQM
�;2BM;X h?2`2 �`2 K�Mv `2�bQMb r?v i?Bb +QmH/ #2 i?2 +�b2- 7Q` BMbi�M+2- QM2 +QmH/
BK�;BM2 i?�i Bi Bb `2H�i2/ iQ i?2 MmK#2` Q7 +2HH /BpBbBQMb i?�i ?�p2 Q++m``2/ `2bmHiBM;

Rj8



9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;
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6B;m`2 9XN, h`�Mb+`BTiBQM�H +Q``2H�iBQMb #2ir22M +2HHb, � ?2�iK�T Bb b?QrM T2`
BM/BpB/m�HX 1�+? TQbBiBQM rBi?BM 2�+? ?2�iK�T /2TB+ib i?2 T�B`rBb2 aT2�`K�M +Q``2H�iBQM
+Q2{+B2Mi 7Q` i?2 8yy KQbi p�`B�#H2 ;2M2b #2ir22M irQ +2HHbX h?2 +Q``2H�iBQM p�Hm2b `�M;2
7`QK y U#Hm2V iQ R U`2/VX uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi?
�M ǳPǴX
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6B;m`2 9XRy, oBQHBM THQi Q7 i`�Mb+`BTiBQM�H ?2i2`Q;2M2Biv, � pBQHBM THQi Q7 i?2 i`�M@
b+`BTiBQM�H ?2i2`Q;2M2Biv rBi?BM 2�+? BM/BpB/m�HX h?Bb Bb +QKTmi2/ �b T`2pBQmbHv /2b+`B#2/ BM
JQ?�KK2/ 2i �HX- kyRd 7`QK i?2 aT2�`K�M +Q``2H�iBQM +Q2{+B2MibX a?QrM BM TBMF �`2 i?2
vQmM; BM/BpB/m�Hb �M/ BM ;`22M i?2 QH/ BM/BpB/m�HbX

BM i?2 +2HHb BM Q7 i?2Kb2Hp2b #2BM; KQ`2 /Bbi�MiHv `2H�i2/ Q` /m2 iQ � HQQb2MBM; Q7
i?2 i`�Mb+`BTiBQM�H M2irQ`FX AMi2`2biBM;Hv- Bi �HbQ �HHm/2b �i � TQi2MiB�H K2+?�MBbK
#v r?B+? i?2b2 +2HHb ?�p2 `2/m+2/ 7mM+iBQM�HBiv rBi? �;2 QrBM; iQ � HQbb Q7 +Q?2`2Mi
i`�Mb+`BTiBQM�H `2;mH�iBQMX

9XkXe Zm�HBiv@+QMi`QH Q7 i?2 K2i?vH�iBQM /�i�

L2ti- A r�Mi2/ iQ �bb2bb i?2 K2i?vH�iBQM /�i� i?�i A ?�/ ;2M2`�i2/ 7Q` i?2b2 +2HHbX
"27Q`2 �Mv �M�HvbBb +QmH/ #2 +QM/m+i2/- A }`bi ?�/ iQ +?2+F i?2 [m�HBiv Q7 i?2 +2HHbX AM
i2`Kb Q7 bBM;H2 +2HH K2i?vH�iBQM /�i�- i?Bb T`2/QKBM�MiHv K2�Mb 2Mbm`BM; i?�i i?2`2
Bb � bm{+B2Mi MmK#2` Q7 `2�/b T`2b2Mi rBi?BM i?2 HB#`�`v 7Q` � ;Bp2M +2HH- i?�i i?2
T`QTQ`iBQM Q7 `2�/b i?�i �HB;M mMB[m2Hv Bb MQi iQQ HQr- �M/ i?�i i?2 #BbmH}i2 +QMp2`bBQM
?�/ #22M bm++2bb7mHX AM �//BiBQM- A +?2+F2/ i?�i i?2 M2;�iBp2 +QMi`QHb ?�/ `2K�BM2/
mM+QMi�KBM�i2/ i?`Qm;?Qmi i?2 T`QiQ+QHX

AM +QMi`�bi iQ i?2 b2[m2M+BM; Q7 i?2 i`�Mb+`BTiQK2 r?2`2 A �BK2/ iQ b2[m2M+2 �TT`Qt@
BK�i2Hv MBM2iv +2HHb- BM i?2 +�b2 Q7 i?2 K2i?vHQK2 b2[m2M+BM; A �BK2/ iQ b2[m2M+2
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

6B;m`2 9XRR, S�B`2/ 2M/ `2�/ +QmMi Z* 7Q` i?2 bBM;H2 +2HH K2i?vHQK2b, a+�ii2`THQib
iQ /2TB+i i?2 MmK#2` Q7 mMB[m2Hv K�TTBM; T�B`2/@2M/ `2�/b i?�i r2`2 �+?B2p2/ 7`QK 2�+?
bBM;H2 +2HH U2�+? /QiVX PM2 b+�ii2`THQi Bb b?QrM 7Q` 2�+? +2HHX uQmM; +2HHb �`2 /2TB+i2/ BM
;`22M �M/ QH/ +2HHb �`2 /2TB+i2/ BM `2/X h?2 +mi@Qz mb2/ 7Q` /QrMbi`2�K �M�HvbBb r�b 8yy-yyy
T�B`2/ 2M/ `2�/b- pBbm�HBb2/ ?2`2 �b � /Qii2/ #H�+F HBM2X
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

�TT`QtBK�i2Hv i?B`iv +2HHbX h?2 `2�bQM 7Q` i?Bb Qr2b iQ i?2 T`2b2Mi +Qbi Q7 b2[m2M+BM;
bBM;H2 +2HH #BbmH}i2 HB#`�`B2bX h?2 BM+`2�b2/ +Qbi `2H�iBp2 iQ i?2 i`�Mb+`BTiQK2 Bb /m2 iQ
� MmK#2` Q7 7�+iQ`bX 6Q` BMbi�M+2- BM #BbmH}i2 b2[m2M+BM; � ;`2�i2` T`QTQ`iBQM Q7 i?2
;2MQK2 Bb #2BM; �bb�v2/X AM �//BiBQM- BM bBM;H2 +2HH #BbmH}i2 b2[m2M+BM; � 7�` ;`2�i2`
7`�+iBQM Q7 i?2 b2[m2M+BM; `2�/b 7�BH iQ K�T i?�M Bb i?2 +�b2 7Q` bBM;H2 +2HH i`�Mb+`BT@
iQKB+bX aBM;H2 +2HH K2i?vHQK2b �`2 ivTB+�HHv b2[m2M+2/ BM � HQM; T�B`2/@2M/ `2�/ KQ/2-
+QKT�`2/ iQ � bBM;H2 +2HH i`�Mb+`BTiQK2 i?�i rQmH/ #2 b2[m2M+2/ mbBM; � b?Q`i `2�/
bBM;H2 2M/ KQ/2- 2t�+2`#�iBM; i?Bb +Qbi BM2[m�HBivX h?2 `2�bQM 7Q` i?Bb #2BM; i?�i BM
i?2 +�b2 Q7 i`�Mb+`BTiQKB+b QM2 bBKTHv r�Mib iQ K�T i?2 `2�/b �M/ i?2`2 �`2 7Qm` BMi�+i
#�b2b iQ K�T rBi?X AM +QMi`�bi- 7Q` .L� K2i?vHQK2b- QM2 Bb MQi K2`2Hv BMi2`2bi2/ BM
K�TTBM; i?2 `2�/b #mi �HbQ BM bT2+B}+ BM7Q`K�iBQM i?�i Bb +QMi�BM2/ �i bT2+B}+ TQbB@
iBQMb rBi?BM 2�+? `2�/- M�K2Hv i?2 K2i?vH�iBQM bi�imb Q7 +viQbBM2b- T`2/QKBM�MiHv BM
� *: +QMi2tiX

6`QK i?2 [m�HBiv �M�HvbBb- A 7QmM/ i?�i i?2 K�DQ`Biv Q7 +2HHb r2`2 bm++2bb7mHHv #BbmH}i2
+QMp2`i2/X h?Bb Bb /2}M2/ �b ?�pBM; *>> �M/ *>: K2i?vH�iBQM Q7 H2bb i?�M 8W
;HQ#�HHv- r?B+? rQmH/ HBF2Hv #2 /m2 iQ TQQ` #BbmH}i2 +QMp2`bBQMX AM �//BiBQM- A 7QmM/
i?�i i?2 K�DQ`Biv Q7 +2HHb ?�/ KQ`2 i?�M 8yy-yyy mMB[m2Hv K�TT2/ �M/ /2/mTHB+�i2/
`2�/bX �b bm+?- A /2}M2/ i?Bb �b �M �`#Bi`�`v +Qp2`�;2 i?`2b?QH/ mM/2` r?B+? +2HHb
rQmH/ MQi #2 +QMbB/2`2/ 7Q` 7mim`2 �M�HvbBb U6B;m`2 9XRRVX h?2 MmK#2` Q7 +2HHb i?�i
`2K�BM2/ 7QHHQrBM; i?Bb +mi@Qz Bb /2i�BH2/ BM h�#H2 9Xk- bQ`i2/ #v BM/BpB/m�HX .m2 iQ �
H�`;2 MmK#2` Q7 +2HHb #2BM; `2KQp2/ 7`QK BM/BpB/m�H ud- i?Bb BM/pB/m�H r�b `2KQp2/
7`QK 7m`i?2` �M�HvbBbX AM �//BiBQM- A 7QmM/ i?�i Qm` M2;�iBp2 +QMi`QHb ?�/ `2K�BM2/
mM+QMi�KBM�i2/ i?`Qm;?Qmi i?2 T`Q+2bb- /m2 iQ i?2K ?�pBM; TQQ` K�TTBM; [m�HBiv
UIRyW Q7 `2�/b K�TTBM;VX h?Bb ;�p2 mb +QM}/2M+2 i?�i i?2 bBM;H2 +2HH /�i� A ?�p2
;2M2`�i2/ Bb p�HB/ U/�i� MQi b?QrMVX

>Qr2p2`- i?Bb �M�HvbBb Q7 i?2 [m�HBiv Q7 i?2 HB#`�`B2b ?B;?HB;?i2/ i?�i i?2`2 r�b � #B�b
BM i?2 b2[m2M+BM; /2Ti? rBi? i?2 QH/2` b�KTH2b QM �p2`�;2 ?�pBM; ?B;?2` +Qp2`�;2 i?�M
i?2 vQmM;2` b�KTH2b U6B;m`2 9XRkVX 6`QK �M BMBiB�H �M�HvbBb Q7 i?2 b�KTH2b UMQi b?QrMV-
A 7QmM/ i?�i bm+? � #B�b r�b /2i`BK2Mi�H iQ i?2 BMi2;`Biv Q7 i?2 /QrMbi`2�K �M�Hvb2bX
�b bm+?- i?2 X#�K }H2b Q7 �HH +2HHb r2`2 `�M/QKHv /QrM@b�KTH2/ bm+? i?�i i?2v ?�/ �
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AM/BpB/m�H hQi�H +2HHb S�bb *?Qb2M
uk 9y j3 u2b
ud 93 ky u2b
u3 93 j8 u2b
PR 9j 9y u2b
P8 93 98 u2b
P3 93 9 LQ

h�#H2 9Xk, Z* Q7 bBM;H2 +2HH K2i?vHQK2b

bBKBH�` `2T`2b2Mi�iBQM Q7 `2�/b #27Q`2 +QMiBMmBM; rBi? i?2 �M�HvbBbX
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6B;m`2 9XRk, a2[m2M+BM; /2Ti? #B�b BM K2i?vHQK2b, "QtTHQi Q7 i?2 MmK#2` Q7 T�B`2/
2M/ `2�/bX 1�+? #QtTHQi `2T`2b2Mib �M BM/BpB/m�HX uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ BM ;`22M
�M/ QH/ BM/BpB/m�Hb �`2 /2TB+i2/ BM Q`�M;2X

9XkXd .2b+`BTiBQM Q7 i?2 K2i?vH�iBQM H�M/b+�T2 Q7 i?2b2 +2HHb

h�@>B Jma*b ?�p2 MQi T`2pBQmbHv ?�/ i?2B` .L� K2i?vHQK2b BMi2``Q;�i2/ �i � ;HQ#�H
H2p2HX h?2`27Q`2- A r�Mi2/ iQ }`bi �bb2bb i?2 .L� K2i?vH�iBQM T`Q}H2b Q7 i?2 +2HHb i?�i
A r�b mbBM; �b Kv KQ/2H bvbi2K iQ bim/v �;2BM;X h?2 }`bi �M�HvbBb i?�i A +QM/m+i2/
QM i?2 K2i?vHQK2b 7`QK i?2 +2HHb r�b iQ +QKTmi2 i?2 K2�M K2i?vH�iBQM- QM � +2HH #v
+2HH #�bBbX
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6B;m`2 9XRj, :HQ#�H K2i?vH�iBQM H2p2Hb �`2 HQr BM h�@>B Jma*b, SHQi Q7 K2�M
K2i?vH�iBQM H2p2Hb 7Q` 2�+? +2HHX uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ BM irQ b?�/2b Q7 Tm`TH2 �M/
QH/ BM/BpB/m�Hb �`2 /2TB+i2/ BM irQ b?�/2b Q7 ;`22MX h?2`2 Bb �M �TT�`2Mi #�i+? /Bz2`2M+2
Q#b2`p2/ ;HQ#�HHv #2ir22M uk �M/ PR- �M/ u3 �M/ P8X

h?Bb �M�HvbBb ?B;?HB;?i2/ i?�i 7`QK � ;HQ#�H .L� K2i?vH�iBQM T2`bT2+iBp2- i?2b2 +2HHb
r2`2 mMmbm�H 7Q` � bQK�iB+ +2HH- rBi? ;HQ#�H *T: K2i?vH�iBQM H2p2Hb Q7 �TT`QtBK�i2Hv
98W U6B;m`2 9XRjVX hvTB+�HHv- � bQK�iB+ +2HH ?�b �TT`QtBK�i2Hv dy@3yW *: K2i?vH�iBQM
�M/ BM/22/ 7Q` K�Mv +2HH ivT2b �M/ iBbbm2b i?Bb ?�b #22M b?QrM iQ #2 i?2 +�b2 U1?`HB+?
2i �HX- RN3kVX h?Bb BM+Hm/2b Qi?2` [mB2b+2Mi bi2K +2HH TQTmH�iBQMb 7Q` r?B+? K2i?vHQK2b
�`2 �p�BH�#H2 UamM 2i �HX- kyR9VX h?Bb Q#b2`p�iBQM Bb BMi2`2biBM; #2+�mb2 Bi Bb ivTB+�HHv
�bbmK2/ i?�i � ?B;? H2p2H Q7 .L� K2i?vH�iBQM Bb /2}M2/ /m`BM; 2�`Hv /2p2HQTK2Mi
�M/ i?�i i?Bb H2p2H Q7 K2i?vH�iBQM Bb K�BMi�BM2/ �i � `2H�iBp2Hv +QMbi�Mi H2p2H �+`Qbb i?2
HB72bT�M Q7 �M Q`;�MBbK U>�+F2ii �M/ am`�MB- kyRjVX h?Bb bm;;2bib i?�i i?2b2 +2HHb K�v
HQb2 K2i?vH�iBQM �7i2` i?2B` bT2+B}+�iBQMX AM �//BiBQM- Bi ?�b #22M b?QrM 7Q` ?mK�M
�M/ b?22T /Bz2`2MiB�i2/ Kmb+H2 K2i?vHQK2b i?�i i?2 ;HQ#�H H2p2Hb Q7 K2i?vH�iBQM �`2
�b 2tT2+i2/ Udy@3yWV- bm;;2biBM; i?�i i?Bb K2i?vH�iBQM Kmbi #2 Tmi #�+F mTQM Q` bQQM
�7i2` /Bz2`2MiB�iBQMX PM2 BKTQ`i�Mi TQBMi iQ #2�` BM KBM/ rBi? i?Bb K2�bm`2K2Mi Q7
;HQ#�H K2i?vH�iBQM 7`QK bBM;H2 +2HH /�i�- Bb i?�i Bi rBHH #2 bHB;?iHv HQr2` i?�M Q#i�BM2/
7`QK � TQTmH�iBQM@#�b2/ b2[m2M+BM; 2tT2`BK2MiX h?Bb Bb HBF2Hv /m2 iQ i?2 M�im`2 Q7 i?2
TQHvK2`�b2b BMpQHp2/ �M/ i?2 H�`;2 MmK#2` Q7 �KTHB}+�iBQM +v+H2b `2[mB`2/X >Qr2p2`-
2p2M rBi? i?Bb +QMbB/2`2/- i?2 H2p2H Q7 K2i?vH�iBQM i?�i A Q#b2`p2/ 7Q` i?2b2 +2HHb Bb
7�` HQr2` i?�M 2tT2+i2/X AMi2`2biBM;Hv- A 7QmM/ i?�i i?2`2 r�b MQ H�`;2 /2pB�iBQM rBi?
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6B;m`2 9XR9, .L� K2i?vH�iBQM �bb2bb2/ 7Q` #`Q�/ 72�im`2 +�i2;Q`B2b, U�@.V a+�i@
i2`THQib /2TB+iBM; H2p2Hb Q7 .L� K2i?vH�iBQM �+`Qbb #`Q�/ 72�im`2 +H�bb2bX U�V �bb2bbK2Mi Q7
*:Ab U�V- 2tQMb U"V- BMi`QMb UBM+Hm/BM; `2T2�ibc *V �M/ AMi`�@+Bbi2`M�H �@ivT2 T�`iB+H2 UA�SV
2H2K2Mib U.V r�b T2`7Q`K2/X 1�+? /Qi `2T`2b2Mib QM2 +2HHX 1�+? +2HH Bb Q`/2`2/ �M/ +QHQm`2/
#v BM/BpB/m�HX :`22M /Qib `2T`2b2Mi vQmM; BM/BpB/m�Hb �M/ Q`�M;2f`2/ /Qib `2T`2b2Mi QH/
BM/BpB/m�HbX

`2;�`/b iQ ;HQ#�H H2p2H Q7 .L� K2i?vH�iBQM �+`Qbb +2HHb rBi?BM �M BM/BpB/m�H- MQ` �+`Qbb
BM/BpB/m�Hb MQ` �;2X h?Bb ?B;?HB;?ib i?2 `Q#mbiM2bb Q7 i?2 bBM;H2 +2HH #BbmH}i2 b2[m2M+BM;
T`QiQ+QH i?�i A �K mbBM;- #mi �HbQ i?2 ?B;? ?QKQ;2M2Biv Q7 Qm` +2HHb r?2M �bb2bb2/ BM
i?Bb K�MM2`X

L2ti- A /2+B/2/ iQ �bb2bb r?2i?2` i?Bb ;HQ#�H `2/m+iBQM BM .L� K2i?vH�iBQM `2H�iBp2
iQ Qi?2` bQK�iB+ +2HH ivT2b r�b �bbQ+B�i2/ rBi? � bT2+B}+ ;2MQKB+ 72�im`2 Q` r?2i?2`
Bi r�b i`mHv � ;2MQK2 rB/2 T?2MQK2MQM U6B;m`2 9XR9VX h?Bb Bb Q7 BMi2`2bi #2+�mb2
Bi Bb +QKKQMHv i?Qm;?i i?�i i?2 K2i?vH�iBQM Q7 `2T2iBiBp2 2H2K2Mib BM i?2 ;2MQK2
Bb `2bTQMbB#H2 7Q` 2Mbm`BM; ;2MQK2 bi�#BHBiv BM i?2 K�DQ`Biv Q7 +2HH ivT2b- rBi? � 72r
MQi�#H2 2t+2TiBQMb /m`BM; 2�`Hv /2p2HQTK2MiX

6`QK i?Bb �M�HvbBb A 7QmM/ i?�i- �b Bb ivTB+�HHv b22M 7Q` �HKQbi �HH +2HH ivT2b- .L�
K2i?vH�iBQM r�b ?B;? BM `2T2iBiBp2 `2;BQMb Q7 i?2 ;2MQK2 bm+? �b A�S 2H2K2Mib �M/
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib

GAL1 2H2K2MibX AM �//BiBQM- A 7QmM/ i?�i �`+?2ivT�HHv HQrHv K2i?vH�i2/ `2;BQMb Q7
i?2 ;2MQK2 bm+? �b *T: BbH�M/ T`QKQi2`b U*:A@T`QKQi2`bV r2`2 HQrHv K2i?vH�i2/X
am`T`BbBM;Hv- A 7QmM/ i?�i BMi`QMb �M/ 2tQMb �TT2�`2/ iQ #2 i?2 `2;BQMb Q7 i?2 ;2MQK2
i?�i r2`2 #2?�pBM; �#MQ`K�HHv- �M/ +QMi�BM2/ 7�` HQr2` H2p2Hb Q7 .L�K2i?vH�iBQM i?�M
Bb +QKKQMHv Q#b2`p2/ BM Qi?2` +2HH ivT2bX h?Bb Bb 2t+BiBM;- #2+�mb2 iQ Kv FMQrH2/;2 Bi
Bb i?2 }`bi +2HH ivT2 iQ #2 �bb2bb2/ i?�i 2t?B#Bib i?Bb 72�im`2@bT2+B}+ T�ii2`MBM; Q7 .L�
K2i?vH�iBQMX hvTB+�HHv- i?2 H2p2H Q7 K2i?vH�iBQM �+`Qbb 2tQMb �M/ BMi`QMb Bb +Q``2H�i2/
rBi? i?2 H2p2H Q7 K2i?vH�iBQM Qp2` `2T2iBiBp2 `2;BQMb Q7 i?2 ;2MQK2X 6Q` BMbi�M+2-
BM HQrHv K2i?vH�i2/ +2HH ivT2b bm+? �b kBfGA6 K1a*b- HQr H2p2Hb Q7 K2i?vH�iBQM BM
2tQMb �M/ BMi`QMb Bb Q#b2`p2/ �HQM;bB/2 HQrHv K2i?vH�i2/ `2T2iBiBp2 TQ`iBQMb Q7 i?2
;2MQK2 U6B+x 2i �HX- kyRjVX PM2 2t+BiBM; TQbbB#BHBiv 7Q` i?Bb HQr H2p2H Q7 2tQM �M/
BMi`QM K2i?vH�iBQM +QmH/ #2 i?2 ?B;?Hv [mB2b+2Mi M�im`2 Q7 i?2 bi2K +2HHb i?�i A �K
bim/vBM;X A bm;;2bi i?Bb #2+�mb2 ?B;? H2p2Hb Q7 .L� K2i?vH�iBQM Qp2` ;2M2 #Q/B2b
U2tQMb �M/ BMi`QMb BM+HmbBp2V Bb +QKKQMHv +Q``2H�i2/ BM #mHF /�i�b2ib rBi? BM+`2�b2/
2tT`2bbBQM Q7 i?2 ;2M2 mM/2` bim/v UEmHBb 2i �HX- kyRk- J�mM�F2� 2i �HX- kyRy �M/
o�`H2v 2i �HX- kyRjVX 6m`i?2`KQ`2- A 7QmM/ i?�i BM/2T2M/2Mi Q7 72�im`2 i?2`2 r�b �
bm#iH2 BM+`2�b2 BM .L� K2i?vH�iBQM rBi? �;2X h?2 BKTHB+�iBQM Q7 i?Bb #2BM; i?�i HQrHv
K2i?vH�i2/ `2;BQMb ;�BM 2Mi`QTv rBi? �;2- r?2`2�b ?B;?Hv K2i?vH�i2/ `2;BQMb #2+QK2
KQ`2 Q`/2`2/ rBi? �;2X

9XkX3 *�H+mH�iBQM Q7 BMi2`@BM/BpB/m�H p�`B�#BHBiv 7`QK bBM;H2 +2HH

K2i?vHQK2b

>�pBM; �bb2bb2/ i?2 M�im`2 Q7 i?2 mMmbm�H K2i?vH�iBQM H�M/b+�T2 Q7 i?2b2 h�@>B
Jma*b- A M2ti �bb2bb2/ r?2i?2` i?2`2 r2`2 /Bz2`2M+2b BM i?2 K2i?vHQK2 p�`B�#BHBiv
Q7 /Bz2`2Mi `2;BQMb Q7 i?2 ;2MQK2 rBi? �;2X

J2i?vH�iBQM p�`B�#BHBiv- BM � bBKBH�` K�MM2` iQ i`�Mb+`BTiQKB+ p�`B�#BHBiv- Bb iQ � H�`;2
2ti2Mi BM~m2M+2/ #v i?2 H2p2H Q7 i?2 K2i`B+ �+`Qbb i?2 TQTmH�iBQM UBX2X i`�Mb+`BTiBQM�H
p�`B�#BHBiv i2M/b iQ BM+`2�b2 rBi? BM+`2�b2/ H2p2Hb Q7 2tT`2bbBQMVX AM i?2 +�b2 Q7 .L�
K2i?vH�iBQM- i?Bb K2i`B+ Bb i?2 K2i?vH�iBQM Q7 i?2 TQTmH�iBQM �M/ p�`B�#BHBiv +�M H�`;2Hv
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#2 /2}M2/ �b � 7mM+iBQM Q7 K2i?vH�iBQM H2p2HX lMHBF2 i`�Mb+`BTiQKB+b- r?2`2 p�`B�#BHBiv
Bb BM+`2�b2/ rBi? BM+`2�bBM; K2�M 2tT`2bbBQM- BM i?2 +�b2 Q7 .L� K2i?vH�iBQM- p�`B�#BH@
Biv Bb K�tBK�H �i 8yWX h?Bb Bb #2+�mb2 K2i?vH�iBQM H2p2Hb �`2 /2`Bp2/ 7`QK K2i?vH�i2/
�M/ mMK2i?vH�i2/ #Bib Q7 BM7Q`K�iBQMX q?2M �bb2bbBM; p�`B�#BHBiv BM .L� K2i?vH�iBQM
�i i?2 bBM;H2 +2HH H2p2H- Bi Bb i?2`27Q`2 BKTQ`i�Mi iQ 2Mbm`2 i?2 TQTmH�iBQM H2p2H Q7 .L�
K2i?vH�iBQM i?�i Bb #2BM; K2�bm`2/ Bb T`QT2`Hv +QMi`QHH2/X AM �//BiBQM- QrBM; iQ i?2
bT�`bBiv Q7 bBM;H2 +2HH .L� K2i?vH�iBQM /�i�- .L� K2i?vH�iBQM BM � bBM;H2 +2HH +QMi2ti
Bb +QKKQMHv bim/B2/ Qp2` rBM/QrbX h?2b2 rBM/Qrb �`2 +QKKQMHv /2}M2/ �b `2;BQMb Q7
i?2 ;2MQK2 +QMi�BMBM; � +2`i�BM 7`�+iBQM Q7 i?2 ;2MQK2- r?2i?2` /2}M2/ BM #�b2 T�B`b
Q` MmK#2` Q7 mM/2`HvBM; *: bBi2bX h?Bb- ?Qr2p2`- BMi`Q/m+2b �MQi?2` +QKTHB+�iBQM
BM i?2 bim/v Q7 bBM;H2 +2HH .L� K2i?vH�iBQM p�`B�iBQM i?�i Bb 7`2[m2MiHv Qp2`HQQF2/,
i?�i i?2 2t�+i TQbBiBQMb i?�i �`2 +Qp2`2/ rBi?BM � ;Bp2M rBM/Qr �+`Qbb � ;Bp2M MmK#2`
Q7 +2HHb rBHH KQ`2 Q7i2M i?�M MQi- MQi Qp2`H�T 2[mBp�H2Mi TQbBiBQMbX h?Bb K2�Mb i?�i
�ii2KTib iQ miBHBx2 K2i`B+b bm+? �b bi�M/�`/ /2pB�iBQM Q` p�`B�M+2 Q7 � K2�M H2p2H Q7
K2i?vH�iBQM �+`Qbb � 72�im`2 rBHH TQi2MiB�HHv #2 KBbH2�/BM;X h?Bb BM im`M +�M ;2M2`�i2
7�Hb2 BKT`2bbBQMb Q7 i?2 M�im`2 Q7 p�`B�#BHBiv �+`Qbb � 72�im`2 Q` #2ir22M +2HHbX h?Bb Bb
?B;?HB;?i2/ /B�;`�KK�iB+�HHv BM 6B;m`2 9XR8X

hQ �//`2bb i?2b2 BM�/2[m�+B2b BM i?2 �M�HvbBb Q7 .L� K2i?vH�iBQM p�`B�#BHBiv- A /2@
p2HQT2/ � +QKTmi�iBQM�H �TT`Q�+? #�b2/ QM >�KKBM; .Bbi�M+2 U>.c J�i2`B�Hb �M/
J2i?Q/b b2+iBQM kX9XRkVX "`B2~v- i?2 K2�M K2i?vH�iBQM �M/ >. 7`QK � ;Bp2M T�B`rBb2
+QKT�`BbQM Bb +�H+mH�i2/ 7Q` � ;Bp2M 72�im`2 #2ir22M +2HHb rBi?BM � ;Bp2M BM/BpB/m�HX
h?2b2 T�B`rBb2 +QKT�`BbQMb 2Mbm`2 i?�i A QMHv +QKT�`2 bBi2b i?�i �`2 T`2b2Mi BM #Qi?
+2HHb bm+? i?�i i?2`2 Bb MQ KBbbBM;M2bbX AKTQ`i�MiHv- 2�+? T�B`rBb2 +QKT�`BbQM +�M
/Bz2` rBi? `2bT2+i iQ i?2 2t�+i TQbBiBQMb i?�i �`2 miBHBx2/ r?2M +QKT�`BM; �Mv irQ
+2HHbX h?Bb Bb BKTQ`i�Mi �b Bi K�tBKBx2b i?2 MmK#2` Q7 2p2Mib i?�i �`2 #2BM; bim/B2/
rBi?BM �Mv T�`iB+mH�` +QKT�`BbQM- r?BHbi �i i?2 b�K2 iBK2 2HBKBM�iBM; i?2 KBbbBM;M2bb
T`Q#H2K /2i�BH2/ 2�`HB2`X h?2 2t�+i TQbBiBQMb i?�i �`2 miBHBx2/ BM i?2 T�B`rBb2 +QKT�`@
BbQMb �`2 T`2@/2}M2/ #v i?2 72�im`2b i?�i �`2 +?Qb2M 7Q` � ;Bp2M �M�HvbBbX 6Q` BMbi�M+2-
Bi rQmH/ #2 TQbbB#H2 iQ +QKTmi2 T�B`rBb2 +QKT�`BbQMb 7Q` *:A@T`QKQi2`bX

AM Q`/2` iQ +Q``2+i 7Q` i?2 p�`B�#BHBiv@`2H�iBQM iQ K2�M K2i?vH�iBQM Q7 2�+? +2HH rBi?BM
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Exon 1

Exon 2

A

B

6B;m`2 9XR8, h?2 BKTHB+�iBQMb Q7 KBbbBM;M2bb 7Q` p�`B�M+2 +�H+mH�iBQMb, U�V
a+?2K�iB+ `2T`2b2Mi�iBQM Q7 irQ 2tQMb i?�i �`2 T`2b2Mi iQ /Bz2`BM; 2ti2Mib BM +2HHb � iQ
LX 1tQM R /2TB+i2/ ?2`2 Bb i?2Q`2iB+�HHv B/2MiB+�H BM Bib /Bbi`B#miBQM Q7 K2i?vH�iBQM �+`Qbb
+2HHbX AM +QMi`�bi 2tQM k Bb p�`B�#H2 �+`Qbb i?2 +2HHb mM/2` bim/vX J2i?vH�iBQM bi�imb Q7 +v@
iQbBM2b rBi?BM � *:@+QMi2ti �`2 /BbTH�v2/ �b y UmMK2i?vH�i2/V Q` R UK2i?vH�i2/VX U"V �
#�`THQi Q7 i?2 p�`B�#BHBiv /2i2`KBM2/ 7`QK i?2b2 irQ 2tQMb �b �bb2bb2/ mbBM; i?2 bi�M/�`/
�TT`Q�+?X "`B2~v- i?2 bi�M/�`/ /2pB�iBQM Bb +QKTmi2/ 7`QK i?2 �p2`�;2 K2i?vH�iBQM Q7 2�+?
+2HH 7Q` � ;Bp2M 72�im`2X
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Cell A 
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Exon 1  - identical Exon 2 - non identical
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Exon 1

Exon 2

Cell B 
Cell N -0 110- 0 1 -- -

-1 ---1 - 1 00 1

A

B

6B;m`2 9XRe, aQHmiBQM iQ i?2 KBbbBM;M2bb 7Q` p�`B�#BHBiv +�H+mH�iBQMb, U�V a+?2K�iB+
`2T`2b2Mi�iBQM Q7 irQ 2tQMb i?�i �`2 T`2b2Mi iQ /Bz2`BM; 2ti2Mib BM +2HHb � iQ LX 1tQM R
/2TB+i2/ ?2`2 Bb i?2Q`2iB+�HHv B/2MiB+�H BM Bib /Bbi`B#miBQM Q7 K2i?vH�iBQM �+`Qbb +2HHbX AM
+QMi`�bi 2tQM k Bb p�`B�#H2 �+`Qbb i?2 +2HHb mM/2` bim/vX J2i?vH�iBQM bi�imb Q7 +viQbBM2b
rBi?BM � *:@+QMi2ti �`2 /BbTH�v2/ �b y UmMK2i?vH�i2/V Q` R UK2i?vH�i2/VX >B;?HB;?i2/ �`2
+viQbBM2 TQbBiBQMb i?�i �`2 T`2b2Mi BM #Qi? +2HHb BM 2�+? T�B`rBb2 +QKT�`BbQMX U"V � #�`THQi
Q7 i?2 p�`B�#BHBiv /2i2`KBM2/ 7`QK i?2b2 irQ 2tQMb �b �bb2bb2/ mbBM; i?2 >�KKBM; /Bbi�M+2
�TT`Q�+?X
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� T�B`rBb2 +QKT�`BbQM- A +QKTmi2 `�M/QKBx2/ T�B`rBb2 +QKT�`BbQMb UJ�i2`B�Hb �M/
J2i?Q/b b2+iBQM kX9XRkVX qBi? i?2b2 K2i`B+b- Bi Bb TQbbB#H2 iQ `�M/QKHv �bbB;M x2`Qb
�M/ QM2b iQ irQ BM/2T2M/2Mi p2+iQ`b 2[m�H iQ i?2 bBx2 Q7 i?2 +QKT�`BbQM #2BM; K�/2
�M/ bm+? i?�i i?2v `2bmHi BM 2t�+i K�i+?2b iQ i?2 K2i?vH�iBQM bi�i2b Q#b2`p2/X h?2b2
p2+iQ`b +�M i?2M #2 miBHBx2/ iQ +QKTmi2 i?2 >.X h?Bb +�M #2 /QM2 i?Qmb�M/b Q7 iBK2b
�M/ i?2 `2bmHiBM; /Bbi`B#miBQM +�M #2 +QKT�`2/ iQ i?2 i`m2 T�B`rBb2 +QKT�`BbQM iQ
�bb2bb r?2i?2` i?2`2 Bb KQ`2 Q` H2bb p�`B�#BHBiv i?�M rQmH/ #2 2tT2+i2/ #v +?�M+2X
h?Bb Bb b+?2K�iB+�HHv /2b+`B#2/ BM 6B;m`2 9XReX

h?2 `2bmHib 7`QK i?Bb �M�HvbBb b?Qr2/ i?�i i?2`2 r�b � ?m;2 /Bz2`2M+2 #2ir22M i?2
2tT2+i2/ ?2i2`Q;2M2Biv 7Q` � ;Bp2M 72�im`2 �M/ i?2 `�M/QKBx2/ T�B`rBb2 +QKT�`BbQMb
U6B;m`2 9XRdVX h?Bb r�b T�`iB+mH�`Hv i?2 +�b2 7Q` ;2MQKB+ 72�im`2b i?�i ?�/ BMi2`K2/B�i2
H2p2Hb Q7 K2i?vH�iBQMX h?Bb bm;;2bi2/ i?�i i?2b2 72�im`2b r2`2 T2`?�Tb MQi r?QHHv
mM#B�b2/ BM i?2 /Bbi`B#miBQM Q7 i?2B` K2i?vH�iBQM bi�i2b- �M/ �b bm+?- T2`?�Tb A r�b
�`iB}+B�HHv /2~�iBM; i?2 p�`B�#BHBiv b22M 7Q` � ;Bp2M 72�im`2X 6Q` BMbi�M+2- � `2;BQM rBi?
?�H7 Q7 bBi2b ?�pBM; RyyW K2i?vH�iBQM �M/ i?2 Qi?2` ?�H7 Q7 bBi2b ?�pBM; yW K2i?vH�iBQM
rBHH #2 p2`v /Bz2`2Mi BM i2`Kb Q7 p�`B�#BHBiv 7`QK � `2;BQM r?2`2 �HH bBi2b �`2 8yW
K2i?vH�i2/X >Qr2p2`- �Hi?Qm;? i?Bb r�b HBF2Hv �M Bbbm2 7Q` �Mv BM/2T2M/2Mi +QKT�`BbQM
iQ `�M/QK- i?2b2 `2bmHib /B/ `2p2�H /Bz2`2M+2b #2ir22M vQmM; �M/ QH/ BM i2`Kb Q7
p�`B�#BHBivX

*QMbB/2`BM; i?Bb Bbbm2 7`QK i?2 T`2pBQmb �TT`Q�+? iQ i?2 �M�HvbBb Q7 p�`B�#BHBiv- A M2ti
/2+B/2/- T`BQ` iQ +QKTmiBM; i?2 >. 7Q` Qm` ;Bp2M 72�im`2b- iQ }`bi bm#@/BpB/2 i?2
72�im`2b #�b2/ mTQM Qm` FMQrH2/;2 Q7 i?2 bi�i2 Q7 K2i?vH�iBQM �i 2�+? bBM;H2 +viQbBM2
TQbBiBQM BM � *: +QMi2ti BM i?2 ;2MQK2 UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX9XRjVX hQ /Q
i?Bb A +QKTmi2/ i?2 K2i?vH�iBQM bi�imb �i 2p2`v bBM;H2 *: bBi2 BM i?2 ;2MQK2- 7`QK �M
BM bBHB+Q +QK#BM2/ /�i�b2i +QMi�BMBM; �HH i?2 bBM;H2 +2HHbX A i?2M }Hi2`2/ 7Q` bBi2b i?�i
+QMi�BM2/ KQ`2 i?�M Ry `2�/b �M/ b2;K2Mi2/ i?2 ;2MQK2 BM iQ K2i?vH�iBQM #BMb Q7
RyWX h?2b2 #BMb +QmH/ i?2M #2 BMi2`b2+i2/ rBi? i?2 72�im`2 �MMQi�iBQMb i?�i A rBb?2/
iQ +QKTmi2 Qp2`- �M/ i?2 K2i`B+b �M/ `�M/QKBx2/ +QKT�`BbQMb +QmH/ i?2M #2 +�H+mH�i2/
�;�BMX h?Bb iBK2 rBi? � `2/m+2/ HBF2HB?QQ/ Q7 i?2 `2bmHib 7Q` i?2 `�M/QK �M�HvbBb #2BM;
+QM7QmM/2/ #v i?2 p�`B�#H2 K2i?vH�iBQM H2p2Hb i?�i �`2 T`2b2Mi rBi?BM � ;Bp2M 72�im`2-
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A

B

M
et

hy
la

tio
n 

le
ve

l
Va

ri
ab

ili
ty

6B;m`2 9XRd, o�`B�#BHBiv BM .L� K2i?vH�iBQM #v 72�im`2, U�V oBQHBM THQi Q7 �p2`�;2
T�B`rBb2 K2i?vH�iBQM 7Q` �HH BM/BpB/m�H@+QMi�BM2/ T�B`rBb2 +QKT�`BbQMbX "`Q�/ ;2MQK2 72�@
im`2b r2`2 �bb2bb2/ U*:Ab- *:A b?Q`2b �M/ b?2Hp2b- 2tQMb- BMi`QMb �M/ p�`BQmb `2T2�i +H�bb2bX
AM �//BiBQM- � MmK#2` Q7 Kmb+H2@bT2+B}+ 72�im`2b r2`2 �bb2bb2/X >BbiQM2 K�`F 72�im`2b bim/B2/
r2`2 B/2MiB}2/ 7`QK Jma* *?AS /�i� Uu4vQmM; +2HHb �M/ P4QH/ +2HHbVX 1tQMb �M/ BMi`QMb
7`QK ;2M2b mT`2;mH�i2/ mTQM `2;2M2`�iBQM �7i2` je �M/ ey ?Qm`b r2`2 �bb2bb2/ U2tQMfBMi`QM
je 4 je ?Qm`b �M/ 2tQMfBMi`QM ey 4 ey ?Qm`bVX U"V oBQHBM THQi Q7 >�KKBM; /Bbi�M+2 Q7 2�+?
BM/BpB/m�H@+QMi�BM2/ T�B`rBb2 +QKT�`BbQMX 62�im`2b �b /2}M2/ 7Q` U�VX
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CGCG CG CG CG1 2 3 4 5

CGCG CG CG CG1 2 3 4 5

CGCG CG CG CG1 2 3 4 5

Cell A 
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Cell N

CG CG CG CG2 3 4

CG CG CG CG2 3 4

CG CG CG CG

CG1

CG1

CG1 2 3 4
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6
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Exon 1 - identical
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Exon 2 - non identical
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A
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6B;m`2 9XR3, o�`B�#BHBiv rBi? K2i?vH�iBQM H2p2H �++QmMi2/ 7Q`, U�V a+?2K�iB+ `2T`2@
b2Mi�iBQM Q7 irQ 2tQMb i?�i �`2 T`2b2Mi iQ /Bz2`BM; 2ti2Mib BM +2HHb � iQ LX 1tQM R /2TB+i2/
?2`2 Bb i?2Q`2iB+�HHv B/2MiB+�H BM Bib /Bbi`B#miBQM Q7 K2i?vH�iBQM �+`Qbb +2HHbX AM +QMi`�bi 2tQM k
Bb p�`B�#H2 �+`Qbb i?2 +2HHb mM/2` bim/vX J2i?vH�iBQM bi�imb Q7 +viQbBM2b rBi?BM � *:@+QMi2ti
�`2 /BbTH�v2/ �b 2KTiv Ur?Bi2V HQHHBTQTb UmMK2i?vH�i2/V Q` }HH2/ U#H�+FV HQHHBTQTb UK2i?v@
H�i2/V- TQbBiBQMb 7Q` r?B+? i?2`2 Bb MQ BM7Q`K�iBQM /Q MQi +QMi�BM HQHHBTQTbX h?2 b?�/BM;
/2TB+ib i?2 �p2`�;2 K2i?vH�iBQM H2p2H Q7 2�+? +viQbBM2 �+`Qbb i?2 r?QH2 TQTmH�iBQM Q7 +2HHb
Ur?Bi24yW K2i?vH�i2/ �M/ #H�+F4RyyW K2i?vH�i2/VX U"V :`�T?B+�H /2TB+iBQM Q7 i?2 `2bmHib
7Q` p�`B�#BHBiv �b � 7mM+iBQM Q7 K2i?vH�iBQM- QM+2 i?2 72�im`2b ?�p2 #22M bTHBi #v TQTmH�iBQM
H2p2H K2i?vH�iBQM #BMbX h?2 #Hm2 b?�/2/ HBM2 `2T`2b2Mib r?�i rQmH/ #2 2tT2+i2/ #v � r?QHHv
`�M/QK T`Q+2bbX

bm+? �b 2tQMb U6B;m`2 9XR3VX

9XkXN *QKT�`BbQM Q7 K2i?vHQK2 p�`B�#BHBiv #2ir22M QH/ �M/

vQmM;

>�pBM; /2}M2/ i?Bb K2i?Q/ 7Q` �bb2bbBM; K2i?vHQK2 p�`B�#BHBiv- A i?2M r�Mi2/ iQ �bb2bb
r?2i?2` i?2`2 r2`2 `2;BQMb BM i?2 ;2MQK2 i?�i r2`2 KQ`2 Q` H2bb p�`B�#H2 i?�M rQmH/ #2
2tT2+i2/ #v +?�M+2 �M/ ?Qr i?2b2 +QKT�`2/ #2ir22M vQmM; �M/ QH/X h?2 }`bi 72�im`2
i?�i A �bb2bb2/ r�b *:Ab U6B;m`2 9XRNVX

h?2 `2bmHib 7`QK i?Bb *:A �M�HvbBb ?B;?HB;?i2/ i?2 BKT`Qp2K2Mi BM i?Bb `�M/QKBx�iBQM
�TT`Q�+? MQr i?�i A �K +QMbB/2`BM; i?2 ǳ#mHFǴ K2i?vH�iBQM 7Q` 2�+? bBi2 i?�i A �K
�bb�vBM;- rBi? i?2 K�DQ`Biv Q7 bBi2b 2t?B#BiBM; i?2 b�K2 H2p2H Q7 ?2i2`Q;2M2Biv �b 2t@
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6B;m`2 9XRN, GQrHv K2i?vH�i2/ *:Ab �`2 ?QKQ;2M2Qmb, U�V SHQi Q7 p�`B�#BHBiv BM
*:Ab �b � 7mM+iBQM Q7 K2i?vH�iBQM 7Q` 2�+? BM/BpB/m�HX h?2 irQ vQmM; BM/BpB/m�Hb �`2 b?QrM
BM /Bz2`BM; b?�/2b Q7 Tm`TH2 �M/ i?2 irQ QH/ BM/BpB/m�Hb BM /Bz2`BM; b?�/2b Q7 ;`22MX h?2 ;`2v
+m`p2 `2T`2b2Mib � bKQQi?2/ }i Q7 i?2 `�M/QK i`B�Hb 7`QK 2�+? BM/BpB/m�H +QK#BM2/X 1``Q`
#�`b 7Q` 2�+? BM/BpB/m�H �`2 /2b+`B#2/ #v i?2 K2/B�M �#bQHmi2 /Bbi�M+2 UJ�.VX U"V .2MbBiv
THQi Q7 i?2 *:Ab i?�i �`2 ky@jyW K2i?vH�i2/X "�+F;`QmM/ ?�b #22M bm#i`�+i2/ 7`QK 2�+?
BM/BpB/m�H T�B`rBb2 +QKT�`BbQMX h?2 vQmM; BM/BpB/m�Hb �`2 `2T`2b2Mi2/ BM TBMF �M/ i?2 QH/
BM/BpB/m�Hb BM ;`22MX

T2+i2/ #v +?�M+2X 1t+BiBM;Hv- A Q#b2`p2/ i?�i rBi? �;2- bBi2b i?�i �`2 HQrHv K2i?vH�i2/
;�BM ?2i2`Q;2M2Biv �M/ bBi2b i?�i �`2 ?B;?Hv K2i?vH�i2/ HQb2 ?2i2`Q;2M2Biv BM *:AbX
ai`BFBM;Hv A 7QmM/ � bi`QM; *:A@bT2+B}+ ?QKQ;2M2Biv BM #Qi? vQmM; �M/ QH/ +2HHb 7Q`
bBi2b i?�i �`2 Ry@jyW K2i?vH�i2/ BM #mHFX �Hi?Qm;? i?2 vQmM; +2HHb r2`2 KQ`2 ?Q@
KQ;2M2Qmb i?�M i?2 QH/ +2HHbX AKTQ`i�MiHv- i?Bb Bb �#Qp2 r?�i rQmH/ #2 2tT2+i2/ #v
+?�M+2X h?2b2 `2bmHib bm;;2bi i?�i HQrHv K2i?vH�i2/ *:Ab �`2 bT2+B}+�HHv K�BMi�BM2/
�i � ?B;?2` /2;`22 Q7 ?QKQ;2M2Biv i?�M i?2 `2bi Q7 i?2 ;2MQK2 �M/ i?�i rBi? �;2 i?Bb
K�BMi2M�M+2 Bb 2`Q/2/X

A M2ti /2+B/2/ iQ BMp2biB;�i2 � #`Q�/ `�M;2 Q7 72�im`2 �MMQi�iBQMb BM+Hm/BM;c 2tQMb- BM@
i`QMb- `2T2�i 2H2K2Mib �M/ Tm#HBb?2/ ?BbiQM2 K�`Fb 7Q` i?2b2 +2HHb U>jEkdK2j- >jE9K2j-
>jEjeK2jVX *:Ab r2`2 �bb2bb2/ �;�BM iQQ 7Q` +QKT�`BbQMX h?2 +�H+mH�i2/ /Bz2`2M+2
BM ?2i2`Q;2M2Biv #2ir22M vQmM; �M/ QH/ 7Q` i?2b2 72�im`2b Bb b?QrM BM 6B;m`2 9XkyX

h?2 `2bmHib 7`QK i?Bb �M�HvbBb b?Qr2/ i?�i bBi2b BM i?2 ;2MQK2 i?�i r2`2 HQrHv K2i?v@
H�i2/ i2M/2/ iQ ;�BM ?2i2`Q;2M2Biv rBi? �;2X AM +QMi`�bi ?B;?Hv K2i?vH�i2/ bBi2b 2Bi?2`
/B/ MQi +?�M;2 bm#bi�MB�HHv Q` #2+�K2 KQ`2 ?QKQ;2M2Qmb rBi? �;2X S2`?�Tb mMbm`T`Bb@
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Methylation level

A B

LINE L1 elements
Alu elements

Introns (minus repeats)
Exons

QSC H3K36me3
QSC H3K4me3

QSC H3K27me3
CGIs

linear scale

−2 0 2
Old Young

log scale

1.5 3 4
number sites

LINE L1 elements
Alu elements

Introns (minus repeats)
Exons

QSC H3K36me3
QSC H3K4me3

QSC H3K27me3
CGIs

Methylation level

6B;m`2 9Xky, J2i?vH�iBQM p�`B�#BHBiv +?�M;2b rBi? �;2 �`2 72�im`2 /2T2M/2Mi, U�V
>2�iK�T Q7 i?2 /Bz2`2M+2 BM p�`B�#BHBiv #2ir22M QH/ �M/ vQmM; 7Q` � MmK#2` Q7 72�im`2bX h?2
?BbiQM2 KQ/B}+�iBQMb �`2 H�#2HH2/ �b #2BM; 7`QK [mB2b+2Mi b�i2HHBi2 +2HHb UZa*bV �b /2}M2/
BM i?2 Q`B;BM�H T�T2` UGBm 2i �HX- kyRjVX .Bz2`2M+2b �`2 `2T`2b2Mi2/ QM � HBM2�` +QHQm` b+�H2-
r?2`2 #Hm2 Bb KQ`2 p�`B�#H2 BM QH/- r?Bi2 Bb MQ +?�M;2 BM p�`B�#BHBiv �M/ Q`�M;2 Bb KQ`2
p�`B�#H2 BM vQmM;X J2i?vH�iBQM H2p2Hb r2`2 b2;`2;�i2/ BMiQ #BMb Q7 RyWX U"V >2�iK�T Q7 i?2
�p2`�;2 MmK#2` Q7 bBi2b miBHBb2/ 7Q` 2�+? p�`B�#BHBiv +QKT�`BbQMX *QHQm`b �`2 b?QrM QM � HQ;
b+�H2- r?2`2 i?2 /�`F2` i?2 b?�/2 Q7 Q`�M;2 i?2 KQ`2 bBi2b r2`2 miBHBb2/X

BM;Hv- ?BbiQM2 K�`Fb i?�i �`2 �bbQ+B�i2/ rBi? T`QKQi2`b b?Qr2/ bi`BFBM;Hv BM+`2�b2/
?2i2`Q;2M2Biv bBKBH�` iQ *:Ab UQ7 r?B+? K�Mv 7�HH rBi?BM T`QKQi2` `2;BQMbc 6B;m`2
9Xky�VX h?2 MmK#2` Q7 bBi2b BM 2�+? +QKT�`BbQM Bb b?QrM ?2`2 iQ 2p�Hm�i2 r?2i?2`
i?Bb +QmH/ #2 #B�bBM; i?2 `2bmHib U6B;m`2 9Xky�VX h?Bb /Q2b MQi b22K iQ #2 i?2 +�b2 �b
i?2`2 Bb MQ �TT�`2Mi `2H�iBQM #2ir22M i?2 MmK#2` Q7 bBi2b �bb�v2/ �M/ i?2 ?2i2`Q;2M2Biv
K2i`B+ +QKTmi2/X

>�pBM; �bb2bb2/ i?2b2 #`Q�/ �MMQi�i2/ 72�im`2 +H�bb2b- A M2ti +QKTmi2/ >. mbBM;
i?Bb K2i?Q/ i�FBM; #BMb Q7 *T: /2MbBiv �b Kv 72�im`2 +H�bb2bX h?Bb r�b Q7 T�`iB+mH�`
BMi2`2bi #2+�mb2 r2 FMQr 7`QK #BQ+?2KB+�H bim/B2b i?�i i?2 /Bz2`2Mi 2MxvK2b BMpQHp2/
BM i?2 T`Q+2bb Q7 �//BM; �M/ `2KQpBM; K2i?vH�iBQM ?�p2 /Bz2`BM; T`Q+2bbBpBiB2bX �b
bm+?- Bi +QmH/ #2 BK�;BM2/ i?�i `2;BQMb Q7 i?2 ;2MQK2 rBHH /Bz2` BM i2`Kb Q7 p�`B�#BHBiv
�b � 7mM+iBQM Q7 *: /2MbBiv- bBM+2 i?Bb rBHH �z2+i T`Q+2bbBpBivX hQ �bb2bb i?Bb- A /2}M2/
Qp2`H�TTBM; `2;BQMb Q7 2p2M *: +Qp2`�;2 i?`Qm;?Qmi i?2 ;2MQK2- rBi? i?2 +�p2�i i?�i
� *: bBi2 ?�/ iQ #2 Q#b2`p2/ BM �i H2�bi QM2 Q7 Qm` b�KTH2b UJ�i2`B�Hb �M/ J2i?Q/b
b2+iBQM kX9XR9VX h?2b2 `2;BQMb r2`2 i?2M bTHBi BMiQ #BMb Q7 *: /2MbBivX hQ 2Mbm`2 i?�i
i?2 #BMb Q7 *: /2MbBiv r2`2 MQi #B�b2/ #v i?2 T`2b2M+2 Q7 Lb BM i?2 ;2MQK2 b+�zQH/-
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6B;m`2 9XkR, �;2−/2T2M/2Mi +?�M;2b BM K2i?vH�iBQM p�`B�#BHBiv �`2 *:−/2MbBiv
/2T2M/2Mi, U�V >2�iK�T Q7 �;2@/2T2M/2Mi +?�M;2b BM .L� K2i?vH�iBQM �b � 7mM+iBQM Q7
*:@/2MbBivX .Bz2`2M+2b �`2 `2T`2b2Mi2/ QM � HBM2�` +QHQm` b+�H2- r?2`2 #Hm2 Bb KQ`2 p�`B�#H2
BM QH/- r?Bi2 Bb MQ +?�M;2 BM p�`B�#BHBiv �M/ Q`�M;2 Bb KQ`2 p�`B�#H2 BM vQmM;X *:@/2MbBiv
r�b b2;`2;�i2/ BMiQ Ry #BMbX h?2b2 #BMb r2`2 /2}M2/ QM � HQ;�`Bi?KB+ b+�H2X J2i?vH�iBQM
H2p2Hb r2`2 b2;`2;�i2/ BMiQ #BMb Q7 RyWX U"V >2�iK�T Q7 i?2 �p2`�;2 MmK#2` Q7 bBi2b miBHBb2/
7Q` 2�+? p�`B�#BHBiv +QKT�`BbQMX *QHQm`b �`2 b?QrM QM � HQ; b+�H2- r?2`2 i?2 /�`F2` i?2 b?�/2
Q7 Q`�M;2 i?2 KQ`2 bBi2b r2`2 miBHBb2/X

*: /2MbBiB2b r2`2 `2+�H+mH�i2/ 7`QK i?2 ;2MQK2 7�bi� }H2b UJ�i2`B�Hb �M/ J2i?Q/b
b2+iBQM kX9XR9VX

h?Bb �M�HvbBb b?Qr2/ i?�i +?�M;2b BM .L� K2i?vH�iBQM p�`B�#BHBiv rBi? �;2 r2`2 /B7@
72`2Mi �i /Bz2`BM; *: /2MbBiB2b U6B;m`2 9XkR�VX h?2 HQr2bi H2p2Hb Q7 p�`B�#BHBiv- `2H�iBp2
iQ 2tT2+i�iBQM- r2`2 b22M 7Q` i?2 ?B;?2bi H2p2Hb Q7 *: /2MbBivX AM �//BiBQM- �i i?2b2
?B;? *: /2Mb2 `2;BQMb A 7QmM/ i?�i i?2 H2p2H Q7 p�`B�#BHBiv r�b /2T2M/2Mi QM i?2 H2p2H
Q7 .L� K2i?vH�iBQM �M/ i?�i p�`B�#BHBiv r�b HQr2bi 7Q` Ry@jyW K2i?vH�iBQMX h?Bb Bb
T2`?�Tb MQi bm`T`BbBM; bBM+2 A T`2pBQmbHv b�r i?Bb T?2MQK2MQM 7Q` *:Ab rBi? Ry@jyW
K2i?vH�iBQMX >Qr2p2`- i?2`2 �`2 7�` KQ`2 TQbBiBQMb #2BM; +QMbB/2`2/ BM i?Bb *:@/2MbBiv
�M�HvbBbX h?Bb bm;;2bib i?�i i?Bb +QmH/ #2 � ;2MQK2@rB/2 T?2MQK2MQM `2H�iBM; iQ *:@
/2MbBiv �M/ K2i?vH�iBQM H2p2H �M/ MQi K2`2Hv � *:A T?2MQK2MQMX h?2 MmK#2` Q7 bBi2b
r2`2 �;�BM +QKTmi2/ iQ �bb2bb r?2i?2` i?2b2 +QmH/ #2 #B�bBM; i?2 `2bmHib 9XkR"VX h?Bb
/B/ MQi �TT2�` iQ #2 i?2 +�b2X

G�biHv- A r�Mi2/ iQ �bb2bb r?2i?2` i?2 2TB;2M2iB+ +HQ+F bBi2b i?�i A /2}M2/ T`2pBQmbHv
Uaim##b 2i �HX- kyRdV Q` `2;BQMb bm``QmM/BM; i?2b2 bBi2b rQmH/ #2+QK2 KQ`2 Q` H2bb
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6B;m`2 9Xkk, *HQ+F−+QMi�BMBM; `2;BQMb �`2 �b ?2i2`Q;2M2Qmb �b i?2 #�+F;`QmM/,
SHQi Q7 p�`B�#BHBiv Q7 +HQ+F@+QMi�BMBM; `2;BQMb �b � 7mM+iBQM Q7 K2i?vH�iBQM 7Q` 2�+? BM/BpB/m�HX
h?2 irQ vQmM; BM/BpB/m�Hb �`2 b?QrM BM /Bz2`BM; b?�/2b Q7 Tm`TH2 �M/ i?2 irQ QH/ BM/BpB/m�Hb
BM /Bz2`BM; b?�/2b Q7 ;`22MX h?2 ;`2v +m`p2 `2T`2b2Mib � bKQQi?2/ }i Q7 i?2 `�M/QK i`B�Hb
7`QK 2�+? BM/BpB/m�H +QK#BM2/X 1``Q` #�`b 7Q` 2�+? BM/BpB/m�H �`2 /2b+`B#2/ #v i?2 J�.X

?2i2`Q;2M2Qmb rBi? �;2X �b bm+? A /2}M2/ }t2/ /Bbi�M+2 U8F#V `2;BQMb �`QmM/ i?2
TQbBiBQMb /2}M2/ BM Kv 2H�biB+@M2i `2;`2bbBQM KQ/2H �M/ +QKTmi2/ >. 7Q` vQmM; �M/
QH/X

6`QK i?Bb �M�HvbBb A 7QmM/ i?�i i?2 `2;BQMb +QMi�BMBM; i?2 +HQ+F bBi2b BM h�@>B Jma*b
KBKB+F2/ i?2 +?�M;2b Q#b2`p2/ 7Q` i?2 `2bi Q7 i?2 ;2MQK2X L�K2Hv- i?�i �HH `2;BQMb QM
�p2`�;2 ;�BM2/ K2i?vH�iBQM- `2bmHiBM; BM bBi2b rBi? K2i?vH�iBQM #2HQr 8yW BM+`2�bBM;
BM p�`B�#BHBiv �M/ bBi2b rBi? K2i?vH�iBQM �#Qp2 8yW /2+`2�bBM; BM p�`B�#BHBivX h?Bb
}M/BM; r�b BM/2T2M/2Mi Q7 i?2 /B`2+iBQM�HBiv Q7 i?2 +HQ+F r2B;?i U/�i� MQi b?QrMVX AM
�//BiBQM- BM +QMi`�bi iQ r?�i r�b Q#b2`p2/ 7Q` Ry@jyW K2i?vH�i2/ *:Ab- i?2 +HQ+F
`2;BQMb r2`2 MQi KQ`2 ?QKQ;2M2Qmb i?�M 2tT2+i2/ #v +?�M+2X �b bm+?- i?2b2 +?�M;2b
BM p�`B�#BHBiv +�M #2 T`2/QKBM�MiHv 2tTH�BM2/ #v +?�M;2b iQ i?2 .L� K2i?vH�iBQM
H2p2Hb Q7 i?2 `2;BQMb i?2Kb2Hp2bX h?2b2 }M/BM;b �`2 BMi2`2biBM; #2+�mb2 i?2v /Q MQi
�HB;M T2`72+iHv rBi? r?�i Bb 2tT2+i2/ Q7 i?2b2 bBi2b BM #mHF iBbbm2b- M�K2Hv i?�i i?2v
rQmH/ �HH i2M/ iQ BM+`2�b2 BM 2Mi`QTvX h?Bb +QmH/ #2 � `2~2+iBQM Q7 i?2 mMmbm�H M�im`2
Q7 i?2 .L� K2i?vH�iBQM BM i?2b2 +2HHb �M/ i?2 7�+i i?�i 8F# `2;BQMb �`QmM/ i?2b2 bBi2b
�`2 #2BM; Q#b2`p2/- MQi bBKTHv i?2 bBi2b i?2Kb2Hp2bX �Hi2`M�iBp2Hv Bi +QmH/ #2 `2H�i2/
iQ i?2 bi2K +2HH M�im`2 Q7 i?2b2 +2HHb- bBM+2 MQ 2TB;2M2iB+ T`2/B+iQ` iQ /�i2 ?�b �bb2bb2/
T`2/B+iQ` bBi2 +?�M;2b BM �/mHi bi2K +2HHb rBi? �;2X
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hQ;2i?2` i?2b2 }M/BM;b bmTTQ`i i?2 +HQ+F bBi2b #2BM; � `2T`2b2Mi�iBQM Q7 i?2 7�BHm`2b
Q7 �M 2TB;2M2iB+ K�BMi2M�M+2 bvbi2K �M/ MQi � ǳbT2+B�HǴ b2i Q7 bBi2b Q` TQbBiBQMb i?�i
#2?�p2 +QmMi2` iQ i?2 `2bi Q7 i?2 ;2MQK2X

9XkXRy *�H+mH�iBQM Q7 K2i?vH�iBQM T�ii2`MBM; 7`QK bBM;H2 +2HH

K2i?vHQK2b

L2ti- A r�Mi2/ iQ /2p2HQT � K2i?Q/ i?�i A +QmH/ mb2 iQ �bb2bb i?2 T�ii2`MBM; Q7 K2i?v@
H�iBQM BM i?2 ;2MQK2 7`QK bBM;H2 +2HH /�i�X AM 2bb2M+2- A r�Mi2/ iQ �bb2bb r?2i?2` i?2
T`QtBKBiv iQ � M2B;?#Q`BM; +viQbBM2 BM � *: +QMi2ti r�b +�T�#H2 Q7 BM~m2M+BM; i?2
K2i?vH�iBQM bi�imb Q7 i?�i bBi2X �b bm+?- A /2p2HQT2/ � +QKTmi�iBQM�H �TT`Q�+? iQ
�bb2bb i?Bb UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX9XR8VX � b+?2K�iB+ Q7 i?Bb Bb b?QrM BM
6B;m`2 9XkjX

"`B2~v- 7`QK 2�+? BM/BpB/m�H +2HH A /2i2`KBM2/ i?2 +viQbBM2b BM *: +QMi2ti 7Q` r?B+?
i?2`2 Bb +Qp2`�;2X A i?2M BMi2`b2+i2/ i?2b2 TQbBiBQMb rBi? Qm` 72�im`2b Q7 BMi2`2biX 6Q`
2�+? +viQbBM2 BM � *: +QMi2ti i?�i 7�HHb rBi?BM � ;Bp2M 72�im`2 A i?2M +QKTmi2/ i?2 /Bb@
i�M+2 iQ 2p2`v Qi?2` +viQbBM2 BM � *: +QMi2ti rBi?BM i?�i ;Bp2M 72�im`2X A i?2M �bb2bb2/
7Q` 2�+? +viQbBM2@iQ@+viQbBM2 /Bbi�M+2 r?2i?2` i?2 irQ +viQbBM2 #�b2b b?�`2 i?2 b�K2
K2i?vH�iBQM bi�imbX AM Qi?2` rQ`/b- r2`2 i?2v #Qi? K2i?vH�i2/- mMK2i?vH�i2/ Q` QM2
K2i?vH�i2/ �M/ i?2 Qi?2` mMK2i?vH�i2/X A +QKTmi2/ i?Bb 7Q` 2�+? BM/BpB/m�H 72�im`2
rBi?BM Qm` HBbi Q7 72�im`2b 7Q` 2�+? BM/BpB/m�H +2HHX AM �//BiBQM- A bm#b2i K2i?vH�i2/ �M/
mMK2i?vH�i2/ `272`2M+2 +viQbBM2b r?2M +QKTmiBM; i?Bb bBKBH�`Biv K2i`B+X h?Bb b2T�`�@
iBQM r�b +QM/m+i2/ bQ i?�i A +QmH/ �bb2bb r?2i?2` i?2`2 r�b �Mv /Bz2`2M+2 #2ir22M
bBKBH�`Biv b+Q`2 #�b2/ mTQM r?2i?2` Bi r�b #2BM; +QKTmi2/ 7Q` K2i?vH�i2/ `272`2M+2
+viQbBM2b Q` mMK2i?vH�i2/ `272`2M+2 +viQbBM2bX 6Q` BMbi�M+2- Bi +QmH/ #2 ?vTQi?2bBx2/
i?�i K2i?vH�i2/ bBi2b ?�p2 � bi`QM;2` bBKBH�`Biv b+Q`2 i?�M mMK2i?vH�i2/ bi�i2b QrBM;
iQ i?2 T`Q+2bbBpBiv Q7 i?2 .LJh 2MxvK2bX h?2b2 bBKBH�`Biv b+Q`2b 7Q` 2�+? /Bbi�M+2
7`QK � ;Bp2M +viQbBM2 +�M i?2M #2 �p2`�;2/ �+`Qbb i?2 p�`BQmb 72�im`2b- bm+? i?�i �
`2H�iBp2Hv +QMiBMmQmb bBKBH�`Biv K2i`B+ +�M #2 /2}M2/X

aBKBH�` iQ i?2 p�`B�#BHBiv K2i`B+b- Km+? Q7 i?Bb bBKBH�`Biv b+Q`2 r�b /2}M2/ #v i?2 BM@
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6B;m`2 9Xkj, a+?2K�iB+ Q7 K2i?vH�iBQM T�ii2`MBM; rBi?BM bBM;H2 +2HHb, a+?2K�iB+
Q7 i?2 �M�HvbBb Q7 K2i?vH�iBQM �TTi2`MBM;X AM i?2 /B�;`�K �M 2t�KTH2 bBM;H2 +2HH Bb b?QrM-
7`QK r?B+? KmHiBTH2 72�im`2b +�M #2 �bb2bb2/ 7Q` T�ii2`MBM; Ub?QrM ?2`2 �`2 *:Ab �M/ 2tQMbX
h?2 2bb2M+2 Q7 i?2 +QKTmi�iBQM�H �bb�v Bb iQ �bb2bb i?2 BM~m2M+2 i?�i � `272`2M+2 K2i?v@
H�i2/ +viQbBM2 U`2/V Q` mMK2i?vH�i2/ +viQbBM2 U#Hm2V +�M ?�p2 QM i?2 K2i?vH�iBQM bi�imb Q7
M2B;?#Qm`BM; +viQbBM2bX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

?2`2Mi K2i?vH�iBQM bi�imb 7Q` 2�+? 72�im`2X �b bm+?- bBKBH�` iQ i?2 p�`B�#BHBiv K2i`B+
A /2}M2/ � `�M/QKBx2/ +QMi`QH b2iX AM #`B27- A BM/2t2/ 2�+? +viQbBM2 TQbBiBQM rBi?BM
2�+? ;Bp2M 72�im`2 Q7 BMi2`2biX h?2b2 BM/2t2/ TQbBiBQMb r2`2 i?2M `�M/QKHv b?m|2/
rBi?BM 2�+? ;Bp2M 72�im`2 7Q` 2�+? +2HH BM/2T2M/2MiHvX h?Bb 2M�#H2/ � b2i Q7 `�M/QKHv
/2}M2/ bBKBH�`Biv b+Q`2b iQ #2 +QKTmi2/- 2M�#HBM; K2 iQ /2i2`KBM2 r?2i?2` r?�i A
r�b Q#b2`pBM; r�b KQ`2 Q` H2bb i?�M rQmH/ #2 2tT2+i2/ #v +?�M+2X lM7Q`imM�i2Hv- i?2
`�M/QKBx2/ K2i`B+ Bb `2H�iBp2Hv 2tT2MbBp2 iQ +QKTmi2 Ryyyb Q7 iBK2b 7Q` 2�+? BM/BpB/@
m�H +2HH rBi?BM Qm` bim/vX h?2`27Q`2- iQ �bb2bb r?2i?2` i?2 K2i?Q/ r�b T2`7Q`KBM;
�b �MiB+BT�i2/- A �bb2bb2/ *:Ab BM QM2 +2HH /2`Bp2/ 7`QK � vQmM; BM/BpB/m�H U6B;m`2
9Xk9VX

h?2 `2bmHib 7`QK i?Bb �M�HvbBb b?Qr2/ i?�i A r�b �#H2 iQ +QKTmi2 bBKBH�`Biv b+Q`2b 7Q`
#Qi? K2i?vH�i2/ �M/ mMK2i?vH�i2/ `272`2M+2 +viQbBM2b BM *:AbX AMi2`2biBM;Hv- A b�r
i?�i bBKBH�`Biv b+Q`2 /2+�vb rBi? BM+`2�bBM; /Bbi�M+2 7Q` #Qi? i?2 `�M/QK �M/ i?2 �+@
im�H p�Hm2b 7Q` i?2 K2i?vH�i2/ `272`2M+2 #mi MQi i?2 mMK2i?vH�i2/ `272`2M+2X >Qr2p2`-
A b�r i?�i i?2 bHQT2 Q7 i?2 /2+�v rBi? /Bbi�M+2 Bb ;`2�i2` 7Q` i?2 �+im�H p�Hm2b i?�M
i?2 `�M/QK p�Hm2bX �b bm+?- A 7QmM/ i?�i �i b?Q`i2` /Bbi�M+2b UH2bb i?�M Ryy #TV- i?2
bBKBH�`Biv b+Q`2 7Q` i?2 �+im�H p�Hm2b Bb ;`2�i2` i?�M i?�i 7Q` i?2 `�M/QK p�Hm2bX h?Bb
bm;;2bib i?�i i?2 FMQrH2/;2 Q7 � M2B;?#Q`BM; K2i?vH�i2/ Q` mMK2i?vH�i2/ +viQbBM2 �i
� ;Bp2M TQbBiBQM BM+`2�b2b i?2 T`2/B+iBp2 TQr2` Q7 /2i2`KBMBM; i?2 bi�imb Q7 � ;Bp2M
+viQbBM2 mM/2` bim/v Qp2` �M/ �#Qp2 r?�i rQmH/ #2 TQbbB#H2 7`QK K2i?vH�iBQM bi�imb
Q7 i?2 72�im`2 �HQM2X h?Bb Bb mMbm`T`BbBM; 7Q` *:Ab �M/ Bb i?2 `2�bQM i?�i K�Mv .L�
K2i?vH�iBQM BKTmi�iBQM@#�b2/ �TT`Q�+?2b miBHBx2 M2B;?#Q`BM; bBi2 BM7Q`K�iBQM U�M;2`@
Km2HH2` 2i �HX- kyRd �M/ w?�M; 2i �HX- kyR8VX �b 2tT2+i2/- A 7QmM/ i?�i i?2`2 Bb �
/Bz2`2M+2 #2ir22M i?2 bBKBH�`Biv b+Q`2 7Q` K2i?vH�i2/ �M/ mMK2i?vH�i2/ `272`2M+2 TQ@
bBiBQMb- rBi? mMK2i?vH�i2/ bBi2b #2BM; 7�` KQ`2 HBF2Hv iQ #2 M2B;?#Q`BM; mMK2i?vH�i2/
bBi2b i?�M K2i?vH�i2/ bBi2bX h?Bb Bb mMbm`T`BbBM; QrBM; iQ i?2 `2H�iBp2Hv HQr H2p2Hb Q7
K2i?vH�iBQM 7QmM/ BM *:A 72�im`2b i?`Qm;?Qmi i?2 ;2MQK2- �M/ KQ`2 bT2+B}+�HHv BM
Qm` /�i�b2iX AMi2`2biBM;Hv- r?2M A bm#i`�+i2/ i?2 `�M/QK 7`QK i?2 �+im�H /�i�- BM
�M �ii2KTi iQ MQ`K�HBx2 iQ i?2 #�+F;`QmM/ 2tT2+i�iBQM- A 7QmM/ i?�i i?2 K2i?vH�i2/
`272`2M+2 bBi2b 2t?B#Bi2/ �M BM+`2�b2/ bBKBH�`Biv Qp2` �M/ �#Qp2 #�+F;`QmM/ `2H�iBp2 iQ
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6B;m`2 9Xk9, 1t�KTH2 T�ii2`MBM; Q7 � +2HH BM *:Ab, U� �M/ *V aBKBH�`Biv b+Q`2 Q7
+viQbBM2b BM *:Ab BM �M 2t�KTH2 vQmM; +2HHX h?2 bBKBH�`Biv b+Q`2 /BbTH�v2/ Bb i?�i /2`Bp2/
r?2M i?2 `272`2M+2 +viQbBM2 Bb K2i?vH�i2/ U�V Q` mMK2i?vH�i2/ U*VX a?QrM BM #H�+F �`2 i?2
`2�H p�Hm2b 7Q` i?2 bBKBH�`Biv �M/ b?QrM BM `2/ Bb i?2 #�+F;`QmM/ +QKT�`BbQM Ubi�M/�`/ /2pB@
�iBQM /BbTH�v2/ �b irQ T�H2 `2/ HBM2b 2Bi?2` bB/2 Q7 i?2 bKQQi?2/ }iVX U" �M/ .V "�+F;`QmM/
MQ`K�HBb2/ bBKBH�`Biv THQibX h?2 `272`2M+2 +viQbBM2 Bb K2i?vH�i2/ BM " �M/ mMK2i?vH�i2/
BM .X h?2 #Hm2 HBM2 Bb � bKQQi?2/ }i Q7 i?2 /�i�- �M/ i?2 b?�/BM; `2T`2b2Mib i?2 bi�M/�`/
/2pB�iBQM Q7 i?2 #�+F;`QmM/X
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

i?2 mMK2i?vH�i2/ `272`2M+2 bBi2bX h?Bb Bb BMi2`2biBM; #2+�mb2 Bi bm;;2bib i?�i K2i?v@
H�i2/ bBi2b +QMi�BM KQ`2 BM7Q`K�iBQM ;Qp2`MBM; M2B;?#Q`?QQ/ K2i?vH�iBQM bi�imb i?�M
mMK2i?vH�i2/ bBi2bX h?Bb +QmH/- ?Qr2p2`- �HbQ #2 /m2 iQ i?2 H2p2Hb Q7 K2i?vH�iBQM #2@
BM; �bb2bb2/X h?Bb �M�HvbBb rQmH/ M22/ iQ #2 +QM/m+i2/ QM �//BiBQM�H 72�im`2b rBi?
/Bz2`BM; K2i?vH�iBQM H2p2Hb BM Q`/2` 7Q` i?Bb iQ #2 �bb2bb2/ KQ`2 +H2�`HvX

lM7Q`imM�i2Hv- QrBM; iQ i?2 iBK2 i�F2M iQ /2`Bp2 2�+? `�M/QK +QKTmi�iBQM 7Q` 2�+?
+2HH- Bi r�b MQi 72�bB#H2 iQ `mM i?2 `�M/QKBx2/ �M�HvbBb i?Qmb�M/b Q7 iBK2bX �b bm+?- A
/2}M2/ Ry `�M/QKBb2/ +QMi`QHb 7Q` 2�+? HBbi Q7 72�im`2b 7Q` 2�+? +2HHX h?2b2 r2`2 i?2M
�p2`�;2/ iQ +QKTmi2 i?2 /Bz2`2M+2X h?2 bi�M/�`/ /2pB�iBQMb 7Q` i?2b2 `�M/QKBx2/
+QKT�`BbQMb r2`2 �HbQ `2+Q`/2/- bm+? i?�i i?Bb BM7Q`K�iBQM +QmH/ #2 mb2/ iQ /2}M2 +QM@
}/2M+2 BMi2`p�Hb �`QmM/ i?2 `�M/QKBx2/ i`B�Hb i?�i +QmH/ #2 mb2/ iQ �bb2bb /2pB�iBQM
7`QK i?2 #�+F;`QmM/ 2tT2+i�iBQMbX AM �//BiBQM- i?Bb BM7Q`K�iBQM rQmH/ �HHQr +QKT�`@
BbQMb iQ #2 /`�rM 7`QK KmHiBTH2 +2HHb �M/ KmHiBTH2 BM/BpB/m�Hb- 2M�#HBM; K2 iQ �bb2bb
�;2@`2H�i2/ /Bz2`2M+2bX

AM b?Q`i- A ?�p2 /2p2HQT2/ � K2i?Q/ i?�i b22Kb +�T�#H2 Q7 �bb2bbBM; bBKBH�`Biv �b �
7mM+iBQM Q7 /Bbi�M+2 �+`Qbb 72�im`2b rBi?BM bBM;H2 +2HHbX

9XkXRR *QKT�`BbQM Q7 K2i?vH�iBQM T�ii2`MBM; #2ir22M QH/ �M/

vQmM;

h?Bb K2i?Q/ ?�b i?2 #2M2}i Q7 �p2`�;BM; �+`Qbb 2�+? 72�im`2 7Q` � ;Bp2M /Bbi�M+2-
�HHQrBM; K�Mv /�i� TQBMib iQ #2 +QMbB/2`2/ BM �Mv bT2+B}+ �M�HvbBb �M/ `2bmHiBM; BM �
}M2`- KQ`2 +QMiBMmQmb /Bbi`B#miBQM Q7 p�Hm2bX h?2 }`bi +QKT�`BbQM i?�i A K�/2 mbBM;
i?Bb �M�HvbBb r�b Q7 bBKBH�`Biv BM *:Ab #2ir22M vQmM; �M/ QH/ +2HHb U6B;m`2 9Xk8VX

6`QK i?Bb �M�HvbBb- A 7QmM/ i?�i QH/ +2HHb i2M/2/ iQ ?�p2 KQ`2 bBKBH�`Biv #2ir22M
M2B;?#Qm`BM; +viQbBM2b i?�M vQmM; +2HHbX AMi2`2biBM;Hv- A 7QmM/ i?�i i?Bb Bb i`m2 7Q`
#Qi? K2i?vH�i2/ �M/ mMK2i?vH�i2/ `272`2M+2 TQbBiBQMbX �Hi?Qm;? i?2 `2bmHib r2`2 KQ`2
bi`BFBM; 7Q` mMK2i?vH�i2/ TQbBiBQMbX h?Bb `2bmHi bm;;2bib i?�i rBi? �;2 i?2 BM7Q`K�iBQM
+�``B2/ #v � K2i?vH�i2/ TQbBiBQM Bb ;`2�i2` i?�M Bb Q#b2`p2/ BM � vQmM; +2HHX aBM+2 i?Bb
Bb #�+F;`QmM/ MQ`K�HBb2/ iQ `2KQp2 �Mv /Bz2`2M+2b i?�i +QmH/ #2 /m2 iQ /Bz2`2M+2b
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6B;m`2 9Xk8, L2B;?#Qm`?QQ/ bBKBH�`Biv BM *:Ab, U� �M/ "V a+�ii2`THQib b?QrBM; bBKB@
H�`Biv b+Q`2 �b � 7mM+iBQM Q7 /Bbi�M+2 U#TV 7Q` K2i?vH�i2/ U�V �M/ mMK2i?vH�i2/ U"V `272`2M+2
+viQbBM2b rBi?BM *:AbX U* �M/ .V "QtTHQib Q7 bBKBH�`Biv b+Q`2 7Q` rBM/Qr2/ /Bbi�M+2b Q7
Ryy #T rBi?BM *:AbX J2i?vH�i2/ `272`2M+2 bBKBH�`BiB2b �`2 b?QrM BM * �M/ mMK2i?vH�i2/
`272`2M+2 bBKBH�`BiB2b BM .X �bi2`BbFb `2~2+i bB;MB}+�Mi /Bz2`2M+2b #2ir22M vQmM; �M/ QH/
UJ�MM@q?BiM2v h2bic "QM72``QMB +Q``2+i2/ T@p�Hm2 IyXy8VX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;
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6B;m`2 9Xke, L2B;?#Qm`?QQ/ bBKBH�`Biv BM 2tQMb, U� �M/ "V a+�ii2`THQib b?QrBM;
bBKBH�`Biv b+Q`2 �b � 7mM+iBQM Q7 /Bbi�M+2 U#TV 7Q` K2i?vH�i2/ U�V �M/ mMK2i?vH�i2/ U"V `27@
2`2M+2 +viQbBM2b rBi?BM 2tQMbX U* �M/ .V "QtTHQib Q7 bBKBH�`Biv b+Q`2 7Q` rBM/Qr2/ /Bbi�M+2b
Q7 Ryy #T rBi?BM 2tQMbX J2i?vH�i2/ `272`2M+2 bBKBH�`BiB2b �`2 b?QrM BM * �M/ mMK2i?vH�i2/
`272`2M+2 bBKBH�`BiB2b BM .X �bi2`BbFb `2~2+i bB;MB}+�Mi /Bz2`2M+2b #2ir22M vQmM; �M/ QH/
UJ�MM@q?BiM2v h2bic "QM72``QMB +Q``2+i2/ T@p�Hm2 IyXy8VX

BM .L� K2i?vH�iBQM H2p2Hb #2ir22M i?2 p�`BQmb +2HHb- i?Bb bm;;2bib i?�i i?2 K�MM2`
BM r?B+? .L� K2i?vH�iBQM Bb #2BM; �//2/ �M/ `2KQp2/ Bb `2bmHiBM; BM �M BM+`2�b2 BM
i?2 Q`/2` rBi?BM *:Ab Qp2` iBK2X PM2 TQbbB#H2 2tTH�M�iBQM 7Q` i?Bb rQmH/ #2 i?�i
Qp2` iBK2 .L� /�K�;2 `2bmHib BM i?2 `2KQp�H Q7 KQ`2 ?2i2`Q;2M2Qmb `2;BQMbX q?2M
.L� K2i?vH�iBQM Bb `2@2bi�#HBb?2/ rBi?BM i?2b2 `2;BQMb Bi Bb `2@2bi�#HBb?2/ BM � K�MM2`
/2}M2/ #v #`Q�/2` K2i?vH�iBQM H2p2Hb Q7 i?2 `2;BQM �M/ MQi bQ HQ+�HHv /2}M2/X

L2ti- A /2+B/2/ iQ �bb2bb r?2i?2` i?2 b�K2 #2?�pBQ` +QmH/ #2 b22M 7Q` 2tQMb U6B;m`2
9XkeVX A 7QmM/ i?�i BM/22/ i?2 b�K2 T�ii2`M Q7 +?�M;2 rBi? �;2 r�b Q#b2`p2/ BM i?2
+�b2 Q7 2tQMbX AM 7�+i- A 7QmM/ i?�i i?Bb T�ii2`M Q7 BM+`2�bBM; bBKBH�`Biv r�b KQ`2
bi`BFBM; i?�M i?�i b22M 7Q` *:AbX *m`BQmbHv- i?2 /2+�v rBi? /Bbi�M+2 Bb KQ`2 /BbiQ`i2/
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib
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6B;m`2 9Xkd, L2B;?#Qm`?QQ/ bBKBH�`Biv BM GR GAL1b, U� �M/ "V a+�ii2`THQib b?QrBM;
bBKBH�`Biv b+Q`2 �b � 7mM+iBQM Q7 /Bbi�M+2 U#TV 7Q` K2i?vH�i2/ U�V �M/ mMK2i?vH�i2/ U"V
`272`2M+2 +viQbBM2b rBi?BM GR GAL1bX U* �M/ .V "QtTHQib Q7 bBKBH�`Biv b+Q`2 7Q` rBM/Qr2/
/Bbi�M+2b Q7 Ryy #T rBi?BM GR GAL1bX J2i?vH�i2/ `272`2M+2 bBKBH�`BiB2b �`2 b?QrM BM * �M/
mMK2i?vH�i2/ `272`2M+2 bBKBH�`BiB2b BM .X h?2`2 r2`2 MQ bB;MB}+�Mi /Bz2`2M+2b #2ir22M vQmM;
�M/ QH/ UJ�MM@q?BiM2v h2bic "QM72``QMB +Q``2+i2/ T@p�Hm2 IyXy8VX

7Q` 2tQMb i?�M r�b b22M 7Q` *:Ab U6B;m`2 9Xk8� �M/ "- 6B;m`2 9Xke� �M/ "VX PM2
2tTH�M�iBQM 7Q` i?Bb Bb i?2 H�`;2` p�`B�iBQM BM bBx2 b22M BM i?2 +�b2 Q7 2tQMbX h?2b2
`2bmHib bm;;2bi i?�i i?2 #2?�pBQ` A Q#b2`p2/ 7Q` *:Ab- Bb MQi bT2+B}+ iQ i?�i ;2MQKB+
72�im`2 #mi Bb TQi2MiB�HHv � KQ`2 ;2MQK2 rB/2 T?2MQK2MQMX hQ �bb2bb- i?Bb A /2+B/2/
iQ 2t�KBM2 r?�i rQmH/ ?�TT2M BM i?2 +�b2 Q7 HQM; BMi2`bT2`b2/ 2H2K2Mib UGAL1bV BM
i?2 ;2MQK2X

AM +QMi`�bi iQ 2tQMb �M/ *:Ab- GAL1b �`2 ?B;?Hv K2i?vH�i2/ BM i?Bb +2HH ivT2- �M/
BM ;2M2`�H �TT2�` iQ #2+QK2 KQ`2 ?QKQ;2M2Qmb rBi? �;2X h?2b2 `2bmHib b?Qr2/ i?�i
i?2`2 r�b MQ /Bz2`2M+2 #2ir22M vQmM; �M/ QH/ +2HHb rBi? `2;�`/b iQ bBKBH�`Biv U6B;m`2
9XkdVX h?Bb r�b i`m2 7Q` #Qi? K2i?vH�i2/ �M/ mMK2i?vH�i2/ `272`2M+2 TQbBiBQMbX h?Bb
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

`2bmHi r�b BKTQ`i�Mi #2+�mb2 Bi bm;;2bib i?�i i?2 ;�BMb BM bBKBH�`Biv Q#b2`p2/ 7Q` Qi?2`
72�im`2b r2`2 MQi i?2 `2bmHi Q7 b2[m2M+BM; #B�b Q` #�i+?X h?2b2 `2bmHib �HbQ bm;;2bi i?�i
�Hi?Qm;? ;�BMb BM bBKBH�`Biv �`2 b22M 7Q` 2tQMb �M/ *:Ab- T2`?�Tb i?Bb T?2MQK2MQM Bb
MQi r?QHHv ;2MQK2@rB/2X

G�biHv- A r�Mi2/ iQ �bb2bb r?2i?2` i?2 `2;BQMb bm``QmM/BM; i?2 2TB;2M2iB+ +HQ+F bBi2b
i?�i A ?�/ B/2MiB}2/ �HbQ 7QHHQr2/ i?Bb #2?�pBQ` U6B;m`2 9Xk3VX h?Bb r�b Q7 T�`iB+mH�`
BMi2`2bi �b Bi +QmH/ bm;;2bi � K2+?�MBbK #2?BM/ i?2 +?�M;2b BM .L� K2i?vH�iBQM i?�i
�`2 Q#b2`p2/ 7Q` i?2 +HQ+FX h?Bb K�v b22K +QmMi2` BMimBiBp2- bBM+2 QM2 Q7 i?2 F2v
Q#b2`p�iBQMb 7`QK i?2 �M�HvbBb Q7 i?2 bBi2b Q7 Kv 2TB;2M2iB+ +HQ+F �M/ Qi?2`b- Bb i?�i
rBi? �;2 i?2`2 Bb �M BM+`2�b2 MQi � /2+`2�b2 BM 2Mi`QTvX >Qr2p2`- Bi b?QmH/ #2 MQi2/
i?�i r2 �M/ Qi?2`b ?�p2 B/2MiB}2/ 2TB;2M2iB+ +HQ+F bBi2b iQ #2 �bbQ+B�i2/ rBi? `2;BQMb
+QMi�BMBM; p2`v /2}M2/ #QmM/�`B2b BM i2`Kb Q7 K2i?vH�iBQM bi�imb- bm+? �b *T: b?Q`2bX
�b bm+?- QM2 +QmH/ BK�;BM2- QrBM; iQ `�M/QKHv Q++m``BM; 2p2Mib Q7 .L� /�K�;2 �M/
BM+`2�bBM; Q`/2` rBi?BM BM/BpB/m�H +2HHb BM `2T�B`BM; i?Bb /�K�;2- i?�i QM � #mHF H2p2H
i?Bb rQmH/ `2bmHi BM BM+`2�b2/ 2Mi`QTv Q` p�`B�#BHBivX

6`QK i?Bb �M�HvbBb- A b�r i?�i rBi? �;2 i?2`2 r�b �M BM+`2�bBM; �KQmMi Q7 T`2/B+iBp2
TQr2` 7`QK M2B;?#Q`BM; bBi2b rBi?BM i?2b2 `2;BQMbX h?Bb Bb BM F22TBM; rBi? i?2 `2bi
Q7 i?2 ;2MQK2X 1t+BiBM;Hv- i?Bb r�b i?2 H�`;2bi BM+`2�b2 BM bBKBH�`Biv b22M Q7 �Mv Q7
i?2 72�im`2b �bb2bb2/- i?Bb r�b T�`iB+mH�`Hv i`m2 7Q` mMK2i?vH�i2/ `272`2M+2 +viQbBM2bX
h?Bb bm;;2bib i?�i i?2b2 `2;BQMb- �Hi?Qm;? BM F22TBM; rBi? i?2 `2bi Q7 i?2 ;2MQK2
�`2 2t�;;2`�i2/ BM i?Bb `2;�`/ �M/ +QmH/ #2 QM2 Q7 i?2 `2�bQMb i?2v �`2 B/2MiB}2/ �b
T`2/B+iBp2 BM Kv KmHiB@iBbbm2 T`2/B+iQ`X

AM bmKK�`v- A }M/ i?�i rBi? �;2 i?2`2 Bb �M BM+`2�bBM; bBKBH�`Biv rBi?BM � ;Bp2M +2HH
#2ir22M M2B;?#Q`BM; TQbBiBQMbX A Q#b2`p2 i?�i i?Bb Bb BM +QMi`�bi iQ i?2 ?2i2`Q;2M2Qmb
M�im`2 Q7 i?2 +?�M;2b BM p�`B�#BHBiv r?B+? b22K iQ #2 72�im`2 �M/ K2i?vH�iBQM bi�i2
/2T2M/2MiX
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib
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6B;m`2 9Xk3, L2B;?#Qm`?QQ/ bBKBH�`Biv BM +HQ+F `2;BQMb, U� �M/ "V a+�ii2`THQib
b?QrBM; bBKBH�`Biv b+Q`2 �b � 7mM+iBQM Q7 /Bbi�M+2 U#TV 7Q` K2i?vH�i2/ U�V �M/ mMK2i?v@
H�i2/ U"V `272`2M+2 +viQbBM2b rBi?BM 8 F# Q7 i?2 KQmb2 2TB;2M2iB+ T`2/B+iQ` bBi2bX U* �M/
.V "QtTHQib Q7 bBKBH�`Biv b+Q`2 7Q` rBM/Qr2/ /Bbi�M+2b Q7 Ryy #T rBi?BM 8 F# Q7 i?2 KQmb2
2TB;2M2iB+ T`2/B+iQ` bBi2bX J2i?vH�i2/ `272`2M+2 bBKBH�`BiB2b �`2 b?QrM BM * �M/ mMK2i?v@
H�i2/ `272`2M+2 bBKBH�`BiB2b BM .X �bi2`BbFb `2~2+i bB;MB}+�Mi /Bz2`2M+2b #2ir22M vQmM; �M/
QH/ UJ�MM@q?BiM2v h2bic "QM72``QMB +Q``2+i2/ T@p�Hm2 IyXy8VX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;

9XkXRk �bbQ+B�iBQM Q7 i`�Mb+`BTiQK2 �M/ K2i?vHQK2

>�pBM; Q#b2`p2/ i?�i rBi? �;2 i?2`2 Bb �M BM+`2�b2 BM i`�Mb+`BTiBQM�H p�`B�#BHBiv �HQM;@
bB/2 �M BM+`2�b2 BM .L� K2i?vH�iBQM p�`B�#BHBiv- A r�Mi2/ iQ �bb2bb r?2i?2` i?2 irQ
ivT2b Q7 p�`B�#BHBiv r2`2 +Q``2H�i2/ rBi? QM2 �MQi?2`X h?Bb r�b Q7 T�`iB+mH�` BMi2`@
2bi QrBM; iQ T`2pBQmb rQ`F +QM/m+i2/ BM K1a*b r?2`2 Bi ?�b #22M b?QrM i?�i r?2M
K2i?vH�iBQM H2p2Hb �`2 HQr- 7Q` BMbi�M+2 BM kBfGA6@+mHim`2/ K1a*b i?2`2 Bb MQ Q` HBiiH2
+Q``2H�iBQM #2ir22M K2i?vH�iBQM �M/ i`�Mb+`BTiBQM U�M;2`Km2HH2` 2i �HX- kyReVX h?Bb
r�b ?vTQi?2bBx2/ �i i?2 iBK2 iQ #2 /m2 2Bi?2` iQ � i2+?MB+�H H�+F Q7 +2HH MmK#2`b Q`
/m2 iQ i?2 2�`Hv /2p2HQTK2Mi�H bi�;2 i?�i i?2b2 +2HHb �`2 2KmH�iBM;- �M/ MQi /m2 iQ
i?2 HQr H2p2Hb Q7 .L� K2i?vH�iBQM T2` b2X lMiBH MQr- i?2`2 ?�b MQi #2 �M �Hi2`M�i2
+2HH ivT2 i?�i ?�b #22M �bb�v2/ �i i?2 bBM;H2 +2HH H2p2H mbBM; i?2 +QK#BM2/ K2i?Q/ i?�i
�HbQ 2t?B#Bi2/ /2+B/2/Hv HQr H2p2Hb Q7 .L� K2i?vH�iBQMX

A /2`Bp2/ +Q``2H�iBQMb #2ir22M .L� K2i?vH�iBQM �M/ i`�Mb+`BTiBQM 7Q` �HH �p�BH�#H2 +QK@
T�`BbQMb mbBM; � bBKBH�` K2i?Q/ iQ i?2 T`2pBQmbHv Tm#HBb?2/ rQ`F BM K1a*b U�M;2`@
Km2HH2` 2i �HX- kyReVX h?2 MmK#2` Q7 �p�BH�#H2 +QKT�`BbQMb Bb bHB;?iHv KQ`2 HBKBi2/
i?�M i?2 MmK#2` Q7 ;2M2b �M/ T`QKQi2`b +Qp2`2/ BM/BpB/m�HHv- QrBM; iQ i?2 +`Bi2`B� Q7
`2[mB`BM; +Qp2`�;2 Q7 i?2 K2i?vHQK2 �M/ i?2 i`�Mb+`BTiQK2 7`QK rBi?BM i?2 b�K2 +2HH
UJ�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX9XReVX A +�H+mH�i2/ S2�`bQM �M/ aT2�`K�M +Q``2H�@
iBQMb �bb2bbBM; �bbQ+B�iBQMb #2ir22M 2tT`2bbBQM Q7 � ;Bp2M i`�Mb+`BTi �M/ T`QKQi2` Q`
;2M2 #Q/v K2i?vH�iBQM Q7 b�B/ i`�Mb+`BTiX

6`QK i?Bb �M�HvbBb- A Q#b2`p2/ i?�i BM Qm` h�@>B Jma*b i?2`2 �`2 p2`v 72r bB;MB}+�MiHv@
�bbQ+B�i2/ +Q``2H�iBQMb i?�i �`2 2Bi?2` M2;�iBp2 Q` TQbBiBp2 U6B;m`2 9XkNVX AM 7�+i- A
Q#b2`p2/ i?�i K2i?vH�iBQM �M/ i`�Mb+`BTiBQM r2`2 MQi bB;MB}+�MiHv +Q``2H�i2/ 7Q` �Mv
Q7 i?2 ;2M2b �M�Hvx2/ r?2M aT2�`K�M +Q``2H�iBQM r�b T2`7Q`K2/ U6B;m`2 9XjyVX AM i?2
+�b2 Q7 S2�`bQM +Q``2H�iBQMb- i?2`2 r2`2 � bK�HH MmK#2` Q7 bB;MB}+�MiHv@�bbQ+B�i2/ +Q`@
`2H�iBQMb U6B;m`2 9XkNVX AMi2`2biBM;Hv- i?2`2 r�b � TQbBiBp2 bF2r BM i?2 /Bbi`B#miBQM Q7
+Q``2H�iBQM p�Hm2bX AM Qi?2` rQ`/b- rBi? BM+`2�bBM; T`QKQi2` .L� K2i?vH�iBQM- i?2`2
r�b � +QM+QKBi�Mi BM+`2�b2 BM 2tT`2bbBQMX h?Bb Bb +QmMi2` iQ r?�i r�b 2tT2+i2/ 7`QK
�M�Hvb2b BM #mHF b2iiBM;b �M/ �HbQ +QmMi2` iQ r?�i ?�b #22M Q#b2`p2/ T`2pBQmbHv 7Q`
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XkX _2bmHib
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6B;m`2 9XkN, S2�`bQM +Q``2H�iBQMb Q7 T`QKQi2` K2i?vH�iBQM rBi? i`�Mb+`BTiBQM,
oQH+�MQ THQib Q7 +Q``2H�iBQM +Q2{+B2Mi �;�BMbi @HQ;UT@p�Hm2V 7Q` S2�`bQM +Q``2H�iBQMb #2ir22M
T`QKQi2` K2i?vH�iBQM H2p2Hb �M/ i`�Mb+`BTiBQMX _2/ TQBMib �`2 KmHiBTH2@i2biBM; bB;MB}+�Mi
mbBM; � 7�Hb2 /Bb+Qp2`v `�i2 U6._V Q7 RyWX h?2`2 Bb � pQH+�MQ THQi 7Q` 2�+? BM/BpB/m�HX
uQmM; BM/BpB/m�Hb �`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi? �M ǳPǴX
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9XkX _2bmHib *?�Ti2` 9X aBM;H2 +2HH �;2BM;
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Spearman correlation coefficientSpearman correlation coefficient

Spearman correlation coefficient Spearman correlation coefficient

6B;m`2 9Xjy, aT2�`K�M +Q``2H�iBQMb Q7 T`QKQi2` K2i?vH�iBQM rBi? i`�Mb+`BTiBQM,
oQH+�MQ THQib Q7 +Q``2H�iBQM +Q2{+B2Mi �;�BMbi @HQ;UT@p�Hm2V 7Q` aT2�`K�M +Q``2H�iBQMb #2@
ir22M T`QKQi2` K2i?vH�iBQM H2p2Hb �M/ i`�Mb+`BTiBQMX h?2`2 r2`2 MQ bB;MB}+�Mi +Q``2H�iBQMb
7QmM/ mbBM; � 6._ Q7 RyWX h?2`2 Bb � pQH+�MQ THQi 7Q` 2�+? BM/BpB/m�HX uQmM; BM/BpB/m�Hb
�`2 /2TB+i2/ rBi? � ǳuǴ �M/ QH/ BM/BpB/m�Hb rBi? �M ǳPǴX
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*?�Ti2` 9X aBM;H2 +2HH �;2BM; 9XjX .Bb+mbbBQM

b2`mK@;`QrM K1a*b 7`QK � bBM;H2 +2HH +QK#BM2/ /�i�b2i U�M;2`Km2HH2` 2i �HX- kyReVX
AMi2`2biBM;Hv- i?Bb TQbBiBp2 bF2r Bb 2t�+iHv r?�i Bb b22M 7Q` kBfGA6@+mHim`2/ K1a*bX
h?Bb bm;;2bib i?�i T2`?�Tb i?Bb bF2r BM i?2 /Bbi`B#miBQM Bb MQi bQ Km+? Q7 � /2p2H@
QTK2Mi�H bi�;2 T?2MQK2MQM- Q` 2p2M � +2HH MmK#2` T?2MQK2MQM �b r�b T`2pBQmbHv
i?Qm;?i #mi BMbi2�/ `2H�i2b iQ i?2 �+im�H HQr H2p2Hb Q7 .L� K2i?vH�iBQMX 6Q` BMbi�M+2-
Bi KB;?i T2`?�Tb #2 i?2 +�b2 i?�i �i HQr H2p2Hb- .L� K2i?vH�iBQM Bb mM�#H2 iQ �+i BM
Bib mbm�H `2T`2bbBp2 7�b?BQM �M/ T2`?�Tb Bib T`2b2M+2 KQ`2 +HQb2Hv `2b2K#H2b ;2M2 #Q/v
K2i?vH�iBQMX

>�pBM; �bb2bb2/ T`QKQi2` K2i?vH�iBQM +Q``2H�iBQMb rBi? i`�Mb+`BTiBQM- A M2ti r�Mi2/
iQ BMp2biB;�i2 ?Qr ;2M2 #Q/v K2i?vH�iBQM +Q``2H�i2/ rBi? i`�Mb+`BTiBQMX 6`QK i?Bb
�M�HvbBb- A 7QmM/ i?�i i?2`2 r2`2 MQ bB;MB}+�Mi +Q``2H�iBQMb 7Q` i?2 aT2�`K�M �M�HvbBb
�M/ i?2`2 r�b � TQbBiBp2 bF2r BM +Q``2H�iBQM BM i?2 +�b2 Q7 S2�`bQM +Q``2H�iBQM- bBKBH�` iQ
r?�i A b�r 7Q` T`QKQi2` K2i?vH�iBQM U/�i� MQi b?QrMVX h?Bb r�b MQi iQQ bm`T`BbBM;- �b
Bi ?�b #22M b?QrM MmK2`Qmb iBK2b i?�i ;2M2 #Q/v K2i?vH�iBQM Bb +Q``2H�i2/ rBi? �+iBp2
i`�Mb+`BTiBQM UEmHBb 2i �HX- kyRk- J�mM�F2� 2i �HX- kyRy �M/ o�`H2v 2i �HX- kyRjVX

9Xj .Bb+mbbBQM

A ?�p2 ;2M2`�i2/ i?2 }`bi BM pBpQ bBM;H2 +2HH +QK#BM2/ /�i�b2i �HHQrBM; i?2 T`Q+2bb
Q7 �;2BM; iQ #2 �bb2bb2/ BM mMT`2+2/2Mi2/ /2i�BHX h?Bb /�i�b2i r�b /2`Bp2/ 7`QK �
?QKQ;2M2Qmb TQTmH�iBQM Q7 h�@>B Jma*bX h?2 `2�bQM 7Q` +?QQbBM; � ?QKQ;2M2Qmb
TQTmH�iBQM Q7 +2HHb r�b iQ `2KQp2 +QM7QmM/BM; p�`B�#H2b BM Kv �M�HvbBb Q7 +?�M;2b
Q++m``BM; rBi? �;2- 2M�#HBM; i?2 7Q+mb iQ #2 bQH2Hv QM +2HH BMi`BMbB+ +?�M;2bX

6`QK i?2 i`�Mb+`BTiQK2- A 7QmM/ i?�i rBi? �;2 i?2`2 r�b �M BM+`2�b2 BM p�`B�#BHBivX A
7QmM/ i?�i i?Bb BM+`2�b2 BM p�`B�#BHBiv r�b MQi `2bi`B+i2/ iQ � bm#b2i Q7 ;2M2b #mi +QmH/
#2 7QmM/ BM ?mM/`2/b Q7 ;2M2bX A B/2MiB}2/ i?�i BM vQmM; BM/BpB/m�Hb i?2 ?B;?Hv p�`B�#H2
;2M2b r2`2 �bbQ+B�i2/ rBi? :P T`Q+2bb2b bm+? �b ǳ`2bTQMb2 iQ +viQFBM2 biBKmHmbǴ �M/
ǳ+?2KQFBM2 `2+2TiQ` #BM/BM;ǴX AM +QMi`�bi- A 7QmM/ i?�i ?B;?Hv p�`B�#H2 ;2M2b BM QH/
+2HHb r2`2 �bbQ+B�i2/ rBi? :P T`Q+2bb2b bm+? �b ǳ+?2KQi�tBbǴ �M/ ǳ+2HH +?2KQi�tBbǴX
h?Bb +?�M;2 BM T`Q+2bb2b i?�i �`2 #2BM; /2}M2/ �b ?B;?Hv p�`B�#H2 +QmH/ ?B;?HB;?i i?2 BM@

Red
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+`2�b2/ T`QTQ`iBQM Q7 +2HHb BM QH/ BM/BpB/m�Hb i?�i �`2 MQr #2BM; `2HB2/ mTQM iQ K�BMi�BM
?QK2Qbi�bBb Q7 i?2 Kmb+H2X �Hi2`M�iBp2Hv- Bi +QmH/ bm;;2bi i?�i i?2b2 QH/ +2HHb �`2 KQ`2
HBF2Hv iQ #2+QK2 KQ#BH2 Q` �+iBp�i2/X AM �//BiBQM- A 7QmM/ i?�i i?2`2 r�b �M 2M`B+?K2Mi
BM QM2 Q7 i?2 QH/ BM/BpB/m�Hb 7Q` T`Q+2bb2b �bbQ+B�i2/ rBi? i?2 M2m`�H HBM2�;2@bT2+B}+
i`�Mb+`BTiBQM 7�+iQ` L2m`Q.- i?Bb Bb BMi2`2biBM; #2+�mb2 L2m`Q. Bb �MQi?2` #�bB+@?2HBt@
HQQT@?2HBt T`Qi2BM rBi? �M BM+`2/B#Hv bBKBH�` KQiB7 UTQbBiBQM r2B;?i K�i`Bt USqJVV
iQ JvQ.- i?2 i`�Mb+`BTiBQM 7�+iQ` `2bTQMbB#H2 7Q` /QrMbi`2�K /Bz2`2MiB�iBQM Q7 Kmb+H2
b�i2HHBi2 +2HHb BMiQ KvQ#H�bib U6QM; 2i �HX- kyRkVX JvQ. �M/ L2m`Q. �`2 FMQrM iQ #2
`2;mH�i2/ BM i?2B` 7mM+iBQM�HBiv i?`Qm;? i?2 `2bi`B+iBQM Q7 i?2B` 2TBiQT2b BM HBM2�;2b i?�i
i?2v b?QmH/ MQi #2 7mM+iBQMBM; QM U6QM; 2i �HX- kyRkVX �b bm+?- i?Bb bm;;2bib i?�i i?2`2
Bb � HQbb Q7 `2;mH�iBQM Q7 i?2 Kmb+H2 HBM2�;2 BM QH/ h�@>B Jma*b rBi? �;2- �M/ i?�i
TQi2MiB�HHv i?Bb +QmH/ #2 BMi2`72`BM; rBi? i?2 �#BHBiv Q7 i?2b2 +2HHb iQ 7mM+iBQM T`QT2`Hv
mTQM �+iBp�iBQMX AM �//BiBQM- A �bb2bb2/ +2HH@iQ@+2HH p�`B�#BHBiv BM vQmM; �M/ QH/ h�@>B
Jma*b- }M/BM; i?�i rBi? �;2 i?2`2 r�b �M BM+`2�b2 BM +2HH@iQ@+2HH i`�Mb+`BTiBQM�H p�`B@
�#BHBivX *m`BQmbHv- A b�r i?�i i?Bb p�`B�#BHBiv r�b Qp2` �M/ �#Qp2 r?�i Bb b22M 7Q` i?2
2�`Hv 2K#`vQ /�i�b2i A +QKT�`2/ Bi rBi? UJQ?�KK2/ 2i �HX- kyRdVX h?Bb Bb BMi2`2bi@
BM;- #2+�mb2 Bi Bb +QKKQMHv i?Qm;?i i?�i rBi? � `2/m+iBQM BM /Bz2`2MiB�iBQM TQi2MiB�H
i?2`2 rQmH/ #2 � +QM+QKBi�Mi `2/m+iBQM BM +2HH@iQ@+2HH p�`B�#BHBivX h?Bb bm;;2bib i?�i
�Hi?Qm;? h�@>B Jma*b �`2 �M BM+`2/B#Hv ?QKQ;2M2Qmb TQTmH�iBQM Q7 +2HHb- �M/ ?�p2 �
p2`v r2HH /2}M2/ /Bz2`2MiB�iBQM TQi2MiB�H- r?2M bBKBH�`Biv BM p�`B�#H2 ;2M2b Bb �bb2bb2/
�+`Qbb +2HHb- i?2`2 Bb H2bb +QM+2`i2/ 2tT`2bbBQM i?�M 7Q` 2K#`vQMB+ bi2K +2HHbX h?Bb +QmH/
#2 T2`?�Tb /m2 iQ i2+?MB+�H +QMbB/2`�iBQMb QrBM; iQ i?2 [mB2b+2Mi M�im`2 Q7 i?2b2 +2HHb-
�M/ HQr H2p2Hb Q7 i`�Mb+`BTiBQM- `2bmHiBM; BM �TT�`2MiHv H2bb +QQ`/BM�i2/ i`�Mb+`BTiBQM�H
`2;mH�iBQM QrBM; iQ i?2 /`QT@Qmi `�i2 BM i?2 bBM;H2 +2HH i`�Mb+`BTiQKB+ K2i?Q/X >Qr@
2p2`- i?Bb b22Kb mMHBF2Hv- bBM+2 A }Hi2` Qmi HQrHv 2tT`2bb2/ i`�Mb+`BTib UJ�i2`B�Hb �M/
J2i?Q/b b2+iBQM kX9XNVX �Hi2`M�iBp2Hv- Bi +QmH/ #2 /m2 iQ i?2 7�+i i?�i BM 2K#`vQMB+
bi2K +2HHb i?2 +2HH@iQ@+2HH p�`B�#BHBiv BM p�`B�#H2 ;2M2b Bb KQ`2 +QQ`/BM�i2/ �M/ `2;mH�i2/
BM T2`?�Tb bQK2 bQ`i Q7 +v+HB+�H T`Q+2bb- i?�i Bb T2`?�Tb BKTQ`i�Mi 7Q` 2Mbm`BM; HBM2�;2
T`QTQ`iBQMb �`2 /2}M2/ T`QT2`HvX Ai rBHH #2 BMi2`2biBM; iQ �bb2bb i?2 H2p2Hb Q7 +2HH@iQ@+2HH
p�`B�#BHBiv �+`Qbb +2HHb �b KQ`2 +2HH ivT2b #2+QK2 �p�BH�#H2 7Q` BMi2``Q;�iBQMX
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A /2}M2/ i?2 }`bi 2p2` h�@>B Jma* r?QH2 ;2MQK2 K2i?vHQK2 /�i�X 6`QK i?Bb K2i?v@
HQK2 /�i� A 7QmM/ i?�i h�@>B Jma*b ?�/ �M mMmbm�H K2i?vH�iBQM +QKTQbBiBQMX h?Bb
r�b �bbQ+B�i2/ rBi? � ;HQ#�HHv HQr2` H2p2H Q7 K2i?vH�iBQM i?�M Bb +QKKQMHv b22M 7Q`
bQK�iB+ +2HHbX AMi2`2biBM;Hv- A 7QmM/ i?�i i?Bb ;HQ#�H `2/m+iBQM BM K2i?vH�iBQM r�b MQi
;2MQK2 rB/2- �b Bb b22M BM i?2 +�b2 Q7 7Q` BMbi�M+2 kBfGA6@+mHim`2/ K1a*b #mi r�b BM
7�+i HQ+�HBx2/ iQ bT2+B}+ 72�im`2bX h?2b2 72�im`2b BM+Hm/2/ ;2MB+ `2;BQMb- 7Q` BMbi�M+2
2tQMb �M/ BMi`QMbX h?Bb T�ii2`M Q7 K2i?vH�iBQM Bb BMi2`2biBM;- #2+�mb2 Bi Bb p2`v `�`2
iQ }M/ � +2HH ivT2 i?�i +QMi�BMb ?B;?Hv K2i?vH�i2/ `2T2iBiBp2 `2;BQMb Q7 i?2 ;2MQK2
r?BH2 bBKmHi�M2QmbHv ?�pBM; HQrHv K2i?vH�i2/ 2tQMb �M/ BMi`QMbX �b bm+?- Bi +QmH/ #2
�M BM+`2/B#Hv mb27mH KQ/2H bvbi2K 7Q` 7mim`2 bim/B2b BMi2`2bi2/ BM mM/2`bi�M/BM; i?2
TH�+2K2Mi Q7 .L� K2i?vH�iBQMX Ai rBHH �HbQ #2 7�b+BM�iBM; iQ b22 r?2i?2` Qi?2` ?B;?Hv
[mB2b+2Mi +2HHmH�` TQTmH�iBQMb 2t?B#Bi bBKBH�` T�ii2`Mb Q7 K2i?vH�iBQM /2TQbBiBQMX h?Bb
rQmH/ #2 BMi2`2biBM;- #2+�mb2 QM2 ?vTQi?2bBb 7Q` i?2 H�+F Q7 K2i?vH�iBQM 7QmM/ BM ;2M2
@#Q/B2b rQmH/ #2 i?2 HQr H2p2Hb Q7 i`�Mb+`BTiBQM BM i?2b2 +2HHbX A 7QmM/ i?�i rBi? �;2
i?2`2 r�b �M BM+`2�b2 BM K2i?vH�iBQM �+`Qbb � MmK#2` Q7 72�im`2b BM+Hm/BM; `2T2iBiBp2
2H2K2Mib bm+? �b GAL1bX AM �//BiBQM- A /2}M2/ MQp2H +QKTmi�iBQM�H �TT`Q�+?2b 7Q`
i?2 `Q#mbi �bb2bbK2Mi Q7 .L� K2i?vH�iBQM p�`B�#BHBiv #2ir22M +2HHb �M/ i?2 T�ii2`M@
BM; Q7 K2i?vH�iBQM rBi?BM +2HHbX h?2b2 K2i?Q/b 2M�#H2/ K2 iQ B/2MiB7v `2;BQMb Q7 i?2
;2MQK2 i?�i �`2 H2bb p�`B�#H2 i?�M rQmH/ #2 2tT2+i2/ #v +?�M+2- bm+? �b BM *:Ab i?�i
�`2 Ry@jyW K2i?vH�i2/X AM �//BiBQM- i?2b2 �TT`Q�+?2b �HHQr2/ +?�M;2b BM K2i?vH�iBQM
p�`B�#BHBiv rBi? �;2 iQ #2 �bb2bb2/- BM �//BiBQM iQ r?2i?2` i?2v �`2 BM/2T2M/2Mi Q7
+?�M;2b BM .L� K2i?vH�iBQM H2p2Hb Q` MQiX A 7QmM/ i?�i rBi? �;2 i?2`2 r�b � i2M/2M+v
7Q` `2;BQMb Q7 i?2 ;2MQK2 i?�i r2`2 HQrHv K2i?vH�i2/ iQ ;�BM K2i?vH�iBQM �M/ rBi? Bi
?2i2`Q;2M2Biv- �M/ 7Q` `2;BQMb Q7 i?2 ;2MQK2 i?�i r2`2 ?B;?Hv K2i?vH�i2/ iQ 7m`i?2`
;�BM K2i?vH�iBQM �M/ HQb2 ?2i2`Q;2M2BivX AM �//BiBQM- A 7QmM/ i?�i i?2`2 r2`2 +2`i�BM
`2;BQMb Q7 i?2 ;2MQK2 bm+? �b *:Ab- i?�i ;�BM2/ ?2i2`Q;2M2Biv- rBi? � KBMBK�H +?�M;2
BM K2i?vH�iBQM H2p2HX 6`QK Kv T�ii2`MBM; �M�HvbBb- A 7QmM/ i?�i rBi? �;2 i?2`2 r�b
�M BM+`2�b2 BM i?2 T`2/B+iBp2 TQr2` Q7 M2B;?#Q`BM; TQbBiBQMb BM i?2 ;2MQK2- bm;;2bi@
BM; � `2/m+iBQM BM +QKTH2tBiv Q7 i?2 K2i?vHQK2 BM 2tQMb �M/ *:Ab �KQM;bi Qi?2`
72�im`2bX
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Young Old

CG CG CGCGCG... ...Cell A O

... ... ... ......

Cell N Y

CG CG CGCGCG... ...Cell A Y

CG CG CGCGCG... ...Cell B Y

CG CG CGCGCG... ... Cell NO CG CG CGCGCG... ...

... ... ... ......
CG CG CGCGCG... ...Cell BO

A

B C
m

et
hy
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ha
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e

Heterogeneity change with age

Pr
ed

ic
ta

bi
lit

y

Age

CG CG CGCGCG... ...Cell A O

CG CG CGCGCG... ...Cell BO

CG CG CGCG... ...Cell A Y

CG CGCGCG... ...Cell B Y

D

6B;m`2 9XjR, JQ/2H Q7 2TB;2M2iB+ +?�M;2b BM h� >B Jma*b rBi? �;2, U�V .2TB+iBQM
Q7 .L� K2i?vH�iBQM ?2i2`Q;2M2Biv BM vQmM; �M/ QH/ +2HHbX h?2 `2�bQM b?QrM r�b HQrHv
K2i?vH�i2/ BM vQmM;- ?2M+2 ;�BM BM ?2i2`Q;2M2BivX J2i?vH�i2/ +viQbBM2b �`2 b?QrM mbBM;
}HH2/ HQHHBTQTb �M/ `2/ b?�/BM;X lMK2i?vH�i2/ +viQbBM2b �`2 b?QrM mbBM; 2KTiv HQHHBTQTb
�M/ #Hm2 b?�/BM;X U"V oBbm�HBb�iBQM Q7 K2i?vH�iBQM +?�M;2b rBi? �;2 �M/ i?2 BKTHB+�iBQM 7Q`
?2i2`Q;2M2BivX GQrHv K2i?vH�i2/ `2;BQMb BM i?2 vQmM; rBHH i2M/ iQ ;�BM ?2i2`Q;2M2Biv �M/
?B;?Hv K2i?vH�i2/ `2;BQMb rBHH i2M/ iQ HQb2 ?2i2`Q;2M2BivX U*V oBbm�HBb�iBQM Q7 i?2 BM+`+2�bBM;
bBKBH�`Biv #2ir22M M2B;?#Qm`BM; +viQbBM2 TQbBiBQMb BM i?2 ;2MQK2 rBi? �;2X U.V JQ/2H Q7
?Qr BM+`2�bBM; bBKBH�`Biv +QmH/ `2bmHi BM BM+`2�b2/ p�`B�#BHBivX GB;?iMBM; #QHib `2T`2b2Mi .L�
/�K�;2 �M/ i?2 T�+K�M `2T`2b2Mib � .L� K2i?vHi`�Mb72`�b2X

h?Bb Bb 2t+BiBM; #2+�mb2 Bi ?BMib �i � TQi2MiB�H K2+?�MBbK 7Q` i?2 �;2@�bbQ+B�i2/ +?�M;2b
BM .L� K2i?vH�iBQM i?�i �`2 T2`?�Tb T�`�/QtB+�HHv Q7i2M �bbQ+B�i2/ rBi? ;�BMb BM 2M@
i`QTvX h?2 K2+?�MBbK i?�i A rQmH/ HBF2 iQ T`QTQb2 7Q` i?Bb Bb i?�i `�M/QK .L�
/�K�;2 `2bmHib BM .L� `2T�B`- i?�i 2`�b2b .L� K2i?vH�iBQM 7`QK i?2 ;2MQK2X �i i?2
b�K2 iBK2- .L� K2i?vH�iBQM Bb #2BM; �//2/ iQ i?2 ;2MQK2 #v 2MxvK2b i?�i �+i BM
� #B�b2/ Q` KQ`2 T`Q+2bbBp2 K�MM2`- `2bmHiBM; BM +2HH BMi`BMbB+ ?QKQ;2M2Biv Q` HQbb Q7
brBi+?BM;X h?Bb A bm;;2bi Bb T�`iB�HHv *:@/2MbBiv /2T2M/2Mi- bm;;2biBM; i?2 BKTQ`i�M+2
Q7 T`Q+2bbBp2 2MxvK�iB+ T`Q+2bb2b BM i?Bb 2M?�M+2K2Mi Q7 M2B;?#Q`?QQ/ bBKBH�`BivX Pr@
BM; iQ i?Bb T`Q+2bb #2BM;- iQ � +2`i�BM 2ti2Mi `�M/QK- r?2M i?Bb T`Q+2bb Q++m`b �+`Qbb

Rdy
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K�Mv +2HHb BM +QM+2`i Bi `2bmHib BM +?�M;2b i?�i +QmH/ `2bmHi BM ;�BMb Q` HQbb2b BM ?2i@
2`Q;2M2BivX AMi2`2biBM;Hv- QM2 rQmH/ ?vTQi?2bBb2 i?�i HQbb2b BM ?2i2`Q;2M2Biv rQmH/ #2
�bbQ+B�i2/ rBi? `2;BQMb Q7 i?2 ;2MQK2 i?�i r2`2 KQ`2 T`QM2 iQ .L� /�K�;2 i?�M i?2
;2MQK2 �b � r?QH2- `2bmHiBM; BM KQ`2 ?QKQ;2M2Qmb K2i?vH�iBQM T�ii2`MBM; �+`Qbb +2HHbX
Ai rBHH #2 2t+BiBM; iQ i2bi i?Bb ?vTQi?2bBb 7m`i?2` rBi? .L� /�K�;2 BM/m+iBQM �M/ BM
Qi?2` +2HH ivT2b- iQ �bb2bb i?2 ;2M2`�HBx�#BHBiv Q7 i?Bb T?2MQK2MQMX

q?2M +QKT�`BM; p�`B�#BHBiv BM i`�Mb+`BTiBQM �M/ K2i?vH�iBQM- A 7QmM/ p2`v HBiiH2 +Q``2@
H�iBQM #2ir22M i?2 irQX h?Bb bm;;2bib i?�i i?2 bQm`+2b Q7 p�`B�#BHBiv K�v #2 /Bz2`2MiX
AM i?2 7mim`2- iQ BKT`Qp2 bm+? �M�HvbBb- Bi rQmH/ #2 BMi2`2biBM; iQ �bb2bb i?Bb `2H�iBQM@
b?BT BM �M �HH2H2 bT2+B}+ 7�b?BQM- `�i?2` i?�M K�FBM; i?2 �bbmKTiBQM Q7 � RM ;2MQK2X
AM i?Bb T`2b2Mi bim/v- i?Bb r�b MQi T2`7Q`K2/ /m2 iQ i?2 +`Qbb #2BM; /2`Bp2/ 7`QK QM2
?2i2`Qxv;Qmb U+QMi�BMBM; i?2 T�td@:6S `2TQ`i2`V �M/ QM2 ?QKQxv;Qmb T�`2MiX h?Bb
r�b /QM2 iQ 2Mbm`2 i?�i A +QmH/ /2}M2 Qm` ?QKQ;2M2Qmb +2HH TQTmH�iBQM �++m`�i2HvX Ai
rQmH/ �HbQ #2 2t+BiBM; iQ �bb2bb r?2i?2` i?Bb +QmTHBM; #2ir22M i`�Mb+`BTiBQM �M/ .L�
K2i?vH�iBQM BM+`2�b2b mTQM /Bz2`2MiB�iBQM Q7 i?2b2 +2HHbX

AM bmKK�`v- A ?�p2 7QmM/ i?�i BM+`2�b2b BM p�`B�#BHBiv i?�i �`2 b22M rBi? �;2 +�M #2
i?2 `2bmHi Q7 +2HH BMi`BMbB+ ;�BMb BM ?QKQ;2M2BivX h?Bb Bb �M 2t+BiBM; T`QTQbBiBQM i?�i
rBHH #2 TQbbB#H2 iQ i2bi BM i?2 7mim`2X
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*?�Ti2` 8

GBp2 +2HH BK�;BM; Q7 .L�
K2i?vH�iBQM BM bBM;H2 +2HHb

8XR AMi`Q/m+iBQM

.L�K2i?vH�iBQM /vM�KB+b �`2 ?m;2Hv BKTQ`i�Mi BM � MmK#2` Q7 b2iiBM;b- BM+Hm/BM; #mi
MQi HBKBi2/ iQ /2p2HQTK2Mi- +�M+2` �M/ �;2BM;X AM �//BiBQM- rBi? i?2 �/p2Mi Q7 bBM;H2
+2HH K2i?Q/b iQ bim/v .L� K2i?vH�iBQM- Bi Bb MQr #2+QKBM; BM+`2�bBM;Hv �TT�`2Mi i?�i
?2i2`Q;2M2Biv #2ir22M +2HHb rBi?BM � ;Bp2M TQTmH�iBQM Bb �HbQ Q7 ;`2�i BKTQ`i�M+2 BM
Qm` mM/2`bi�M/BM; Q7 i?2b2 T`Q+2bb2b �M/ Qi?2`bX

�i T`2b2Mi- r?QH2 ;2MQK2 #BbmH}i2 b2[m2M+BM;@#�b2/ �TT`Q�+?2b �`2 i?2 ;QH/ bi�M/�`/
BM bim/B2b QM .L� K2i?vH�iBQM- bBM+2 i?2v �HHQr BMi2``Q;�iBQM Q7 i?Bb K�`F �i bBM;H2
#�b2@`2bQHmiBQMX �Hi?Qm;? i?2 +Qbi Q7 b2[m2M+BM; Bb `2/m+BM; �i T�+2- i?2b2 b2[m2M+BM;@
#�b2/ �TT`Q�+?2b �`2 biBHH 2tT2MbBp2 QrBM; iQ i?2 bBx2 Q7 i?2 ;2MQK2 mM/2` bim/v
UG�M/2` 2i �HX- kyyR- aB2``Q 2i �HX- kyR9 �M/ q�i2`biQM �M/ S�+?i2`- kyykVX h?Bb Bb
T�`iB+mH�`Hv i`m2 7Q` .L� K2i?vH�iBQM- r?2`2 QM2 Bb bim/vBM; � +QMiBMmmK Q7 p�Hm2b
#2ir22M � 7mHHv K2i?vH�i2/ bBi2 �M/ � 7mHHv mMK2i?vH�i2/ bi�i2X h?Bb Bb BM +QMi`�bi iQ
KQbi ;2MQKB+b bim/B2b r?2`2 ivTB+�HHv i?2`2 �`2 i?`22 bi�i2b iQ +QMbB/2` U?QKQxv;Qmb
`272`2M+2- ?2i2`Qxv;Qmb- �M/ ?QKQxv;Qmb �Hi2`M�i2VX h?Bb M2+2bbBi�i2b K�Mv KmHiBTH2
+QTB2b Q7 i?2 b�K2 TQbBiBQM BM i?2 ;2MQK2 #2BM; b2[m2M+2/ BM Q`/2` iQ Q#b2`p2 bK�HH
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8XRX AMi`Q/m+iBQM *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

v2i K2�MBM;7mH +?�M;2b BM .L� K2i?vH�iBQMX h?Bb Bb 2bT2+B�HHv i?2 +�b2 7Q` bBM;H2 +2HH
2TB;2M2iB+ �TT`Q�+?2b i?�i ivTB+�HHv `2[mB`2 �b 72r �b ky +2HHb iQ #2 b2[m2M+2/ QM �
bBM;H2 H�M2 U�M;2`Km2HH2` 2i �HX- kyReVX �b bm+?- 7Q` H�`;2` b+�H2 bim/B2b Q7 2TB;2M2iB+
?2i2`Q;2M2Biv- �//BiBQM�H K2i?Q/QHQ;B2b �`2 `2[mB`2/ iQ b�KTH2 � ;Bp2M TQTmH�iBQM Q7
+2HHbX h?2b2 +Qbi Bbbm2b �`2 i`vBM; iQ #2 /2�Hi rBi? T`2b2MiHvX 6Q` BMbi�M+2- i?2`2 �`2 MQr
TQQHBM;@7QHHQr2/@#v@`2;BQM�H@TmHH@/QrM@#�b2/ �TT`Q�+?2b i?�i �`2 �ii2KTiBM; iQ 2M`B+?
7Q` ;2MQKB+ `2;BQMb Q7 BMi2`2bi r?BH2 `2/m+BM; i?2 +Qbi T2` +2HH UJmH[m22M 2i �HX- kyRdVX
h?2b2 �TT`Q�+?2b- ?Qr2p2`- �`2 biBHH 2tT2MbBp2fBM2z2+iBp2 QrBM; iQ i?2K biBHH #2BM; BM
i?2B` BM7�M+v �M/ �i T`2b2Mi �`2 HBiiH2 #2ii2` i?�M +QMp2MiBQM�H bBM;H2 +2HH r?QH2 ;2MQK2
#BbmH}i2 b2[m2M+BM; U�M;2`Km2HH2` 2i �HX- kyRe- *H�`F 2i �HX- kyRd �M/ aK�HHrQQ/ 2i �HX-
kyR9VX lM7Q`imM�i2Hv- MQM2 Q7 i?2b2 b2[m2M+BM; K2i?Q/b �`2 +m``2MiHv �TTHB+�#H2 iQ
i?2 /B`2+i Q#b2`p�iBQM Q7 .L� K2i?vH�iBQM /vM�KB+bX h?Bb ?�b K2�Mi i?�i �i T`2b2Mi
Bi ?�b QMHv 2p2` #22M TQbbB#H2 iQ BM72` /vM�KB+ #2?�pBQm` 7`QK bi�iB+ bM�Tb?QibX h?Bb
`2K�BMb � H�`;2 i2+?MB+�H HBKBi�iBQMX

h?2b2 HBKBi�iBQMb �`2 MQi b2[m2M+BM;@bT2+B}+- �M/ �TTHv �HbQ iQ �HH Qi?2` K2i?Q/b +m`@
`2MiHv �p�BH�#H2 7Q` i?2 bim/v Q7 .L� K2i?vH�iBQM- BM+Hm/BM;- 7Q` BMbi�M+2- K�bb bT2+@
i`QK2i`v �M/ BKKmMQ~mQ`2b+2M+2 UA6V K2�bm`2K2MibX h?2 /2bi`m+iBp2 M�im`2 Q7 i?2
b�KTH2 T`2T�`�iBQM K�F2b i?2b2 i2+?MB[m2b BM+QKT�iB#H2 rBi? +QMiBMmQmb Q#b2`p�iBQM
Q7 i?2 b�K2 +2HH Q` +2HHb Qp2` KmHiBTH2 iBK2 TQBMibX

� 72r bim/B2b ?�p2 #22M +QM/m+i2/ iQ [m�HBi�iBp2Hv �bb2bb i?2 /vM�KB+b Q7 i?2 /Bbi`B#m@
iBQM Q7 .L� K2i?vH�iBQM BM HBpBM; +2HHb UAM;Qmz 2i �HX- kyRd- EBKm`� 2i �HX- kyRy-l2/�
2i �HX- kyR9- u�K�;�i�- kyRy- u�K�x�FB 2i �HX- kyyd �M/ w?�M; 2i �HX- kyRdVX h?2b2
bim/B2b ?�p2 miBHBb2/ p�`BQmb K2i?vH@#BM/BM; /QK�BM T`Qi2BMb �b � T`Qtv iQ pBbm�HBb2
.L� K2i?vH�iBQM /vM�KB+bX h?2b2 bim/B2b ?�p2 b?QrM i?�i Bi Bb TQbbB#H2 iQ pBbm�HBb2
.L� K2i?vH�iBQM BM HBpBM; +2HHb BM b2p2`�H /Bz2`2Mi +QMi2tib- bm+? �b .L� K2i?vH�iBQM
BM *T: �M/ *>> +QMi2tib UAM;Qmz 2i �HX- kyRdVX �i T`2b2Mi- i?2b2 T�T2`b ?�p2 bQH2Hv
�bb2bb2/ i?2 /Bbi`B#miBQM �M/ M�im`2 Q7 .L� K2i?vH�iBQM BM � [m�HBi�iBp2 7�b?BQMX 6Q`
BMbi�M+2- �bb2bbBM; ?Qr i?2 /vM�KB+b Q7 i?2 /Bbi`B#miBQM Q7 .L� K2i?vH�iBQM +?�M;2b
/m`BM; 2�`Hv KQmb2 /2p2HQTK2Mi Uu�K�x�FB 2i �HX- kyydVX >Qr2p2`- i?2b2 bim/B2b ?�p2
MQi �ii2KTi2/ iQ miBHBb2 i?2 ~mQ`QT?Q`2 7mb2/ iQ i?2 J". iQ /2`Bp2 � [m�MiBi�iBp2
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

�bb�v Q7 ;HQ#�H .L� K2i?vH�iBQM /vM�KB+bX

h?2 �BK Q7 i?Bb rQ`F r�b iQ /2p2HQT � bvbi2K 7Q` `2�H@iBK2 [m�MiBi�iBp2 K2�bm`2K2Mi Q7
.L� K2i?vH�iBQM BM HBp2 bBM;H2@+2HHbX hQ �+?B2p2 i?Bb- A miBHBb2/ � T`2pBQmbHv /2}M2/ �M/
p�HB/�i2/ J".@LGa@2:6S U?2`2iQ `272``2/ iQ �b J".R@2:6SV +QMbi`m+i Uu�K�;�i�-
kyRyVX AM �+?B2pBM; i?Bb- A r�Mi2/ iQ /2p2HQT � K2i?Q/ i?�i +QmH/ #2 2ti2M/2/ iQ
�bb2bb i?2 /vM�KB+b Q7 H�`;2 TQTmH�iBQMb Q7 +2HHb +?2�THv �M/ 2z2+iBp2Hv �M/ rQmH/
2M�#H2 2TB;2MQKB+b iQ #2 bim/B2/ �i i?2 bBM;H2 +2HH H2p2H �i � 7�` ;`2�i2` i?`Qm;?Tmi
i?�M Bb +m``2MiHv �ii�BM�#H2X

8Xk _2bmHib

8XkXR J2i?Q/ /2bB;M

h?2 KQbi +QKKQMHv mb2/ T`Qi2BM 7Q` pBbm�HBbBM; *T: K2i?vH�iBQM BM i?2 }2H/ ?�b
#22M i?2 K2i?vH #BM/BM; /QK�BM UJ".V Q7 K2i?vH #BM/BM; /QK�BM R T`Qi2BM UJ".RVX
J".R Bb � K2K#2` Q7 � 7�KBHv Q7 T`Qi2BMb i?�i #BM/ iQ bBM;H2 bvKK2i`B+�HHv K2i?v@
H�i2/ *T: /BMm+H2QiB/2bX �HH J". 7�KBHv K2K#2`b b?�`2 � +QKKQM J". +QMb2Mbmb
b2[m2M+2 UwQm 2i �HX- kyRRc 6B;m`2 8XRVX

h?2 J". Q7 J".R r�b +?Qb2M 7Q` HBp2 +2HH BK�;BM; �TTHB+�iBQMb Qp2` i?2 Qi?2` 7�KBHv
K2K#2`b /m2 iQ Bi T`2pBQmbHv #2BM; Q#b2`p2/ iQ ?�p2 i?2 ?B;?2bi b2MbBiBpBiv iQ K2i?v@
H�iBQM +?�M;2b U"�m#2+ 2i �HX- kyRj- P?FB 2i �HX- kyyR �M/ wQm 2i �HX- kyRRVX h?Bb J".
/QK�BM Bb FMQrM iQ ?�p2 �M �TT`QtBK�i2Hv Ry@7QH/ BM+`2�b2/ �{MBiv 7Q` *T: bBi2b
i?�i �`2 7mHHv K2i?vH�i2/ i?�M i?Qb2 i?�i �`2 mMK2i?vH�i2/ U"�m#2+ 2i �HX- kyRj- P?FB
2i �HX- kyyR �M/ wQm 2i �HX- kyRRVX 6Q` pBbm�HBb�iBQM- i?Bb T`Qi2BM /QK�BM Bb 7mb2/ �i Bib
*@i2`KBMmb iQ � ~mQ`2b+2Mi T`Qi2BM bm+? �b ;`22Mf`2/ ~mQ`2b+2Mi T`Qi2BM U:6Sf_6SV
bT�+2/ #v � Mm+H2�` HQ+�HBb�iBQM bB;M�H ULGaV iQ 2Mbm`2 +Q``2+i 7QH/BM;- ~2tB#BHBiv Q7
i?2 J". Bib2H7 �M/ 2{+B2Mi Mm+H2�` HQ+�HBb�iBQM Q7 i?2 7QH/2/ `2TQ`i2` T`Qi2BMX h?2
TQi2MiB�H miBHBiv Q7 i?2 J". Q7 J".R 7Q` i?2 bim/v Q7 .L� K2i?vH�iBQM ?�b MQr #22M
p�HB/�i2/ mbBM; b2p2`�H �TT`Q�+?2bX "`B2~v- TmHH@/QrM 2tT2`BK2Mib 7Q` .L� K2i?vH�@
iBQM �M/ _6S UHBMF2/ iQ i?2 J".V ?�p2 #22M mb2/ iQ b?Qr i?�i #Qi? i?2 K2i?vH K�`F
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

A B

6B;m`2 8XR, J". �HB;MK2Mi �+`Qbb J".@+QMi�BMBM; 7�KBHv K2K#2`b, U�V �HB;M@
K2Mi Q7 i?2 J". /QK�BM 7Q` #Qi? ?mK�M �M/ KQmb2 Bb /BbTH�v2/X a2+QM/�`v bim+im`2 Bb
/BbTH�v2/ �#Qp2 i?2 �HB;MK2MiX a2[m2M+2 +QMb2`p�iBQM Bb b?QrM QM � #Hm2- r?Bi2- `2/ b+�H2c
r?2`2 /�`F #Hm2 Bb ?B;?Hv +QMb2`p2/X U"V h?2 bQHmiBQM Mm+H2�` K�;M2iB+ `2bQM�M+2 ULJ_V
bi`m+im`2 Q7 i?2 J". Q7 ?mK�M J".R Bb b?QrMX AM i?2 bi`m+im`2 i?2 /QK�BM Bb #QmM/ iQ �
*T: K2i?vH�i2/ /b.L�X 6B;m`2 �/�Ti2/ 7`QK UwQm 2i �HX- kyRRV

�M/ i?2 _6S@HBMF2/ J". Q++mTv bBKBH�` `2;BQMb Q7 i?2 ;2MQK2 U+Q``2H�iBQM +Q2{+B2Mi
Q7 =yX8Nd 7Q` `2;BQMb H�`;2` i?�M 8F"c l2/� 2i �HX- kyR9VX AM �//BiBQM- +QKT�`BbQM Q7
i?2 /Bbi`B#miBQM �M/ HQ+�HBb�iBQM Q7 i?2 J". /QK�BM rBi? 8ǶK2i?vH@+viQbBM2 ?�b #22M
+QM/m+i2/ mbBM; A6, #Qi? �`2 7QmM/ iQ bi�BM ?2i2`Q+?`QK�iB+ `2;BQMb Q7 i?2 ;2MQK2
+QMi�BMBM; T`2/QKBM�MiHv K�DQ` �M/ KBMQ` b�i2HHBi2b Ul2/� 2i �HX- kyR9VX 1t+BiBM;Hv-
`2+2Mi bim/B2b ?�p2 �HbQ b?QrM i?�i Bi Bb TQbbB#H2 iQ BM+Q`TQ`�i2 i?2b2 `2TQ`i2`b BMiQ
HBp2 �MBK�Hb- 2M�#HBM; i?2 �bb�vBM; Q7 .L� K2i?vH�iBQM /Bbi`B#miBQM 7`QK i?2 2�`Hv
2K#`vQ iQ i?2 �/mHi BM #Qi? KB+2 �M/ x2#`�}b? Uw?�M; 2i �HX- kyRdVX

hQ 2Mbm`2 i?2 rB/2bi �TTHB+�#BHBiv Q7 � [m�MiBi�iBp2 HBp2 bBM;H2 +2HH �TT`Q�+? Bi M22/2/
iQ #2 KBMBK�HHv /�K�;BM; iQ i?2 +2HH iQ 2M�#H2 �b K�Mv iBK2 TQBMib iQ #2 �bb�v2/
�b TQbbB#H2X AM �//BiBQM- Bi M22/2/ iQ �HHQr iBK2 TQBMib iQ #2 +QHH2+i2/ 7`QK bBM;H2
+2HHb �+`Qbb � #`Q�/ `�M;2 Q7 BMi2`p�Hb- 7`QK b2+QM/b iQ r22Fb bQ �b iQ K�tBKBb2 Bib
miBHBivX G�biHv- A `2[mB`2/ i?�i i?2 K2i?Q/ miBHBb2/ MQ KQ`2 i?�M QM2 ~mQ`QT?Q`2- bQ
�b iQ KBMBKBb2 �Mv #B�b �bbQ+B�i2/ rBi? +QQT2`�iBp2 2z2+ib i?�i rQmH/ `2bmHi 7`QK i?2
M2+2bbBiv Q7 T`QtBKBiv rBi?BM i?2 Mm+H2mb U�b b22M 7Q` ~mQ`2b+2M+2 `2bQM�M+2 2M2`;v
i`�Mb72` U6_1hVV Q` /2`Bp2/ 7`QK i?2 .L� b2[m2M+2 Bib2H7 U�b b22M 7Q` +QQT2`�iBp2
�MiB#Q/v #BM/BM;VX h?2 K2i?Q/ i?�i A /2+B/2/ iQ BKTH2K2Mi Bb +�HH2/ .Bz2`2MiB�H
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

.vM�KB+ JB+`Qb+QTv U..JVX ..J Bb �M BK�;2 �M�HvbBb K2i?Q/ i?�i mb2b 6Qm`B2`
i`�Mb7Q`K i2+?MB[m2b iQ /2i2`KBM2 2Mb2K#H2 /vM�KB+b Q7 BbQi`QTB+ T`Q+2bb2b- � KQ`2
/2i�BH2/ /2b+`BTiBQM Q7 i?2 �TT`Q�+? Bb T`QpB/2/ BM J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8XRj
�M/ _2bmHib b2+iBQM 8XkXRRX h?Bb K2i?Q/ ?�b #22M T`2pBQmbHv mb2/ iQ bim/v i?2 KQiBQM
Q7 T�`iB+H2b BM bQHmiBQMb U*2`#BMQ �M/ h`�TT2- kyy3VX AM �//BiBQM- i?Bb �TT`Q�+? ?�b
�HbQ #22M mb2/ iQ �bb2bb i?2 /vM�KB+b Q7 2Mb2K#H2 #�+i2`B�H KQiBQM- mbBM; � KQ/B}2/
p2`bBQM Q7 i?2 K2i?Q/ FMQrM �b +QM7Q+�H@..J UGm 2i �HX- kyRk �M/ qBHbQM 2i �HX- kyRRVX
>Qr2p2`- 7Q` i?Bb +m``2Mi bim/v- i?2`2 �`2 irQ ?m`/H2b i?�i rBHH M22/ iQ #2 Qp2`+QK2
#27Q`2 i?Bb K2i?Q/ +�M #2 K�/2 �TTHB+�#H2X L�K2Hv- i?�i ..J ?�b MQi #22M �TTHB2/
BM �M BMi`�+2HHmH�` K�MM2`- MQ` ?�b Bi #22M �TTHB2/ BM � ~mQ`2b+2M+2 K�MM2` iQ �bb2bb
� #BQHQ;B+�H bvbi2KX

AM �//BiBQM- iQ i?2 /2p2HQTK2Mi Q7 i?Bb ..J@�TT`Q�+?- A /2p2HQT2/ �M �Hi2`M�iBp2
~mQ`2b+2M+2 `2+Qp2`v �7i2` T?QiQ@#H2�+?BM; U6_�SV �TT`Q�+?X 6_�S Bb � ~mQ`2b+2M+2@
#�b2/ BK�;BM; K2i?Q/ i?�i /2i2`KBM2b /BzmbBQM FBM2iB+b 7`QK i?2 Q#b2`p�iBQM Q7 i?2
`2+Qp2`v `�i2 Q7 � b�KTH2 `2;BQM 7QHHQrBM; T?QiQ@#H2�+?BM;- � KQ`2 /2i�BH2/ /2b+`BTiBQM
Q7 i?2 �TT`Q�+? Bb T`QpB/2/ BM J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8XRR �M/ _2bmHib b2+iBQM
8XkXjX h?Bb 6_�S �TT`Q�+? r�b mb2/ iQ /2i2`KBM2 i?2 72�bB#BHBiv Q7 i?2 MQp2H ..J
�TT`Q�+? 7Q` [m�MiB7vBM; .L� K2i?vH�iBQM /vM�KB+bX AM �//BiBQM- bBM+2 6_�S Bb
Bib2H7- �M BM?2`2MiHv HBp2 +2HH K2�bm`2 Q7 .L� K2i?vH�iBQM- Bi `2T`2b2Mib �M BMi2`2biBM;
�Hi2`M�iBp2 �TT`Q�+? iQ 2tTHQ`2 7Q` +2`i�BM �TTHB+�iBQMbX >Qr2p2`- i?2`2 �`2 b2p2`�H
/`�r#�+Fb iQ 6_�S `2/m+BM; i?2 TQi2MiB�H miBHBiv Q7 i?Bb �TT`Q�+? Qp2` ..J 7Q`
7mim`2 �TTHB+�iBQMbX 6Q` BMbi�M+2- i?2 /2bi`m+iBp2 M�im`2 Q7 i?2 BK�;BM; T`Q+2bb HBKBib
i?2 MmK#2` Q7 iBK2 TQBMib i?�i +QmH/ #2 +�Tim`2/ 7Q` �Mv bBM;H2 +2HH- �M/ `2bmHib BM
BM+`2�b2/ +QM7QmM/BM; 7�+iQ`b bm+? �b +2HH /�K�;2 �M/ /2�i?X AM �//BiBQM- i?2 iBK2
`2bQHmiBQM Q7 6_�S Bb HBKBi2/ #v i?2 iBK2 `2[mB`2/ iQ �+?B2p2 `2+Qp2`v 7QHHQrBM; T?QiQ@
#H2�+?BM;X h?Bb BM im`M HBKBib i?2 KBMBK�H iBK2 BMi2`p�H iQ Q#b2`p2 .L� K2i?vH�iBQM
/vM�KB+b iQ KBMmi2bX
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

6B;m`2 8Xk, *QMbi`m+i K�T Q7 i?2 J".R@2:6S +QMbi`m+i, � b+?2K�iB+ Q7 i?2 TH�b@
KB/ Bb b?QrMX >B;?HB;?i2/ �`2 BMi2;`�H TH�bKB/ 72�im`2bX lM/2`M2�i? i?2 TH�bKB/ b+?2K�iB+-
� b2[m2M+BM;@#�b2/ �MMQi�iBQM 7Q` i?2 J". /QK�BM Bb /BbTH�v2/X h?Bb b2[m2M+2 �MMQi�iBQM
?B;?HB;?ib i?2 HQ+�iBQM Q7 i?2 2:6S �M/ LGa rBi? `2bT2+i iQ i?2 J". /QK�BMX 6B;m`2
�/�Ti2/ 7`QK Uu�K�;�i�- kyRyVX

8XkXk J".R@2:6S HQ+�HBb�iBQM `2+�TBimH�i2b 8K* bi�BMBM;

"27Q`2 �ii2KTiBM; iQ [m�MiB7v .L� K2i?vH�iBQM BM HBpBM; +2HHb- A }`bi r�Mi2/ iQ p�HB/�i2
i?�i A +QmH/ `2T`Q/m+2 i?2 2tT2+i2/ T�ii2`Mb +?�`�+i2`BbiB+ Q7 .L� K2i?vH�iBQM BM i?2
Mm+H2mb Uu�K�;�i�- kyRyVX � ;`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 +QMbi`m+i i?�i r�b miBHBb2/
BM Kv 2tT2`BK2Mib Bb b?QrM BM 6B;m`2 8XkX

hQ �bb2bb i?2 /Bbi`B#miBQM Q7 i?2 T`Qi2BM /2`Bp2/ 7`QK i?2 J".R@2:6S +QMbi`m+i- A
T2`7Q`K2/ i`�Mb72+iBQMb BM b2`mK@;`QrM KQmb2 2K#`vQMB+ bi2K +2HHb UK1a*bV- #27Q`2
}tBM; i?2 +2HHb �M/ BK�;BM; i?2K QM � +QM7Q+�H KB+`Qb+QT2X h?2b2 BK�;2b- b?QrM
BM 6B;m`2 8Xj ?B;?HB;?i i?�i i?2 b�K2 T�ii2`M Q7 HQ+�HBb�iBQM +�M #2 �+?B2p2/ 7Q` i?2
+QMbi`m+i �b ?�b #22M T`2pBQmbHv /2}M2/ 7Q` .L� K2i?vH�iBQM BM � *T: +QMi2ti Ul2/�
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

MBD1-GFP DAPI+mask5mC

6B;m`2 8Xj, *Q−HQ+�HBb�iBQM Q7 .L� K2i?vH�iBQM �M/ J".R@2:6S T`Qi2BM BM
b2`mK K1a*b, 1t2KTH�` }t2/ b2`mK K1a*b �`2 b?QrMX h?2 }`bi +QHmKM /BbTH�vb i?2
HQ+�HBb�iBQM Q7 i?2 J".R@2:6S T`Qi2BM �b K2�bm`2/ 7`QK i?2 2:6SX h?2 b2+QM/ +QHmKM
/BbTH�vb i?2 8Ƕ@K2i?vH+viQbBM2 7Q` i?2 b�K2 +2HHb- �b K2�bm`2/ #v A6X h?2 i?B`/ +QHmKM
/BbTH�vb i?2 .�SA bi�BM Q7 i?2 Mm+H2mb Qp2`H�v2/ #v � +QHQ+�HBb�iBQM K�bF Q7 i?2 J".R@
2:6S �M/ 8Ƕ@K2i?vH+viQbBM2X h?2 b+�H2 #�` `2T`2b2Mib Ry µKX

2i �HX- kyR9VX L�K2Hv- i?�i i?2 +QMbi`m+i Bb pBbB#Hv �bbQ+B�iBM; rBi? ?2i2`Q+?`QK�iB+
7Q+B rBi?BM i?2b2 K1a*bX

8XkXj .2b+`BTiBQM Q7 i?2 6_�S K2i?Q/ mb2/

>�pBM; b22M i?�i i?2 +QMbi`m+i Bb #2?�pBM; �b r�b 2tT2+i2/ 7`QK i?2 T`2pBQmb Tm#HB+�@
iBQMb i?�i ?�p2 miBHBb2/ Bi- A M2ti /2+B/2/ iQ T2`7Q`K 6_�S 2tT2`BK2Mib iQ /2i2`KBM2
i?2 72�bB#BHBiv Q7 mbBM; i?Bb +QMbi`m+i 7Q` i?2 [m�MiB}+�iBQM Q7 ;HQ#�H .L� K2i?vH�iBQM
H2p2Hb BM HBpBM; +2HHbX

h?2 +QM+2Ti Q7 6_�S Bb iQ B/2MiB7v � bK�HH `2;BQM Q7 BMi2`2bi +QMi�BMBM; � MmK#2`
Q7 ~mQ`QT?Q`2b i?�i �`2 BM �M 2[mBHB#`BmK bi�i2 �M/ mbBM; 2Bi?2` H�b2` 2t+Bi�iBQM Q`
G1. 2t+Bi�iBQM iQ T?QiQ@2t+Bi2 �HH i?2 ~mQ`QT?Q`2b BM i?2 `2;BQM Q7 BMi2`2bi mMiBH i?2v
�`2 MQ HQM;2` �#H2 iQ 2KBi /2@2t+Bi�iBQM T?QiQMb- i?Bb �`2� Bb `272``2/ iQ �b #2BM;
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

A B

C D

6B;m`2 8X9, 6_�S `2+Qp2`B2b 2tTH�BM2/, U�V �M 2t�KTH2 6_�S BK�;2X _2;BQMb Q7
BMi2`2bi U_PAV �`2 ?B;?HB;?i2/X _PAR Bb i?2 _PA BM i?2 Mm+H2mb i?�i Bb T?QiQ@#H2�+?2/X _PAk
+QMi�BMb i?2 Mm+H2mb Q7 i?2 +2HH 7`QK r?B+? K2�bm`K2Mib �`2 #2BM; i�F2MX _PAj Bb � #�+F@
;`QmM/ `2;BQM Q7 i?2 BK�;2 i?�i /Q2b MQi +QMi�BM � +2HHX U"@.V 1t�KTH2 `�r `2+Qp2`v +m`p2b
UT`2@MQ`K�HBb�iBQMV 7Q` _PAR U"V- _PAk U*V �M/ _PAj U.VX

T?QiQ@#H2�+?2/X 6Q` � bi�iB+ bvbi2K 2X;X � }t2/ +2HH- i?2 �`2� i?�i Bb T?QiQ@#H2�+?2/
rBHH M2p2` `2+Qp2` iQ #2+QK2 ~mQ`2b+2Mi �;�BM bBKTHv #2+�mb2 i?2 ~mQ`QT?Q`2b �`2
BKKQ#BH2X GBF2rBb2- BM � /BzmbBp2 bvbi2K 2X;X � ~mQ`2b+2Mi /v2 bmbT2M/2/ BM r�i2`
i?2 `2;BQM Q7 BMi2`2bi rBHH 2p2Mim�HHv `2+Qp2` iQ i?2 Q`B;BM�H H2p2H Q7 ~mQ`2b+2M+2 �7i2` �
T2`BQ/ Q7 iBK2 U6B;m`2 8X9VX

h?2 iBK2 7Q` 7mHH `2+Qp2`v Bb /2T2M/2Mi QM K�Mv 7�+iQ`b BM+Hm/BM;, i?2 bBx2 Q7 i?2
T?QiQ@#H2�+?2/ `2;BQM �M/ i?2 bBx2f?v/`Q/vM�KB+ `�/Bmb Q7 i?2 ~mQ`QT?Q`2 mM/2` bim/vX
G�biHv- Bi b?QmH/ #2 i�F2M BMiQ +QMbB/2`�iBQM i?�i BM MQM@/BzmbBQM K2/B�i2/ bvbi2Kb
2X;X /`Bp2Mfi`�{+F2/ KQiBQM- bm+? �b Bb 7QmM/ 7Q` HBTB/ `�7ib U.�v 2i �HX- kyRkV- bm+?
`2+Qp2`v rQmH/ #2 /2T2M/2Mi QM i?2 2{+B2M+v �M/ ivT2 Q7 K2/B�i2/ KQiBQM i?�i Bb
BMpQHp2/X

h?2 `2bQHmiBQM HBKBib Q7 � 6_�S bvbi2K �`2 K2�bm`2K2Mib Q7 i?2 BMi2MbBiv H2p2Hb Q7
i?2 ~mQ`QT?Q`2 �M/ i?�i i?2 `2+Qp2`v iBK2 Q7 i?2 T?QiQ@#H2�+?2/ �`2� Bb Km+? ;`2�i2`
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

i?�M BMi2;`�iBQM iBK2 Q7 i?2 BMbi`mK2Mi- T�`iB+mH�`Hv i?2 BMBiB�H 7`�K2 bm#b2[m2Mi iQ
T?QiQ@#H2�+?BM;X � ;2M2`�H 6_�S `2+Qp2`v +m`p2 rBHH #2 �#H2 iQ #2 }i iQ i?2 7Q`K
UEH2BM �M/ q�?�`i2- kyRyVX

f(t) = A(1 − e(−t·τ)) U8XRV

r?2`2 � Bb i?2 �KTHBim/2 Q7 i?2 bB;M�H- i Bb i?2 iBK2 Q7 K2�bm`2K2Mi �M/ � Bb i?2
`2+Qp2`v `�i2X h?2 `2+Qp2`v `�i2 +�M #2 +QMp2`i2/ BMiQ � `2+Qp2`v ?�H7@HB72 rBi?-

tRfk = ln(0.5)
τ

U8XkV

h?Bb `2+Qp2`v ?�H7@HB72 UiRfkV r�b mb2/ iQ +QKT�`2 �+`Qbb +QM/BiBQMb �M/ 2tT2`BK2MibX
h?2 `2+Qp2`v ?�H7@HB72 BM i?2 `2;BQM Q7 BMi2`2bi- rk- Bb �HbQ `2H�i2/ iQ i?2 /BzmbBQM Q7 i?2
~mQ`QT?Q`2- �bbmKBM; i?2 T?QiQ#H2�+?2/ �`2� Bb bT?2`B+�H �M/ ;�mbbB�M-

D = w2

4tRfk
U8XjV

h?2 �KTHBim/2 � BM 2[m�iBQM R +�M #2 /2i2`KBM2/ �b i?2 HQM;@iBK2 �bvKTiQi2 p�Hm2
�M/ ?�b MQ #2�`BM; QM i?2 �`;mK2Mi Q7 2Bi?2` 2[m�iBQMX

f(t) lim
(t→∞)

= A(1 − e−(∞·τ))

= A(1 − e−∞)

= A(1 − 0)

= A U8X9V

h?Bb Bb #2+�mb2 i?2 �KTHBim/2 Q7 i?2 6_�S +m`p2 +�M #2 MQ`K�HBx2/- H2�pBM; QMHv
i?2 �`;mK2Mi Q7 i?2 2[m�iBQM �b BKTQ`i�Mi 7Q` /2i2`KBMBM; i?2 /BzmbBQM Q` ivT2 Q7
�MQK�HQmb /BzmbBQM i?�i Bb T`2b2Mi BM i?2 2tT2`BK2MiX

h?2 K2�bm`2K2Mib BM i?Bb T�`iB+mH�` 6_�S b2imT r2`2 K�/2 mbBM; � b[m�`2 T?QiQ@
#H2�+?2/ �`2�X 6Q` K�i?2K�iB+�H 2�b2 Q7 /2`BpBM; i?2 `2+Qp2`v /vM�KB+b- i?2 b[m�`2
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

#H2�+?2/ �`2� +�M #2 �TT`QtBK�i2/ �b � +B`+H2 Q7 `�/Bmb ?�H7 i?2 bB/2 Q7 i?2 b[m�`2X

ratio = πr2

2r2

= π

4

= 0.785 U8X8V

h?2 �`2� /Bz2`2M+2 rBHH `2bmHi BM � bvbi2K�iB+ #B�b i?�i �i KQbi rBHH +Q``2bTQM/ iQ
Ry@RkW K2�bm`2K2Mi 2``Q`X h?2 `�iBQM�H2 7Q` �TT`QtBK�iBM; i?2 �`2� �b � +B`+H2 Bb /m2
iQ i?2 /2`Bp�iBQM Q7 i?2 K�i?2K�iB+b mb2/ iQ 2bi�#HBb? 2[m�iBQM 8XRX

AM i?2b2 2tT2`BK2Mib � 7mHH MQ`K�HBb�iBQM r�b T2`7Q`K2/- #`B2~v i?Bb BMpQHp2/ i?2 b+�H@
BM; Q7 i?2 ~mQ`2b+2M+2 �i i4y iQ y �M/ i?2 ~mQ`2b+2M+2 mTQM 7mHH `2+Qp2`v iQ RX J�i?@
2K�iB+�HHv- i?Bb Bb `2T`2b2Mi2/ #v 2[m�iBQM 8XeX

Full Normalisation = f(t) − f(t21)
f(tasym) − f(t21)

U8XeV

q?2`2,
f(t21) = Fluorescence upon bleaching

h?Bb MQ`K�HBx�iBQM `2bmHib BM �M �KTHBim/2 i2`K i?�i BM bQK2 +�b2b rQmH/ #2 MQi 2[m�H
iQ mMBiv /m2 iQ i?2 ~m+im�iBQMb QM i?2 bQm`+2 /�i�- ?Qr2p2` Bi +�M bm#b2[m2MiHv #2
mb2/ �b � }Hi2` QM i?2 [m�HBiv Q7 i?2 /�i� b2ibX A7 � T�`iB+mH�` }i /B/ MQi `2im`M �
p�Hm2 Q7 � ∼R i?2M i?2b2 /�i� +QmH/ #2 2t+Hm/2/ 7`QK 7m`i?2` �M�HvbBb �b i?2v �`2 MQi
`2T`2b2Mi�iBp2 Q7 � bi�M/�`/ 6_�S +m`p2 /m2 iQ MQBb2 H2p2HbX

�HH b�KTH2b r2`2 MQ`K�HBb2/ �M/ }i mbBM; 2[m�iBQM 8XR iQ Q#i�BM K2�bm`2b Q7 `2+Qp2`v
?�H7@HB72X
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

MBD1-
eG
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6B;m`2 8X8, J".R@2:6S ?�b � HQM;2` `2+Qp2`v ?�H7@HB72 i?�M 2:6S@QMHv, SHQi
b?QrBM; i?2 `2+Qp2`v ?�H7@HBp2b Q7 J".R@2:6S �M/ 2:6S@QMHv b2`mK@;`QrM K1a*bX aB;MB7@
B+�M+2 r�b �bb2bb2/ mbBM; � irQ@i�BH2/ i@i2bi- i?2 /Bz2`2M+2 #2ir22M i?2 irQ +QM/BiBQMb r�b
?B;?Hv bB;MB}+�Mi- T@p�Hm2 IyXyyRX

8XkX9 J".R@2:6S /BzmbBQM +�M #2 [m�MiB}2/ BM HBp2 +2HHb

hQ �bb2bb i?2 72�bB#BHBiv Q7 [m�MiB7vBM; ;HQ#�H H2p2Hb Q7 .L� K2i?vH�iBQM BM HBpBM; +2HHb-
A T2`7Q`K2/ bQK2 T`2HBKBM�`v 6_�S 2tT2`BK2Mib mbBM; b2`mK@;`QrM K1a*b �b Kv
KQ/2H bvbi2KX

h?2 }`bi 2tT2`BK2Mi i?�i r�b T2`7Q`K2/ r�b iQ +QKT�`2 i?2 J".R@2:6S +QMbi`m+i
iQ �M 2:6S@QMHv +QMbi`m+iX h?2 6_�S BK�;BM; �M/ T`BK�`v �M�HvbBb r�b +QM/m+i2/
�b /2i�BH2/ BM i?2 J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8XRRX h?2 `2bmHiBM; [m�MiB}+�iBQM
r�b i?2M 7mHHv MQ`K�HBb2/ #27Q`2 +m`p2 }iiBM; Q7 2[m�iBQM 8XR r�b T2`7Q`K2/ mbBM; i?2
MHb 7mM+iBQM BM _ U_ *Q`2 h2�K- kyRdc a2+iBQM 8XkXjVX

h?2 `2bmHib 7`QK i?Bb 2tT2`BK2Mi BM b2`mK@;`QrM K1a*b b?Qr2/ i?�i �b 2tT2+i2/ i?2
`2+Qp2`v ?�H7@HBp2b 7Q` i?2 J".R@2:6S K1a*b r2`2 bB;MB}+�MiHv BM+`2�b2/ `2H�iBp2
iQ i?2 2:6S@QMHv +QMbi`m+i U6B;m`2 8X8VX h?Bb b?Qr2/ 7Q` i?2 }`bi iBK2 i?�i Bi r�b
TQbbB#H2 iQ K2�bm`2 i?2 `2H�iBp2 /Bz2`2M+2 BM `2+Qp2`v ?�H7@HB72 #2ir22M � 2:6S@QMHv
UK2�M iRfk 4 yXe b2+QM/bV +QMbi`m+i �M/ QM2 i?�i +QMi�BMb �M J". T`Qi2BM UK2�M iRfk 4
eXk b2+QM/bVX h?Bb 2tT2`BK2Mi bm;;2bi2/ iQ K2 i?�i Bi K�v #2 TQbbB#H2 iQ K2�bm`2 .L�
K2i?vH�iBQM /vM�KB+b BM HBpBM; +2HHb- QrBM; iQ i?2 K�;MBim/2 Q7 i?2 /Bz2`2M+2 #2ir22M
i?2b2 irQ +QMbi`m+ib �M/ i?2 T`2+BbBQM Q7 i?2 `2+Qp2`v ?�H7@HB72 #2ir22M `2THB+�i2bX
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

eGFP recovery MBD1-eGFP recoveryA B

6B;m`2 8Xe, _2+Qp2`v bT22/ Q7 i?2 2:6S@QMHv K1a*b T`2+Hm/2b �++m`�i2 K2�@
bm`2K2Mi, U� �M/ "V LQ`K�HBb2/ �M/ +2HH �p2`�;2/ `2+Qp2`v THQib 7Q` 2:6S@QMHv K1a*b U�V
�M/ J".R@2:6S K1a*b U"VX 1``Q` #�`b `2T`2b2Mi bi�M/�`/ /2pB�iBQM BM i?2 K2�bm`2K2Mi
�M/ 7�` H�`;2` BM i?2 +�b2 Q7 2:6S@QMHvX

lM7Q`imM�i2Hv- i?2 bT22/ rBi? r?B+? i?2 2:6S `2+Qp2`2/ r�b iQQ 7�bi iQ 2M�#H2 �++m`�i2
K2�bm`2K2Mi Q7 i?2 `2+Qp2`v ?�H7@HB72 U6B;m`2 8XeVX h?Bb H2/ iQ /B{+mHiv BM �bb2bbBM; i?2
2ti2Mi Q7 i?2 T?QiQ@#H2�+?BM; �M/ �HbQ ;`2�iHv `2/m+2/ i?2 MmK#2` Q7 iBK2 TQBMib rBi?
r?B+? Bi r�b 72�bB#H2 iQ �bb2bb i?2 `2+Qp2`v Qp2`X h?Bb BM im`M `2bmHi2/ BM BM+`2�b2/ MQBb2
rBi?BM i?2 }iiBM; �M/ BM K�Mv +�b2b /B{+mHiv BM +QMp2`;BM; QM � }iX �b �M �Hi2`M�iBp2
+QMi`QH 7Q` i?2 2:6S@QMHv +2HHb iQ 2Mbm`2 i?�i i?2v r2`2 �+im�HHv #2BM; T?QiQ@#H2�+?2/
iQ � bBKBH�` 2ti2Mi �b i?2 J".R@2:6S +2HHb- A }t2/ +2HHb #27Q`2 T2`7Q`KBM; i?2 6_�S
UmbBM; i?2 b�K2 b2iiBM;b �b T`2pBQmbHvVX �b 2tT2+i2/- BM i?Bb BMbi�M+2 i?2 #H2�+?BM;
r�b pBbB#H2 �M/ K�i+?2/ BM K�;MBim/2 iQ i?2 J".R@2:6S@+QMi�BMBM; +2HHb U6B;m`2
8XdVX �b bm+? A +QM+Hm/2/ i?�i i?2 J".R@2:6S T`Qi2BM Bb �i H2�bi Ry@7QH/ bHQr2` BM
b2`mK K1a*b i?�M i?2 2:6S@QMHv +QMi`QH- �M/ i?�i i?Bb HBF2Hv `2~2+ib i?2 J".R@
2:6S #BM/BM; iQ .L�X

8XkX8 J�tBKBbBM; i?2 bB;M�H 7`QK i?2 6_�S 2tT2`BK2Mi

>�pBM; b22M i?�i Bi r�b TQbbB#H2 iQ K2�bm`2 /Bz2`2M+2b BM i?2 `2+Qp2`v ?�H7@HB72 Q7
J".R@2:6S �M/ 2:6S BM b2`mK K1a*b- A M2ti r�Mi2/ iQ 2Mbm`2 i?�i 7Q` 7mim`2
2tT2`BK2Mib A r�b K�tBKBbBM; i?2 6_�S bB;M�H r?BHbi KBMBKBbBM; �Mv 2tT2`BK2Mi�H
+QM7QmM/BM; 7�+iQ`b i?�i A +�M +QMi`QHX h?2b2 2tT2`BK2Mib r2`2 +QM/m+i2/ BM b2`mK@
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

t=0 frames t=20 frames t=400 frames

t=0 frames t=20 frames t=400 frames

A

B

6B;m`2 8Xd, 2:6S@QMHv b2`mK K1a*b r2`2 T?QiQ@#H2�+?2/, U� �M/ "V 6`�K2b 7`QK
T`2@#H2�+? Ui4y 7`�K2bV- #H2�+? Ui4ky 7`�K2bV �M/ TQbi@#H2�+? Ui49yy 7`�K2bV 7Q` J".R@
2:6S b2`mK K1a*b U�V �M/ 2:6S@QMHv b2`mK K1a*b U"VX AMb2ib �`2 b?QrM iQ ?B;?HB;?i
i?2 `2;BQM Q7 i?2 Mm+H2mb i?�i r�b T?QiQ@#H2�+?2/X _PAR Bb /2TB+i2/ rBi? � v2HHQ Q` #H�+F
b[m�`2X

;`QrM K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+iX lM7Q`imM�i2Hv- +2`i�BM p�`B�#H2b
�Hi?Qm;? TQi2MiB�HHv +QM7QmM/BM; Q7 Kv `2bmHib- �`2 #2vQM/ i?2 HBKBib Q7 Qm` +QMi`QH-
Bi Bb MQi TQbbB#H2 7Q` mb iQ �+?B2p2 � mMB7Q`K �M/ +B`+mH�` T?QiQ@#H2�+?- 7Q` BMbi�M+2
Ua2+iBQM 8XkXjVX

�bb2bbBM; T?QiQ@#H2�+? /B�K2i2`

h?2 }`bi T�`�K2i2` i?�i A �bb2bb2/ r�b i?2 /B�K2i2` Q7 i?2 T?QiQ@#H2�+?2/ b[m�`2X A
r�Mi2/ iQ 2Mbm`2 i?�i A r�b K�tBKBbBM; i?2 bBx2 Q7 i?2 T?QiQ@#H2�+?2/ `2;BQM mM/2`
bim/vX h?Bb Bb BKTQ`i�Mi bBM+2 i?2 HBKBi Q7 i?2 �++m`�+v BM i?2 K2�bm`2K2Mi Q7 i?2
`2+Qp2`v mTQM T?QiQ@#H2�+?BM; Bb BM T�`i /m2 iQ i?2 MmK#2` Q7 TBt2Hb i?�i �`2 �bb2bb2/
rBi?BM i?2 #H2�+?2/ �`2�X �b bm+? i?2 KQ`2 TBt2Hb i?�i �`2 pBbm�HBb2/ rBi?BM i?2
#H2�+?2/ �`2� i?2 KQ`2 BM7Q`K�iBQM i?2`2 Bb iQ �p2`�;2 Qp2` �M/ /2i2`KBM2 � `2+Qp2`v
+m`p2X h?2`2 Bb � HBM2�` `2H�iBQMb?BT #2ir22M i?2 �`2� Q7 i?2 T?QiQ@#H2�+?2/ `2;BQM �M/
i?2 `2+Qp2`v ?�H7@HB72 UiRfkVX AM Qi?2` rQ`/b- i?2 H�`;2` i?2 �`2� Q7 i?2 T?QiQ@#H2�+?2/
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6B;m`2 8X3, _2+Qp2`v Bb bBx2 BMp�`B�Mi Qp2` K2�bm`2/ #H2�+? /B�K2i2`b, U�V _2+Qp@
2`v ?�H7@HB72 Bb /BbTH�v2/ �b � 7mM+iBQM Q7 BM+`2�bBM; TBt2H bBx2X 1``Q` #�`b `2T`2b2Mi bi�M/�`/
/2pB�iBQMX U"V _2+Qp2`v ?�H7@HB72 b?QrM �b � 7mM+iBQM Q7 T?QiQ@#H2�+?BM; �`2�X J2�bm`2K2Mib
r2`2 K�/2 BM J".R@2:6S b2`mK K1a*bX

`2;BQM i?2 HQM;2` i?2 `2+Qp2`v i�F2b- bBM+2 i?2 /BzmbBQM +Q2{+B2Mi Bib2H7 b?QmH/ `2K�BM
+QMbi�Mi U2[m�iBQM 8XjVX >Qr2p2`- i?2`2 Bb � HBKBi iQ i?Bb ;�BM BM �++m`�+v- �M/ i?�i
Bb /m2 iQ i?2 +QMbi`�BMi Q7 i?2 #QmM/b Q7 i?2 +2HHX h?2 K�i?2K�iB+b 7Q` /2`BpBM;
i?2 /BzmbBQM +Q2{+B2Mi 7`QK i?2b2 6_�S@#�b2/ K2�bm`2K2Mib- K�F2b i?2 �bbmKTiBQM
i?�i i?2 bT�+2 �`QmM/ i?2 T?QiQ@#H2�+?2/ �`2� Bb mMB7Q`K �M/ BM}MBi2X "Qi? Q7 i?2b2
�bbmKTiBQMb �`2 BM?2`2MiHv r`QM; r?2M �TTHB2/ iQ � +2HHmH�` +QMi2ti- ?Qr2p2`- i?2v
�`2 i`m2 2MQm;? i?�i 2[m�iBQM 8XR ?QH/b �b HQM; �b i?2 T?QiQ@#H2�+?2/ �`2� Bb MQi iQQ
H�`;2X �b bm+?- A /2+B/2/ iQ T2`7Q`K � +QMi`QH 2tT2`BK2Mi iQ i2bi i?2 �bbmKTiBQM Q7
HBM2�`Biv rBi? BM+`2�bBM; #H2�+? �`2�X hQ �bb2bb i?Bb- A T2`7Q`K2/ 6_�S 2tT2`BK2Mib
mbBM; /Bz2`2Mi /B�K2i2`b Q7 #H2�+?BM; �`2�X

h?Bb 2tT2`BK2Mi b?Qr2/ i?�i Bi r�b TQbbB#H2 iQ /2`Bp2 `2+Qp2`v ?�H7@HBp2b �+`Qbb � `�M;2
Q7 T?QiQ@#H2�+?2/ �`2�b U6B;m`2 8X3VX AM �//BiBQM- Bi 2t2KTHB}2/ i?2 Tm`TQb2 Q7 i?2 2t@
T2`BK2Mi- r?B+? r�b iQ `2/m+2 i?2 MQBb2 �bbQ+B�i2/ rBi? bK�HH T?QiQ@#H2�+?2/ �`2�b-
bBM+2 �i HQr T?QiQ@#H2�+?BM; �`2�b i?2 bi�M/�`/ /2pB�iBQM BM i?2 K2�bm`2K2Mi BM+`2�b2/X
AM �//BiBQM- i?Bb 2tT2`BK2Mi b?Qr2/ i?�i i?2 �bbmKTiBQM Q7 BM}MBi2 �`2� QmibB/2 Q7 i?2
T?QiQ@#H2�+?2/ �`2� ?2H/ 7Q` �HH T?QiQ@#H2�+?2/ `2;BQMb i2bi2/ UmT iQ RyXk9 µKkVX hQ
2Mbm`2 i?�i A K�tBKBb2/ i?2 MmK#2` Q7 TBt2Hb �M/ iQ `2/m+2 i?2 +?�M+2 Q7 �Mv 7mim`2 Bb@
bm2b- r?2`2 +2HHb rBi? bHB;?iHv bK�HH2` Mm+H2B +QmH/ `2bmHi BM i?2b2 #QmM/�`v 2z2+ib �;�BM-
A /2+B/2/ iQ miBHBb2 � T?QiQ@#H2�+?BM; �`2� Q7 8Xde µKk 7Q` 7mim`2 2tT2`BK2MibX
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

�bb2bbBM; i?2 BKT�+i Q7 2tT`2bbBQM /Bz2`2M+2b

h?2 b2+QM/ TQi2MiB�HHv +QM7QmM/BM; 7�+iQ` i?�i A r�Mi2/ iQ �//`2bb +�K2 7`QK i?2
Q#b2`p�iBQM i?�i 2p2M B7 A /2`Bp2/ � bi�#H2 +2HH HBM2 +QMi�BMBM; i?2 J".R@2:6S +QM@
bi`m+i- /Bz2`2Mi +2HHb rBi?BM i?2 TQTmH�iBQM rQmH/ #2 2tT`2bbBM; /Bz2`BM; �KQmMib Q7
i?2 T`Qi2BM U�b K2�bm`2/ #v 2:6S H2p2Hb i?�i �`2 pBbB#H2 7`QK +QM7Q+�H KB+`Qb+QTvVX
PM2 TQbbB#H2 2tTH�M�iBQM 7Q` i?Bb Bb i?�i i?Bb T`Qi2BM Bb #2BM; 2tT`2bb2/ BM � +2HH +v+H2
/2T2M/2Mi K�MM2`X aBM+2 A r�Mi iQ #2 �#H2 iQ [m�MiBi�iBp2Hv �bb2bb .L� K2i?vH�iBQM
H2p2Hb �M/ MQi bBKTHv iQ /2b+`B#2 T�ii2`Mb Q7 i?2 KQ/B}+�iBQM rBi?BM +2HHb- A r�Mi2/
iQ 2Mbm`2 i?�i i?2 /Bz2`2Mi H2p2Hb Q7 J".@2:6S BM i?2 +2HHb r2`2 MQi +QM7QmM/BM; Kv
`2bmHibX h?2Q`2iB+�HHv- �bbmKBM; i?�i i?2 bm#bi`�i2 i?�i i?2 T`Qi2BM Bb #BM/BM; iQ Bb MQi
HBKBiBM; i?2`2 b?QmH/ #2 MQ /Bz2`2M+2 #2ir22M � +2HH 2tT`2bbBM; HQr Q` ?B;? �KQmMib Q7
i?2 +QMbi`m+i BM i2`Kb Q7 �TT�`2Mi /BzmbBQMX aBM+2 i?2`2 �`2 jtRyN #T BM i?2 ;2MQK2
rBi? �TT`QtBK�i2Hv kX8tRyd *T: /BMm+H2QiB/2b BM i?2 ;2MQK2- Q7 r?B+? BM � b2`mK
K1a* U�bbmKBM; dyW *T: K2i?vH�iBQMV �TT`QtBK�i2Hv RXd8tRyd Q7 i?2b2 *T: /BMm@
+H2QiB/2b rBHH #2 bvKK2i`B+�HHv K2i?vH�i2/ i?Bb b22K2/ mMHBF2Hv iQ #2 i?2 +�b2 #mi biBHH
r�``�Mi2/ i2biBM;X

�b bm+? A �//`2bb2/ r?2i?2` i?2`2 r�b � `2H�iBQMb?BT #2ir22M i?2 �TT�`2Mi `2+Qp2`v
?�H7@HB72 Q7 �Mv ;Bp2M b2`mK@;`QrM K1a*- �M/ i?2 2tT`2bbBQM H2p2H Q7 i?2 J".R@2:6S
T`Qi2BM rBi?BM � ;Bp2M b2`mK@;`QrM K1a*c K2�bm`2/ �b i?2 �p2`�;2 ~mQ`2b+2M+2 BM@
i2MbBiv Q7 i?2 Mm+H2mbX

h?Bb 2tT2`BK2Mi b?Qr2/ i?�i i?2`2 r�b MQ +Q``2H�iBQM #2ir22M i?2 K2�M ~mQ`2b+2M+2
BMi2MbBiv Q7 � ;Bp2M +2HH �M/ i?2 `2+Qp2`v ?�H7@HB72 Q7 i?2 6_�S 2tT2`BK2Mi +QM/m+i2/
QM i?�i +2HH U6B;m`2 8XNVX �b bm+?- Bi r�b +QM+Hm/2/ i?�i i?2 2tT`2bbBQM H2p2H Q7 i?2
T`Qi2BM- �b 7�` �b Bi r�b �bb2bb2/- /Q2b MQi �TT2�` iQ #2 +Q``2H�i2/ iQ i?2 `2+Qp2`v ?�H7@
HB72 K2�bm`2/X h?Bb Bb T2`?�Tb MQi bm`T`BbBM; r?2M i?2 MmK#2` Q7 *T: /BMm+H2QiB/2b BM
i?2 ;2MQK2 Bb +QMbB/2`2/ BM `2H�iBQM iQ i?2 HBF2Hv T`Qi2BM 2tT`2bbBQM H2p2H rBi?BM i?2 +2HH
UJBHQ- kyRjVX h?Bb `2bmHi Bb BKTQ`i�Mi #2+�mb2 Bi MQi QMHv K2�Mb i?�i i?2 p�`B�#BHBiv BM
i?2 H2p2Hb Q7 i?2 +QMbi`m+i �`2 MQi �M Bbbm2 7Q` i?Bb �TT`Q�+?- #mi Bi �HbQ K2�Mb i?�i BM
i?2 7mim`2- i?2b2 2tT2`BK2Mib /Q MQi `2[mB`2 /2`BpBM; � bi�#H2 +HQM�H +2HH HBM2X
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6B;m`2 8XN, _2+Qp2`v Bb BM/2T2M/2Mi Q7 T`Qi2BM H2p2H, a+�ii2`THQi +QKT�`BM; K2�M
_PAk ~mQ`2b+2M+2 BMi2MbBiv �M/ `2+Qp2`v ?�H7@HB72X LQ bB;MB}+�Mi +Q``2H�iBQM r�b 7QmM/ #2@
ir22M i?2 irQX

8XkXe J2�bm`BM; .L� K2i?vH�iBQM mbBM; 6_�S

>�pBM; /2i2`KBM2/ i?2 QTiBK�H T?QiQ@#H2�+?BM; �`2� �M/ ?�pBM; p�HB/�i2/ i?�i i?2
bvbi2K 7mM+iBQMb BM � K�MM2` i?�i Bb J".@2:6S 2tT`2bbBQM BM/2T2M/2Mi- A bQm;?i iQ
�bb2bb r?2i?2` Bi rQmH/ #2 TQbbB#H2 iQ /Bz2`2MiB�i2 #2ir22M b2`mK@;`QrM K1a*b rBi?
�M/ rBi?Qmi .L� K2i?vH�iBQMX hQ +QM/m+i i?Bb 2tT2`BK2Mi- bi�#H2 +HQM�H +2HH HBM2b +QM@
i�BMBM; i?2 J".R@2:6S +QMbi`m+i r2`2 /2`Bp2/ BM irQ ;2M2iB+�HHv@BM/2T2M/2Mi .L�
K2i?vHi`�Mb72`�b2 i`BTH2 FMQ+F@Qmi U.LJh@hEPV K1a* HBM2b �M/ i?2 +Q``2bTQM/BM;
+QMi`QH ;2M2iB+�HHv@B/2MiB+�H #�+F;`QmM/ +2HH HBM2b U?2`2iQ `272``2/ iQ �b .LJh@hEP@
*VX h?2b2 K1a*b r2`2 >�je*"RfR8N@k U/2MQi2/ ?2`2�7i2` �b R8Nc .QK+F2 2i �HX-
kyR8VX h?Bb +QKT�`BbQM r�b K�/2 #2+�mb2 .LJh@hEP K1a*b �`2 FMQrM iQ ?�p2
BM+`2/B#Hv HQrfMQ .L� K2i?vH�iBQM- r?2`2�b BM +QMi`�bi i?2 .LJh@hEP@* K1a*b
?�p2 �TT`QtBK�i2Hv d8W *T: .L� K2i?vH�iBQM ;2MQK2@rB/2 r?2M ;`QrM BM b2`mKX
h?Bb K2�Mi i?�i A +QmH/ �bb2bb r?2i?2` Bi r�b TQbbB#H2 iQ /Bz2`2MiB�i2 #2ir22M J".R@
2:6S BM +QMi2tib +QMi�BMBM; HQr Q` ?B;? �KQmMib Q7 *T: .L� K2i?vH�iBQMX
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6B;m`2 8XRy, J2�bm`2K2Mi Q7 .L� K2i?vH�iBQM Bb TQbbB#H2 mbBM; 6_�S, U�V *QK@
T�`BbQM Q7 b2`mK .LJh@hEP �M/ +QMi`QH +2HH HBM2b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+iX
2:6S@QMHv b2`mK K1a*b �`2 b?QrM 7Q` +QKT�`BbQMX *QMi`QH J".R@2:6S Bb bB;MB}+�MiHv
/Bz2`2Mi 7`QK #Qi? .LJh hEP J".R@2:6S �M/ 2:6S@QMHv UT@p�Hm2 IyXyyRVX .LJh
hEP J".R@2:6S ?�b � bB;MB}+�MiHv bHQr2` `2+Qp2`v i?�M 2:6S@QMHv UT@p�Hm2 IyXyRVX U"V
*QKT�`BbQM Q7 R8N .LJh hEP b2`mK K1a*b �M/ +QMi`QH +2HH HBM2b +QMi�BMBM; i?2 J".R@
2:6S +QMbi`m+iX h?2 +QMi`QH R8N K1a*b �`2 bB;MB}+�MiHv /Bz2`2Mi 7`QK i?2 R8N .LJh
hEP +2HHb UT@p�Hm2 IyXyyRVX

h?2 6_�S BK�;2b r2`2 T`Q+2bb2/ �M/ T`BK�`v �M�Hvb2/ �b BM J�i2`B�Hb �M/ J2i?Q/b
b2+iBQM kX8XRRX h?2 `2bmHiBM; QmiTmi r�b i?2M MQ`K�HBb2/ �M/ }ii2/ mbBM; 2[m�iBQM
8XRX h?2 `2bmHib 7`QK i?Bb 2tT2`BK2Mi b?Qr2/ i?�i i?2 irQ .LJh@hEP +2HH HBM2b #Qi?
?�/ b?Q`i2` `2+Qp2`v ?�H7@HBp2b i?�M i?2 .LJh@hEP@* +2HH HBM2b U6B;m`2 8XRyVX h?Bb Bb
+QMbBbi2Mi rBi? i?2K +QMi�BMBM; H2bb .L� K2i?vH�iBQM i?�M i?2 +QMi`QH +2HH HBM2b �M/
?2M+2 i?2 J".R@2:6S +QMbi`m+i #2BM; H2bb +QMbi`�BM2/ BM Bib KQiBQMX AM �//BiBQM- A
7QmM/ i?�i- r?2`2 +QKT�`2/- i?2 .LJh@hEP +2HH HBM2b- �Hi?Qm;? 7�bi2` `2+Qp2`BM;
i?�M i?2 +QMi`QH +2HH HBM2 r2`2 biBHH /2+B/2/Hv bHQr2` i?�M i?2 2:6S@QMHv b2`mK@;`QrM
K1a*bX h?Bb Bb +QMbBbi2Mi rBi? i?2 #BQ+?2KB+�H Q#b2`p�iBQMb K�/2 T`2pBQmbHv i?�i
i?Bb T`Qi2BM Bb biBHH +�T�#H2 Q7 BMi2`�+iBM; rBi? mMK2i?vH�i2/ .L�- �H#2Bi rBi? HQr2`
#BM/BM; 2{+B2M+v i?�M K2i?vH�i2/ .L�- i?mb ?BM/2`BM; Bib KQiBQMX h?Bb 2tT2`BK2Mi-
r�b �M BKTQ`i�Mi M2ti bi2T BM i?2 /2p2HQTK2Mi Q7 i?2 K2i?Q/ #2+�mb2 Bi ?�/ T`2pBQmbHv
#22M b?QrM i?�i- �Hi?Qm;? rBi? HQr2` �{MBiv- i?2 J". Q7 J".R rBHH #BM/ iQ #Qi?
*T: +QMi2tib BM ?2KB@K2i?vH�i2/ �M/ mMK2i?vH�i2/ +QMi2tib- �HQM;bB/2 #BM/BM; iQ
.L� BM MQM@*T: +QMi2tib �HiQ;2i?2` U"�m#2+ 2i �HX- kyRj- P?FB 2i �HX- kyyR �M/ wQm
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

2i �HX- kyRRVX AKTQ`i�MiHv- i?2 �#BHBiv iQ mM/2`i�F2 i?Bb 2tT2`BK2Mi BM irQ +QKTH2i2Hv
BM/2T2M/2Mi .LJh@hEP +2HH HBM2b r�b BKTQ`i�Mi- iQ 2Mbm`2 i?�i �Mv +?�M;2 A b�r r�b
MQi /2T2M/2Mi QM i?2 +?�`�+i2`BbiB+b Q7 �Mv QM2 FMQ+F@QmiX PM2 TQi2MiB�H +QM7QmM/2`
Q7 i?2b2 2tT2`BK2Mi�H bvbi2Kb- Bb i?�i i?2 b?�T2 �M/ bi`m+im`2 Q7 i?2 +2HHfMm+H2mb Bb
p2`v /Bz2`2Mi #2ir22M b2`mK@;`QrM .LJh@hEP K1a*b �M/ b2`mK@;`QrM .LJh@
hEP@* K1a*bX �b bm+?- A +QmH/ #2 �ii`B#miBM; /Bz2`2M+2b BM `2+Qp2`v ?�H7@HBp2b iQ
bBKTHv /Bz2`2M+2b BM +2HH b?�T2X h?2 M2ti irQ 2tT2`BK2Mi�H bvbi2Kb i?�i r2`2 bim/B2/
r2`2 +QM+2Bp2/ iQ �//`2bb i?Bb [m2biBQM- �KQM;bi Qi?2`bX

8XkXd J2�bm`BM; /Bz2`2Mi H2p2Hb Q7 .L� K2i?vH�iBQM mbBM;

6_�S

>�pBM; b22M i?�i Bi Bb TQbbB#H2 iQ K2�bm`2 �M �TT`QtBK�i2Hv dyW /Bz2`2M+2 BM .L�
K2i?vH�iBQM- A r�Mi2/ iQ �bb2bb i?2 b2MbBiBpBiv Q7 Kv 6_�S@#�b2/ [m�MiB}+�iBQM Q7
.L� K2i?vH�iBQMX hQ �bb2bb i?Bb- A miBHBb2/ irQ 2tT2`BK2Mi�H bvbi2KbX

a2`mK@;`QrM K1a* +QKT�`BbQM 6_�S

h?2 2tT2`BK2Mi�H bvbi2K +?Qb2M iQ �bb2bb p2`v bm#iH2 +?�M;2b BM .L� K2i?vH�iBQM r�b
i?�i Q7 b2`mK@;`QrM K1a*b /2`Bp2/ 7`QK /Bz2`2Mi KQmb2 bi`�BMbX h?Bb r�b +?Qb2M bBM+2
Bi Bb FMQrM i?�i K1a*b 7`QK /Bz2`2Mi KQmb2 bi`�BMb 2t?B#Bi /Bz2`2M+2b BM ;HQ#�H H2p2Hb
Q7 *T: K2i?vH�iBQM BM i?2B` ;2MQK2b UI8WVX �b bm+?- A +QKT�`2/ b2`mK@;`QrM R8N
�M/ 1R9 K1a*bX

h?2 `2bmHib Q7 i?Bb +QKT�`BbQM U6B;m`2 8XRRV b?Qr2/ i?�i A +QmH/ /2i2+i TQTmH�iBQM
/Bz2`2M+2b #2ir22M i?2 +2HHb 7`QK i?2 /Bz2`2Mi Q`B;BMb i?�i r2`2 BM F22TBM; rBi? r?�i
Bb FMQrM 7`QK K�bb bT2+i`QK2i`v �M/ b2[m2M+BM;@#�b2/ �TT`Q�+?2bX lM7Q`imM�i2Hv-
Bi r�b MQi TQbbB#H2 iQ BbQH�i2 i?2 irQ /Bz2`2Mi TQTmH�iBQMb QM � +2HH@#v@+2HH #�bBbX AM
Qi?2` rQ`/b- Bi r�b MQi TQbbB#H2 iQ T`2/B+i i?2 TQTmH�iBQM i?�i �Mv QM2 +2HH +�K2
7`QK rBi? �Mv ;`2�i +2`i�BMivX h?Bb- ?Qr2p2`- Bb TQi2MiB�HHv MQi � i2+?MB+�H HBKBi�iBQM
Q7 i?2 6_�S K2i?Q/QHQ;v #mi +QmH/ �HbQ #2 /m2 iQ i?2 M�im`2 Q7 .L� K2i?vH�iBQM
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6B;m`2 8XRR, .2i2+iBQM Q7 K2i?vH�iBQM /Bz2`2M+2b #2ir22M K1a* bi`�BMb, *QK@
T�`BbQM Q7 b2`mK 1R9 K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+i Ub2`mK K1a* �V �M/
b2`mK R8N K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+i Ub2`mK K1a* "VX � bB;MB}+�Mi
/Bz2`2M+2 r�b Q#b2`p2/ #2ir22M i?2b2 irQ +QM/BiBQMb UT@p�Hm2IyXyRVX

?2i2`Q;2M2Biv Bib2H7X Ai ?�b T`2pBQmbHv #22M b?QrM i?�i K1a*b 2t?B#Bi ?2i2`Q;2M2Qmb
H2p2Hb Q7 .L� K2i?vH�iBQM ;HQ#�HHv- r?2M �bb2bb2/ �i i?2 bBM;H2 +2HH H2p2H mbBM; i?2
;QH/ bi�M/�`/ #BbmH}i2 b2[m2M+BM;@#�b2/ �TT`Q�+? U�M;2`Km2HH2` 2i �HX- kyRe- *H�`F
2i �HX- kyRd �M/ aK�HHrQQ/ 2i �HX- kyR9VX A +QM+Hm/2 i?2`27Q`2 i?�i i?Bb 6_�S@#�b2/
K2i?Q/ Bb �#H2 iQ /2i2`KBM2 p2`v bm#iH2 /Bz2`2M+2b BM i2`Kb Q7 ;HQ#�H H2p2Hb Q7 .L�
K2i?vH�iBQM /vM�KB+b- ?Qr2p2`- Bi Bb /B{+mHi iQ /2i2`KBM2 ?Qr Km+? Q7 i?2 /Bz2`2M+2b
BM `2+Qp2`v ?�H7@HB72 K2�bm`2K2Mib �`2 /QrM iQ i2+?MB+�H Q` #BQHQ;B+�H MQBb2X h?Bb Bb
MQi � bBKTH2 [m2biBQM iQ /2i2`KBM2 �M �Mbr2` iQ- #2+�mb2 i?2 M�im`2 Q7 i?2 +2HH +mHim`2@
#�b2/ T`QiQ+QH `2bmHib BM ?m;2 p�`B�#BHBiv BM i?2 K2�bm`2/ �KQmMib Q7 .L� K2i?vH�iBQM
rBi?BM � TQTmH�iBQM Q7 K1a*bX AM �//BiBQM- �Hi?Qm;? b2`mK@;`QrM K1a*b �`2 p2`v
bBKBH�` KQ`T?QHQ;B+�HHv iQ QM2 �MQi?2`- i?2`2 Bb biBHH i?2 /2#�i2/ [m2biBQM Q7 r?2i?2`
i?2 bm#iH2 /Bz2`2M+2b i?�i A Q#b2`p2- �Hi?Qm;? +QMbBbi2Mi rBi? K�bb bT2+i`QK2i`v �M/
b2[m2M+BM; K2�bm`2K2Mib- �`2 biBHH K2`2Hv � `2~2+iBQM Q7 /Bz2`2M+2b BM- 7Q` BMbi�M+2-
+2HH b?�T2X h?Bb +QM+2`M Bb �//`2bb2/ 7m`i?2` BM b2+iBQM 8XkXdX

.LJhR@BM/m+B#H2 FMQ+F@Qmi 6_�S

hQ �//`2bb i?Bb Qmibi�M/BM; Bbbm2 Q7 +2HH KQ`T?QHQ;v �M/ iQ �bb2bb T2`?�Tb KQ`2 +H2�`Hv
i?2 b2MbBiBpBiv Q7 i?2 6_�S@#�b2/ K2i?Q/QHQ;v 7Q` �bb2bbBM; .L� K2i?vH�iBQM- A
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

+QM/m+i2/ 6_�S@#�b2/ 2tT2`BK2Mib miBHBbBM; i?2 .LJhR ~f~ /Qtv+v+HBM2@BM/m+B#H2
FMQ+F Qmi K1a* HBM2 U?2`2iQ `272``2/ iQ �b .LJhR@BEPc a?�`B7 2i �HX- kyReVX lTQM
BM/m+iBQM rBi? /Qtv+v+HBM2 � `2;BQM Q7 i?2 .LJhR ;2M2 bT�MMBM; 2tQMb k@8 Bb `2KQp2/
7`QK i?2 T`Qi2BMX h?Bb `2bmHib BM � KBb7QH/2/ T`Qi2BM i?�i Bb mM�#H2 iQ K2i?vH�i2 .L�
`2bmHiBM; BM � HQbb Q7 K2i?vH�iBQM K�BMi2M�M+2X �b bm+?- Bi ?�b #22M b?QrM i?�i mTQM
BM/m+iBQM Q7 i?2 /2H2iBQM BM K1a*b i?2`2 Bb � +QM+QKBi�Mi T�bbBp2 HQbb BM .L� K2i?v@
H�iBQM QrBM; iQ +2HHmH�` `2THB+�iBQM UmMTm#HBb?2/ "2``2Mb- _X �M/ a?�`B7 2i �HX- kyReVX
_2+2MiHv- i?2 /vM�KB+b Q7 i?Bb T`Q+2bb ?�p2 #22M �bb2bb2/ mbBM; __"a �M/ q:"a
�+`Qbb � MmK#2` Q7 /2}M2/ iBK2 TQBMib UmMTm#HBb?2/ "2``2Mb- _X �M/ a?�`B7 2i �HX-
kyReVX h?2b2 `2bmHib ?�p2 b?QrM i?�i rBi?BM j /�vb i?2 ;2MQK2 ?�b HQbi `Qm;?Hv j8W
Q7 Bib K2i?vH�iBQM- �M/ #v e /�vb i?2 ;HQ#�H K2i?vH�iBQM H2p2Hb /`QT iQ jyW ;HQ#�HHvX
Ai b?QmH/ #2 MQi2/ i?�i- /m2 iQ i?2 +QbiHv M�im`2 Q7 bBM;H2 +2HH K2i?vHQK2 bim/B2b- i?2
/vM�KB+b Q7 i?Bb /2K2i?vH�iBQM T`Q+2bb ?�p2 MQi #22M bim/B2/ mbBM; bBM;H2 +2HH #BbmH@
}i2 b2[m2M+BM;X �b bm+? i?2 ?vTQi?2bBb Q7 T�bbBp2 /2K2i?vH�iBQM- �Hi?Qm;? HBF2Hv- ?�b
M2p2` #22M /B`2+iHv T`Qp2MX

hQ bim/v i?Bb /2K2i?vH�iBQM T`Q+2bb mbBM; i?Bb 6_�S@#�b2/ bvbi2K- A T2`7Q`K2/ �M
2tT2`BK2Mi r?2`2#v A BM/m+2/ /2K2i?vH�iBQM mbBM; /Qtv+v+HBM2 �M/ T2`7Q`K2/ 6_�S
QM i?2 `2bmHiBM; .LJhR@BEP K1a*b �i BMi2`p�Hb Q7 k9 ?`b Qp2` 7Qm` /�vb �M/ +QKT�`2/
i?2b2 `2bmHib iQ �M mMBM/m+2/ +QMi`QHX

hQ p�HB/�i2 i?�i i?Bb 2tT2`BK2Mi ?�/ #22M bm++2bb7mH- A6 [m�MiBi�iBQM Q7 .LJhR T`Q@
i2BM H2p2Hb r2`2 K�/2X 6B;m`2 8XRk b?Qrb i?�i �b 2tT2+i2/ i?2 H2p2Hb Q7 .LJhR
2tT`2bb2/ BM i?2 +2HHb Bb `2/m+2/ �b � 7mM+iBQM Q7 iBK2 7QHHQrBM; /Qtv+v+HBM2 BM/m+@
iBQMX

h?Bb 2tT2`BK2Mi b?Qr2/ i?�i Bi r�b TQbbB#H2 iQ /Bb+2`M K2i?vH�iBQM +?�M;2b �+`Qbb i?2
r?QH2 iBK2 +Qm`b2 mTQM BM/m+iBQM rBi? /Qtv+v+HBM2 U6B;m`2 8XRjVX h?Bb Bb BM F22TBM;
rBi? Qm` �#BHBiv iQ /2i2+i 2p2M bm#iH2 /Bz2`2M+2b BM .L� K2i?vH�iBQM H2p2Hb mbBM; i?Bb
K2i?Q/X AM/22/- 7`QK �p2`�;BM; �+`Qbb `2+Qp2`v ?�H7@HBp2b Q7 i?2 +2HHb Bi Bb TQbbB#H2 iQ
Q#i�BM � }i Q7 HQbb Q7 K2i?vH�iBQM i?�i `2+�TBimH�i2b i?2 /2K2i?vH�iBQM /vM�KB+b b22M
7`QK q:"a U6B;m`2 8XR9�VX 1t+BiBM;Hv- A r�b �#H2 iQ /2i2+i bm#iH2iB2b BM i?2 /vM�KB+b
Q7 i?2 HQbb Q7 .L� K2i?vH�iBQM BM bBM;H2- HBpBM; +2HHbX h?2b2 bm#iH2iB2b ?�p2 MQi #22M
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6B;m`2 8XRk, .LJhR T`Qi2BM H2p2H /2+HBM2b mTQM /Qtv+v+HBM2 BM/m+iBQM BM
.LJhR~f~ K1a*b, U�V 1t�KTH2 BK�;2b 7`QK A6 �M/ ~mQ`2b+2M+2 K2�bm`2K2Mib QM
}t2/ +2HHbX AM i?2 }`bi +QHmKM .LJhR ~f~ K1a*b �`2 b?QrM UT`2@BM/m+iBQMVX AM i?2 b2+@
QM/ +QHmKM- .LJhR ~f~ K1a*b �`2 b?QrM 7Qm` /�vb TQbi@BM/m+iBQM rBi? /Qtv+v+HBM2X U"V
� [m�MiBi�iBQM Q7 .LJhR T`Qi2BM H2p2Hb �b � 7mM+iBQM Q7 iBK2 TQbi@BM/m+iBQMX 1``Q` #�`b
`2T`2b2Mi bi�M/�`/ /2pB�iBQMX
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A B

6B;m`2 8XRj, 6_�S K2�bm`2K2Mi Q7 .L� K2i?vH�iBQM +?�M;2b mTQM .LJhR
/2H2iBQM, U�V oBQHBM THQi Q7 .L� K2i?vH�iBQM H2p2Hb 7QHHQrBM; .LJhR FMQ+F@Qmi UmMTm#@
HBb?2/- "2``2Mb- _XVX U"V 6_�S `2+Qp2`v ?�H7@HBp2b 7QHHQrBM; .LJhR FMQ+F@QmiX .�vy@KBMmb
UT`2@BM/m+iBQMV .�vy@THmb UTQbi@BM/m+iBQMVX
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

/2i2+i2/ mbBM; A6@#�b2/ K2�bm`2K2Mib- �M/ rQmH/ #2 BM+`2/B#Hv +QbiHv iQ Q#b2`p2 mbBM;
+m``2Mi b+"a@a2[ �TT`Q�+?2bX A r�b �#H2 iQ /2i2+i 7Qm` bm#@TQTmH�iBQMb Q7 +2HHb �+`Qbb
i?2 2MiB`2 iBK2 +Qm`b2X h?2b2 7Qm` +2HH +Hmbi2`b r2`2 /2i2`KBM2/ mbBM; �M 2tT2+i�iBQM@
K�tBKBb�iBQM �TT`Q�+? rBi? � :�mbbB�M JBtim`2 JQ/2H U:JJV +QMi�BMBM; 7Qm` bi�i2b
U6B;m`2 8XR9"VX *2HHb r2`2 �bbB;M2/ iQ i?2B` K�tBK�H bi�i2b �M/ i?2 /vM�KB+b Q7 bi�i2
i`�MbBiBQMb pBbm�HBb2/ �+`Qbb iBK2 U6B;m`2 8XR9*VX h?Bb bm;;2bi2/ i?�i i?2 bT2+i`mK Q7
;HQ#�H K2i?vH�iBQM H2p2Hb i?�i r2`2 Q#b2`p2/ BM i?2 #mHF q:"a /�i�b2i- r2`2 bBKTHv
KBtim`2b Q7 p�`vBM; MmK#2`b Q7 +2HHb 7`QK i?2b2 7Qm` bi�i2bX h?Bb Bb MQi M2+2bb�`BHv
bm`T`BbBM; �b Bi Bb ?vTQi?2bBb2/ i?�i i?Bb T`Q+2bb rQmH/ `2bmHi BM � H�`;2Hv T�bbBp2-
`2THB+�iBQM@/2T2M/2Mi /2K2i?vH�iBQM- #mi Bi Bb 2t+BiBM; iQ b22 i?2 bBM;H2 +2HH #2?�pBQm`
Q7 i?2b2 /vM�KB+bX >Qr2p2`- Bi b?QmH/ #2 MQi2/ i?�i #v �bbB;MBM; bi�i2b A �K BM?2`2MiHv
#B�bBM; 7Q` i?2B` 2tBbi2M+2X

Ai Bb BMi2`2biBM; iQ MQi2 i?�i �Hi?Qm;? i?Bb Bb i?Qm;?i iQ #2 � T�bbBp2- `2THB+�iBQM
/2T2M/2Mi T`Q+2bb- i?2 +2HHmH�` bi�i2b /Q MQi `2T`2b2Mi KB/@r�v K2i?vH�iBQM bi�i2b-
BX2X dyW iQ j8WX h?Bb Bb HBF2Hv #2+�mb2 i?2 /2 MQpQ .LJhb �`2 biBHH 7mM+iBQMBM;
MQ`K�HHv BM i?Bb bBim�iBQMX AM �//BiBQM- A Q#b2`p2 i?�i i?2`2 �TT2�`b iQ #2 MQ }7i? bi�i2-
bm;;2biBM; i?�i +2HHb �`2 mM�#H2 iQ HQb2 KQ`2 K2i?vH�iBQM i?�M i?2 �KQmMi T`2b2Mi BM
i?Bb bi�i2X �HbQ- A }M/ i?�i �i /�v 9 MQi �HH +2HHb �`2 BM i?Bb }M�H bi�i2- BX2X i?2 K�tBK�H
/2K2i?vH�iBQM Bb v2i iQ ?�p2 Q++m``2/ BM �HH +2HHb U6B;m`2 8XR9.VX Ai rQmH/ #2 BMi2`2biBM;
BM i?2 7mim`2 iQ 2ti2M/ i?2 iBK2 +Qm`b2 iQ p�HB/�i2 i?�i �HH +2HHb �`2 BM bi�i2@j #v /�v
e- �b 2tT2+i2/ 7`QK q:"a U6B;m`2 8XRj�VX

G�biHv- A r�b �#H2 iQ B/2MiB7v irQ b2T�`�i2 +Hmbi2`b Q7 +2HHb rBi?BM i?2 bi�`iBM; TQTmH�iBQM
Q7 K1a*b i?�i /Bz2`2/ rBi? `2bT2+i iQ i?2B` `2+Qp2`v `�i2b U6B;m`2 8XR8VX

h?Bb Bb BMi`B;mBM; #2+�mb2 A ?�/ MQi T`2pBQmbHv b22M i?Bb #2?�pBQm` #27Q`2 BM Kv QrM
b2`mK@;`QrM K1a* 2tT2`BK2Mib- #mi Bb BM F22TBM; rBi? r?�i ?�b T`2pBQmbHv #22M
Q#b2`p2/ QM Q++�bBQM r?2M +QKT�`BM; KQ`2 Q` H2bb THm`BTQi2Mi K1a*bX JQ`2 Q` H2bb
THm`BTQi2Mi K1a*b �`2 +?�`�+i2`Bb2/ �b ?�pBM; ?B;? Q` HQr H2p2Hb Q7 M�MQ; 2tT`2bbBQMX
JQ`2 THm`BTQi2Mi K1a*b UM�MQ; ?B;?V �`2 �bbQ+B�i2/ rBi? `2/m+2/ H2p2Hb Q7 ;HQ#�H
K2i?vH�iBQM- r?2`2�b H2bb THm`BTQi2Mi K1a*b UM�MQ; HQrV �`2 �bbQ+B�i2/ rBi? ?B;?
H2p2Hb Q7 .L� K2i?vH�iBQMX UmMTm#HBb?2/- G22- >Xc 6B;m`2 8XReVX
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6B;m`2 8XR9, JQ/2H Q7 .L� K2i?vH�iBQM HQbb, U�V aKQQi?2/ }i Q7 i?2 `2+BT`Q+�H
�p2`�;2 `2+Qp2`v `�i2 rBi? /�vb TQbi@BM/m+iBQM rBi? /Qtv+v+HBM2X U"V >BbiQ;`�K Q7 K�tBK�H
K2K#2`b?BT T`Q#�#BHBiB2b 7Q` i?2 7Qm`@bi�i2bX 1�+? +2HH r�b �bbB;M2/ iQ BiǶb K�tBK�H bi�i2X
U*V "�`THQi Q7 i?2 T`QTQ`iBQM Q7 +2HHb BM 2�+? bi�i2 �i � ;Bp2M iBK2 TQBMiX U.V h?2 bi�i2b i?�i
+2HHb �`2 Q++mTvBM; QM .�v 9 Q7 BM/m+iBQMX LQi �HH +2HHb �`2 �bbB;M2/ iQ ai�i2@jX
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb
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6B;m`2 8XR8, hrQ TQTmH�iBQMb Q7 b2`mK K1a*b K2�bm`2/ #v 6_�S, U�V >BbiQ;`�K
Q7 `2+Qp2`v `�i2 7Q` .LJhR ~f~ b2`mK K1a*b UmMBM/m+2/- /�v yVX U"V h?2 b�K2 ?BbiQ;`�K
K�TT2/ QM iQ i?2 7Qm` bi�i2b /2}M2/ 7`QK i?2 r?QH2 iBK2 +Qm`b2X h?2 K�DQ`Biv Q7 /�v y +2HHb
�`2 BM bi�i2b y �M/ RX
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6B;m`2 8XRe, L�MQ; 2tT`2bbBQM Bb BMp2`bH2v �bbQ+B�i2/ rBi? .L� K2i?vH�iBQM
H2p2Hb, "QtTHQi iQ pBbm�HBb2 ;HQ#�H .L� K2i?vH�iBQM H2p2Hb U�b K2�bm`2/ mbBM; b+J�h@a2[V
7Q` ?B;? �M/ HQr L�MQ; 2tT`2bbBQMX h?2 2tT`2bbBQM +mi@Qz #2ir22M ?B;? �M/ HQr r�b b2i �i
Ryy +QmMib T2` KBHHBQM U*SJVX

*QKT�`BbQM iQ ;QH/@bi�M/�`/ K2i?Q/b

G�biHv- A r�Mi2/ iQ �bb2K#H2 i?2 `2bmHib 7`QK i?2b2 2tT2`BK2Mib iQ;2i?2` iQ �bb2bb
r?2i?2` i?2 `2H�iBQMb?BT #2ir22M `2+Qp2`v ?�H7@HB72 �M/ ;HQ#�H .L� K2i?vH�iBQM H2p2Hb
Bb bi`B+iHv HBM2�`- Q` r?2i?2` � MQM@HBM2�` 7mM+iBQM Bb `2[mB`2/ iQ 2tTH�BM i?2 `2H�iBQM@

RNe



*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

b?BTX hQ �bb2bb i?Bb- A /2`Bp2/ ;HQ#�H K2i?vH�iBQM H2p2Hb 7`QK 2tBbiBM; b2[m2M+BM;@#�b2/
/�i�b2ibX 6BiiBM; � HBM2�` 7mM+iBQM mbBM; i?2 HK 7mM+iBQM BM _ U_ *Q`2 h2�K- kyRdV-
A 7QmM/ i?�i BM/22/ i?2 `2H�iBQMb?BT #2ir22M ;HQ#�H .L� K2i?vH�iBQM H2p2Hb �M/ i?2
`2+Qp2`v ?�H7@HB72 �TT2�`b HBM2�` U_k=yXNNVX h?Bb Bb 2t+BiBM; #2+�mb2 Bi ;`2�iHv `2/m+2b
i?2 +QKTH2tBiv Q7 BMi2`T`2iBM; /Bz2`2M+2b #2ir22M .L� K2i?vH�iBQM H2p2Hb r?2M miBHBb@
BM; i?Bb bQ`i Q7 �TT`Q�+?X >Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i Bi Bb biBHH TQbbB#H2 i?�i A
�K KBbbBM; � #2ii2` }i mbBM; � KQ`2 +QKTH2t 7mM+iBQM QrBM; iQ i?2 HBKBi2/ MmK#2` Q7
.L� K2i?vH�iBQM TQBMib i?�i A �K �bb2bbBM;- �HHi?Qm;? i?Bb b22Kb mMHBF2HvX PM2 r�v
i?Bb +QmH/ #2 �//`2bb2/ BM i?2 7mim`2 Bb #v BM+Hm/BM; �//BiBQM�H +2HH ivT2b rBi? /Bz2`BM;
;HQ#�H K2i?vH�iBQM H2p2HbX
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6B;m`2 8XRd, 6_�S K2�bm`2K2Mib +Q``2H�i2 rBi? q:"a, SHQi iQ pBbm�HBb2 i?2
bi`2M;i? Q7 +Q``2H�iBQM #2ir22M q:"a �M/ `2+Qp2` ?�H7@HB72 K2�bm`2K2Mib Q7 ;HQ#�H *T:
K2i?vH�iBQM H2p2Hb U_k=yXNNVX 1``Q` #�`b `2T`2b2Mi bi�M/�`/ /2pB�iBQM BM i?2 `2+Qp2`v ?�H7@
HB72 K2�bm`2K2MiX

8XkX3 J�FBM; KmHiBTH2 K2�bm`2K2Mib 7`QK i?2 b�K2 +2HH mbBM;

6_�S

G�biHv- A r�Mi2/ iQ �bb2bb r?2i?2` BM T`BM+BTH2 A +QmH/ Q#i�BM KmHiBTH2 K2�bm`2K2Mib
Q7 ;HQ#�H H2p2Hb Q7 .L� K2i?vH�iBQM 7`QK i?2 b�K2 bBM;H2 +2HHX h?Bb r�b �M BKTQ`i�Mi
2tT2`BK2Mi 7Q` irQ K�BM `2�bQMbX 6B`biHv- A r�Mi2/ iQ /2i2`KBM2 r?2i?2` i?2 2tTQbm`2
iQ i?2 6_�S 2tT2`BK2Mi �Hi2`2/ i?2 `2+Qp2`v ?�H7@HB72 i?�i r�b #2BM; +�H+mH�i2/X PM2
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

Mean absolute difference in recovery half-life, s
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6B;m`2 8XR3, Z* Q7 KmHiBTH2 K2�bm`2K2Mib 7`QK i?2 b�K2 +2HH, � ?BbiQ;`�K Q7
#�+F;`QmM/ T�B`rBb2 K2�M �#bQHmi2 /Bz2`2M+2b +QKTmi2/ 7Q` i?2 TQTmH�iBQM Q7 b2`mK K1a*bX
>B;?HB;?i2/ �b �M Q`�M;2 HBM2 Bb i?2 K2�M �#bQHmi2 /Bz2`2M+2 #2ir22M i`m2 `2THB+�i2b 7`QK
i?2 b�K2 +2HHbX h?2`2 Bb MQ bi�iBbiB+�H /Bz2`2M+2 #2ir22M i?2 irQX

+QmH/ BK�;BM2 i?�i 7Q` BMbi�M+2 i?2 .L� /�K�;2 BM/m+2/ /m`BM; i?2 2tT2`BK2Mi +QmH/
T2`?�Tb �Hi2` i?2 pBb+QbBiv Q7 i?2 +2HH Q` T2`?�Tb i?2 �++2bbB#BHBiv Q7 i?2 J".R@2:6S
T`Qi2BM iQ i?2 .L� Bib2H7X a2+QM/Hv- �bbmKBM; i?�i i?Bb r�b MQi i?2 +�b2- A r�Mi2/ iQ
�bb2bb ?Qr `2T`Q/m+B#H2 �Mv irQ 6_�S K2�bm`2K2Mib r2`2 r?2M i�F2M 7`QK i?2 b�K2
+2HHX h?2 `2�bQM 7Q` �bb2bbBM; i?Bb [m2biBQM 7`QK i?2 b�K2 +2HH Bb iQ KBMBKBb2 �Mv #BQ@
HQ;B+�H p�`B�#BHBiv BM i?2 bvbi2K- 2M�#HBM; K2 iQ ;2i � bi`QM;2` ;`�bT QM i?2 K�;MBim/2
Q7 i?2 i2+?MB+�H p�`B�#BHBivX hQ �bb2bb i?Bb- A +QM/m+i2/ T�B`2/ 6_�S 2tT2`BK2Mib QM
b2`mK K1a*bX

A Q#b2`p2/ i?�i Bi Bb TQbbB#H2 iQ /2`Bp2 KmHiBTH2 K2�bm`2K2Mib 7`QK i?2 b�K2 +2HHX AM
�//BiBQM- A +QmH/ b?Qr i?�i i?2 p�`B�#BHBiv #2ir22M i?2 K2�bm`2K2Mib 7Q` �Mv T�B`2/
6_�S 2tT2`BK2Mi r�b QM �p2`�;2 HQr2` i?�M vQm rQmH/ 2tT2+i #v +?�M+2 +QKT�`2/
iQ `�M/QK b�KTHBM;- �Hi?Qm;? MQi bB;MB}+�MiHv bQ UT@p�Hm2 =yXy8c 6B;m`2 8XR3VX h?Bb
bm;;2bib i?�i i?2 p�`B�#BHBiv i?�i A �K b22BM; BM i?2 TQTmH�iBQM Bb TQi2MiB�HHv MQi
bQH2Hv /m2 iQ i2+?MB+�H p�`B�#BHBiv BM i?2 K2�bm`2K2Mi- ?Qr2p2` i?Bb +�MMQi #2 7mHHv
2t+Hm/2/X
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

8XkXN *QM+HmbBQM 7`QK i?2 6_�S 2tT2`BK2Mib

h?2b2 6_�S 2tT2`BK2Mib ?�p2 /2KQMbi`�i2/ i?�i Bi Bb TQbbB#H2 iQ K2�bm`2 ;HQ#�H
H2p2Hb Q7 .L� K2i?vH�iBQM BM � ?B;?Hv `2T`Q/m+B#H2 7�b?BQM mbBM; i?2 `2+Qp2`v ?�H7@HB72
Q7 i?2 J".R@2:6S T`Qi2BMX AKTQ`i�MiHv- i?2b2 K2�bm`2K2Mib ?�p2 #22M +QM/m+i2/
BM bBM;H2- HBp2 +2HHb- p�HB/�iBM; i?�i bm+? K2�bm`2K2Mib �`2 BM/22/ TQbbB#H2X Ai ?�b
#22M TQbbB#H2 iQ /2KQMbi`�i2 i?�i i?2 K2i?Q/ +�M /Bb+2`M /Bz2`2M+2b #2ir22M ;HQ#�H
H2p2Hb Q7 .L� K2i?vH�iBQM i?�i �`2 QM T�` rBi? i?Qb2 Q#b2`p2/ 7Q` i?2 ;QH/ bi�M/�`/
bBM;H2 +2HH #BbmH}i2 b2[m2M+BM; �TT`Q�+?X A ?�p2 b?QrM i?�i bm+? HBp2- bBM;H2 +2HH- ;HQ#�H
K2i?vH�iBQM K2�bm`2K2Mib �`2 TQbbB#H2 i?`Qm;? i?2 mb2 Q7 � bBM;H2 ~mQ`QT?Q`2- ;`2�iHv
`2/m+BM; i?2 TQi2MiB�H 7Q` �Mv +QM7QmM/BM; 2z2+ib /m2 iQ +QQT2`�iBpBivX 1t+BiBM;Hv- A
?�p2 b?QrM i?�i i?Bb K2i?Q/ Bb �#H2 iQ �// BMi2`2biBM; BMbB;?ib BMiQ � r2HH@2bi�#HBb?2/
�M/ r2HH@bim/B2/ .L� K2i?vH�iBQM KQ/2H bvbi2K- i?�i Q7 i?2 .LJhR@BEP K1a*bX AM
�//BiBQM- A ?�p2 #22M �#H2 iQ /2KQMbi`�i2- �Hi?Qm;? QMHv Qp2` iBK2 BMi2`p�Hb Q7 KBMmi2b-
i?�i Bi Bb TQbbB#H2 iQ �bb2bb ;HQ#�H H2p2Hb Q7 .L� K2i?vH�iBQM BM � /vM�KB+ 7�b?BQMX
G�biHv- i?2b2 2tT2`BK2Mib ?�p2 2M�#H2/ K2 iQ /2}M2 BKTQ`i�Mi #�b2HBM2 �M/ T�`�K2i2`
`2H�iBQMb?BTb i?�i +�M #2 miBHBb2/ BM i?2 /2p2HQTK2Mi Q7 � ..J@#�b2/ BK�;BM; K2i?Q/
i?�i Bb T2`?�Tb KQ`2 �K2M�#H2 iQ HQM;@i2`K .L� K2i?vH�iBQM K2�bm`2K2MibX

8XkXRy *QKT�`BbQM Q7 6_�S �M/ .Bz2`2MiB�H .vM�KB+ JB@

+`Qb+QTv U..JV

>�pBM; b?QrM i?�i Bi Bb TQbbB#H2 iQ K2�bm`2 [m�MiBi�iBp2 K2i?vH�iBQM H2p2Hb BM HBpBM;
bBM;H2 +2HHb mbBM; 6_�S- A M2ti r�Mi2/ iQ #2;BM iQ �bb2bb r?2i?2` Bi rQmH/ #2 TQbbB#H2 iQ
/2}M2 �M �Hi2`M�i2 �TT`Q�+? i?�i +QmH/ #2 miBHBb2/ iQ +�Tim`2 K�Mv b�K2@+2HH bM�Tb?QibX
�b bm+? A /2p2HQT2/ � /Bz2`2MiB�H /vM�KB+ KB+`Qb+QTv U..JV �TT`Q�+?X h?2`2 �`2
� MmK#2` Q7 BK�;BM; �M/ /�i� �M�HvbBb #2M2}ib iQ i?Bb K2i?Q/ Qp2` 6_�SX 6B`biHv-
MQ K�Mm�H BK�;2 �MMQi�iBQM Bb `2[mB`2/X h?Bb Bb BM +QMi`�bi iQ 6_�S r?2`2 `2;BQMb
Q7 i?2 BK�;2- M�K2Hv- i?2 T?QiQ@#H2�+?2/ `2;BQM- i?2 `2;BQM +QMi�BMBM; i?2 +2HH �M/
� #�+F;`QmM/ +QMi`QH `2;BQM- ?�p2 iQ #2 /2}M2/ TQbi@BK�;2 �+[mBbBiBQMX a2+QM/Hv-
i?2 BK�;BM; +�M #2 +QM/m+i2/ QM � bi�M/�`/ rB/2@}2H/ KB+`Qb+QT2 �M/ �b bm+? /Q2b
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

MQi `2[mB`2 �Mv Q7 i?2 bT2+B�HBx2/ 2[mBTK2Mi Q` bQ7ir�`2 bT2+B}+ iQ i?2 6_�S@#�b2/
2tT2`BK2MiX h?B`/Hv- i?2 BK�;2 �+[mBbBiBQM iBK2 Bib2H7 Bb 7�` b?Q`i2`X AM +QKT�`BbQM
iQ 6_�S- i?2 /�i� �+[mBbBiBQM BM ..J Bb KQ`2 i?�M Ryt 7�bi2`- r?B+? 2M�#H2b 7�bi2`
BK�;BM; �M/ ;`2�i2` iBK2 `2bQHmiBQM- r?BHbi KBMBKBbBM; /�K�;2 iQ i?2 +2HHX G�biHv-
+2HHmH�` /�K�;2 Bb �HbQ KBMBKBx2/ #v i?2 �#b2M+2 Q7 �Mv ?B;?@BMi2MbBiv H�b2` i`2�iK2Mi
Q7 i?2 +2HHmH�` K�i2`B�H BM ..J- i?Bb Bb BM +QMi`�bi iQ 6_�S- r?B+? `2HB2b mTQM H�b2`
�#H�iBQMX

8XkXRR .2b+`BTiBQM Q7 i?2 .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv �T@

T`Q�+?

.Bz2`2MiB�H /vM�KB+ KB+`Qb+QTv U..JV Bb �M BK�;2 �M�HvbBb K2i?Q/ i?�i �TTHB2b
6Qm`B2` i`�Mb7Q`K i2+?MB[m2b i?�i +�M #2 mb2/ iQ /2i2`KBM2 2Mb2K#H2 /vM�KB+b Q7
BbQi`QTB+ T`Q+2bb2b U*2`#BMQ �M/ h`�TT2- kyy3- Gm 2i �HX- kyRk �M/ qBHbQM 2i �HX- kyRRc
6B;m`2 8XRNVX

h?2 T`BM+BT�H Q7 ..J BMpQHp2b +�H+mH�iBM; i?2 K2�M 6Qm`B2` i`�Mb7Q`K Q7 i?2 iBK2
+Q``2H�i2/ /Bz2`2M+2 Q7 � b2`B2b Q7 BK�;2b- AU`-iV U6B;m`2 8XkRVX J�i?2K�iB+�HHv i?Bb
Bb /2b+`B#2/ ?2`2- �/�Ti2/ 7`QK T`2pBQmb Tm#HB+�iBQMb U*2`#BMQ �M/ h`�TT2- kyy3- Gm
2i �HX- kyRk �M/ qBHbQM 2i �HX- kyRRVX

B(r, τ) = I(r, t + τ) − I(r, t) U8XdV

r?2`2 ` Bb i?2 k@/BK2MbBQM�H p2+iQ`B�H TQbBiBQM BM i?2 BK�;2- i Bb i?2 7`�K2 MmK#2` Q7
i?2 BK�;2 �M/ τ Bb i?2 +Q``2H�iBQM iBK2 mb2/ iQ +�H+mH�i2 i?2 /Bz2`2M+2 �M/ Bb H2bb i?�M
i?2 iQi�H MmK#2` Q7 7`�K2b- hX Ai b?QmH/ �HbQ #2 MQi2/ i?�i iQ `2KQp2 �HH bi�iB+ �M/
MQM@KQiBH2 +QKTQM2Mib BM i?2 BK�;2b i?2 BMBiB�H 7`�K2 Bb bm#i`�+i2/ 7`QK �HH BK�;2b bQ
BM 2z2+i 2[m�iBQM 8Xd Bb-

B(r, τ) = [I(r, t + τ) − I(r, 0)] − [I(r, t) − I(r, 0)] U8X3V

>Qr2p2`- 7Q` 2�b2 Q7 7QHHQrBM; i?2 K�i?2K�iB+b 2[m�iBQM 8Xd rBHH #2 mb2/X h?2 6Qm`B2`

kyy



*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

GFP

MBD

GFP
MBD

GFP

GFP

MBD

GFP
MBD

Time Point 1

Correlation Time

Time

Subtract images at increasing intervals

Time Point 2

6B;m`2 8XRN, .B�;`�K Q7 ..J BK�;BM; bi2Tb, � pBbm�HBb�iBQM Q7 ..J BK�;BM;X �
+2HH Bb b?QrM �i irQ b2T�`�i2 iBK2 TQBMib iQ /2TB+i i?2 KQiBQM Q7 i?2 2:6S rBi?BM i?2 +2HHX
h?Bb KQiBQM Bb +�Tim`2/ BM �M 2Mb2K#H2 K�MM2` BM i?2 BK�;2b b?QrM #2HQrX �HH BK�;2b �`2
bm#i`�+i2/ 7`QK QM2 �MQi?2` iQ /2}M2 `2;BQMb i?�i +?�M;2 BM TBt2H BMi2MbBiv Qp2` � ;Bp2M iBK2
7`�K2X h?2b2 bm#i`�+i2/ BK�;2b �`2 i?2M 6Qm`B2` i`�Mb7Q`K2/ �M/ �p2`�;2/ 7Q` 2�+? iBK2
/Bz2`2M+2 U+Q``2H�iBQM iBK2V 7Q` /QrMbi`2�K T`Q+2bbBM;X

kyR



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

i`�Mb7Q`K Q7 2[m�iBQM 8Xd Bb +�H+mH�i2/ 7Q` �M/ KmHiBTHB2/ #v Bib +QKTH2t +QMDm;�i2X

FB(q, τ) =
∫

B(r, τ)eiq.rdr U8XNV

|FB(q, τ)|2 = FB(q, τ)F B(q, τ) U8XRyV

⟨|FB(q, τ)|2⟩ = ⟨FB(q, τ)F B(q, τ)⟩ U8XRRV

r?2`2 i?2 T�`2Mi?2bBb ⟨ XXX ⟩ /2MQi2b i?2 K2�M 7Q` �HH BM+`2K2Mib Q7 τ BM i?2 iBK2 b2`B2b
i iQ h �M/ [ Bb i?2 `2+BT`Q+�H /Bbi�M+2 U6B;m`2 8XkyVX

⟨|FB(q, τ)|2⟩ = A(q)[1 − f(q, τ)] + C(q) U8XRkV

A7 i?2`2 Bb MQ p�`B�iBQM Q` +Q``2H�iBQM BM i?2 BK�;2 i?2 p�Hm2b 7Q` ⟨|FB(q, τ)|2⟩ rBHH
p�MBb? `�TB/Hv iQ x2`QX Ai ?�b #22M 2bi�#HBb?2/ 7Q` �M BbQi`QTB+ U7`2[m2MiHv Q++m``BM;V
T`Q+2bb i?�i 2[m�iBQM 8XRR- i?2 /Bz2`2MiB�H BMi2MbBiv +Q``2H�iBQM 7mM+iBQM U.A*6V +�M
#2 2tT`2bb2/ �b-

⟨|FB(q, τ)|2⟩ = A(q)[1 − f(q, τ)] + C(q) U8XRjV

kyk
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6B;m`2 8Xky, .2TB+iBQM Q7 `2+BT`Q+�H /Bbi�M+2- [, 1t�KTH2 ..J BK�;2b Q7 � +2HH
�`2 b?QrMX h?2b2 BK�;2b �`2 bm#i`�+i2/ 7`QK QM2 �MQi?2` iQ B/2MiB7v `2;BQMb r?2`2 i?2
TBt2H BMi2MbBiv ?�b BM+`2�b2/ Ub?QrM BM ;`22MV Q` /2+`2�b2/ U/Qii2/ r?Bi2 +B`+H2bVX � 6Qm`B2`
i`�Mb7Q`K i?2M B/2MiB}2b T�ii2`Mb i?�i +�M 2tTH�BM i?2b2 ;�BMb �M/ HQbb2bX .Bbi�M+2 BM BMp2`b2
bT�+2 Bb /2b+`B#2/ #v `2+BT`Q+�H /Bbi�M+2- [ U1[m�iBQM VX a?QrM BM i?2 6Qm`B2`@bT�+2- b?Q`i
/Bbi�M+2b +Q``2bTQM/ iQ HQM; [@p�Hm2b �M/ HQM; /Bbi�M+2b iQ b?Q`i [@p�Hm2bX

kyj



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

8XkXRk .2p2HQTK2Mi Q7 i?2 .Bz2`2MiB�H .vM�KB+ JB+`Qb+QTv

K2i?Q/

.2`BpBM; BMBiB�H ..J BK�;BM; T�`�K2i2`b

hQ 2Mbm`2 i?�i A +QmH/ +�Tim`2 i?2 /vM�KB+b Q7 i?2 J".R@2:6S mbBM; ..J- A }`bi
?�/ iQ QTiBKBb2 i?2 BK�;2 �+[mBbBiBQM 7Q` Qm` KB+`Qb+QT2 bvbi2K UJ�i2`B�Hb �M/ J2i?@
Q/b b2+iBQM kX8XRjVX h?Bb Bb BKTQ`i�Mi #2+�mb2 i?2 b?Q`i2` i?2 BMi2`p�H #2ir22M �Mv
irQ 7`�K2b Q7 i?2 ..J BK�;2 UQ7 r?B+? i?2`2 �`2 Ryyy 7`�K2b BM iQi�HV- i?2 b?Q`i2`
i?2 +Q``2H�iBQM iBK2 A +�M `2bQHp2X h?2 HBKBi iQ i?2 7`�K2 `�i2 7Q` � ;Bp2M KB+`Qb+QT2 Bb
/2}M2/ #v � MmK#2` Q7 T�`�K2i2`b BM+Hm/BM;, i?2 biQ`�;2 bBx2 Q7 �Mv ;Bp2M 7`�K2- i?2
K�;MB}+�iBQM- BK�;2 #BMMBM;- i?2 b?mii2`@bT22/- i?2 �T2`im`2- �M/ bQ7ir�`2 +QMbB/2`�@
iBQMb Ubm+? �b HQ+�iBQM /2i2`KBM�iBQMVX AM �//BiBQM- iQ i?2b2 BK�;BM; T�`�K2i2`b- i?2`2
�`2 +QMbi`�BMib TH�+2/ QM i?Bb HBKBi QrBM; iQ i?2 M�im`2 Q7 i?2 b�KTH2 mM/2` bim/vX 6Q`
BMbi�M+2- i?2 �KQmMi Q7 BM+B/2Mi HB;?i `2[mB`2/ iQ 2t+Bi2 2MQm;? 2:6S KQH2+mH2b- r?B+?
BM im`M rBHH i?2M 2KBi 2MQm;? T?QiQMb iQ 2M�#H2 /2i2+iBQMX AM �//BiBQM- �M BM+`2�b2 BM
BMi2MbBiv Q7 i?2 BM+B/2Mi HB;?i rBHH `2bmHi BM �M BM+`2�b2/ [m2M+?BM; #m`/2M- r?B+? BM
im`M rQmH/ `2bmHi BM � `2/m+iBQM BM BK�;2 [m�HBiv �+`Qbb i?2 7`�K2b �M/ `2bmHi BM 72r2`
BM/2T2M/2Mi bM�Tb?Qib +�Tim`2/ 7`QK �Mv bBM;H2 +2HHX 6`QK i2biBM; � `�M;2 Q7 i?2b2
p�`BQmb T�`�K2i2`b- A [m�HBi�iBp2Hv /2i2`KBM2/ i?�i i?2 QTiBK�H 7`�K2 �+[mBbBiBQM `�i2
r�b 8y>x UBX2X �M BK�;2 2p2`v yXyk b2+QM/bc J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8XRjVX
aBM+2 A �BK iQ +�Tim`2 Ryyy 7`�K2b T2` bBM;H2 +2HH- i?Bb `2bmHib BM �M Qp2`�HH BK�;2 �+@
[mBbBiBQM iBK2 Q7 ky b2+QM/bX h?Bb r�b �+?B2p2/ �i Ryyt xQQK- rBi? � `2/m+2/ }2H/ Q7
pB2r U J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8XRjVX

.2b+`BTiBQM Q7 b2+QM/�`v ..J �M�HvbBb

>�pBM; /2i2`KBM2/ i?2 QTiBK�H BK�;2 �+[mBbBiBQM T�`�K2i2`b 7Q` Qm` bvbi2K- A M2ti
�bb2bb2/ r?2i?2` Bi r�b TQbbB#H2 iQ /2i2+i /Bz2`2M+2b BM /BzmbBQM mbBM; ..J BM �M
BMi`�+2HHmH�` K�MM2`X hQ /Q i?Bb- ..J BK�;2b r2`2 /2`Bp2/ 7`QK J".R@2:6S +QM@
i�BMBM; b2`mK@;`QrM K1a*b �M/ 2:6S@QMHv +QMi�BMBM; b2`mK@;`QrM K1a*bX

ky9
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Live cell 
image 

acquisition

Pairwise 
frame 

subtraction

2D-FFT 
calculation for 
subtractions

Average for 
correlation 

times (avFFTs)

Perform 
quadrant 
transform

radially 
average 
avFFTs

Primary 
analysis
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system noise 
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structure 
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values for 

g(q, t) per q
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speed terms

Secondary
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measures of 

motion

6B;m`2 8XkR, AK�;2 �M�HvbBb rQ`F~Qr 7Q` ..J, � ~Qr +?�`i Q7 i?2 BK�;2 �M�HvbBb
bi2Tb BM i?2 ..J TBT2HBM2X >B;?HB;?i2/ BM `2/ �`2 i?2 T`BK�`v �M�HvbBb bi2Tb �M/ BM ;`22M
�`2 i?2 b2+QM/�`v �M�HvbBb bi2TbX

6`QK i?2b2 XM/k }H2b A /2`Bp2/ XiBz bi�+Fb- mbBM; AK�;2C- i?�i +QmH/ #2 miBHBb2/ #v
�M BMBiB�H BKTH2K2Mi�iBQM Q7 i?2 T`BK�`v ..J BK�;2 �M�HvbBb r`Bii2M BM K�iH�# UmM@
Tm#HBb?2/ >�``BbQM- �XVX h?Bb b+`BTi /2`Bp2b i?2 [m�/`�Mi@i`�Mb7Q`K2/- �p2`�;2/ 7�bi@
6Qm`B2` h`�Mb7Q`K U66hV@/Bz2`2M+2b 7Q` 2�+? BMp2`b2 /Bbi�M+2 ;Bp2M 2�+? +Q``2H�iBQM
iBK2X

h?Bb BMp2`b2 /Bbi�M+2 �p2`�;BM;- �bbmK2b i?�i i?2 �p2`�;2/ k. 66h Bb bvKK2i`B+ �#Qmi
i?2 +2Mi`�H TQBMi U[4yVX h?Bb Bb MQi bi`B+iHv i?2 +�b2 BM i?Bb b2iiBM; #2+�mb2 i?2 BK�;2
i?�i A ?�p2 +QMi�BMb /2}M2/ #QmM/�`B2b rBi?BM BiX h?Bb Bb /m2 iQ i?2 }2H/ Q7 pB2r
MQi `2T`2b2MiBM; � ?QKQ;2MQmbHv ~mQ`2b+2Mi `2;BQM- #mi � #QmM/2/ +2HH bm``QmM/2/ #v
#�+F;`QmM/X AM �//BiBQM- i?2`2 �`2 bi`QM; 2/;2 2z2+ib- i?Bb +�M #2 b22M 7`QK i?2 BMi2M@
bBiv �HQM; i?2 v@�tBb U6B;m`2 8XkjVX >Qr2p2`- bBM+2 i?2b2 �TT2�` iQ #2 bvbi2K�iB+ 2z2+ib
�+`Qbb �HH +Q``2H�iBQM iBK2b- A `2�bQM2/ i?�i i?2 R. bBKTHB}+�iBQM r�b �++2Ti�#H2X

6`QK i?Bb QmiTmii2/ b2+QM/�`v /�i�b2i- A i?2M pBbm�HBb2/ i?2 /2+�v Q7 �p2`�;2/ 66h BM@
i2MbBiv 7Q` 2p2`v BMp2`b2 /Bbi�M+2 UqV �b � 7mM+iBQM Q7 +Q``2H�iBQM iBK2 U6B;m`2 8XkjVX

hQ /2`Bp2 i?2 �miQ@+Q``2H�iBQM 7mM+iBQM A }`bi ?�/ iQ `2KQp2 i?2 bvbi2K MQBb2 i2`K B(q)

ky8
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A B

C D

6B;m`2 8Xkk, avbi2K�iB+ 2z2+ib 7QmM/ i?�i �`2 BM/2T2M/2Mi Q7 +Q``2H�iBQM iBK2,
U�@.V _2T`2b2Mi�iBQMb Q7 6Qm`B2`@i`�Mb7Q`K2/ TBt2H BMi2MbBiB2b �b � 7mM+iBQM Q7 [X h?2 `2T@
`2b2Mi�iBQMb /Bz2` rBi? `2bT2+i iQ +Q``2H�iBQM iBK2 UR b2+QM/ U�V- 8 b2+QM/b U"V- Ry b2+QM/b
U*V- R8 b2+QM/b U.VX

kye
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m
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)

4.0x108

3.5x108

3.0x108

2.5x108

2.0x108

1.5x108

1.0x108

0.5x108

6B;m`2 8Xkj, .B�;`�K�iB+ `2T`2b2Mi�iBQM Q7 i?2 /�i� 7QHHQrBM; T`BK�`v �M�HvbBb,
U�V h?2Q`2iB+�H THQi Q7 i?2 R. 6Qm`B2`@i`�Mb7Q`K2/ TBt2H BMi2MbBiv �b � 7mM+iBQM Q7 +Q``2H�iBQM
iBK2 UτVX AMb2ib U" �M/ *V /2TB+i i?2 6Qm`B2` i`�Mb7Q`K2/ TBt2H BMi2MbBiv UT`2@`�/B�H �p2`�;@
BM;V 7Q` � [@p�Hm2 �i irQ +Q``2H�iBQM iBK2b U" 4 R b2+QM/ �M/ * 4 R8 b2+QM/bVX U.V _2�H /�i�
THQi Q7 i?2 R. 6Qm`B2`@i`�Mb7Q`K2/ TBt2H BMi2MbBiv �b � 7mM+iBQM Q7 `2+BT`Q+�H /Bbi�M+2 U[V 7Q`
� ;Bp2M +Q``2H�iBQM iBK2 UτVX h?2 BMb2i U1V /2TB+ib i?2 6Qm`B2` i`�Mb7Q`K2/ TBt2H BMi2MbBiv
UT`2@`�/B�H �p2`�;BM;V 7Q` �HH [@p�Hm2b �i � ;Bp2M +Q``2H�iBQM iBK2 UτVX U6V SHQi iQ pBbm�HBb2 i?2
+?�M;2 BM 6Qm`B2`@i`�Mb7Q`K2/ TBt2H@BMi2MbBiv �b � 7mM+iBQM Q7 +Q``2H�iBQM iBK2 �M/ `2+BT`Q+�H
/Bbi�M+2X

kyd
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6B;m`2 8Xk9, 1t2KTH�` �miQ+Q``2H�iBQM 7mM+iBQMb 7Q` b2`mK K1a*b, U� �M/ "V
SHQib Q7 �miQ@+Q``2H�iBQM 7mM+iBQM �;�BMbi +Q``2H�iBQM iBK2 7Q` 2�+? [@p�Hm2 UU�V Bb Q7 b2`mK
K1a*b +QMi�BMBM; J".R@2:6S- �M/ U"V Bb Q7 b2`mK K1a*b +QMi�BMBM; 2:6S@QMHvVX

�M/ i?2 bi`m+im`2 7mM+iBQM i2`K A(q) #Qi? Q7 r?B+? �`2 +Q``2H�iBQM iBK2 UtV BM/2T2M/2MiX
6Q`imM�i2Hv- g(q, t) BM i?2 7Q`K�HBbK-

∆(q, t) = A(q)[1 − g(q, t)] + B(q) U8XR9V

Ab /2}M2/ #v i?2 2tTQM2MiB�H 7mM+iBQM- 7Q` "`QrMB�M /BzmbBQM-

e−t/τ(q) U8XR8V

�M/ �b bm+?- �i t = 0-
e−t/τ(q) = 1 U8XReV

�M/-
∆(q, 0) = B(q) U8XRdV

q?BHbi �b i i2M/b iQ BM}MBiv-
e−t/τ(q) = 0 U8XR3V

�M/-
∆(q, 0) = A(q) U8XRNV

ky3
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>�pBM; /2i2`KBM2/ g(q, t) �b � 7mM+iBQM Q7 +Q``2H�iBQM iBK2 U6B;m`2 8Xk9V- Bi Bb i?2M
TQbbB#H2 iQ }i 7Q`-

g(q, t) = e−t/τ(q) U8XkyV

iQ Q#i�BM τ(q) 7Q` 2�+? p�Hm2 Q7 qX h?Bb τ(q) +Q``2bTQM/b iQ � HB72iBK2 /2+�v- �M/ 7`QK
i?Bb Bi Bb TQbbB#H2 iQ /2`Bp2 �M 2z2+iBp2 bT22/ �M/ KQiBHBiv- r?B+? ;Bp2b mb Qm` K2�bm`2
7Q` /BzmbBQM-

τ(q) = A.qb U8XkRV

r?2`2 � 4 2z2+iBp2 bT22/- # 4 KQiBHBiv �M/ r?2`2 τ(q) /2+�vb rBi? b = −1 7Q` bT22/-
b = −2 7Q` /BzmbBQM �M/ b < −2 7Q` bm#@/BzmbBp2 #2?�pBQm`X

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i +QMbi`�BMib ?�/ iQ #2 b2i QM i?Bb bm#b2[m2Mi }iiBM;X h?Bb
Bb /m2 iQ b?Q`i qǶb `2T`2b2MiBM; /Bbi�M+2b i?�i �`2 mM`2�bQM�#H2 iQ 2tT2+i iQ ?�p2 +�T@
im`2/ rBi?BM � bBM;H2 +2HHX q?2`2-

q = 2π

pixelsize × 256 U8XkkV

AM �//BiBQM- i?2 bB;M�H@iQ@MQBb2 `�iBQ �i HQM; q- p2`v b?Q`i /Bbi�M+2b- Bb bm+? i?�i i?2b2
�`2 �HbQ 2t+Hm/2/X

6`QK i?2 BMBiB�H BK�;2b- Bi r�b TQbbB#H2 iQ /2i2`KBM2 2z2+iBp2 bT22/ �M/ KQiBHBiv U6B;m`2
8Xk8VX �HH p�Hm2b 7Q` KQiBHBiv r2`2 bm#@/BzmbBp2- �b r�b ?vTQi?2bBb2/ 7`QK i?2 M�im`2
Q7 i?2 J".R@2:6S T`Qi2BMX

AM �//BiBQM- A +QKT�`2/ i?2 bT22/ Q7 i?2 J".R@2:6S +QMbi`m+i iQ i?�i Q7 i?2 2:6S@
QMHv K1a*b �M/ 7QmM/ i?�i �b 2tT2+i2/ i?2 J".R@2:6S +QMbi`m+i r�b 7�` bHQr2`
i?�M i?�i Q7 i?2 2:6S@QMHvX h?Bb Bb 2M+Qm`�;BM; #2+�mb2 Bi `2~2+ib i?2 2tT2+i�iBQM i?�i
BM+`2�b2/ 8ǶK2i?vH+viQbBM2 #BM/BM; rBHH `2bmHi BM `2i�`/2/ /BzmbBQMX h?Bb 2tT2`BK2Mi
2M�#H2/ i?2 `Qm;? b2i mT Q7 i?2 ..J �M�HvbBb iQ #2 /2}M2/ �M/ ?B;?HB;?i2/ i?�i bm+?
�M �TT`Q�+? +QmH/ rQ`F `Q#mbiHvX AM �//BiBQM- i?2 2:6S@QMHv /�i� b?Qrb i?�i ..J
Bb �#H2 iQ `2HB�#Hv /2i2+i 7�bi2` KQiBQM i?�M Kv 6_�S bvbi2K- r?B+? r�b T`2pBQmbHv

kyN
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6B;m`2 8Xk8, .Bz2`2M+2b BM KQiBQM #2ir22M J".R@2:6S �M/ 2:6S@QMHv /2@
i2+i2/ rBi? ..J, U� �M/ "V SHQib Q7 bHQrM2bb U�V �M/ KQiBHBiv U"V 7Q` b2`mK K1a*b
+QMi�BMBM; 2Bi?2` J".R@2:6S Q` 2:6S QMHvX aHQrM2bb Bb 2[m�H iQ 1

A �M/ KQiBHBiv Bb b
U1[m�iBQM 8XkRVX aHQrM2bb 7Q` i?2 irQ +QM/BiBQMb r2`2 bB;MB}+�MiHv /Bz2`2Mi UT@p�Hm2IyXy8V-
KQiBHBiv /Bz2`2M+2b r2`2 MQi bB;MB}+�MiX

+QM7QmM/2/ #v i?2 bT22/ Q7 `2+Qp2`v 7`QK i?2 T?QiQ@#H2�+?BM; �M/ i?2 HBKBi Q7 i?2
bT22/ Q7 i?2 KB+`Qb+QT2 iQ +�Tim`2 i?2 }`bi 7`�K2 7QHHQrBM; i?2 #H2�+?X

8XkXRj AKTH2K2MiBM; i?2 T`BK�`v �M�HvbBb BM � +Hmbi2`@7`B2M/Hv

K�MM2`

h?2 T`BK�`v �M�HvbBb BM i?Bb T`QiQ+QH Bb +QKTmi�iBQM�HHv +QbiHv- QrBM; iQ i?2 MmK#2`
Q7 +�H+mH�iBQMb i?�i M22/ iQ #2 K�/2X �b bm+?- BM Q`/2` iQ BM+`2�b2 i?2 i?`Qm;?Tmi
Q7 i?2 �TT`Q�+? bQ i?�i A +QmH/ �M�Hvb2 ?mM/`2/b Q7 BK�;2b- A M22/2/ iQ /2p2HQT �
7�bi BKTH2K2Mi�iBQM Q7 i?2 bQ7ir�`2X �b bm+?- � T`BK�`v �M�HvbBb rQ`F~Qr r�b /2}M2/
BM D�p�- i?�i +QmH/ #2 `mM QM i?2 +Hmbi2`X AKTQ`i�MiHv- i?Bb bQ7ir�`2 `2/m+2/ i?2
+QKTmi�iBQM�H iBK2 `2[mB`2/ #v �Mv bBM;H2 BK�;2 #v � 7�+iQ` Q7 RyX

AM �//BiBQM- � D�p� BMi2`7�+2 r�b /2p2HQT2/ i?�i +QmH/ �HHQr i?2 BMi2``Q;�iBQM Q7 �Mv
bBM;H2 BMi2`K2/B�`v }H2- T`2@`�/B�H �p2`�;BM;- iQ �bb2bb i?2 bi�i2 Q7 i?2 �p2`�;2/ 66h
BM �HH i?`22@/BK2MbBQMb U6B;m`2 8XkeVX

kRy
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A

B

C

t=0s

t=7s

t=20s

6B;m`2 8Xke, oBbm�HBb�iBQM bQ7ir�`2 Q7 T`BK�`v �M�HvbBb, U�@*V a+`22Mb?Qib Q7 i?2
pBbm�HBb�iBQM bQ7ir�`2 �i /Bz2`2Mi +Q``2H�iBQM iBK2b UU�V +Q``2H�iBQM iBK2 4 yb- U"V +Q``2H�iBQM
iBK2 4 db- U*V +Q``2H�iBQM iBK2 4 kybVX

kRR



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

8XkXR9 �ii2KTib iQ �miQK�i2 i?2 b2+QM/�`v �M�HvbBb

>�pBM; /2`Bp2/ � 7�bi- +Hmbi2`@+QKT�iB#H2 bQ7ir�`2 TBT2HBM2- A M2ti r�Mi2/ iQ �bb2bb
r?2i?2` Bi rQmH/ #2 TQbbB#H2 iQ �miQK�i2 i?2 }iiBM; bi2Tb Q7 i?2 b2+QM/�`v �M�HvbBb-
bm+? i?�i K�Mv +2HHb +QmH/ #2 T`Q+2bb2/ BM #�i+?2bX h?Bb Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q`
�M �TT`Q�+? bm+? �b ..J- r?2`2 7Q` � ;Bp2M +2HH i?2`2 �`2 ?mM/`2/b Q7 +m`p2b i?�i
Kmbi #2 }iX h?Bb +m`p2 }iiBM; `2[mB`2K2Mi- Bb � TQbBiBp2 �bT2+i Q7 i?2 K2i?Q/ BM i?�i
Bi `2/m+2b i?2 BKTQ`i�M+2 Q7 �Mv bBM;H2 }i BM i?2 QmiTmi /2`Bp2/ 7`QK i?2 �M�HvbBbX
>Qr2p2`- 7`QK �M �M�HvbBb TQBMi@Q7@pB2r Bi Bb BM+`2/B#Hv iBK2@+QMbmKBM;X

J�Mv �TT`Q�+?2b r2`2 i`B�H2/ iQ 7mHHv �miQK�i2 i?2 }iiBM; bi�;2b- ?Qr2p2`- i?2b2
H�`;2Hv 7�BH2/X h?Bb r�b /m2 iQ K�Mv 7�+iQ`bX 6B`biHv- Bi Bb ?�`/ iQ /2}M2 �HH i?2 TQi2MiB�H
r�vb BM r?B+? QM2 b�KTH2 +QmH/ 7�BH- 7Q` BMbi�M+2 QrBM; iQ +2HH KQp2K2Mi /m`BM; i?2
BK�;BM; T`Q+2bbX a2+QM/Hv- Bi Bb /B{+mHi iQ /2}M2 Q#D2+iBp2 +`Bi2`B� 7Q` T�bb �M/ 7�BH 7Q`
i?2 BMBiB�H }iiBM; BM i?2 b2+QM/�`v �M�HvbBb- B/2�HHv bm+? +`Bi2`B� rQmH/ #2 BM/2T2M/2Mi
Q7 [X G�biHv- �Hi?Qm;? i?2`2 �`2 KQ`2- Bi Bb /B{+mHi iQ /2}M2 T�`�K2i2`b i?�i vQm +�M
BMBiB�HBx2 i?2 MHb 7mM+iBQM i?�i rBHH rQ`F BM �HH TQbbB#H2 b+2M�`BQb- /QrMbi`2�K Q7 i?2b2
BMBiB�H T`Q#H2KbX h?Bb /Q2b MQi K2�M i?�i bm+? �M �TT`Q�+? Bb MQi TQbbB#H2 #mi Bi rBHH
`2[mB`2 � H�`;2 �KQmMi Q7 rQ`FX

>Qr2p2`- Bi r�b TQbbB#H2 iQ /2`Bp2 � b2KB@�miQK�i2/ b2+QM/�`v �M�HvbBb i?�i QMHv `2@
[mB`2/ i?2 mb2` iQ /2i2`KBM2 i?2 bmBi�#BHBiv Q7 QM2 }i BM i?2 b2+QM/ }iiBM; bi2T Q7 i?2
b2+QM/�`v �M�HvbBbX �Hi?Qm;? i?Bb �M�HvbBb r�b 7�` 7`QK T2`72+i- Bi 2M�#H2/ K2 iQ K�F2
�M BMBiB�H /2i2`KBM�iBQM Q7 i?2 �TTHB+�#BHBiv Q7 i?Bb K2i?Q/ 7Q` K2�bm`BM; ;HQ#�H H2p2Hb
Q7 .L� K2i?vH�iBQM BMbB/2 bBM;H2- HBpBM; +2HHbX

8XkXR8 o�HB/�iBQM Q7 i?2 ..J K2i?Q/

>�pBM; #mBHi � b2KB@�miQK�i2/ TBT2HBM2 7Q` i?2 ..J �M�HvbBb- A M2ti r�Mi2/ iQ p�HB/�i2
i?�i r?�i A r�b K2�bm`BM; K�i+?2/ 2tT2+i�iBQMb BM � MmK#2` Q7 +QMi`QH b2iiBM;bX

kRk



*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib
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6B;m`2 8Xkd, 6Bt2/ +2HHb iQ /Q MQi 2t?B#Bi � /2+�v rBi? +Q``2H�iBQM iBK2, SHQi
iQ 2t2KTHB7v i?2 7�+i i?�i b2`mK K1a*b i?�i �`2 }t2/ #27Q`2 BK�;BM; /Q MQi /2+�v rBi?
+Q``2H�iBQM iBK2 �M/ �b bm+? +�MMQi #2 }ii2/ iQ Q#i�BM �Mv K2�bm`2 Q7 KQiBQMX a?QrM BM
/Bz2`2Mi +QHQm`b �`2 i?2 /Bz2`2Mi [@p�Hm2bXV

6Bt2/ +2HHb /Q MQi 2t?B#Bi � /2+�v BM +Q``2H�iBQM 7mM+iBQM

h?2 }`bi [m2biBQM A �//`2bb2/ r�b, +QmH/ A K2�bm`2 � +Q``2H�iBQM 7mM+iBQM /2+�v Qp2`
BM+`2�bBM; iBK2 BM }t2/ +2HHb Q` MQi\ Ai r�b 2tT2+i2/ i?�i QrBM; iQ i?2 J".R@2:6S
T`Qi2BM #2BM; BKKQ#BH2 BM }t2/ +2HHb- Bi rQmH/ MQi #2 TQbbB#H2 iQ K2�bm`2 � /2+�v
�#Qp2 i?2 i?`2b?QH/ Q7 MQBb2X AM F22TBM; rBi? i?Bb B/2� Bi r�b MQi TQbbB#H2 iQ Q#i�BM �
K2�bm`�#H2 /2+�v +Q2{+B2Mi BM i?2 }t2/ +2HHb U6B;m`2 8XkdVX

"H�MF BK�;2b rBi?BM i?2 +2HH +mHim`2 /Bb? r2`2 �HbQ i�F2M iQ �bb2bb #�+F;`QmM/ MQBb2X
h?2b2 BK�;2b b?Qr2/ HBiiH2 ;�BM BM TBt2H BMi2MbBiv rBi? +Q``2H�iBQM iBK2 �M/ bQ r2`2 MQi
66h T`Q+2bb2/ U6B;m`2 8Xk3VX h?2b2 `2bmHib ;�p2 mb +QM}/2M+2 i?�i r?�i r�b #2BM;
K2�bm`2/ BM i?2 HBp2@+2HH 2tT2`BK2Mib r2`2 i`m2 +Q``2H�iBQM 7mM+iBQM /2+�vb `2bmHiBM;
7`QK i?2 KQiBQM Q7 i?2 T`Qi2BM rBi?BM i?2 +2HHbX

kRj



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb
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6B;m`2 8Xk3, SBt2H BMi2MbBiv Q7 #H�MF BK�;2b /Q2b MQi BM+`2�b2 rBi? +Q``2H�iBQM
iBK2, U�V SBt2H BMi2MbBiv THQii2/ �b � 7mM+iBQM Q7 +Q``2H�iBQM iBK2 UτVX U"V SBt2H BMi2MbBiv
THQii2/ �b � 7mM+iBQM Q7 `2+BT`Q+�H /Bbi�M+2 U[VX
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib
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6B;m`2 8XkN, ..J K2�bm`2K2Mib BM+`2�b2 rBi? i2KT2`�im`2, SHQi Q7 bHQrM2bb
�;�BMbi i2KT2`�im`2X

h2KT2`�im`2@`2H�iBQM Q7 i?2 bT22/ T�`�K2i2`

�b A �K K2�bm`BM; i?2 2Mb2K#H2 KQiBQM Q7 T`Qi2BM KQH2+mH2b T`2/QKBM�MiHv 7`22Hv /B7@
7mbBM; BM i?2 +2HH- A r�Mi2/ iQ 2Mbm`2 i?�i Kv K2�bm`2 Q7 2z2+iBp2 bT22/ BM+`2�b2/ rBi?
�M BM+`2�b2 BM i?2`K�H 2M2`;v BM i?2 bvbi2K- �b rQmH/ #2 2tT2+i2/ 7Q` /BzmbBp2 KQiBQM
�b /2b+`B#2/ #v i?2 aiQF2b@1BMbi2BM 2[m�iBQM U.BHH �M/ "`QK#2`;- kyRyc 1[m�iBQM 8XkjVX

D = K"T

6πηr
U8XkjV

�b bm+? A K2�bm`2/ i?2 2z2+iBp2 bT22/ 7Q` J".R@2:6S b2`mK@;`QrM K1a*b �i � `�M;2
Q7 i2KT2`�im`2b Uk8@jN◦*VX hQ 2Mbm`2 i?�i i?2 KB+`Qb+QT2 �M/ i?2 bi�;2 ?�/ `2�+?2/
i?2 /2bB`2/ i2KT2`�im`2- i?2 KB+`Qb+QT2 r�b H27i 7Q` � MmK#2` Q7 ?Qm`b iQ 2[mBHB#`�i2
�M/ i?2 +2HHb rBi?BM i?2 HBp2 +2HH +?�K#2` QM i?2 KB+`Qb+QT2 r2`2 H27i 7Q` jy KBMmi2b iQ
�/Dmbi 7`QK i?2 BM+m#�iQ` i2KT2`�im`2 Q7 jd◦* iQ i?2 2tT2`BK2Mi�H i2KT2`�im`2X

h?2 `2bmHib 7`QK i?Bb 2tT2`BK2Mi b?Qr2/ i?�i i?2`2 r�b � +Q``2H�iBQM #2ir22M i2K@
T2`�im`2 �M/ 2z2+iBp2 bT22/ �b rQmH/ #2 2tT2+i2/X >Qr2p2`- i?2 +Q``2H�iBQM Bib2H7 Bb
`2H�iBp2Hv r2�FX h?Bb Bb HBF2Hv /m2 iQ � MmK#2` Q7 7�+iQ`b- BM+Hm/BM; i?2 BM?2`2Mi /B7@
}+mHiv BM +QMi`QHHBM; i?2 i2KT2`�im`2 rBi?BM i?2 +2HHX AM �//BiBQM- i?2 KQiBQM Q7 i?2
J".R@2:6S T`Qi2BM Bb FMQrM iQ #2 QM �p2`�;2 bm#@/BzmbBp2- bm;;2biBM; i?�i i?2`2

kR8



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

�`2 KmHiBTH2 7Q`Kb Q7 KQiBQM #2BM; K2�bm`2/X �Hi?Qm;? QM2 Q7 i?2b2 7Q`Kb Q7 KQiBQM
rQmH/ #2 7`22 /BzmbBQM- i?2 Qi?2` �bT2+ib Q7 i?2 2Mb2K#H2 KQiBQM K�v MQi #2 bQ HBM@
2�`Hv `2H�i2/ iQ i2KT2`�im`2X G�biHv- K1a*b �`2 BM?2`2MiHv MQi #2?�pBM; ǳM�im`�HHvǴ
�i �Mv i2KT2`�im`2b i?�i /2pB�i2 7`QK jd◦*- �b bm+? A +QmH/ T�`iB�HHv #2 K2�bm`BM;
i?2 T?vbBQHQ;B+�H 2z2+ib Q7 i2KT2`�im`2 QM i?2 +2HH- r?B+? +QmH/ #2 +QM7QmM/BM; Kv
K2�bm`2K2MiX

8XkXRe J2�bm`2K2Mi Q7 .L� K2i?vH�iBQM BM HBp2 +2HHb mbBM;

..J

>�pBM; b22M i?�i A �K �#H2 iQ K2�bm`2 /Bz2`2M+2b #2ir22M i?2 J".R@2:6S +QMbi`m+i
�M/ i?2 2:6S +QMbi`m+i BM HBp2 +2HHb- �M/ ?�pBM; p�HB/�i2/ i?�i r?�i A �K K2�bm`BM;
Bb +QMbBbi2Mi rBi? i?2 KQiBQM Q7 � T`Qi2BM BM � bm#@/BzmbBp2 K�MM2`- A r�Mi2/ iQ �bb2bb
r?2i?2` i?2 K2i?Q/ +QmH/ /2i2+i i?2 /Bz2`2M+2b #2ir22M i?2 T`2b2M+2 �M/ �#b2M+2 Q7
.L� K2i?vH�iBQMX

hQ �Mbr2` i?Bb [m2biBQM- A �bb2bb2/ K2i?vH�iBQM mbBM; QM2 Q7 i?2 .LJh@hEP +2HH HBM2b
i?�i A T`2pBQmbHv miBHBx2/ 7Q` Kv 6_�S �M�HvbBb Ub22 b2+iBQM 8XkXeVX

h?2b2 `2bmHib ?B;?HB;?i2/ i?�i- bBKBH�` iQ 6_�S- mbBM; Kv b2KB@�miQK�i2/ �M�HvbBb
TBT2HBM2- A r�b �#H2 iQ /2i2`KBM2 i?�i i?2`2 r�b � K�`F2/ /Bz2`2M+2 BM 2z2+iBp2 bT22/
Q7 i?2 J".R@2:6S T`Qi2BM BM b2`mK@;`QrM .LJh@hEP@* K1a*b �M/ .LJh@hEP
K1a*bX h?Bb /Bz2`2M+2 Bb +QMbBbi2Mi rBi? i?2 B/2� i?�i KQ`2 K2i?vH�iBQM rQmH/ `2bmHi
BM � `2/m+iBQM BM 2z2+iBp2 bT22/ �M/ Bi K�i+?2b r?�i r�b T`2pBQmbHv b22M 7Q` i?2 6_�S
2tT2`BK2MibX

8XkXRd J2�bm`2K2Mi Q7 /Bz2`2Mi H2p2Hb Q7 ;HQ#�H .L� K2i?v@

H�iBQM BM HBp2 +2HHb mbBM; ..J

>�pBM; b22M i?�i A +QmH/ K2�bm`2 � /Bz2`2M+2 BM bHQrM2bb #2ir22M +2HHb rBi? �M/
rBi?Qmi .L� K2i?vH�iBQM- A M2ti r�Mi2/ iQ �bb2bb r?2i?2` A +QmH/ /2i2+i /Bz2`2M+2b
#2ir22M /Bz2`BM; H2p2Hb Q7 .L� K2i?vH�iBQMX hQ �bb2bb i?Bb- A +QKT�`2/ b2`mK@;`QrM

kRe



*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib
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6B;m`2 8Xjy, ..J +�M K2�bm`2 .L� K2i?vH�iBQM BM b2`mK K1a*b, SHQi /2@
TB+iBM; bHQrM2bb Q7 b2`mK K1a*b +QMi�BMBM; 2:6S@QMHv- +QMi`QH b2`mK K1a*b +QMi�BMBM;
J".R@2:6S �M/ b2`mK .LJh@hEP K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+iX h?2
b2`mK K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+i �`2 bB;MB}+�MiHv bHQr2` i?�M i?2 Qi?2`
+QM/BiBQMb UT@p�Hm2IyXy8VX h?2`2 Bb MQ bB;MB}+�Mi /Bz2`2M+2 #2ir22M i?2 Qi?2` +QM/BiBQMbX

kRd



8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb
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6B;m`2 8XjR, ..J K2�bm`2K2Mib Q7 b2`mK �M/ kB K1a*b, SHQi /2TB+iBM; bHQrM2bb
Q7 b2`mK K1a*b +QMi�BMBM; 2:6S@QMHv- b2`mK .LJh@hEP K1a*b +QMi�BMBM; i?2 J".R@
2:6S +QMbi`m+i �M/ +QMi`QH K1a*b +QMi�BMBM; J".R@2:6S BM #Qi? b2`mK �M/ kBfGA6X h?2
b2`mK K1a*b +QMi�BMBM; i?2 J".R@2:6S +QMbi`m+i �`2 bB;MB}+�MiHv bHQr2` i?�M i?2 Qi?2`
+QM/BiBQMb UT@p�Hm2IyXy8VX h?2`2 Bb MQ bB;MB}+�Mi /Bz2`2M+2 #2ir22M i?2 Qi?2` +QM/BiBQMbX

K1a* HBM2b U/2`Bp2/ T`2pBQmbHv 7Q` i?2 6_�S bim/vV iQ i?2 kBfGA6@+mHim`2/ p2`bBQMb
Q7 i?2b2 K1a*bX a2`mK K1a*b +QMi�BM ∼dyW *T: K2i?vH�iBQM ;HQ#�HHv �M/ kBfGA6
K1a*b +QMi�BM H2bb i?�M 9yW .L� K2i?vH�iBQM ;HQ#�HHvX

h?Bb 2tT2`BK2Mi ?B;?HB;?i2/ i?�i mbBM; i?Bb K2i?Q/ Bi r�b TQbbB#H2 iQ /2}M2 /Bz2`2M+2b
#2ir22M b2`mK �M/ kBfGA6 K1a*b �M/ BM i?2 K�DQ`Biv Q7 +�b2b Bi r�b TQbbB#H2 iQ
+Q``2+iHv T`2/B+i i?2 +2HH ivT2 #�b2/ QM i?Bb 2z2+iBp2 bT22/ K2i`B+X >Qr2p2`- Bi Bb
+H2�` 7`QK i?Bb 2tT2`BK2Mi i?�i BM i?2 T`2b2Mi 7Q`K Q7 Kv �M�HvbBb- i?2 6_�S@#�b2/
K2�bm`2K2Mi Q7 /BzmbBQM Bb #2ii2` i?�M i?2 ..J K2�bm`2X

kR3



*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XkX _2bmHib

8XkXR3 JmHiBTH2 K2�bm`2K2Mib Q7 ;HQ#�H .L� K2i?vH�iBQM BM

HBp2 +2HHb mbBM; ..J

>�pBM; b?QrM i?�i i?2 K2i?Q/ +�M BM T`BM+BTH2 /2}M2 /Bz2`2M+2b #2ir22M +2HHb BM i2`Kb
Q7 ;HQ#�H H2p2Hb Q7 K2i?vH�iBQM- A M2ti /2+B/2/ iQ �bb2bb r?2i?2` i?Bb K2i?Q/ +QmH/ i`mHv
#2 mb2/ iQ /2}M2 ;HQ#�H .L� K2i?vH�iBQM H2p2Hb �i K�Mv bM�Tb?QibX hQ �bb2bb i?Bb- A
/2+B/2/ iQ i`�+F b2`mK@;`QrM K1a*b �+`Qbb 3 ?Qm`b �M/ iQ BK�;2 2�+? BM/BpB/m�H +2HH
2p2`v jy KBMmi2bX

6B;m`2 8Xjk, JmHiBTH2 ..J K2�bm`2K2Mib �`2 TQbbB#H2 �+`Qbb iBK2, hrQ 2t�KTH2
+2HHb �`2 b?QrMX h?2b2 +2HHb ?�p2 ?�/ BK�;2b i�F2M Q7 i?2K 2p2`v ky KBMmi2b 7Q` =3?Qm`bX
6Qm` 2t�KTH2 BK�;2b �i /Bz2`2Mi iBK2b �`2 b?QrMX

h?Bb 2tT2`BK2Mi p�HB/�i2/ i?2 miBHBiv Q7 i?2 ..J �TT`Q�+? r?2M KmHiBTH2 iBK2 TQBMib
�`2 `2[mB`2/- bBM+2 Bi r�b biBHH TQbbB#H2 iQ BK�;2 +2HHb 7QHHQrBM; KQ`2 i?�M Ry bM�Tb?QibX
h?Bb Bb BM +QMi`�bi iQ 6_�S r?2`2 i?2 +2HHb �`2 #2;BMMBM; iQ 2t?B#Bi bB;Mb Q7 +2HH
/2�i? 7QHHQrBM; irQ BK�;2 �+[mBbBiBQMbX AM 7�+i i?2 HBKBi iQ i?2 MmK#2` Q7 bM�Tb?Qib
i?�i +�M #2 �+[mB`2/ BM i?Bb BMbi�M+2- �TT2�` iQ #2 `2HB�Mi QM irQ K�BM 7�+iQ`b, i?2
�KQmMi Q7 BM+B/2Mi HB;?i i?�i Bb miBHBx2/ 7Q` i?2 BK�;BM; T`Q+2bb �M/ i?2 `2+Qp2`v iBK2
�HHQr2/ #2ir22M bM�Tb?QibX �Hi?Qm;? MQi b?QrM ?2`2- A ?�p2 7m`i?2` p�HB/�i2/ i?�i Bi
Bb TQbbB#H2 iQ �+[mB`2 BK�;2b 7`QK i?2 b�K2 +2HH mbBM; i?Bb ..J �TT`Q�+? Qp2` iBK2
BMi2`p�Hb 7`QK ky b2+QM/b iQ KQ`2 i?�M k9 ?Qm`bX lM7Q`imM�i2Hv- �i T`2b2Mi i?2 2``Q`
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8XkX _2bmHib *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

�bbQ+B�i2/ rBi? i?2 �M�HvbBb Bb biBHH 7�` iQQ H�`;2X

8XkXRN *QM+HmbBQMb 7`QK i?2 ..J 2tT2`BK2Mib

AM i?2 ..J b2+iBQM Q7 i?Bb +?�Ti2`- A ?�p2 b?QrM i?�i Bi Bb TQbbB#H2 iQ K2�bm`2 i?2
KQiBQM Q7 � T`Qi2BM rBi?BM � bBM;H2 +2HH mbBM; � bi�M/�`/ rB/2@}2H/ KB+`Qb+QT2X AM
�//BiBQM- A ?�p2 b?QrM i?�i Bi Bb TQbbB#H2 iQ K2�bm`2 +?�M;2b iQ i?2 /BzmbBQM Q7 b�B/
T`Qi2BM /m2 iQ K2i?vH�iBQMX AM �//BiBQM- A ?�p2 p�HB/�i2/ i?�i A �K MQi �#H2 iQ K2�bm`2
/BzmbBQM BM }t2/ +2HHb �M/ i?�i i?2 K2�bm`2K2Mib #2BM; K�/2 �`2 T`QTQ`iBQM�i2 iQ
i2KT2`�im`2X JQbi BKTQ`i�MiHv- A ?�p2 b?QrM i?�i Bi Bb TQbbB#H2 iQ i�F2 � H�`;2 MmK#2`
Q7 BK�;2b Q7 i?2 2t�+i b�K2 HBp2 +2HH �M/ i?�i i?2 iBK2 BMi2`p�H 7Q` bm+? BK�;2b +�M
`�M;2 7`QK b2+QM/b iQ KQ`2 i?�M � /�vX

lM7Q`imM�i2Hv- Bi ?�b MQi #22M TQbbB#H2 �b Q7 v2i iQ 7mHHv �//`2bb i?2 Mm�M+2b Q7 i?2
b2+QM/�`v �M�HvbBbX h?Bb ?�b `2bmHi2/ BM TQQ` +m`p2 }iiBM; �M/ � `2/m+iBQM BM #Qi?
i?2 T`2+BbBQM �M/ �++m`�+v Q7 Kv K2�bm`2K2MibX h?2`2 �`2 � MmK#2` Q7 T`�+iB+�H
`2�bQMb 7Q` i?Bb 7�BHBM;- BM �//BiBQM- iQ bQK2 KQ`2 i2+?MB+�H Bbbm2bX A ?QT2 BM 7mim`2
Bi2`�iBQMb Q7 i?2 b+`BTib mb2/ iQ /2}M2 i?Bb �M�HvbBb i?�i A rBHH #2 �#H2 iQ 2z2+iBp2Hv
`2KQp2 K�Mv Q7 i?2b2 Bbbm2bX 6Q` BMbi�M+2- QM2 �bT2+i Q7 i?2 b2+QM/�`v �M�HvbBb i?�i
M22/b iQ BKT`Qp2 Bb i?2 BMBiB�HBx�iBQM Q7 T�`�K2i2`b /m`BM; i?2 }`bi }i- bm+? i?�i A +�M
BM+Q`TQ`�i2 �//BiBQM�H i2`Kb iQ b2T�`�i2 Qmi i?2 KmHiBTH2 7Q`Kb Q7 KQiBQM i?�i �`2
TQi2MiB�HHv Q++m``BM;X �MQi?2` Bbbm2 i?�i ?�b MQi #22M K2MiBQM2/- #mi i?�i A ?QT2
iQ Qp2`+QK2 Bb i?�i T`2b2MiHv- Bi Bb � `2[mB`2K2Mi Q7 i?2 K2i?Q/QHQ;v i?�i i?2`2 Bb
QMHv QM2 +2HH BM i?2 }2H/ Q7 pB2rX A ?QT2 BM 7mim`2 Bi2`�iBQMb iQ #2 �#H2 iQ /2p2HQT �M
�M�HvbBb TBT2HBM2 i?�i rBHH 2M�#H2 KmHiBTH2 +2HHb iQ 7�HH rBi?BM i?2 }2H/ Q7 pB2rX h?Bb
rQmH/ /`�K�iB+�HHv BKT`Qp2 i?2 2�b2 Q7 �TTHB+�#BHBiv Q7 i?Bb �TT`Q�+? iQ � H�`;2 p�`B2iv
Q7 bvbi2Kb mM/2` bim/v- BM+Hm/BM; #mi MQi HBKBi2/ iQ BM pBpQ +QMi2tib- bm+? �b 2�`Hv
/2p2HQTK2Mi �M/ �;2BM;X
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*?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb 8XjX .Bb+mbbBQM

8Xj .Bb+mbbBQM

A ?�p2 /2p2HQT2/ irQ BM/2T2M/2Mi bvbi2Kb 7Q` i?2 [m�MiB}+�iBQM Q7 .L� K2i?vH�@
iBQM /vM�KB+b BM HBp2 bBM;H2 +2HHbX h?2b2 �TT`Q�+?2b �`2 MQM@Qp2`H�TTBM; �M/ ?2M+2
/2T2M/BM; QM i?2 `2[mB`2K2Mib Q7 � ;Bp2M HBp2 +2HH 2tT2`BK2Mi 2Bi?2` +QmH/ #2 KQ`2
�TT`QT`B�i2X

h?Bb 6_�S@#�b2/ bvbi2K- Bb bBKBH�` iQ T`2pBQmbHv /2b+`B#2/ 6_�S bvbi2Kb �bb2bbBM;
/Bz2`2Mi T`Qi2BMb �M/ /Bz2`2Mi KQiBQMb U*QMM 2i �HX- kyRj �M/ E�M; 2i �HX- kyR8VX
Ai Bb �#H2 iQ /Bb+2`M p2`v bm#iH2 /Bz2`2M+2b BM .L� K2i?vH�iBQM H2p2Hb �M/ �TT2�`b
iQ #2 BM/2T2M/2Mi Q7 Mm+H2�` b?�T2 �M/ bBx2X AM �//BiBQM- i?2 K2�bm`2 b22Kb iQ #2
BM/2T2M/2Mi Q7 i?2 2tT`2bbBQM H2p2H Q7 i?2 +QMbi`m+iX lM7Q`imM�i2Hv- i?Bb �TT`Q�+? Bb
MQi �TTHB+�#H2 iQ b+2M�`BQb r?2`2 KmHiBTH2 BK�;2b `2[mB`2/X hQ Qp2`+QK2 i?Bb Q#bi�+H2-
A bBKmHi�M2QmbHv �/�Ti2/ � MQp2H BK�;BM; �TT`Q�+?c ..JX �i T`2b2Mi- Km+? rQ`F
`2K�BMb iQ #2 /QM2 iQ 7m`i?2` BKT`Qp2 i?2 b2+QM/�`v �M�HvbBb- �M/ rBi? Bi i?2 �++m`�+v
Q7 i?Bb �TT`Q�+?X >Qr2p2`- A i?BMF i?�i i?Bb �TT`Q�+? Bb 2t+BiBM; �M/ i?�i Bi rBHH #2
rB/2Hv �TTHB+�#H2 #Qi? rBi?BM i?2 }2H/ Q7 .L� K2i?vH�iBQM- #mi �HbQ 7Q` �bb2bbBM;
/vM�KB+b Q7 Qi?2` T`Q+2bb2b rBi?BM +2HHbX

G�biHv- Bi rBHH #2 Q7 BMi2`2bi iQ b22 r?2i?2` i?2b2 �TT`Q�+?2b rBHH #2 �/�Ti�#H2 iQ KQ`2
i�`;2i2/ HBp2 +2HH [m�MiB}+�iBQMb Q7 .L� K2i?vH�iBQM- 7Q` 2t�KTH2 mbBM; 6_1hX hQ
2M�#H2 7mim`2 /2p2HQTK2Mi Q7 bm+? � bvbi2K- A ?�p2 ;2M2`�i2/ � MmK#2` Q7 +QMbi`m+ib
/2i�BH2/ BM i?2 J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8X9X
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8XjX .Bb+mbbBQM *?�Ti2` 8X GBp2 +2HH BK�;BM; Q7 .L� K2i?vH�iBQM BM bBM;H2 +2HHb

kkk



*?�Ti2` e

*QM+HmbBQMb �M/ PmiHQQF

AM i?Bb i?2bBb A ?�p2 /2p2HQT2/ �M/ miBHBb2/ MQp2H 2tT2`BK2Mi�H �M/ +QKTmi�iBQM�H
K2i?Q/b 7Q` i?2 bim/v Q7 .L� K2i?vH�iBQM /vM�KB+bX h�FBM; .L� K2i?vH�iBQM �b Kv
KQ/2H bvbi2K- A ?�p2 �TTHB2/ i?2b2 K2i?Q/b iQ ;�BM BMbB;?ib BMiQ i?2 M�im`2 Q7 �;2BM;c
#Qi? �i i?2 r?QH2 iBbbm2 H2p2H �M/ �i i?2 bBM;H2 +2HH H2p2HX

AM i?Bb i?2bBb- A /2}M2/ � KmHiB@iBbbm2 2TB;2M2iB+ T`2/B+iQ` BM i?2 KQmb2X h?Bb T`2/B+iQ`
Bb �++m`�i2 rBi? �M 2``Q` Q7 jXjj r22Fb �M/ +�M /2i2`KBM2 /2pB�iBQMb BM #BQHQ;B+�H �;2
mTQM BMi2`p2MiBQMb BM+Hm/BM; Qp�`B2+iQKv �M/ ?B;? 7�i /B2i- #Qi? Q7 r?B+? �`2 FMQrM
iQ `2/m+2 HB72bT�M BM KB+2X L2ti- A /2b+`B#2/ i?2 �M�HvbBb Q7 � ?QKQ;2M2Qmb TQTmH�iBQM
Q7 Kmb+H2 b�i2HHBi2 +2HHb UJma*bV i?�i A BMi2``Q;�i2/ �i i?2 bBM;H2 +2HH H2p2H- mbBM;
bBM;H2 +2HH +QK#BM2/ i`�Mb+`BTiQK2 �M/ K2i?vHQK2 b2[m2M+BM; Ub+J�h@a2[VX A 7QmM/
i?�i rBi? �;2 i?2`2 r�b BM+`2�b2/ ;HQ#�H i`�Mb+`BTiBQM�H p�`B�#BHBiv �M/ � `2/m+iBQM
BM i`�Mb+`BTiBQM�H M2irQ`F +QMM2+iBpBivX A /Bb+Qp2`2/ i?�i i?2`2 r�b /2+`2�b2/ 72�im`2@
bT2+B}+ K2i?vHQK2 ?QKQ;2M2Biv rBi? �;2- �M/ i?�i i?Bb r�b BM +QMi`�bi iQ i?2 BM+`2�b2/
T`2/B+i�#BHBiv Q7 K2i?vH�iBQM bi�imb 7`QK M2B;?#Qm`BM; TQbBiBQMb rBi?BM i?2 b�K2 +2HHX
h?2b2 }M/BM;b 2tTH�BM i?2 HQbb Q7 7mM+iBQM�HBiv Q7 i?2b2 +2HHb rBi? �;2 �M/ bm;;2bi �
K2+?�MBbK 7Q` ?Qr �M 2TB;2M2iB+ T`2/B+iQ` K�v rQ`F �i � bBM;H2 +2HH H2p2HX G�biHv-
A /2b+`B#2 irQ BK�;BM; �TT`Q�+?2b iQ bim/v .L� K2i?vH�iBQM /vM�KB+�HHv BM bBM;H2
+2HHbX lbBM; i?2b2 K2i?Q/b- A /2KQMbi`�i2 i?�i Bi Bb TQbbB#H2 iQ �++m`�i2Hv /2i2`KBM2
K2i?vH�iBQM bi�imb �+`Qbb � rB/2 bT2+i`mK Q7 ;HQ#�H K2i?vH�iBQM H2p2Hb �M/ i?�i #v
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*?�Ti2` eX *QM+HmbBQMb �M/ PmiHQQF

mbBM; bm+? �TT`Q�+?2b MQp2H BM7Q`K�iBQM �#Qmi /vM�KB+ K2i?vH�iBQM T`Q+2bb2b +�M #2
Q#i�BM2/X h?2b2 K2i?Q/b `2T`2b2Mi i?2 }`bi iQ bim/v .L� K2i?vH�iBQM /vM�KB+�HHv
BM � HBpBM; bvbi2KX

aBM+2 i?2 Tm#HB+�iBQM Q7 i?Bb KmHiB@iBbbm2 2TB;2M2iB+ T`2/B+iQ` Q7 �;2 BM i?2 KQmb2
Uaim##b 2i �HX- kyRdV- A ?�p2 #22M rQ`FBM; iQ /2}M2 �M mT/�i2/ KmHiB@iBbbm2 2TB;2M2iB+
T`2/B+iQ`X h?2`2 r2`2 � MmK#2` Q7 `2�bQMb 7Q` i?Bb �b QmiHBM2/ BM *?�Ti2` jX �i
T`2b2Mi- i?2 /�i�b2i mb2/ 7Q` i?Bb M2r T`2/B+iQ` +QMi�BMb =dyy b�KTH2b �M/ i?2 T`2/B+iQ`
Bib2H7 ?�b �M �++m`�+v Q7 8Xjj r22Fb U*?�Ti2` jVX h?Bb �++m`�+v `2T`2b2Mib � K�`F2/
BKT`Qp2K2Mi Qp2` i?2 +m``2Mi T`2/B+iQ` r?2M MQ`K�HBb2/ #v i?2 K�tBK�H +?`QMQHQ;B+�H
�;2 mb2/ BM T`2/B+iBQM U=3W pb I9W 2``Q`VX AM i?2 7mim`2- i?Bb T`2/B+iQ` rBHH miBHBb2
KQ`2 i?�M R-yyy b�KTH2b i?�i rBHH bT�M i?2 r?QH2 HB72bT�M Q7 � KQmb2 7`QK T`2@#B`i?
iQ j v2�`bX AM+Hm/2/ rBi?BM i?2 Qp2`�HH /�i�b2i rBHH #2 b�KTH2b /2`Bp2/ 7`QK �//BiBQM�H
iBbbm2b MQi BM+Hm/2/ BM i?2 Tm#HBb?2/ T`2/B+iQ` BM+Hm/BM; r?QH2 #HQQ/- FB/M2v �M/ bFBMX
�HQM;bB/2 i?Bb- i?2 T`2/B+iQ` rBHH #2 /2}M2/ mbBM; /�i� 7`QK i?`22 K2i?Q/b, q:"a-
__"a �M/ b+"a@a2[X .2}MBM; i?2 T`2/B+iQ` mbBM; i?2b2 KmHiBTH2 bQm`+2b Q7 2TB;2M2iB+
BM7Q`K�iBQM rBHH MQi QMHv K�F2 Bi KQ`2 `Qmbi #mi �HbQ KQ`2 �K2M�#H2 iQ /Bz2`2Mi
2tT2`BK2Mi�H bvbi2KbX

AM �//BiBQM iQ /2p2HQTBM; �M 2H�biB+@M2i `2;`2bbBQM KQ/2H mbBM; i?Bb /�i�b2i- Bi rQmH/
�HbQ #2 BMi2`2biBM; BM i?2 7mim`2 iQ miBHBb2 Qi?2` KQ/2HHBM; �TT`Q�+?2b iQ BKT`Qp2 i?2
`Q#mbiM2bb Q7 i?Bb T`2/B+iBQM Q7 #BQHQ;B+�H �;2X J�+?BM2 G2�`MBM; �TT`Q�+?2b bm+?
�b _�M/QK 6Q``2bi �`2 TQi2MiB�HHv BMi2`2biBM; BM i?Bb b2iiBM; QrBM; iQ i?2 #mBHi@BM
`2/mM/�M+v BM?2`2Mi BM i?2b2 KQ/2Hb TQi2MiB�HHv T`QpB/BM; � bQHmiBQM iQ i?2 T`Q#H2K Q7
KBbbBM;M2bb BM 2TB;2M2iB+ /�i� UT�`iB+mH�`Hv b2[m2M+BM; /�i�VX >Qr2p2`- bm+? KQ/2Hb
+QK2 rBi? +�p2�ib- 7Q` BMbi�M+2- /2bB;MBM; +?2�T2`- ?B;?2` i?`Qm;?Tmi �bb�vb BM i?2
7mim`2 K�v #2 /B{+mHi QrBM; iQ i?2 MmK#2` Q7 bBi2b i?�i BM7Q`K�iBQM Bb BMi2``Q;�i2/
Qp2`X

AM i?2 BKKBM2Mi 7mim`2- Bi rBHH #2 2t+BiBM; iQ �bb2bb T`2/B+iBQMb Q7 #BQHQ;B+�H �;2 BM
Tmi�iBp2 `2Dmp2M�iBQM bvbi2KbX AM T�`iB+mH�` i?Qb2 i?�i ?�p2 bQ 7�` T`2+Hm/2/ HB72bT�M
bim/B2b /m2 iQ 2i?B+�H Q` iBK2 +QMbB/2`�iBQMbX am+? bvbi2Kb BM+Hm/2- i?2 �bb2bbK2Mi Q7
?2i2`Q+?`QMB+ T�`�#BQMib �M/ BM pBpQ `2T`Q;`�KK2/ KB+2X L2Bi?2` Q7 r?B+? ?�p2 #22M
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*?�Ti2` eX *QM+HmbBQMb �M/ PmiHQQF

bim/B2/ BM � HB72bT�M b2iiBM;c /m2 iQ 2i?B+�H �M/ iBK2 +QMbi`�BMib `2bT2+iBp2Hv UJ+*�v
2i �HX- RN8d �M/ JQbi2B`Q 2i �HX- kyReVX

Ai rBHH �HbQ #2 BM+mK#2Mi mTQM mb BM i?2 7mim`2 iQ /2p2HQT � bBKTH2 �M/ �zQ`/�#H2 �bb�v
Q7 i?2 KQmb2 2TB;2M2iB+ +HQ+FX h?Bb Bb BMi2;`�H iQ 2Mbm`BM; i?�i i?2 T`QKBb2 Q7 bm+? �
T`2/B+iQ` Bb `2�HBb2/X h?2`2 �`2 � MmK#2` Q7 r�vb i?�i bm+? � i2bi +QmH/ #2 /2p2HQT2/X
PM2 bm+? �TT`Q�+? rQmH/ #2 i?�i Q7 �KTHB+QM b2[m2M+BM;- i?Bb �TT`Q�+? rQmH/ 2M�#H2
T`2+Bb2 i�`;2iBM; Q7 i?2 bBi2b Q7 BMi2`2bi- r?BHbi K�BMi�BMBM; i?2 #2M2}ib Q7 L:aX h?2
/Bb�/p�Mi�;2 Q7 bm+? �M �TT`Q�+? rQmH/ #2 i?�i Bi Bb +QKTH2t iQ b2i mT BM i?2 }`bi
BMbi�M+2 QrBM; iQ i?2 MmK#2` Q7 S*_ T`BK2`b i?�i rQmH/ #2 `2[mB`2/ 7Q` i?2 +m``2Mi
Bi2`�iBQMb Q7 i?2 KmHiB@iBbbm2 T`2/B+iQ`bX �M �Hi2`M�iBp2 �TT`Q�+? rQmH/ #2 iQ miBHBb2
� +mbiQKBb2/ K2i?vH�``�vX h?Bb �TT`Q�+? Bb KQ`2 bi`�B;?i 7Q`r�`/ iQ /2p2HQT BM i?2
}`bi BMbi�M+2- QrBM; iQ i?2 bBKTH2 `2[mB`2K2Mi Q7 ?v#`B/Bb�iBQM Q7 i?2 i�`;2ib iQ i?2
T`Q#2b- rBi?Qmi i?2 M2+2bbBiv Q7 i�`;2i2/ S*_X h?2 /Bb�/p�Mi�;2 Q7 bm+? �M �TT`Q�+?
`2H�i2 iQ i?2 `2/m+2/ i?`Qm;?Tmi �M/ BM+`2�b2/ +Qbi `2H�iBp2 iQ i?2 �KTHB+QMX

liBHBbBM; K2�bm`2K2Mib /2`Bp2/ 7`QK 2TB;2M2iB+ �;2 �b � T`Qtv 7Q` ?2�Hi?bT�M �M/fQ`
HB72bT�M +QK#BM2/ rBi? � +?2�T �bb�v 7Q` 2TB;2M2iB+ �;2 BM i?2 KQmb2 rQmH/ ;`2�iHv
`2/m+2 i?2 Bi2`�iBQM iBK2 Q7 K�KK�HB�M �;2BM; bim/B2bX :2M2iB+- 2MpB`QMK2Mi�H �M/
/`m; K�MBTmH�iBQMb +QmH/ #2 b+`22M2/ 7Q` `2/m+2/ #BQHQ;B+�H �;2- 2M�#HBM; b+`22MBM; 7Q`
�;2BM; BM � K�KK�HB�M +QMi2tiX h?Bb BM im`M rQmH/ 2M�#H2 M2r �M/ mM2tT2+i2/ H2�/b
iQ #2 7QHHQr2/ BM � `�iBQM�H- QT2M@KBM/2/ 7�b?BQMX

Jv rQ`F ?�b b?QrM i?�i Bi Bb TQbbB#H2 iQ /2}M2 �M 2TB;2M2iB+ T`2/B+iQ` BM MQi Dmbi
?mK�Mb- i?2 ;`2�i �T2b �M/ +�MBM2b #mi �HbQ MQr i?2 KQmb2X Jv rQ`F ?�b MQr b?B7i2/
i?2 [m2biBQM Q7 +QMb2`p�iBQM 7m`i?2` #�+F BM 2pQHmiBQM�`v iBK2X Ab i?2 �#BHBiv iQ /2}M2
2TB;2M2iB+ T`2/B+iQ`b Q7 �;2 HBKBi2/ iQ TH�+2Mi�H K�KK�Hb\ P` Bb Bi +QMb2`p2/ QmibB/2
Q7 K�KK�HB�\ hQ �//`2bb i?2b2 [m2biBQMb 7mim`2 KQ/2Hb rQmH/ M22/ iQ #2 /2`Bp2/ 7`QK
K2i?vHQK2 /�i�b2ib BM Qi?2` bT2+B2bX h?2 BKTHB+�iBQMb Q7 i?Bb +QMb2`p�iBQM iQ;2i?2`
rBi? i?2 }M/BM; i?�i i?2b2 T`2/B+iQ`b b22K iQ #2 `2~2+iBM; ;2MQK2 rB/2 #2?�pBQm` `�Bb2
K�Mv BMi2`2biBM; [m2biBQMb �#Qmi i?2 M�im`2 Q7 HB72bT�M �M/ �;2BM;X 6Q` BMbi�M+2- �`2
i?2 ;2MQK2b Q7 HQM; HBp2/ bT2+B2b BM?2`2MiHv KQ`2 �#H2 iQ `2T�B` 2TBKmi�iBQMb `2bmHiBM;
7`QK i?2 `�p�;2b Q7 iBK2\ P` �`2 i?2B` ;2MQK2b BM?2`2MiHv H2bb T`QM2 iQ 2TBKmi�iBQMb
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QrBM; iQ i?2 M�im`2 Q7 i?2 .L� b2[m2M+2 Q` j. Q`;�MBb�iBQM\ �Mbr2`b iQ i?2b2
[m2biBQMb �M/ Qi?2`b rQmH/ ;`2�iHv #2M2}i 7`QK 7mim`2 rQ`F b2i mTQM /2}MBM; � T�M@
bT2+B2b 2TB;2M2iB+ T`2/B+iQ`X am+? � T`2/B+iQ`- rQmH/ �HbQ ;Bp2 BMbB;?i BMiQ r?2i?2`
i?2 2TB;2M2iB+ +?�M;2b i?�i �`2 b22M rBi? �;2 �`2 +�mb�iBp2 BM �;2BM; Q` � T�bbBp2
#vbi�M/2`X

.22T BMbB;?ib BMiQ i?2b2 [m2biBQMb rBHH HBF2Hv �HbQ +QK2 7`QK 7mim`2 rQ`F /2}MBM; bBM@
;H2 +2HH #�b2/ 2TB;2M2iB+ T`2/B+iQ`b- Q` 2tT2`BK2Mi�iBQM@H2/ bBM;H2 +2HH KQ/2Hb 7Q` ?Qr
bm+? �M 2Mb2K#H2 K2�bm`2K2Mi +QmH/ �`Bb2 7`QK bBM;H2 +2HH BM7Q`K�iBQMX am+? BM7Q`@
K�iBQM +QmH/ i2bi i?2 ?vTQi?2bBb /2b+`B#2/ #v >Q`p�i? U>Q`p�i?- kyRjV i?�i i?2b2
2TB;2M2iB+ T`2/B+iQ`b �`2 i?2 ǳ+mKmH�iBp2 2z2+i Q7 �M 2TB;2M2iB+ K�BMi2M�M+2 bvbi2KǴX
*QMb2[m2MiHv- QM2 rQmH/ 2tT2+i i?2 ǳ#m`/2M Q7 �;2Ǵ iQ #2 b?�`2/ #v �HH +2HHb B7 i?Bb
?vTQi?2bBb r2`2 iQ #2 i`m2X a?QmH/ i?2 ǳ#m`/2M Q7 �;2Ǵ #2 HBKBi2/ iQ � bK�HH MmK#2` Q7
+2HHb- i?Bb rQmH/ bm;;2bi � r?QHHv /Bz2`2Mi K2+?�MBbK 7Q` i?2 +HQ+FX �MQi?2` BKTQ`i�Mi
BKTHB+�iBQM Q7 /2}MBM; � bBM;H2 +2HH T`2/B+iQ` Bb i?�i Bi rQmH/ 2M�#H2 `�`2 TQTmH�iBQMb Q7
+2HHb iQ #2 �bb�v2/ 7Q` #BQHQ;B+�H �;2X h?Bb rQmH/ #2 BKTQ`i�Mi 7Q` mM/2`bi�M/BM; i?2
+?�M;2b iQ i?2 2TB;2M2iB+ T`2/B+iQ` /m`BM; 2�`Hv /2p2HQTK2Mi i?�i +QmH/ BM7Q`K r?2M
�M/ ?Qr bm+? � T`2/B+iQ` Bb BMBiB�HBb2/X 6m`i?2`KQ`2- Bi rQmH/ �HHQr i?2 �bb2bbK2Mi Q7
`�`2 bi2K +2HH TQTmH�iBQMb rBi? �;2- bm+? �b i?2 h�@>B Jma*b �bb2bb2/ BM i?Bb i?2bBbX
h?Bb Bb Q7 2MQ`KQmb BMi2`2bi #2+�mb2 bm+? `�`2 +2HH TQTmH�iBQMb �`2 TQi2MiB�HHv i?2 KQbi
�K2M�#H2 iQ `2;2M2`�iBp2 BMi2`p2MiBQMb �M/ `2Dmp2M�iBQMX

h?2 rQ`F /2b+`B#2/ BM *?�Ti2` 9 QM i?2 h�@>B Jma* bBM;H2 +2HH +QK#BM2/ 2TB;2MQKB+
�M/ i`�Mb+`BTiQKB+ /�i�b2i ?�b `2bmHi2/ BM i?2 /2p2HQTK2Mi Q7 irQ MQp2H +QKTmi�iBQM�H
�TT`Q�+?2b 7Q` i?2 bim/v Q7 bBM;H2 +2HH .L� K2i?vH�iBQM /�i�X AM i?2 7mim`2- Bi rBHH
#2 BMi2`2biBM; iQ 7m`i?2` /2p2HQT �M/ i2bi i?2b2 �TT`Q�+?2b BM i?Bb �M/ Qi?2` bvbi2KbX
6Q` BMbi�M+2- 7m`i?2` �M�HvbBb Q7 i?2 +m``2Mi /�i�b2i +QmH/ BMi2``Q;�i2 i?2 /Bz2`2M+2b
#2ir22M vQmM; �M/ QH/ +2HHb mbBM; 2tT2`BK2Mi�HHv /2i2`KBM2/ 72�im`2 �MMQi�iBQMbX am+?
�MMQi�iBQMb �`2 �p�BH�#H2 7`QK +?`QK�iBM BKKmMQT`2+BTBi�iBQM U*?ASV �M/ �bb�v 7Q`
h`�MbTQb�b2@�++2bbB#H2 *?`QK�iBM mbBM; b2[m2M+BM; U�h�*@a2[V K2i?Q/b T2`7Q`K2/
QM i?2b2 +2HHb- �M/ +2HH@+mHim`2 KQ/2Hb i?2`2Q7 U�bT 2i �HX- kyRR- "HmK 2i �HX- kyRk �M/
GBHD� 2i �HX- kyRdV �M/ KQ`2 /Bz2`2MiB�i2/ +QmMi2`T�`ib Q7 i?2KX JQ`2 #`Q�/Hv- Bi rBHH
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#2 Q7 BMi2`2bi iQ �TTHv i?2b2 +QKTmi�iBQM�H �TT`Q�+?2b iQ Qi?2` bBM;H2 +2HH #BbmH}i2
/�i�b2ibX 6Q` BMbi�M+2- BM i?2 +QMi2ti Q7 i?2 xv;Qi2 �M/ 2�`Hv 2K#`vQ r?2`2 i?2`2 �`2
H�`;2@b+�H2 /vM�KB+ +?�M;2b BM .L� K2i?vH�iBQM U�KQm`Qmt 2i �HX- kyRe �M/ a�MiQb
2i �HX- kyykV- i?2 K2+?�MB+b Q7 r?B+? �`2 biBHH MQi 7mHHv mM/2`biQQ/X

h?2 �M�HvbBb Q7 i?Bb bBM;H2 +2HH /�i�b2i ?�b �HbQ �HHm/2/ iQ � TQi2MiB�H K2+?�MBbK 7Q` i?2
2TB;2M2iB+ T`2/B+iQ`b, � K2+?�MBbK Q7 BM+`2�bBM; BMi`�+2HHmH�` ?QKQ;2M2Biv �M/ `2bmH@
i�Mi +?�M;2b BM +2HH@iQ@+2HH ?2i2`Q;2M2BivX AM i?2 7mim`2 Bi rBHH #2 2t+BiBM; iQ mM/2`bi�M/
r?2i?2` i?Bb KQ/2H i?�i r�b /2p2HQT2/ 7`QK �M�HvbBb Q7 bT2+B}+ 72�im`2b BM i?2 ;2MQK2-
Bb i`m2 7Q` i?2 H�`;2 K�DQ`Biv Q7 i?2 ;2MQK2X AM �//BiBQM- Bi rBHH #2 BKTQ`i�Mi iQ /2p2HQT
� KQ/2H i?�i Bb �#H2 iQ T`2/B+i i?2 M�im`2 Q7 i?2b2 +?�M;2b 7`QK BMBiB�H K2i?vH�iBQM
bi�i2b BM bBM;H2 +2HHb 7`QK vQmM; BM/BpB/m�HbX am+? � KQ/2H rQmH/ T`QpB/2 BMbB;?ib �b
iQ i?2 M�im`2 Q7 �;2BM; �M/ K�v ?2HT BM /2`BpBM; � T�M@bT2+B2b 2TB;2M2iB+ T`2/B+iQ` Q7
�;2X

hQ;2i?2` rBi? bm+? � KQ/2H- Bi rQmH/ #2 Q7 ;`2�i BMi2`2bi iQ FMQr r?2i?2` i?Bb #2@
?�pBQm` ?QH/b BM KQ`2 /Bz2`2MiB�i2/ +2HH ivT2b BM i?2 Kmb+H2 HBM2�;2X 6Q` BMbi�M+2-
/Q KQ`2 /Bz2`2MiB�i2/ +2HHb 2t?B#Bi i?Bb i2M/2M+v iQ BM+`2�b2 BMi`�+2HHmH�` 2TB;2M2iB+
?QKQ;2M2Biv r?BHbi BM+`2�bBM; +2HH@iQ@+2HH ?2i2`Q;2M2Biv iQQ\ qBHH i?2 ?2i2`Q;2M2Biv #2
BM+`2�b2/ /m2 iQ i?2 �bvKK2i`B+ +2HH /BpBbBQM FMQrM iQ Q++m` BM i?2b2 h�@>B Jma*b\
hQ �Mbr2` i?2b2 [m2biBQMb �M/ KQ`2 Bi rBHH #2 Q7 BMi2`2bi BM i?2 7mim`2 iQ �bb2bb �+iB@
p�i2/ Jma*b- KvQ#H�bib �M/ Mm+H2B 7`QK 7mb2/ KvQ}#2`b �i i?2 bBM;H2 +2HH +QK#BM2/
H2p2HX AM �//BiBQM- bm+? � bim/v rQmH/ #2 BMp�Hm�#H2 7Q` �bFBM; KQ`2 7mM/�K2Mi�H
[m2biBQMb �#Qmi i?2 #BQHQ;v Q7 i?2b2 +2HHbX 6Q` BMbi�M+2- /Q2b i?2 +Q``2H�iBQM #2ir22M
i`�Mb+`BTiBQM �M/ .L� K2i?vH�iBQM BM+`2�b2 i?`Qm;? /Bz2`2MiB�iBQM\ �i r?�i bi�;2
/Q .L� K2i?vH�iBQM H2p2Hb `2�+? i?Qb2 2tT2+i2/ 7Q` bQK�iB+ iBbbm2b �M/ FMQrM iQ
2tBbi BM i?2 #mHF Kmb+H2\ h?Bb H�bi [m2biBQM +QmH/ #2 �//`2bb2/ mbBM; i?2 J2i?vH_P
KQmb2 U+QMi�BMb �M J".R@~mQ`QT?Q`2 +QMbi`m+ic l2/� 2i �HX- kyR9V �M/ i?2 /vM�KB+
K2�bm`2b Q7 .L� K2i?vH�iBQM i?�i A /2p2HQT2/ BM *?�Ti2` 8X liBHBbBM; i?2 HBp2 +2HH
�TT`Q�+?2b rQmH/ #2 Q7 T�`iB+mH�` �/p�Mi�;2 b?QmH/ i?2 ;HQ#�H ;�BM BM K2i?vH�iBQM QMHv
Q++m` mTQM +2HH 7mbBQM rBi? T`2@2tBbiBM; Kmb+H2 }#2`bX h?2 HBp2@+2HH K2i?Q/ rQmH/ �HHQr
i?2b2 M2rHv BM+Q`TQ`�i2/ Mm+H2B iQ #2 �bb2bb2/ /B`2+iHv 2p2M rBi?BM i?2 }#`2- M2;�iBM;
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i?2 M22/ 7Q` +QKTHB+�i2/ 2ti`�+iBQM T`QiQ+QHbX

hQ 2M�#H2 rB/2` �TTHB+�#BHBiv Q7 i?2 ..J HBp2 +2HH K2�bm`2 Q7 .L� K2i?vH�iBQM /v@
M�KB+b- Bi rBHH #2 BKTQ`i�Mi BM i?2 7mim`2 iQ BM+`2�b2 i?2 `Q#mbiM2bb Q7 i?2 BK�;2
�M�HvbBb �M/ iQ 2M�#H2 Bi iQ #2+QK2 KQ`2 mb2` 7`B2M/HvX Ai rBHH �HbQ #2 2t+BiBM;- r?2M
i?Bb �M�HvbBb Bb K�/2 KQ`2 `Q#mbi iQ �TTHv Bi iQ i?2 bim/v Q7 Qi?2` /vM�KB+ HBp2 +2HH
T`Q+2bb2b �b i?2 �TT`Q�+? Bib2H7 Bb MQi HBKBi2/ iQ .L� K2i?vH�iBQMX am+? bvbi2Kb +QmH/
BM+Hm/2 ?BbiQM2 K�`Fb Q` i`�Mb+`BTiBQM 7�+iQ`bX AM �//BiBQM- mbBM; 2Bi?2` ..J Q` 6_�S
Bi Bb TQbbB#H2 iQ K�F2 K2�bm`2K2Mib Q7 /Bz2`2Mi ~mQ`QT?Q`2b �i i?2 b�K2 iBK2X PM2
bvbi2K i?�i rQmH/ #2 BMi2`2biBM; iQ �bb2bb BM i?2 +QMi2ti Q7 /2p2HQTK2Mi �M/ �;2BM;
rQmH/ #2 i?2 /vM�KB+b Q7 S_*k �M/ >jEkdK2jX am+? � bim/v rQmH/ T`QpB/2 BMbB;?ib
BMiQ i?2 M�im`2 Q7 i?2 `2H�iBQMb?BT #2ir22M i?2 irQ rBi? �;2X .Q i?2 ;HQ#�H T`Qi2BM
H2p2Hb Q7 S_*k +?�M;2\ P` /Q i?2 /vM�KB+b rBi? r?B+? Bi BMi2`�+ib rBi? i?2 .L�
+?�M;2\

�i � KQ`2 7mM/�K2Mi�H H2p2H- Bi rBHH #2 7�b+BM�iBM; iQ bim/v .L� K2i?vH�iBQM /vM�KB+b
BM /Bz2`2Mi +2HH ivT2b BM � `2H�iBp2Hv ?B;? i?`Qm;?Tmi K�MM2`X h?Bb rQmH/ 2M�#H2
b+`22MBM; Q7 bvbi2Kb Q7 BMi2`2bi i?�i +QmH/ i?2M #2 7QHHQr2/ mT rBi? KQ`2 BMi2MbBp2
�M/ ?B;?2` `2bQHmiBQM �TT`Q�+?2b bm+? �b b+J�h@a2[X �b K2MiBQM2/- i?2 +m``2MiHv
�p�BH�#H2 J2i?vH_P KQmb2 Ul2/� 2i �HX- kyR9V �H`2�/v K�F2b i?2 �TTHB+�iBQM Q7 i?2b2
K2i?Q/b BM �M BM pBpQ b2iiBM; TQbbB#H2X AMBiB�H bim/B2b mbBM; i?Bb bvbi2K ?�p2 7QmM/
i?�i i?2`2 �`2 H�`;2 /Bz2`2M+2b BM i?2 T�ii2`MBM; Q7 K2i?vH�iBQM BM /Bz2`2Mi +2HH ivT2bX
�b bm+?- A i?BMF i?�i BM i?2 7mim`2 Bi rBHH #2 2t+BiBM; iQ 2KTHQv i?2b2 [m�MiBi�iBp2
/vM�KB+ K2�bm`2b iQ �bb2bb .L� K2i?vH�iBQM BM �M BM pBpQ +QMi2tiX AM T�`iB+mH�`- A
i?BMF i?�i Bi rBHH #2 7�b+BM�iBM; iQ �bb2bb i?2b2 /vM�KB+b /m`BM; 2�`Hv /2p2HQTK2Mi �M/
�;2BM;X

AM �//BiBQM iQ miBHBbBM; i?2 [m�MiBi�iBp2 �M/ /vM�KB+ K2�bm`2b Q7 .L� K2i?vH�iBQM
/2b+`B#2/ BM i?Bb i?2bBb- A i?BMF i?�i BM i?2 7mim`2 Bi rBHH #2 BKTQ`i�Mi iQ �/�Ti i?2b2
K2i?Q/b iQ 2M�#H2 HQ+B@bT2+B}+ K2�bm`2K2Mib Q7 .L� K2i?vH�iBQM /vM�KB+b iQ #2
K�/2X PM2 r�v i?Bb +QmH/ #2 �+?B2p2/ Bb i?`Qm;? � 6_1h@#�b2/ bvbi2K mbBM; i?2
+QMbi`m+ib /2`Bp2/ BM J�i2`B�Hb �M/ J2i?Q/b b2+iBQM kX8X9X am+? �M �/�Ti2/ bvbi2K
+QmH/ TQi2MiB�HHv 2M�#H2 /vM�KB+ bBM;H2 +2HH K2�bm`2K2Mib Q7 i?2 2TB;2M2iB+ T`2/B+iQ`
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bBi2b i?�i +QmH/ #2 7QHHQr2/ �+`Qbb iBK2X >Qr2p2`- i?2`2 rBHH #2 � HBKBi iQ i?2 MmK#2`
Q7 BM/2T2M/2Mi bBi2b i?�i +�M #2 mMB[m2Hv B/2MiB}2/ 7`QK �Mv QM2 BK�;2- QrBM; iQ i?2
MmK#2` Q7 b2T�`�#H2 2t+Bi�iBQMf2KBbbBQM bT2+i`�X �b bm+?- Bi K�v T2`?�Tb `2[mB`2 i?2
�/�Ti�iBQM Q7 i?2 T`2/B+iQ` r2B;?ib iQ � bBM;mH�` TQbBiBp2 r2B;?i �M/ bBM;mH�` M2;�iBp2
r2B;?i i?�i rQmH/ `2[mB`2 K�tBK�HHv 9 ~mQ`QT?Q`bX

AM i?Bb i?2bBb A ?�p2 /2p2HQT2/ KmHiBTH2 iQQHb iQ K2�bm`2 �M/ �M�Hvb2 .L� K2i?vH�iBQMX
A ?�p2 b?QrM i?�i i?2b2 iQQHb +�M T`QpB/2 2t+BiBM; BMbB;?ib BMiQ i?2 M�im`2 Q7 #Qi? .L�
K2i?vH�iBQM /vM�KB+b �M/ �;2BM;X A ?QT2 i?�i i?2 �//BiBQMb A ?�p2 K�/2 iQ i?2 .L�
K2i?vH�iBQM iQQH#Qt rBHH MQr 2M�#H2 .L� K2i?vH�iBQM iQ #2 � KQ/2H bvbi2K 7Q` i?2
bim/v Q7 �;2BM;X
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kjy



"B#HBQ;`�T?v

�+Qbi�- CX *X- �X "�MBiQ- hX qm2bi272H/- �X :2Q`;BHBb- SX C�MB+?- CX SX JQ`iQM- .X �i?B@
M2Qb- hX@qX E�M;- 6X G�bBib+?F�- JX �M/`mHBb- 2i �HX
kyRjX � +QKTH2t b2+`2iQ`v T`Q;`�K Q`+?2bi`�i2/ #v i?2 BM~�KK�bQK2 +QMi`QHb
T�`�+`BM2 b2M2b+2M+2X L�im`2 +2HH #BQHQ;v- R8U3V,Nd3X

�+Qbi�- CX *X- �X PǶGQ;?H2M- �X "�MBiQ- JX oX :mBD�``Q- �X �m;2`i- aX _�;mx- JX 6m@
K�;�HHB- JX .� *Qbi�- *X "`QrM- LX SQTQp- 2i �HX
kyy3X *?2KQFBM2 bB;M�HBM; pB� i?2 +t+`k `2+2TiQ` `2BM7Q`+2b b2M2b+2M+2X *2HH-
RjjUeV,RyyeĜRyR3X

�HHbQTT- _X *X- >X o�xB`B- *X S�ii2`bQM- aX :QH/bi2BM- 1X oX uQmM;H�B- �X "X 6mi+?2`-
*X qX :`2B/2`- �M/ *X "X >�`H2v
RNNkX h2HQK2`2 H2M;i? T`2/B+ib `2THB+�iBp2 +�T�+Biv Q7 ?mK�M }#`Q#H�bibX S`Q+22/BM;b
Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- 3NUkRV,RyRR9ĜRyRR3X

�KQm`Qmt- _X- "X L�b?mM- EX a?B`�M2- aX L�F�;�r�- SX qX >BHH- wX .ǶaQmx�-
JX L�F�v�K�- JX J�ibm/�- �X hm`T- 1X L/D2i2?2- 2i �HX
kyReX .2 MQpQ /M� K2i?vH�iBQM /`Bp2b 8?K+ �++mKmH�iBQM BM KQmb2 xv;Qi2bX L�im`2
+2HH #BQHQ;v- R3UkV,kk8X

�M;2`Km2HH2`- *X- aX CX *H�`F- >X CX G22- AX *X J�+�mH�v- JX CX h2M;- hX sX >m-
6X E`m2;2`- aX �X aK�HHrQQ/- *X SX SQMiBM;- hX oQ2i- 2i �HX
kyReX S�`�HH2H bBM;H2@+2HH b2[m2M+BM; HBMFb i`�Mb+`BTiBQM�H �M/ 2TB;2M2iB+ ?2i2`Q;2M2@
BivX L�im`2 K2i?Q/b- RjUjV,kkNĜkjkX

�M;2`Km2HH2`- *X- >X CX G22- qX _2BF- �M/ PX ai2;H2
kyRdX .22T+T;, �++m`�i2 T`2/B+iBQM Q7 bBM;H2@+2HH /M� K2i?vH�iBQM bi�i2b mbBM; /22T
H2�`MBM;X :2MQK2 #BQHQ;v- R3URV,edX
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�QFB- �X- AX am2i�F2- CX JBv�;�r�- hX 6mDBQ- hX *?BDBr�- >X a�b�FB- �M/ aX h�DBK�
kyyRX 1MxvK�iB+ T`QT2`iB2b Q7 /2 MQpQ@ivT2 KQmb2 /M� U+viQbBM2@8V K2i?vHi`�Mb@
72`�b2bX Lm+H2B+ �+B/b `2b2�`+?- kNURdV,j8yeĜj8RkX

�b/2HH- aX- >X .QQ`M2M#�H- aX CQb?B- �M/ :X aT2`HBM;
RNedX h?2 2z2+ib Q7 b2t bi2`QB/ ?Q`KQM2b mTQM HQM;2pBiv BM `�ibX CQm`M�H Q7 `2T`Q@
/m+iBQM �M/ 72`iBHBiv- R9URV,RRjĜRkyX

�bT- SX- _X "HmK- oX o2i?�Mi?�K- 6X S�`BbB- JX JB+bBM�B- CX *?2M;- *X "QrK�M-
uX EHm;2`- �M/ "X .X .vMH�+?i
kyRRX :2MQK2@rB/2 `2KQ/2HBM; Q7 i?2 2TB;2M2iB+ H�M/b+�T2 /m`BM; KvQ;2MB+ /Bz2`@
2MiB�iBQMX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- Ry3UkkV,1R9NĜ1R83X

�m+H�B`- :X- CX "Q`;2H- GX �X a�Mx- CX o�HH2i- aX :mB#2`i- JX .mK�b- SX *�p2HB2`- JX :B@
`�`/Qi- hX 6Q`Mû- _X 62BH- 2i �HX
kyReX 1?Kik /B`2+ib /M� K2i?vH�iBQM 7Q` 2{+B2Mi ;2M2 bBH2M+BM; BM KQmb2 2K#`vQbX
:2MQK2 `2b2�`+?- keUkV,RNkĜkykX

�mbi�/- aX LX �M/ EX 1X 6Bb+?2`
kyReX a2t /Bz2`2M+2b BM HB72bT�MX *2HH K2i�#QHBbK- kjUeV,RykkĜRyjjX

"�?�`- _X- *X >X >�`iK�MM- EX �X _Q/`B;m2x- �X .X .2MMv- _X �X "mbmiiBH- JX 1X .QHHû-
_X "X *�H/2`- :X "X *?Bb?QHK- "X >X SQHHQ+F- *X �X EH2BM- 2i �HX
kyyeX AM+`2�b2/ +2HH@iQ@+2HH p�`B�iBQM BM ;2M2 2tT`2bbBQM BM �;2BM; KQmb2 ?2�`iX L�im`2-
99RUdyNeV,RyRRX

"�F2`- .X CX- "X :X *?BH/b- JX .m`BF- JX 1X qBD2`b- *X CX aB2#2M- CX w?QM;- _X a�HiM2bb-
EX "X C2;�M�i?�M- :X *X o2`bQx�- �X@JX S2x2b?FB- 2i �HX
kyReX L�im`�HHv Q++m``BM; TReBMF9�@TQbBiBp2 +2HHb b?Q`i2M ?2�Hi?v HB72bT�MX L�im`2-
8jyUd83NV,R39X

"�F2`- .X CX- hX qBDb?�F2- hX h+?FQMB�- LX EX G2"`�bb2m`- "X :X *?BH/b- "X o�M
.2 aHmBb- CX GX EB`FH�M/- �M/ CX JX o�M .2m`b2M
kyRRX *H2�`�M+2 Q7 TReBMF9�@TQbBiBp2 b2M2b+2Mi +2HHb /2H�vb �;2BM;@�bbQ+B�i2/ /BbQ`@
/2`bX L�im`2- 9dNUdjdkV,kjkX

"�`�F�i- hX aX �M/ CX :`B#M�m
kyRyX s +?`QKQbQK2 BM�+iBp�iBQM �M/ 2K#`vQMB+ bi2K +2HHbX AM h?2 *2HH "BQHQ;v Q7
ai2K *2HHb- STX RjkĜR89X aT`BM;2`X

kjk
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"�`�m- CX- �X h2Bbb�M/B2`- LX w�Km/BQ- aX _Qv- oX L�H2bbQ- uX >û`�mHi- 6X :mBHHQm- �M/
.X "Qm`+Ƕ?Bb
kyReX h?2 /M� K2i?vHi`�Mb72`�b2 /MKij+ T`Qi2+ib K�H2 ;2`K +2HHb 7`QK i`�MbTQbQM
�+iBpBivX a+B2M+2- j89UejR9V,NyNĜNRkX

"�`Bb- PX _X- aX 1/2`2`- CX 6X L2m?�mb- CX@*X pQM EH2Bbi@_2ixQr- *X JX qmM/2`HB+?-
JX S�H- 6X hX qmM/2`HB+?- oX S22p�- :X wbm`F�- qX aX EmMx- 2i �HX
kyR8X JQb�B+ /2}+B2M+v BM KBiQ+?QM/`B�H QtB/�iBp2 K2i�#QHBbK T`QKQi2b +�`/B�+
�``?vi?KB� /m`BM; �;BM;X *2HH K2i�#QHBbK- kRU8V,eedĜeddX

"�`bFB- �X- aX *m//�T�?- EX *mB- hX@uX _Q?- .X 1X a+?QM2b- wX q�M;- :X q2B- AX *?2@
T2H2p- �M/ EX w?�Q
kyydX >B;?@`2bQHmiBQM T`Q}HBM; Q7 ?BbiQM2 K2i?vH�iBQMb BM i?2 ?mK�M ;2MQK2X *2HH-
RkNU9V,3kjĜ3jdX

"�m#2+- hX- _X Ap�M2F- 6X GB2M2`i- �M/ .X a+?Ƀ#2H2`
kyRjX J2i?vH�iBQM@/2T2M/2Mi �M/@BM/2T2M/2Mi ;2MQKB+ i�`;2iBM; T`BM+BTH2b Q7 i?2
K#/ T`Qi2BM 7�KBHvX *2HH- R8jUkV,93yĜ9NkX

"2�mbûDQm`- *X JX- �X E`iQHB+�- 6X :�HBKB- JX L�`Bi�- aX qX GQr2- SX u�br2M- �M/
CX *�KTBbB
kyyjX _2p2`b�H Q7 ?mK�M +2HHmH�` b2M2b+2M+2, `QH2b Q7 i?2 T8j �M/ TRe T�i?r�vbX h?2
1J"P DQm`M�H- kkUReV,9kRkĜ9kkkX

"22`K�M- AX- .X "?�ii�+?�`v�- aX w�M/B- JX aB;p�`/bbQM- AX GX q2BbbK�M- .X "`v/2`-
�M/ .X CX _QbbB
kyRyX 6mM+iBQM�HHv /BbiBM+i ?2K�iQTQB2iB+ bi2K +2HHb KQ/mH�i2 ?2K�iQTQB2iB+ HBM@
2�;2 TQi2MiB�H /m`BM; �;BM; #v � K2+?�MBbK Q7 +HQM�H 2tT�MbBQMX S`Q+22/BM;b Q7 i?2
L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RydURkV,89e8Ĝ89dyX

"2`M2i- CX .X- CX .X .QH2b- CX EX >�HH- EX EX h�M�F�- hX �X *�`i2`- �M/ "X "X PHrBM
kyR9X Tj3 K�TF bB;M�HBM; mM/2`HB2b � +2HH@�miQMQKQmb HQbb Q7 bi2K +2HH b2H7@`2M2r�H
BM bF2H2i�H Kmb+H2 Q7 �;2/ KB+2X L�im`2 K2/B+BM2- kyUjV,ke8ĜkdRX

"2`Mbi2BM- "X 1X- hX aX JBFF2Hb2M- sX sB2- JX E�K�H- .X CX >m2#2`i- CX *mz- "X 6`v-
�X J2BbbM2`- JX q2`MB;- EX SH�i?- 2i �HX
kyyeX � #Bp�H2Mi +?`QK�iBM bi`m+im`2 K�`Fb F2v /2p2HQTK2Mi�H ;2M2b BM 2K#`vQMB+
bi2K +2HHbX *2HH- Rk8UkV,jR8ĜjkeX
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"2biQ`- hX- �X G�m/�MQ- _X J�ii�HB�MQ- �M/ oX AM;`�K
RN33X *HQMBM; �M/ b2[m2M+BM; Q7 � +/M� 2M+Q/BM; /M� K2i?vHi`�Mb72`�b2 Q7 KQmb2
+2HHb, i?2 +�`#QtvH@i2`KBM�H /QK�BM Q7 i?2 K�KK�HB�M 2MxvK2b Bb `2H�i2/ iQ #�+i2`B�H
`2bi`B+iBQM K2i?vHi`�Mb72`�b2bX CQm`M�H Q7 KQH2+mH�` #BQHQ;v- kyjU9V,NdRĜN3jX

"2biQ`- hX >X
kyyyX h?2 /M� K2i?vHi`�Mb72`�b2b Q7 K�KK�HbX >mK�M KQH2+mH�` ;2M2iB+b-
NUReV,kjN8Ĝk9ykX

"B;Qi- �X- qX CX .m//v- wX :X Pm�M/�Q;Q- 1X L2;`QMB- oX J�`BQi- aX :?BK#Qpb+?B-
"X >�`KQM- �X qB2H;QbBF- *X GQBb2�m- CX .2p�M2v- 2i �HX
kyR8X �;2@�bbQ+B�i2/ K2i?vH�iBQM bmTT`2bb2b bT`vR- H2�/BM; iQ � 7�BHm`2 Q7 `2@
[mB2b+2M+2 �M/ HQbb Q7 i?2 `2b2`p2 bi2K +2HH TQQH BM 2H/2`Hv Kmb+H2X *2HH `2TQ`ib-
RjUeV,RRdkĜRR3kX

"DQ`MbbQM- >X hX- JX AX aB;m`/bbQM- JX .X 6�HHBM- _X �X A`Bx�``v- hX �bT2HmM/- >X *mB-
qX um- JX �X _QM;BQM2- hX CX 1Fbi`ƺK- hX "X >�``Bb- 2i �HX
kyy3X AMi`�@BM/BpB/m�H +?�M;2 Qp2` iBK2 BM /M� K2i?vH�iBQM rBi? 7�KBHB�H +Hmbi2`BM;X
C�K�- kNNUk9V,k3ddĜk33jX

"H�+FH2/;2- LX SX- �X JX 6�`+�b- hX EQM/Q- >X qX EBM;- CX 6X J+:Qm`�M- GX GX >�Mbb2M-
aX AiQ- aX *QQT2`- EX EQM/Q- uX EQb2FB- 2i �HX
kyR9X o�`B�Mi T`+R +QKTH2t@/2T2M/2Mi ?k� m#B[mBivH�iBQM /`Bp2b T`+k `2+`mBiK2Mi
�M/ TQHv+QK# /QK�BM 7Q`K�iBQMX *2HH- R8dUeV,R998ĜR98NX

"HmK- _X- oX o2i?�Mi?�K- *X "QrK�M- JX _m/MB+FB- �M/ "X .X .vMH�+?i
kyRkX :2MQK2@rB/2 B/2MiB}+�iBQM Q7 2M?�M+2`b BM bF2H2i�H Kmb+H2, i?2 `QH2 Q7 KvQ/RX
:2M2b � /2p2HQTK2Mi- keUk9V,kdejĜkddNX

"Q+F- CX@PX- >X@>X EƺMB;- >X "`2MM2`- qX 1X >�272HB- _X ZmBMxH2`- >X J�ib+?BM;2`-
EX@lX a�mK- "X a+?ƺiiF2`- �M/ .X >2B/2`
kyReX �bbQ+B�iBQMb Q7 7`�BHiv rBi? ?2�Hi? +�`2 +QbibĜ`2bmHib Q7 i?2 2bi?2` +Q?Q`i bim/vX
"J* ?2�Hi? b2`pB+2b `2b2�`+?- ReURV,Rk3X

"Q+FH�M/i- aX- qX GBM- JX 1X a2?H- 6X CX a�M+?2x- CX aX aBMb?2BK2`- aX >Q`p�i?- �M/
1X oBH�BM
kyRRX 1TB;2M2iB+ T`2/B+iQ` Q7 �;2X SHQa QM2- eUeV,2R93kRX

"QbiB+F- JX- CX EX EBK- SX@PX 1biĕp2- �X *H�`F- aX S`�/?�M- �M/ aX 1X C�+Q#b2M
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kyydX l?`7R TH�vb � `QH2 BM K�BMi�BMBM; /M� K2i?vH�iBQM BM K�KK�HB�M +2HHbX a+B2M+2-
jRdU8398V,RdeyĜRde9X

"QrH2b- CX
RNN3X h?2 2pQHmiBQM Q7 �;BM;, � M2r �TT`Q�+? iQ �M QH/ T`Q#H2K Q7 #BQHQ;vX J2/B+�H
?vTQi?2b2b- 8RUjV,RdNĜkkRX

"QrH2b- CX
kyyyX a2t- FBM;b �M/ b2`B�H FBHH2`b �M/ Qi?2` ;`QmT@b2H2+i2/ ?mK�M i`�BibX J2/B+�H
?vTQi?2b2b- 89UeV,3e9Ĝ3N9X

"Qv2`- GX �X- EX SH�i?- CX w2BiHBM;2`- hX "`�K#`BMF- GX �X J2/2B`Qb- hX AX G22- aX aX
G2pBM2- JX q2`MB;- �X h�DQM�`- JX EX _�v- 2i �HX
kyyeX SQHv+QK# +QKTH2t2b `2T`2bb /2p2HQTK2Mi�H `2;mH�iQ`b BM Km`BM2 2K#`vQMB+
bi2K +2HHbX M�im`2- 99RUdyNRV,j9NX

"`�+F- �X aX- >X "BH/bQ2- �M/ aX JX >m;?2b
kyy8X 1pB/2M+2 i?�i b�i2HHBi2 +2HH /2+`2K2Mi +QMi`B#mi2b iQ T`272`2MiB�H /2+HBM2 BM
Mm+H2�` MmK#2` 7`QK H�`;2 }#`2b /m`BM; Km`BM2 �;2@`2H�i2/ Kmb+H2 �i`QT?vX CQm`M�H
Q7 +2HH b+B2M+2- RR3UkyV,93RjĜ93kRX

"`�+F- �X aX- JX CX *QM#Qv- aX _Qv- JX G22- *X CX EmQ- *X E2HH2`- �M/ hX �X _�M/Q
kyydX AM+`2�b2/ rMi bB;M�HBM; /m`BM; �;BM; �Hi2`b Kmb+H2 bi2K +2HH 7�i2 �M/ BM+`2�b2b
}#`QbBbX a+B2M+2- jRdU83jNV,3ydĜ3RyX

"`�+F- �X aX �M/ SX JmƢQx@*�MQp2b
kyReX h?2 BMb �M/ Qmib Q7 Kmb+H2 bi2K +2HH �;BM;X aF2H2i�H Kmb+H2- eURV,RX

"`�+F- �X aX �M/ hX �X _�M/Q
kyRkX hBbbm2@bT2+B}+ bi2K +2HHb, H2bbQMb 7`QK i?2 bF2H2i�H Kmb+H2 b�i2HHBi2 +2HHX *2HH
bi2K +2HH- RyU8V,8y9Ĝ8R9X

"`�+F2M- �X SX- LX .B2i`B+?- .X S�bBMB- EX >X >�Mb2M- �M/ EX >2HBM
kyyeX :2MQK2@rB/2 K�TTBM; Q7 TQHv+QK# i�`;2i ;2M2b mM`�p2Hb i?2B` `QH2b BM +2HH
7�i2 i`�MbBiBQMbX :2M2b � /2p2HQTK2Mi- kyUNV,RRkjĜRRjeX

"`�B;- JX- aX G22- *X GQ//2MF2KT2`- *X _m/QHT?- 2i �HX
kyy8X PM+Q;2M2@BM/m+2/ b2M2b+2M+2 �b �M BMBiB�H #�``B2` BM HvKT?QK� /2p2HQTK2MiX
L�im`2- 9jeUdy8RV,eeyX

"`B2M- :X GX- :X :�K#2`Q- .X CX PǶ+QMM2HH- 1X C2`K�M- aX �X hm`M2`- *X JX 1;�M- 1X CX
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.mMM2- JX *X Cm`;2Mb- EX qvMM2- GX SB�Q- 2i �HX
kyRkX SQHv+QK# T?7RN #BM/b ?jFjeK2j �M/ `2+`mBib T`+k �M/ /2K2i?vH�b2 MQee
iQ 2K#`vQMB+ bi2K +2HH ;2M2b /m`BM; /Bz2`2MiB�iBQMX L�im`2 bi`m+im`�H � KQH2+mH�`
#BQHQ;v- RNURkV,RkdjĜRk3RX

"m2M`Qbi`Q- CX .X- "X qm- lX JX GBix2M#m`;2`- .X _mz- JX GX :QMx�H2b- JX SX aMv/2`-
>X uX *?�M;- �M/ qX CX :`22MH2�7
kyR8X aBM;H2@+2HH +?`QK�iBM �++2bbB#BHBiv `2p2�Hb T`BM+BTH2b Q7 `2;mH�iQ`v p�`B�iBQMX
L�im`2- 8kjUd8eRV,93eX

"mb+�`H2i- JX- aX S`QpQbi- uX 6X w�/�- �X "�`?/�/B- oX "Qm`;QBM- :X GûTBM2- GX JQHHB+�-
LX axm#2`- JX@SX .m#û- �M/ GX "mb[m2
kyRdX .MKij� �M/ i2ik /QKBM�i2 +HQM�H ?2K�iQTQB2bBb �M/ /2KQMbi`�i2 #2MB;M
T?2MQivT2b �M/ /Bz2`2Mi ;2M2iB+ T`2/BbTQbBiBQMbX "HQQ/- RjyUeV,d8jĜdekX

"mbmiiBH- _X- _X "�?�`- �M/ CX oBD;
kyydX :2MQK2 /vM�KB+b �M/ i`�Mb+`BTiBQM�H /2`2;mH�iBQM BM �;BM;X L2m`Qb+B2M+2-
R98U9V,Rj9RĜRj9dX

*�MMQM- JX oX- .X �X "m+?M2`- CX >2bi2`- >X JBHH2`- 1X a2?�v2F- CX >X L�/2�m- �M/
.X a2``2
kyR9X J�i2`M�H Mmi`BiBQM BM/m+2b T2`p�bBp2 ;2M2 2tT`2bbBQM +?�M;2b #mi MQ /2i2+i�#H2
/M� K2i?vH�iBQM /Bz2`2M+2b BM i?2 HBp2` Q7 �/mHi QzbT`BM;X SHQa QM2- NUjV,2Nyjj8X

*�`HbQM- JX 1X- JX >bm- �M/ AX JX *QM#Qv
kyy3X AK#�H�M+2 #2ir22M TbK�/j �M/ MQi+? BM/m+2b +/F BM?B#BiQ`b BM QH/ Kmb+H2
bi2K +2HHbX L�im`2- 989UdkyjV,8k3Ĝ8jkX

*�``QHH- CX 1X- JX _X A`rBM- JX G2pBM2- hX 1X a22K�M- .X �#b?2`- hX �bbBK2b- �M/
aX >Q`p�i?
kyRdX 1TB;2M2iB+ �;BM; �M/ BKKmM2 b2M2b+2M+2 BM rQK2M rBi? BMbQKMB� bvKTiQKb,
}M/BM;b 7`QK i?2 rQK2MǶb ?2�Hi? BMBiB�iBp2 bim/vX "BQHQ;B+�H Tbv+?B�i`v- 3RUkV,RjeĜ
R99X

*2/�`- >X �M/ uX "2`;K�M
kyRkX S`Q;`�KKBM; Q7 /M� K2i?vH�iBQM T�ii2`MbX �MMm�H `2pB2r Q7 #BQ+?2KBbi`v-
3R,NdĜRRdX

*2`#BMQ- _X �M/ oX h`�TT2

kje



"A"GAP:_�S>u "A"GAP:_�S>u

kyy3X .Bz2`2MiB�H /vM�KB+ KB+`Qb+QTv, T`Q#BM; r�p2 p2+iQ` /2T2M/2Mi /vM�KB+b
rBi? � KB+`Qb+QT2X S?vbB+�H `2pB2r H2ii2`b- RyyUR3V,R33RykX

*2`H2iiB- JX- uX *X C�M;- GX qX 6BMH2v- JX *X >�B;Bb- �M/ �X CX q�;2`b
kyRkX a?Q`i@i2`K +�HQ`B2 `2bi`B+iBQM 2M?�M+2b bF2H2i�H Kmb+H2 bi2K +2HH 7mM+iBQMX *2HH
bi2K +2HH- RyU8V,8R8Ĝ8RNX

*?�FF�H�F�H- CX oX- EX JX CQM2b- JX �X "�bbQM- �M/ �X aX "`�+F
kyRkX h?2 �;2/ MB+?2 /Bb`mTib Kmb+H2 bi2K +2HH [mB2b+2M+2X L�im`2- 9NyUd9kyV,j88X

*?�HH2M- :X �X- .X amM- �X J�vH2- JX C2QM;- JX GmQ- "X _Q/`B;m2x- *X J�HH�M2v-
>X *2HBF- GX u�M;- wX sB�- 2i �HX
kyR9X .MKij� �M/ /MKij# ?�p2 Qp2`H�TTBM; �M/ /BbiBM+i 7mM+iBQMb BM ?2K�iQTQB2iB+
bi2K +2HHbX *2HH bi2K +2HH- R8UjV,j8yĜje9X

*?2M- "X- GX �X :BH#2`i- "X �X *BKBMB- CX a+?MBix#�m2`- qX w?�M;- :X@qX GB- CX S�`F-
1X >X "H�+F#m`M- CX aX q2BbbK�M- GX aX ZB- 2i �HX
kyRj�X .vM�KB+ BK�;BM; Q7 ;2MQKB+ HQ+B BM HBpBM; ?mK�M +2HHb #v �M QTiBKBx2/
+`BbT`f+�b bvbi2KX *2HH- R88UdV,R9dNĜR9NRX

*?2M- "X >X- _X 1X J�`BQMB- 1X *QHB+BMQ- JX CX S2i2`b- *X EX q�`/@*�pBM2bb- SX@*X hb�B-
LX aX _Q2iF2`- �X *X Cmbi- 1X qX .2K2`�i?- qX :m�M- 2i �HX
kyReX .M� K2i?vH�iBQM@#�b2/ K2�bm`2b Q7 #BQHQ;B+�H �;2, K2i�@�M�HvbBb T`2/B+iBM;
iBK2 iQ /2�i?X �;BM; U�H#�Mv LuV- 3UNV,R399X

*?2M- *X@*X- EX@uX q�M;- �M/ *X@EX CX a?2M
kyRj#X .M� 8@K2i?vH+viQbBM2 /2K2i?vH�iBQM �+iBpBiB2b Q7 i?2 K�KK�HB�M /M� K2i?vH@
i`�Mb72`�b2bX CQm`M�H Q7 "BQHQ;B+�H *?2KBbi`v- k33URjV,Ny39ĜNyNRX

*?B�M;- SX EX- _X EX :Q`/QM- CX h�H- :X w2M;- "X .Q+iQ`- EX S�`/?�b�`�/?B- �M/ SX SX
J+*�MM
RNNeX a@�/2MQbvHK2i?BQMBM2 �M/ K2i?vH�iBQMX h?2 6�a1" DQm`M�H- RyU9V,9dRĜ93yX

*?`Bbi2Mb2M- "X *X- 1X �X >Qmb2K�M- *X CX J�`bBi- aX w?2M;- JX _X q`2Mb+?- CX GX
qB2K2Hb- >X >X L2HbQM- JX _X E�`�;�b- CX 6X S�/#m`v- _X "m2MQ- 2i �HX
kyyNX �;BM; �M/ 2MpB`QMK2Mi�H 2tTQbm`2b �Hi2` iBbbm2@bT2+B}+ /M� K2i?vH�iBQM /2@
T2M/2Mi mTQM +T; BbH�M/ +QMi2tiX SGQa ;2M2iB+b- 8U3V,2RyyyeykX

*?m- *X- _X *X aTBi�H2- �M/ >X uX *?�M;
kyR8X h2+?MQHQ;B2b iQ T`Q#2 7mM+iBQMb �M/ K2+?�MBbKb Q7 HQM; MQM+Q/BM; `M�bX L�@
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im`2 bi`m+im`�H � KQH2+mH�` #BQHQ;v- kkURV,kNĜj8X
*BKKBMQ- GX- JX JX .�rH�iv- .X L/B�v2@GQ#`v- uX aX u�T- aX "�FQ;B�MMB- uX um-

aX "?�ii�+?�`vv�- _X a?�FMQpB+?- >X :2M;- *X GQ#`v- 2i �HX
kyR8X h2iR Bb � imKQ` bmTT`2bbQ` Q7 ?2K�iQTQB2iB+ K�HB;M�M+vX L�im`2 BKKmMQHQ;v-
ReUeV,e8jĜeekX

*H�`F- aX CX- aX �X aK�HHrQQ/- >X CX G22- 6X E`m2;2`- qX _2BF- �M/ :X E2Hb2v
kyRdX :2MQK2@rB/2 #�b2@`2bQHmiBQM K�TTBM; Q7 /M� K2i?vH�iBQM BM bBM;H2 +2HHb mbBM;
bBM;H2@+2HH #BbmH}i2 b2[m2M+BM; Ub+#b@b2[VX L�im`2 T`QiQ+QHb- RkUjV,8j9Ĝ89dX

*QHHBMb- *X �X- SX aX w�KKBi- �X SX _mBx- CX 1X JQ`;�M- �M/ hX �X S�`i`B/;2
kyydX � TQTmH�iBQM Q7 KvQ;2MB+ bi2K +2HHb i?�i bm`pBp2b bF2H2i�H Kmb+H2 �;BM;X ai2K
+2HHb- k8U9V,338Ĝ3N9X

*QHK�M- _X CX- hX JX "2�bH2v- CX qX E2KMBix- aX *X CQ?MbQM- _X q2BM/`m+?- �M/ _X JX
�M/2`bQM
kyR9X *�HQ`B+ `2bi`B+iBQM `2/m+2b �;2@`2H�i2/ �M/ �HH@+�mb2 KQ`i�HBiv BM `?2bmb KQM@
F2vbX L�im`2 +QKKmMB+�iBQMb- 8,j88dX

*QM#Qv- AX JX- JX CX *QM#Qv- �X CX q�;2`b- 1X _X :B`K�- 2i �HX
kyy8X _2Dmp2M�iBQM Q7 �;2/ T`Q;2MBiQ` +2HHb #v 2tTQbm`2 iQ � vQmM; bvbi2KB+ 2MpB@
`QMK2MiX L�im`2- 9jjUdykdV,deyX

*QM#Qv- AX JX �M/ hX �X _�M/Q
kyykX h?2 `2;mH�iBQM Q7 MQi+? bB;M�HBM; +QMi`QHb b�i2HHBi2 +2HH �+iBp�iBQM �M/ +2HH 7�i2
/2i2`KBM�iBQM BM TQbiM�i�H KvQ;2M2bBbX .2p2HQTK2Mi�H +2HH- jUjV,jNdĜ9yNX

*QM#Qv- JX CX- �X PX E�`�bQp- �M/ hX �X _�M/Q
kyydX >B;? BM+B/2M+2 Q7 MQM@`�M/QK i2KTH�i2 bi`�M/ b2;`2;�iBQM �M/ �bvKK2i`B+
7�i2 /2i2`KBM�iBQM BM /BpB/BM; bi2K +2HHb �M/ i?2B` T`Q;2MvX SGQa #BQHQ;v- 8U8V,2RykX

*QMM- EX GX- JX CX >2M/x2H- �M/ GX JX a+?�M;
kyRjX h?2 /Bz2`2MiB�H KQ#BHBx�iBQM Q7 ?BbiQM2b ?jX R �M/ ?jX j #v ?2`T2b bBKTH2t
pB`mb R `2H�i2b ?BbiQM2 /vM�KB+b iQ i?2 �bb2K#Hv Q7 pB`�H +?`QK�iBMX SGQa T�i?Q;2Mb-
NURyV,2RyyjeN8X

*QTTû- CX@SX- *X EX S�iBH- 6X _Q/B2`- uX amM- .X SX JmƢQx- CX :QH/bi2BM- SX aX L2HbQM-
SX@uX .2bT`2x- �M/ CX *�KTBbB
kyy3X a2M2b+2M+2@�bbQ+B�i2/ b2+`2iQ`v T?2MQivT2b `2p2�H +2HH@MQM�miQMQKQmb 7mM+@
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iBQMb Q7 QM+Q;2MB+ `�b �M/ i?2 T8j imKQ` bmTT`2bbQ`X SGQa #BQHQ;v- eURkV,2jyRX
*Qb;`Qp2- "X .X- SX JX :BH#2`i- 1X SQ`TB;HB�- 6X JQm`FBQiB- aX SX G22- aX uX *Q`#2H-

JX 1X GH2r2HHvM- aX GX .2HT- �M/ >X JX "H�m
kyR9X _2Dmp2M�iBQM Q7 i?2 Kmb+H2 bi2K +2HH TQTmH�iBQM `2biQ`2b bi`2M;i? iQ BMDm`2/
�;2/ Kmb+H2bX L�im`2 K2/B+BM2- kyUjV,k88Ĝke9X

*`2bTB- "X CX �M/ _X h2Q
kyykX *QKT�`�iBp2 T?vHQ;2M2iB+ �M�HvbBb Q7 i?2 2pQHmiBQM Q7 b2K2HT�`Biv �M/ HB72
?BbiQ`v BM b�HKQMB/ }b?2bX 1pQHmiBQM- 8eU8V,Ryy3ĜRykyX

.�#M2v- �X- CX .X aiQ`2v- �M/ :X q�`M2b
kyRyX [p�Hm2, Z@p�Hm2 2biBK�iBQM 7Q` 7�Hb2 /Bb+Qp2`v `�i2 +QMi`QHX _ T�+F�;2 p2`bBQM-
RUyVX

.�b- *X �M/ CX EX hvH2`
kyRkX >BbiQM2 2t+?�M;2 �M/ ?BbiQM2 KQ/B}+�iBQMb /m`BM; i`�Mb+`BTiBQM �M/ �;BM;X
"BQ+?BKB+� 2i "BQT?vbB+� �+i� U""�V@:2M2 _2;mH�iQ`v J2+?�MBbKb- R3RNUjV,jjkĜ
j9kX

.�pBb- 6X JX- "X GHQv/@G2rBb- PX "X >�``Bb- aX EQx�`- .X CX qBMiQM- GX Jm`2b�M- �M/
*X CX q�ibQM
kyReX aBM;H2@+2HH HBM2�;2 i`�+BM; BM i?2 K�KK�`v ;H�M/ `2p2�Hb biQ+?�biB+ +HQM�H
/BbT2`bBQM Q7 bi2KfT`Q;2MBiQ` +2HH T`Q;2MvX L�im`2 +QKKmMB+�iBQMb- d,Rjy8jX

.�v- *X �X- GX CX E`�7i- JX E�M;- �M/ �X EX E2MrQ`i?v
kyRkX �M�HvbBb Q7 T`Qi2BM �M/ HBTB/ /vM�KB+b mbBM; +QM7Q+�H ~mQ`2b+2M+2 `2+Qp2`v
�7i2` T?QiQ#H2�+?BM; U7`�TVX *m``2Mi T`QiQ+QHb BM +viQK2i`v- STX kĜRNX

/2 _QM/2- CX CX- JX CX "QM/2`- 1X >X GBTb- aX _Q/2M?mBb- �M/ GX 6X q2bb2Hb
kyR9X "`2�bi +�M+2` bm#ivT2 bT2+B}+ +H�bbB}2`b Q7 `2bTQMb2 iQ M2Q�/Dmp�Mi +?2KQi?2`@
�Tv /Q MQi QmiT2`7Q`K +H�bbB}2`b i`�BM2/ QM �HH bm#ivT2bX SHQa QM2- NUkV,23388RX

.2 a�M/`2@:BQp�MMQHB- �X- _X "2`M�`/- SX *�m- *X L�p�``Q- CX �KB2H- AX "Q++�++BQ-
aX GvQMM2i- *X GX ai2r�`i- �X JmMMB+?- JX G2 J2``2`- 2i �HX
kyyjX G�KBM � i`mM+�iBQM BM ?mi+?BMbQM@;BH7Q`/ T`Q;2`B�X a+B2M+2- jyyU8ek3V,ky88Ĝ
ky88X

.2+F2`- JX GX- 1X *?�p2x- AX omHiQ- �M/ SX JX G�Mb/Q`T
kyyNX h2HQK2`2 H2M;i? BM ?mi+?BMbQM@;BH7Q`/ T`Q;2`B� bvM/`QK2X J2+?�MBbKb Q7
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�;2BM; �M/ /2p2HQTK2Mi- RjyUeV,jddĜj3jX
.2KQMiBb- 6X- oX EX S�i2H- qX _X arBM/2HH- �M/ LX S2``BKQM
kyR9X AMi2`iBbbm2 +QMi`QH Q7 i?2 Mm+H2QHmb pB� � KvQFBM2@/2T2M/2Mi HQM;2pBiv T�i?r�vX
*2HH `2TQ`ib- dU8V,R93RĜR9N9X

.B *`Q+2- GX �M/ EX >2HBM
kyRjX h`�Mb+`BTiBQM�H `2;mH�iBQM #v TQHv+QK# ;`QmT T`Qi2BMbX L�im`2 bi`m+im`�H �
KQH2+mH�` #BQHQ;v- kyURyV,RR9dĜRR88X

.B G2QM�`/Q- �X- aX SX GBMF2- EX *H�`FBM- �M/ :X JX q�?H
RNN9X .M� /�K�;2 i`B;;2`b � T`QHQM;2/ T8j@/2T2M/2Mi ;R �``2bi �M/ HQM;@i2`K
BM/m+iBQM Q7 +BTR BM MQ`K�H ?mK�M }#`Q#H�bibX :2M2b � /2p2HQTK2Mi- 3UkRV,k89yĜ
k88RX

.BHH- EX �M/ aX "`QK#2`;
kyRyX JQH2+mH�` /`BpBM; 7Q`+2b, bi�iBbiB+�H i?2`KQ/vM�KB+b BM #BQHQ;v- +?2KBbi`v-
T?vbB+b- �M/ M�MQb+B2M+2X :�`H�M/ a+B2M+2X

.QHH2- JX 1X- qX EX aMv/2`- CX �X :Qbb2M- SX >X GQ?K�M- �M/ CX oBD;
kyyyX .BbiBM+i bT2+i`� Q7 bQK�iB+ Kmi�iBQMb �++mKmH�i2/ rBi? �;2 BM KQmb2 ?2�`i
�M/ bK�HH BMi2biBM2X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- NdUR8V,39yjĜ
39y3X

.QHHû- JX 1X �M/ CX oBD;
kyykX :2MQK2 /vM�KB+b BM �;BM; KB+2X :2MQK2 `2b2�`+?- RkURRV,RdjkĜRdj3X

.QK+F2- aX- �X 6X "�`/2i- SX �X :BMMQ- .X >�`iH- GX "m`;2`- �M/ .X a+?Ƀ#2H2`
kyR8X *QKT2iBiBQM #2ir22M /M� K2i?vH�iBQM �M/ i`�Mb+`BTiBQM 7�+iQ`b /2i2`KBM2b
#BM/BM; Q7 M`7RX L�im`2- 8k3Ud83jV,8d8X

.QM;- �X- CX �X uQ/2`- sX w?�M;- GX w?Qm- hX >X "2biQ`- �M/ sX *?2M;
kyyRX ai`m+im`2 Q7 ?mK�M /MKik- �M 2MB;K�iB+ /M� K2i?vHi`�Mb72`�b2 ?QKQHQ; i?�i
/BbTH�vb /2M�im`�Mi@`2bBbi�Mi #BM/BM; iQ /M�X Lm+H2B+ �+B/b `2b2�`+?- kNUkV,9jNĜ993X

.Q`M- :X qX �M/ aX CX J�iFQpB+?
kyR8X 1TBi`�Mb+`BTiBQM�H `2;mH�iBQM Q7 +�`/BQp�b+mH�` /2p2HQTK2Mi �M/ /Bb2�b2X h?2
CQm`M�H Q7 T?vbBQHQ;v- 8NjU3V,RdNNĜR3y3X

.m- ZX- wX q�M;- �M/ oX GX a+?`�KK
kyReX >mK�M /MKiR i`�MbBiBQM bi�i2 bi`m+im`2X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
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Q7 a+B2M+2b- RRjURRV,kNReĜkNkRX
1#`�?BKB- "X
kyR8X _2T`Q;`�KKBM; #�``B2`b �M/ 2M?�M+2`b, bi`�i2;B2b iQ 2M?�M+2 i?2 2{+B2M+v
�M/ FBM2iB+b Q7 BM/m+2/ THm`BTQi2M+vX *2HH _2;2M2`�iBQM- 9URV,RyX

1?`HB+?- JX- JX �X :�K�@aQb�- GX@>X >m�M;- _X JX JB/;2ii- EX *X EmQ- _X �X J+*mM2-
�M/ *X :2?`F2
RN3kX �KQmMi �M/ /Bbi`B#miBQM Q7 8@K2i?vH+viQbBM2 BM ?mK�M /M� 7`QK /Bz2`2Mi
ivT2b Q7 iBbbm2b Q` +2HHbX Lm+H2B+ �+B/b `2b2�`+?- RyU3V,kdyNĜkdkRX

1H�#/- *X- qX *QmbBM- SX lT�/?v�vmH�- _X uX *?2M- JX aX *?QQHDB�M- CX GB- aX EmM;-
EX SX CB�M;- �M/ AX JX *QM#Qv
kyR9X PtviQ+BM Bb �M �;2@bT2+B}+ +B`+mH�iBM; ?Q`KQM2 i?�i Bb M2+2bb�`v 7Q` Kmb+H2
K�BMi2M�M+2 �M/ `2;2M2`�iBQMX L�im`2 +QKKmMB+�iBQMb- 8,9y3kX

1bF2H�M/- _X- JX G22#- :X _X :`BK2b- *X E`2bb- aX "QvH2- .X aT`QmH- LX :BH#2`i- uX 6�M-
�X AX aFQmHi+?B- �X qmix- 2i �HX
kyRyX _BM;R# +QKT�+ib +?`QK�iBM bi`m+im`2 �M/ `2T`2bb2b ;2M2 2tT`2bbBQM BM/2T2M@
/2Mi Q7 ?BbiQM2 m#B[mBiBM�iBQMX JQH2+mH�` +2HH- j3UjV,98kĜ9e9X

1p�Mb- qX CX �M/ qX qX *�KT#2HH
RNNjX a�`+QT2MB� �M/ �;2@`2H�i2/ +?�M;2b BM #Q/v +QKTQbBiBQM �M/ 7mM+iBQM�H +�T�+@
BivX h?2 CQm`M�H Q7 Mmi`BiBQM- RkjUk amTTHV,9e8Ĝ9e3X

6B+x- :X- hX �X >Q`2- 6X a�MiQb- >X CX G22- qX .2�M- CX �`�M/- 6X E`m2;2`- .X PtH2v-
uX@GX S�mH- CX q�Hi2`- 2i �HX
kyRjX 6;7 bB;M�HBM; BM?B#BiBQM BM 2b+b /`Bp2b `�TB/ ;2MQK2@rB/2 /2K2i?vH�iBQM iQ i?2
2TB;2M2iB+ ;`QmM/ bi�i2 Q7 THm`BTQi2M+vX *2HH bi2K +2HH- RjUjV,j8RĜj8NX

6Bb+?2`- CX JX- SX SX *�H�#`2b2- �X CX JBHH2`- LX JX JmƢQx- qX JX :`�/v- .X a?B#�i�-
�M/ _X JX GBbF�v
kyReX aBM;H2 +2HH HBM2�;2 i`�+BM; `2p2�Hb � `QH2 7Q` i;7β`k BM BMi2biBM�H bi2K +2HH
/vM�KB+b �M/ /Bz2`2MiB�iBQMX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
SX kyReRRN3yX

6HQ`�i?- AX- EX "mii2`#�+?- >X JɃHH2`- JX "2r2`mM;2@>m/H2`- �M/ >X "`2MM2`
kyRjX *`Qbb@b2+iBQM�H �M/ HQM;Bim/BM�H +?�M;2b BM /M� K2i?vH�iBQM rBi? �;2, �M
2TB;2MQK2@rB/2 �M�HvbBb `2p2�HBM; Qp2` ey MQp2H �;2@�bbQ+B�i2/ +T; bBi2bX >mK�M
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KQH2+mH�` ;2M2iB+b- kjU8V,RR3eĜRkyRX
6QM;- �X SX- wX u�Q- CX qX w?QM;- uX *�Q- qX GX _mxxQ- _X *X :2MiH2K�M- �M/ aX CX
h�Tb+Qii
kyRkX :2M2iB+ �M/ 2TB;2M2iB+ /2i2`KBM�Mib Q7 M2m`Q;2M2bBb �M/ KvQ;2M2bBbX .2p2H@
QTK2Mi�H +2HH- kkU9V,dkRĜdj8X

6QMi�M�- GX- GX S�`i`B/;2- �M/ oX .X GQM;Q
kyRyX 1ti2M/BM; ?2�Hi?v HB72 bT�Mě7`QK v2�bi iQ ?mK�MbX b+B2M+2- jk3U8NdeV,jkRĜ
jkeX

6QQi2- �X .X
kyy3X JQ`i�HBiv `�i2 �++2H2`�iBQM �M/ TQbi@`2T`Q/m+iBp2 HB72bT�M BM K�i`BHBM2�H r?�H2
bT2+B2bX "BQHQ;v H2ii2`b- 9UkV,R3NĜRNRX

6`�M+Bb- LX CX- _X 1X EBM;biQM- �M/ *X GX qQQ/+Q+F
kyy9X *?`QK�iBM +QKT�+iBQM #v � TQHv+QK# ;`QmT T`Qi2BM +QKTH2tX a+B2M+2-
jyeU8dyRV,R8d9ĜR8ddX

6`2MF- aX- :X SBxx�- _X oX q�HF2`- �M/ CX >Qmb2H2v
kyRdX �;BM; v2�bi ;�BM � +QKT2iBiBp2 �/p�Mi�;2 QM MQM@QTiBK�H +�`#QM bQm`+2bX
�;BM; +2HH- ReUjV,eykĜey9X

6`B2/K�M- CX- hX >�biB2- �M/ _X hB#b?B`�MB
kyRyX _2;mH�`Bx�iBQM T�i?b 7Q` ;2M2`�HBx2/ HBM2�` KQ/2Hb pB� +QQ`/BM�i2 /2b+2MiX
CQm`M�H Q7 ai�iBbiB+�H aQ7ir�`2- jjURV,RĜkkX

6`Q#2H- CX- >X >2K2/�- JX G2Mx- :X �#�;M�H2- aX CQmbb2M- "X .2M2+F2- hX ȑ�`BÉ-
JX w2MF2- �M/ qX q�;M2`
kyR9X 1TB;2M2iB+ `2Dmp2M�iBQM Q7 K2b2M+?vK�H bi`QK�H +2HHb /2`Bp2/ 7`QK BM/m+2/
THm`BTQi2Mi bi2K +2HHbX ai2K *2HH _2TQ`ib- jUjV,9R9Ĝ9kkX

:�H@u�K- 1X LX- :X 1;;2`- GX AMB;m2x- >X >QHbi2`- aX 1BM�`bbQM- sX w?�M;- CX *X GBM-
:X GB�M;- SX �X CQM2b- �M/ �X h�M�v
kyy3X 6`2[m2Mi brBi+?BM; Q7 TQHv+QK# `2T`2bbBp2 K�`Fb �M/ /M� ?vT2`K2i?vH�iBQM
BM i?2 T+j T`Qbi�i2 +�M+2` +2HH HBM2X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b-
Ry8Uj8V,RkNdNĜRkN39X

:�`�;M�MB- SX- JX :X "�+�HBMB- *X SB`�xxBMB- .X :Q`B- *X :BmHB�MB- .X J�`B- �X JX
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.B "H�bBQ- .X :2MiBHBMB- :X oBi�H2- aX *QHHBMQ- 2i �HX
kyRkX J2i?vH�iBQM Q7 2HQpHk ;2M2 �b � M2r 2TB;2M2iB+ K�`F2` Q7 �;2X �;BM; +2HH-
RRUeV,RRjkĜRRj9X

:2M/`2H- �X@oX �M/ 1X >2�`/
kyRRX 6B7iv v2�`b Q7 t@BM�+iBp�iBQM `2b2�`+?X .2p2HQTK2Mi- Rj3UkjV,8y9NĜ8y88X

:?�?`�K�MB- LX JX- hX *X L;mM- SX@uX *?2M- uX hB�M- aX E`Bb?M�M- aX JmB`- GX _m##B-
�X SX �`MQH/- :X CX /2 o`B2b- LX :X 6Q`;2`- 2i �HX
kyR9X h?2 2z2+ib Q7 T2`BM�i�H i2biQbi2`QM2 2tTQbm`2 QM i?2 /M� K2i?vHQK2 Q7 i?2
KQmb2 #`�BM �`2 H�i2@2K2`;BM;X "BQHQ;v Q7 b2t /Bz2`2M+2b- 8URV,3X

:B`�`/- aX GX- *X oX "Qm`�bb�- GX@SX GX S2``2�mHi- JX@�X G2;�mHi- �X "�`?/�/B- �X �K@
#�H�p�M�M- JX "`2M/;2M- 6X oBi�`Q- �X LQ`2�m- :X .BQMM2- 2i �HX
kyReX S�i2`M�H �;2 2tTH�BMb � K�DQ` TQ`iBQM Q7 /2 MQpQ ;2`KHBM2 Kmi�iBQM `�i2
p�`B�#BHBiv BM ?2�Hi?v BM/BpB/m�HbX SHQa QM2- RRURyV,2yRe9kRkX

:QH/K�M- _X .X- .X EX a?mK�F2`- JX _X 1`/Qb- JX 1`BFbbQM- �X 1X :QH/K�M- GX "X
:Q`/QM- uX :`m2M#�mK- aX E?mQM- JX J2M/2x- _X o�`;�- 2i �HX
kyy9X �++mKmH�iBQM Q7 Kmi�Mi H�KBM � +�mb2b T`Q;`2bbBp2 +?�M;2b BM Mm+H2�` �`+?Bi2+@
im`2 BM ?mi+?BMbQMĜ;BH7Q`/ T`Q;2`B� bvM/`QK2X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
Q7 a+B2M+2b Q7 i?2 lMBi2/ ai�i2b Q7 �K2`B+�- RyRUk9V,3NejĜ3Ne3X

:QH/bKBi?- hX *X
kyy9X �;BM; �b �M 2pQHp2/ +?�`�+i2`BbiB+Ĝr2BbK�MMǶb i?2Q`v `2+QMbB/2`2/X J2/B+�H
?vTQi?2b2b- ekUkV,jy9Ĝjy3X

:QH/bKBi?- hX *X
kyyeX h?2 1pQHmiBQM Q7 �;BM;, >Qr M2r i?2Q`B2b rBHH +?�M;2 i?2 7mim`2 Q7 K2/B+BM2X
�xBM2iX

:QH/bKBi?- hX *X
kyy3X �;BM;- 2pQHp�#BHBiv- �M/ i?2 BM/BpB/m�H #2M2}i `2[mB`2K2Mic K2/B+�H BKTHB+�@
iBQMb Q7 �;BM; i?2Q`v +QMi`Qp2`bB2bX CQm`M�H Q7 i?2Q`2iB+�H #BQHQ;v- k8kU9V,de9Ĝde3X

:Qr?2`- >X �M/ �X C2Hib+?
kyyRX 1MxvK�iB+ T`QT2`iB2b Q7 `2+QK#BM�Mi /MKij� /M� K2i?vHi`�Mb72`�b2 7`QK
KQmb2, i?2 2MxvK2 KQ/B}2b /M� BM � MQM@T`Q+2bbBp2 K�MM2` �M/ �HbQ K2i?vH�i2b
MQM@+T� bBi2bX CQm`M�H Q7 KQH2+mH�` #BQHQ;v- jyNU8V,RkyRĜRky3X
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:Qr?2`- >X �M/ �X C2Hib+?
kyykX JQH2+mH�` 2MxvKQHQ;v Q7 i?2 +�i�HviB+ /QK�BMb Q7 i?2 /MKij� �M/ /MKij#
/M� K2i?vHi`�Mb72`�b2bX CQm`M�H Q7 "BQHQ;B+�H *?2KBbi`v- kddUkjV,ky9yNĜky9R9X

:`�pBM�- aX- sX .QM;- "X um- �M/ CX oBD;
kyReX aBM;H2@+2HH ;2MQK2@rB/2 #BbmH}i2 b2[m2M+BM; mM+Qp2`b 2ti2MbBp2 ?2i2`Q;2M2Biv
BM i?2 KQmb2 HBp2` K2i?vHQK2X :2MQK2 #BQHQ;v- RdURV,R8yX

:`�v- JX .X- CX@*X a?2M- �X aX E�K�i?@GQ2#- �X "H�MF- "X GX aQT?2`- :X JX J�`iBM-
CX Pb?BK�- �M/ GX �X GQ2#
RNNdX h?2 r2`M2` bvM/`QK2 T`Qi2BM Bb � /M� ?2HB+�b2X L�im`2 ;2M2iB+b- RdURV,RyyĜRyjX

:`QbbMBFH�mb- lX �M/ _X S�`Q
kyR9X h`�Mb+`BTiBQM�H bBH2M+BM; #v TQHv+QK#@;`QmT T`Qi2BMbX *QH/ aT`BM; >�`#Q`
T2`bT2+iBp2b BM #BQHQ;v- eURRV,�yRNjjRX

>�+F2ii- CX �X �M/ JX �X am`�MB
kyRjX .M� K2i?vH�iBQM /vM�KB+b /m`BM; i?2 K�KK�HB�M HB72 +v+H2X S?BHX h`�MbX _X
aQ+X "- je3UReyNV,kyRRyjk3X

>�?M- JX �X- hX >�?M- .X@>X G22- _X aX 1brQ`i?v- "X@rX EBK- �X .X _B;;b- 6X@6X *?m-
�M/ :X SX S72B72`
kyy3X J2i?vH�iBQM Q7 TQHv+QK# i�`;2i ;2M2b BM BMi2biBM�H +�M+2` Bb K2/B�i2/ #v
BM~�KK�iBQMX *�M+2` `2b2�`+?- e3Uk9V,Ryk3yĜRyk3NX

>�?M- PX- aX :`ƺMF2- hX JX aim##b- :X 6B+x- PX >2M/`B+?- 6X E`m2;2`- aX �M/`2rb-
ZX w?�M;- JX CX q�F2H�K- �X "2v2`- 2i �HX
kyRdX .B2i�`v `2bi`B+iBQM T`Qi2+ib 7`QK �;2@�bbQ+B�i2/ /M� K2i?vH�iBQM �M/ BM/m+2b
2TB;2M2iB+ `2T`Q;`�KKBM; Q7 HBTB/ K2i�#QHBbKX :2MQK2 #BQHQ;v- R3URV,8eX

>�KBHiQM- qX .X
RNe9X h?2 ;2M2iB+�H 2pQHmiBQM Q7 bQ+B�H #2?�pBQm`X BBX CQm`M�H Q7 i?2Q`2iB+�H #BQHQ;v-
dURV,RdĜ8kX

>�KBHiQM- qX .X
RNeeX h?2 KQmH/BM; Q7 b2M2b+2M+2 #v M�im`�H b2H2+iBQMX CQm`M�H Q7 i?2Q`2iB+�H #BQHQ;v-
RkURV,RkĜ98X

>�M/�- oX �M/ �X C2Hib+?
kyy8X S`Q7QmM/ ~�MFBM; b2[m2M+2 T`272`2M+2 Q7 /MKij� �M/ /MKij# K�KK�HB�M
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/M� K2i?vHi`�Mb72`�b2b b?�T2 i?2 ?mK�M 2TB;2MQK2X CQm`M�H Q7 KQH2+mH�` #BQHQ;v-
j93U8V,RRyjĜRRRkX

>�MMmK- :X- CX :mBMM2v- GX w?�Q- GX w?�M;- :X >m;?2b- aX a�//�- "X EHQixH2-
JX "B#BFQp�- CX@"X 6�M- uX :�Q- 2i �HX
kyRjX :2MQK2@rB/2 K2i?vH�iBQM T`Q}H2b `2p2�H [m�MiBi�iBp2 pB2rb Q7 ?mK�M �;BM;
`�i2bX JQH2+mH�` +2HH- 9NUkV,j8NĜjedX

>�m;bi2ii2`- �X- *X GQ//2MF2KT2`- .X G2Mx2- CX :`ƺM2- *X ai�M/7mbb- AX S2i2`b2M-
"X .ƺ`F2M- �M/ *X a+?KBii
kyRyX *2HHmH�` b2M2b+2M+2 T`2/B+ib i`2�iK2Mi Qmi+QK2 BM K2i�bi�bBb2/ +QHQ`2+i�H
+�M+2`X "`BiBb? DQm`M�H Q7 +�M+2`- RyjU9V,8y8X

>�v~B+F- GX
RNe8X h?2 HBKBi2/ BM pBi`Q HB72iBK2 Q7 ?mK�M /BTHQB/ +2HH bi`�BMbX 1tT2`BK2Mi�H +2HH
`2b2�`+?- jdUjV,eR9ĜejeX

>�v~B+F- GX �M/ SX aX JQQ`?2�/
RNeRX h?2 b2`B�H +mHiBp�iBQM Q7 ?mK�M /BTHQB/ +2HH bi`�BMbX 1tT2`BK2Mi�H +2HH `2b2�`+?-
k8UjV,838ĜekRX

>2BMix- *X- hX EX .QFiQ`- �X G�MDmBM- *X 1b+Qm#�b- uX w?�M;- >X CX q2B`- aX .mii�-
*X :X aBHp�@:�`+ő�- :X >X "`mmM- AX JQ`�Mii2- 2i �HX
kyRdX aTHB+BM; 7�+iQ` R KQ/mH�i2b /B2i�`v `2bi`B+iBQM �M/ iQ`+R T�i?r�v HQM;2pBiv BM
+X 2H2;�MbX L�im`2- 89RUdej8V,RykX

>2`M�M/Q@>2``�2x- AX- CX S`�/Q@J�`iBM2x- SX :�`;- JX 62`M�M/2x@*�HH2DQ- >X >2vM-
*X >pBHbQK- �X L�p�``Q- JX 1bi2HH2`- �X CX a?�`T- �M/ hX J�`[m2b@"QM2i
kyRjX .vM�KB+b Q7 /M� K2i?vH�iBQM BM `2+2Mi ?mK�M �M/ ;`2�i �T2 2pQHmiBQMX SGQa
;2M2iB+b- NUNV,2RyyjdejX

>2vM- >X- LX GB- >X CX 62``2B`�- aX JQ`�M- .X :X SBb�MQ- �X :QK2x- CX .B2x- CX oX
a�M+?2x@Jmi- 6X a2iB2M- 6X CX *�`KQM�- 2i �HX
kyRkX .BbiBM+i /M� K2i?vHQK2b Q7 M2r#Q`Mb �M/ +2Mi2M�`B�MbX S`Q+22/BM;b Q7 i?2
L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RyNUkeV,Ry8kkĜRy8kdX

>BHH- SX qX- _X �KQm`Qmt- �M/ SX >�DFQp�
kyR9X .M� /2K2i?vH�iBQM- i2i T`Qi2BMb �M/ 8@?v/`QtvK2i?vH+viQbBM2 BM 2TB;2M2iB+
`2T`Q;`�KKBM;, �M 2K2`;BM; +QKTH2t biQ`vX :2MQKB+b- Ry9U8V,jk9ĜjjjX
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>Q``BM;iQM- 1X JX- 6X SQT2- qX GmMb7Q`/- �M/ *X JX J+*�v
RNeyX �;2 +?�M;2b BM i?2 #QM2b- #HQQ/ T`2bbm`2- �M/ /Bb2�b2b Q7 `�ib BM T�`�#BQbBbX
:2`QMiQHQ;B�- 9,kRĜjRX

>Q`p�i?- aX
kyRjX .M� K2i?vH�iBQM �;2 Q7 ?mK�M iBbbm2b �M/ +2HH ivT2bX :2MQK2 #BQHQ;v-
R9URyV,jR8eX

>Q`p�i?- aX- qX 1`?�`i- JX "`Qb+?- PX �KK2`TQ?H- qX pQM a+?ƺM72Hb- JX �?`2Mb-
LX >2Bib- CX hX "2HH- SX@*X hb�B- hX .X aT2+iQ`- 2i �HX
kyR9X P#2bBiv �++2H2`�i2b 2TB;2M2iB+ �;BM; Q7 ?mK�M HBp2`X S`Q+22/BM;b Q7 i?2 L�iBQM�H
�+�/2Kv Q7 a+B2M+2b- RRRU9jV,R88j3ĜR889jX

>Q`p�i?- aX- SX :�`�;M�MB- JX :X "�+�HBMB- *X SB`�xxBMB- aX a�HpBQHB- .X :2MiBHBMB- �X JX
.B "H�bBQ- *X :BmHB�MB- aX hmM;- >X oX oBMi2`b- 2i �HX
kyR8�X �++2H2`�i2/ 2TB;2M2iB+ �;BM; BM /QrM bvM/`QK2X �;BM; +2HH- R9UjV,9NRĜ9N8X

>Q`p�i?- aX- JX :m`p2M- JX 1X G2pBM2- "X *X h`mK#H2- >X E�TH�M- >X �HH�v22- "X _X
_Bix- "X *?2M- �X hX Gm- hX JX _B+F�#�m;?- 2i �HX
kyRe�X �M 2TB;2M2iB+ +HQ+F �M�HvbBb Q7 `�+2f2i?MB+Biv- b2t- �M/ +Q`QM�`v ?2�`i /Bb2�b2X
:2MQK2 #BQHQ;v- RdURV,RdRX

>Q`p�i?- aX- SX G�M;72H/2`- aX Er�F- CX ��`QMbQM- CX _QbBMbFB- hX 6X oQ;i- JX 1bx2b-
_X GX 6�mHH- JX �X *m`iBb- >X CX q�H/pQ;2H- 2i �HX
kyRe#X >mMiBM;iQMǶb /Bb2�b2 �++2H2`�i2b 2TB;2M2iB+ �;BM; Q7 ?mK�M #`�BM �M/ /Bb`mTib
/M� K2i?vH�iBQM H2p2HbX �;BM; U�H#�Mv LuV- 3UdV,R938X

>Q`p�i?- aX �M/ �X CX G2pBM2
kyR8X >Bp@R BM72+iBQM �++2H2`�i2b �;2 �++Q`/BM; iQ i?2 2TB;2M2iB+ +HQ+FX h?2 CQm`M�H
Q7 BM72+iBQmb /Bb2�b2b- kRkURyV,R8ejĜR8djX

>Q`p�i?- aX- *X SB`�xxBMB- JX :X "�+�HBMB- .X :2MiBHBMB- �X JX .B "H�bBQ- JX .2HH2/QMM2-
.X J�`B- "X �`QbBQ- .X JQMiB- :X S�bb�`BMQ- 2i �HX
kyR8#X .2+`2�b2/ 2TB;2M2iB+ �;2 Q7 T#K+b 7`QK Bi�HB�M b2KB@bmT2`+2Mi2M�`B�Mb �M/
i?2B` QzbT`BM;X �;BM; U�H#�Mv LuV- dURkV,RR8NX

>Q`p�i?- aX �M/ "X _X _Bix
kyR8X AM+`2�b2/ 2TB;2M2iB+ �;2 �M/ ;`�MmHQ+vi2 +QmMib BM i?2 #HQQ/ Q7 T�`FBMbQMǶb
/Bb2�b2 T�iB2MibX �;BM; U�H#�Mv LuV- dURkV,RRjyX
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>m- GX- CX Gm- CX *?2M;- ZX _�Q- wX GB- >X >Qm- wX GQm- GX w?�M;- qX GB- qX :QM;-
2i �HX
kyR8X ai`m+im`�H BMbB;?i BMiQ bm#bi`�i2 T`272`2M+2 7Q` i2i@K2/B�i2/ QtB/�iBQMX L�im`2-
8kdUd8deV,RR3X

>m�M;- CX- ZX :�M- GX >�M- CX GB- >X w?�M;- uX amM- wX w?�M;- �M/ hX hQM;
kyy3X aB`iR Qp2`2tT`2bbBQM �Mi�;QMBx2b +2HHmH�` b2M2b+2M+2 rBi? �+iBp�i2/ 2`FfbeFR
bB;M�HBM; BM ?mK�M /BTHQB/ }#`Q#H�bibX SHQa QM2- jUjV,2RdRyX

>mMF�TBHH2`- CX- uX a?2M- �X .B�x- :X *�;M2v- .X J+*H2�`v- JX _�K�H?Q@a�MiQb-
LX E`Q;�M- "X _2M- CX aX aQM;- �M/ CX 6X _2Bi2`
kyRkX SQHv+QK#@HBF2 j T`QKQi2b TQHv+QK# `2T`2bbBp2 +QKTH2t k #BM/BM; iQ +T; Bb@
H�M/b �M/ 2K#`vQMB+ bi2K +2HH b2H7@`2M2r�HX SGQa ;2M2iB+b- 3UjV,2Ryyk8deX

AM;Qmz- JX- "X a2HH2b- *X JB+?�m/- hX JX om- 6X "2`;2`- �X CX a+?Q`M- .X �mi`�M-
JX o�M .m`K2- JX EX LQr�+F- _X �X J�`iB2Mbb2M- 2i �HX
kyRdX GBp2@+2HH �M�HvbBb Q7 /M� K2i?vH�iBQM /m`BM; b2tm�H `2T`Q/m+iBQM BM �`�#B/QTbBb
`2p2�Hb +QMi2ti �M/ b2t@bT2+B}+ /vM�KB+b +QMi`QHH2/ #v MQM+�MQMB+�H `//KX :2M2b
� /2p2HQTK2Mi- jRURV,dkĜ3jX

AbH�K- aX- �X w2Bb2H- aX CQQbi- :X G� J�MMQ- SX w�D�+- JX E�bT2`- SX GƺMM2`#2`;- �M/
aX GBMM�`bbQM
kyR9X Zm�MiBi�iBp2 bBM;H2@+2HH `M�@b2[ rBi? mMB[m2 KQH2+mH�` B/2MiB}2`bX L�im`2
K2i?Q/b- RRUkV,RejĜReeX

Am`H�`Q- JX- :X 6B+x- .X PtH2v- 1X@�X _�B#2`- JX "�+?K�M- JX CX "QQi?- aX �M/`2rb-
aX "�H�bm#`�K�MB�M- �M/ qX _2BF
kyRjX � b+`22M 7Q` ?v/`QtvK2i?vH+viQbBM2 �M/ 7Q`KvH+viQbBM2 #BM/BM; T`Qi2BMb
bm;;2bib 7mM+iBQMb BM i`�Mb+`BTiBQM �M/ +?`QK�iBM `2;mH�iBQMX :2MQK2 #BQHQ;v-
R9URyV,_RRNX

Av2`- GX JX- aX �#?BK�M- �M/ GX �`�pBM/
kyRRX L�im`�H ?BbiQ`v Q7 2mF�`vQiB+ /M� K2i?vH�iBQM bvbi2KbX S`Q; JQH "BQH h`�MbH
a+B- RyR,k8ĜRy9X

Av2`- GX JX- JX h�?BHB�MB- �X _�Q- �M/ GX �`�pBM/
kyyNX S`2/B+iBQM Q7 MQp2H 7�KBHB2b Q7 2MxvK2b BMpQHp2/ BM QtB/�iBp2 �M/ Qi?2` +QKTH2t
KQ/B}+�iBQMb Q7 #�b2b BM Mm+H2B+ �+B/bX *2HH +v+H2- 3URRV,ReN3ĜRdRyX
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C�K2b- aX CX- aX J2HMvF- JX SQ;`B#M�- AX SX SQ;`B#Mv- �M/ JX �X *�m/BHH
kyykX 1H2p�iBQM BM b@�/2MQbvH?QKQ+vbi2BM2 �M/ /M� ?vTQK2i?vH�iBQM, TQi2MiB�H
2TB;2M2iB+ K2+?�MBbK 7Q` ?QKQ+vbi2BM2@`2H�i2/ T�i?QHQ;vX h?2 CQm`M�H Q7 Mmi`BiBQM-
RjkU3V,kjeRaĜkjeeaX

C�M;- uX- JX aBM?�- JX *2`H2iiB- *X .�HHǶPbbQ- �M/ �X CX q�;2`b
kyRRX aF2H2i�H Kmb+H2 bi2K +2HHb, 2z2+ib Q7 �;BM; �M/ K2i�#QHBbK QM Kmb+H2 `2;2M2`@
�iBp2 7mM+iBQMX AM *QH/ aT`BM; >�`#Q` bvKTQbB� QM [m�MiBi�iBp2 #BQHQ;v- pQHmK2 de-
STX RyRĜRRRX *QH/ aT`BM; >�`#Q` G�#Q`�iQ`v S`2bbX

C�Mbb2M- AX- aX "X >2vKb}2H/- �M/ _X _Qbb
kyykX GQr `2H�iBp2 bF2H2i�H Kmb+H2 K�bb Ub�`+QT2MB�V BM QH/2` T2`bQMb Bb �bbQ+B�i2/
rBi? 7mM+iBQM�H BKT�B`K2Mi �M/ T?vbB+�H /Bb�#BHBivX CQm`M�H Q7 i?2 �K2`B+�M :2`B@
�i`B+b aQ+B2iv- 8yU8V,33NĜ3NeX

C2Mmr2BM- hX �M/ *X .X �HHBb
kyyRX h`�MbH�iBM; i?2 ?BbiQM2 +Q/2X a+B2M+2- kNjU88jkV,Ryd9ĜRy3yX

CB�- .X- _X wX Cm`FQrbF�- sX w?�M;- �X C2Hib+?- �M/ sX *?2M;
kyydX ai`m+im`2 Q7 /MKij� #QmM/ iQ /MKijH bm;;2bib � KQ/2H 7Q` /2 MQpQ /M�
K2i?vH�iBQMX L�im`2- 99NUdR8NV,k93X

CQ?MbQM- EX *X- .X *X EQ2biH2`- *X *?2M;- �M/ "X *X *?`Bbi2Mb2M
kyR9X �;2@`2H�i2/ /M� K2i?vH�iBQM BM MQ`K�H #`2�bi iBbbm2 �M/ Bib `2H�iBQMb?BT rBi?
BMp�bBp2 #`2�bi imKQ` K2i?vH�iBQMX 1TB;2M2iB+b- NUkV,ke3Ĝkd8X

CmM;- JX �M/ :X SX S72B72`
kyR8X �;BM; �M/ /M� K2i?vH�iBQMX "J* #BQHQ;v- RjURV,dX

E�H�`B- aX- JX CmM;- EX >X E2`MbiBM2- hX h�F�?�b?B- �M/ :X SX S72B72`
kyRjX h?2 /M� K2i?vH�iBQM H�M/b+�T2 Q7 bK�HH +2HH HmM; +�M+2` bm;;2bib � /Bz2`2MiB@
�iBQM /272+i Q7 M2m`Q2M/Q+`BM2 +2HHbX PM+Q;2M2- jkUjyV,j88NX

E�H?Q`- _X- SX J�HB- �M/ :X JX *?m`+?
kyReX _�TB/Hv 2pQHpBM; ?QKBM; +`BbT` #�`+Q/2bX #BQ_tBp- SX y883ejX

E�M;- JX- JX �M/`2�MB- �M/ �X EX E2MrQ`i?v
kyR8X o�HB/�iBQM Q7 MQ`K�HBx�iBQMb- b+�HBM;- �M/ T?QiQ7�/BM; +Q``2+iBQMb 7Q` 7`�T /�i�
�M�HvbBbX SHQa QM2- RyU8V,2yRkdNeeX

E�i�DBbiQ- SX- CX .ƺ?H�- *X GX *?�z2`- LX S2MiBMKBFFQ- LX J�`D�MQpB+- aX A[#�H-
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_X wQM+m- qX *?2M- _X �X q2BM#2`;- �M/ .X JX a�#�iBMB
kyR8X �bvKK2i`B+ �TTQ`iBQMBM; Q7 �;2/ KBiQ+?QM/`B� #2ir22M /�m;?i2` +2HHb Bb `2@
[mB`2/ 7Q` bi2KM2bbX a+B2M+2- j93UekjkV,j9yĜj9jX

E�ibBKT�`/B- GX- LX EX GBii2`K�M- SX �X a+?2BM- *X JX JBHH2`- 6X aX GQz`2/Q- :X _X
qQDiFB2rB+x- CX qX *?2M- _X hX G22- �X CX q�;2`b- �M/ GX GX _m#BM
kyR9X o�b+mH�` �M/ M2m`Q;2MB+ `2Dmp2M�iBQM Q7 i?2 �;BM; KQmb2 #`�BM #v vQmM;
bvbi2KB+ 7�+iQ`bX a+B2M+2- j99UeR39V,ejyĜej9X

E2KT- *X CX- CX JX JQQ`2- _X JQb2`- "X "2`M�`/- JX h2�i2`- GX 1X aKBi?- LX �X _�#�B�-
EX 1X :m`H2v- CX :mBMM2v- aX 1X "mb+?- 2i �HX
kyR9X *i+7 ?�THQBMbm{+B2M+v /2bi�#BHBx2b /M� K2i?vH�iBQM �M/ T`2/BbTQb2b iQ +�M+2`X
*2HH `2TQ`ib- dU9V,RykyĜRykNX

E2MvQM- *X CX
kyRyX h?2 ;2M2iB+b Q7 �;2BM;X L�im`2- 9e9Udk33V,8y9Ĝ8RkX

E?�B/�FQp- JX- 1X _X aB2;2H- �M/ _X CX aX _2Bb
kyyeX .B`2+i `2T2�ib BM KBiQ+?QM/`B�H /M� �M/ K�KK�HB�M HB72bT�MX J2+?�MBbKb Q7
�;2BM; �M/ /2p2HQTK2Mi- RkdURyV,3y3Ĝ3RkX

EBKm`�- >X- uX >�v�b?B@h�F�M�F�- �M/ EX u�K�;�i�
kyRyX oBbm�HBx�iBQM Q7 /M� K2i?vH�iBQM �M/ ?BbiQM2 KQ/B}+�iBQMb BM HBpBM; +2HHbX
*m``2Mi QTBMBQM BM +2HH #BQHQ;v- kkUjV,9RkĜ9R3X

EB`FrQQ/- hX "X
RNddX 1pQHmiBQM Q7 �;2BM;X L�im`2- kdyU8ej8V,jyRĜjy9X

EB`FrQQ/- hX "X �M/ aX J2HQp
kyRRX PM i?2 T`Q;`�KK2/fMQM@T`Q;`�KK2/ M�im`2 Q7 �;2BM; rBi?BM i?2 HB72 ?BbiQ`vX
*m``2Mi "BQHQ;v- kRUR3V,_dyRĜ_dydX

EB`b+?M2`- EX- hX *?�M/`�- oX EBb2H2p- .X 6HQ`2b@a�Mi� *`mx- AX *X J�+�mH�v- >X CX
S�`F- CX GB- .X :X E2Mi- _X EmK�`- .X *X S�bF- 2i �HX
kyRdX S`QHB72`�iBQM /`Bp2b �;BM;@`2H�i2/ 7mM+iBQM�H /2+HBM2 BM � bm#TQTmH�iBQM Q7 i?2
?2K�iQTQB2iB+ bi2K +2HH +QKT�`iK2MiX *2HH `2TQ`ib- RNU3V,R8yjĜR8RRX

EH2BM- *X �M/ 6X q�?�`i2
kyRyX �M�HvbBb Q7 KQH2+mH�` KQ#BHBiv #v ~mQ`2b+2M+2 `2+Qp2`v �7i2` T?QiQ#H2�+?BM; BM
HBpBM; +2HHbX JB+`Qb+QTv, a+B2M+2- h2+?MQHQ;v- �TTHB+�iBQMb �M/ 1/m+�iBQM- 6Q`K�i2t
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_2b2�`+? *2Mi2`- STX ddkĜd3jX
EHBK�b�mbF�b- aX- aX EmK�`- _X CX _Q#2`ib- �M/ sX *?2M;
RNN9X >?�H K2i?vHi`�Mb72`�b2 ~BTb Bib i�`;2i #�b2 Qmi Q7 i?2 /M� ?2HBtX *2HH- deUkV,j8dĜ
jeNX

EQmb?BF- aX oX- >X *?2M- *X h?�H2`- >X GX Sm?H- �M/ aX aX oQ;2H
kyyeX *2`mH2�M- p2Mmb- �M/ p2Mmb ved+ 7`2i `272`2M+2 bi�M/�`/bX "BQT?vbB+�H DQm`M�H-
NRURkV,GNNĜGRyRX

E`B2i2- �X
kyRjX _Q#mbiM2bb �M/ �;BM;ě� bvbi2Kb@H2p2H T2`bT2+iBp2X "BQbvbi2Kb- RRkURV,jdĜ93X

E`m2;2`- 6X �M/ aX _X �M/`2rb
kyRRX "BbK�`F, � ~2tB#H2 �HB;M2` �M/ K2i?vH�iBQM +�HH2` 7Q` #BbmH}i2@b2[ �TTHB+�iBQMbX
#BQBM7Q`K�iB+b- kdURRV,R8dRĜR8dkX

Em�M;- aX- EX Em`Q/�- 6X G2 :`�M/- �M/ JX �X _m/MB+FB
kyydX �bvKK2i`B+ b2H7@`2M2r�H �M/ +QKKBiK2Mi Q7 b�i2HHBi2 bi2K +2HHb BM Kmb+H2X
*2HH- RkNU8V,NNNĜRyRyX

EmBHK�M- hX- *X JB+?�HQ;HQm- GX *X o`2/2p2H/- aX .QmK�- _X p�M .QQ`M- *X CX .2bK2i-
GX �X ��`/2M- qX CX JQQB- �M/ .X aX S22T2`
kyy3X PM+Q;2M2@BM/m+2/ b2M2b+2M+2 `2H�v2/ #v �M BMi2`H2mFBM@/2T2M/2Mi BM~�KK�@
iQ`v M2irQ`FX *2HH- RjjUeV,RyRNĜRyjRX

EmHBb- JX- aX >2�i?- JX "B#BFQp�- �X *X Zm2B`Ʀb- �X L�p�``Q- :X *HQi- �X J�`iőM2x@
h`BHHQb- :X *�bi2HH�MQ- AX "`mM@>2�i?- JX SBMvQH- 2i �HX
kyRkX 1TB;2MQKB+ �M�HvbBb /2i2+ib rB/2bT`2�/ ;2M2@#Q/v /M� ?vTQK2i?vH�iBQM BM
+?`QMB+ HvKT?Q+viB+ H2mF2KB�X L�im`2 ;2M2iB+b- 99URRV,RkjeĜRk9kX

G�~�KK2- JX �X �M/ *X 1X Jm``v
kyRRX >2�`i `2;2M2`�iBQMX L�im`2- 9djUdj9dV,jkeX

G�M/2`- 1X aX- GX JX GBMiQM- "X "B``2M- *X Lmb#�mK- JX *X wQ/v- CX "�H/rBM- EX .2pQM-
EX .2r�`- JX .QvH2- qX 6Bix>m;?- 2i �HX
kyyRX AMBiB�H b2[m2M+BM; �M/ �M�HvbBb Q7 i?2 ?mK�M ;2MQK2X

G�m#2`i?- aX JX- hX L�F�v�K�- sX qm- �X GX 62``Bb- wX h�M;- aX >X >m;?2b- �M/ _X :X
_Q2/2`
kyRjX >jF9K2j BMi2`�+iBQMb rBi? i�7j `2;mH�i2 T`2BMBiB�iBQM +QKTH2t �bb2K#Hv �M/
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b2H2+iBp2 ;2M2 �+iBp�iBQMX *2HH- R8kU8V,RykRĜRyjeX
G22- hX@7X- CX w?�B- �M/ "X *X J2v2`b
kyRyX *QMb2`p�iBQM �M/ /Bp2`;2M+2 BM 2mF�`vQiB+ /M� K2i?vH�iBQMX S`Q+22/BM;b Q7
i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RydUkyV,NykdĜNyk3X

G22- hX AX- _X :X C2MM2`- GX �X "Qv2`- JX :X :m2Mi?2`- aX aX G2pBM2- _X JX EmK�`-
"X *?2p�HB2`- aX 1X CQ?MbiQM2- JX 6X *QH2- EX@BX AbQMQ- 2i �HX
kyyeX *QMi`QH Q7 /2p2HQTK2Mi�H `2;mH�iQ`b #v TQHv+QK# BM ?mK�M 2K#`vQMB+ bi2K
+2HHbX *2HH- Rk8UkV,jyRĜjRjX

G2QM�`/- �X 1X- aX GX S2`2B`�- >X aT`2+?2`- �M/ uX@aX >m�M;
kyy9X 1HQM;�iBQM Q7 HQM;@+?�BM 7�iiv �+B/bX S`Q;`2bb BM HBTB/ `2b2�`+?- 9jURV,jeĜ89X

G2TT2`- *X- hX �X S�`i`B/;2- �M/ *X@JX 6�M
kyRRX �M �#bQHmi2 `2[mB`2K2Mi 7Q` T�td@TQbBiBp2 b�i2HHBi2 +2HHb BM �+mi2 BMDm`v@BM/m+2/
bF2H2i�H Kmb+H2 `2;2M2`�iBQMX .2p2HQTK2Mi- Rj3URdV,jejNĜje9eX

G2`QB- �X JX- JX _X _Qb2- �M/ :X oX G�m/2`
RNN9X q?�i /Q2b i?2 +QKT�`�iBp2 K2i?Q/ `2p2�H �#Qmi �/�Ti�iBQM\ h?2 �K2`B+�M
L�im`�HBbi- R9jUjV,j3RĜ9ykX

G2pBM2- JX 1X- >X .X >Qb;QQ/- "X *?2M- .X �#b?2`- hX �bbBK2b- �M/ aX >Q`p�i?
kyR8�X .M� K2i?vH�iBQM �;2 Q7 #HQQ/ T`2/B+ib 7mim`2 QMb2i Q7 HmM; +�M+2` BM i?2
rQK2MǶb ?2�Hi? BMBiB�iBp2X �;BM; U�H#�Mv LuV- dUNV,eNyX

G2pBM2- JX 1X- �X hX Gm- .X �X "2MM2ii- �M/ aX >Q`p�i?
kyR8#X 1TB;2M2iB+ �;2 Q7 i?2 T`2@7`QMi�H +Q`i2t Bb �bbQ+B�i2/ rBi? M2m`BiB+ TH�[m2b-
�KvHQB/ HQ�/- �M/ �Hx?2BK2`Ƕb /Bb2�b2 `2H�i2/ +Q;MBiBp2 7mM+iBQMBM;X �;BM; U�H#�Mv
LuV- dURkV,RRN3X

G2pBM2- aX aX- �X q2Bbb- >X 1`/DmK2Mi@"`QK�;2- wX a?�Q- SX h2KTbi- �M/ _X 1X
EBM;biQM
kyykX h?2 +Q`2 Q7 i?2 TQHv+QK# `2T`2bbBp2 +QKTH2t Bb +QKTQbBiBQM�HHv �M/ 7mM+iBQM@
�HHv +QMb2`p2/ BM ~B2b �M/ ?mK�MbX JQH2+mH�` �M/ +2HHmH�` #BQHQ;v- kkURdV,eydyĜeyd3X

G2rBb- 1X "X
RNd3X � ;2M2 +QKTH2t +QMi`QHHBM; b2;K2Mi�iBQM BM /`QbQT?BH�X L�im`2- kdeU8e33V,8e8Ĝ
8dyX

GB- CX- GX JB�Q- .X a?B2?- 1X aTBQiiQ- CX GB- "X w?Qm- �X S�mH- _X CX a+?r�`ix- �X "X
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6B`mHHB- >X �X aBM;2`- 2i �HX
kyReX aBM;H2@+2HH HBM2�;2 i`�+BM; `2p2�Hb i?�i Q`B2Mi2/ +2HH /BpBbBQM +QMi`B#mi2b iQ
i`�#2+mH�` KQ`T?Q;2M2bBb �M/ `2;BQM�H bT2+B}+�iBQMX *2HH `2TQ`ib- R8URV,R83ĜRdyX

GB- wX- >X .�B- aX LX J�`iQb- "X sm- uX :�Q- hX GB- :X w?m- .X 1X a+?QM2b- �M/ wX q�M;
kyR8X .BbiBM+i `QH2b Q7 /MKiR@/2T2M/2Mi �M/ /MKiR@BM/2T2M/2Mi K2i?vH�iBQM T�i@
i2`Mb BM i?2 ;2MQK2 Q7 KQmb2 2K#`vQMB+ bi2K +2HHbX :2MQK2 #BQHQ;v- ReURV,RR8X

GB�Q- uX- :X EX aKvi?- �M/ qX a?B
kyRjX 72�im`2+QmMib, �M 2{+B2Mi ;2M2`�H Tm`TQb2 T`Q;`�K 7Q` �bbB;MBM; b2[m2M+2
`2�/b iQ ;2MQKB+ 72�im`2bX "BQBM7Q`K�iB+b- jyUdV,NkjĜNjyX

GBHD�- EX *X- LX w?�M;- �X J�;HB- oX :mM/mx- *X CX "QrK�M- _X qX �`TF2- _X .�`�#B-
JX Ev#�- _X S2`HBM;2B`Q- �M/ "X .X .vMH�+?i
kyRdX S�td `2KQ/2Hb i?2 +?`QK�iBM H�M/b+�T2 BM bF2H2i�H Kmb+H2 bi2K +2HHbX SHQa
QM2- RkU9V,2yRdeRNyX

GBK- uX *X- aX uX *?B�- aX CBM- qX >�M- *X .BM;- �M/ GX amM
kyReX .vM�KB+ /M� K2i?vH�iBQM H�M/b+�T2 /2}M2b #`QrM �M/ r?Bi2 +2HH bT2+B}+Biv
/m`BM; �/BTQ;2M2bBbX JQH2+mH�` K2i�#QHBbK- 8URyV,RyjjĜRy9RX

GBM- �X qX- JX "�``�/�b- CX *X aiQM2- GX p�M �2Hbi- JX a2``�MQ- �M/ aX qX GQr2
RNN3X S`2K�im`2 b2M2b+2M+2 BMpQHpBM; T8j �M/ TRe Bb �+iBp�i2/ BM `2bTQMb2 iQ +QM@
biBimiBp2 K2FfK�TF KBiQ;2MB+ bB;M�HBM;X :2M2b � /2p2HQTK2Mi- RkURNV,jyy3ĜjyRNX

GBMM�M2- �X- �X "�mK2`- _X J�tr2HH- >X S`2biQM- *X w?�M;- �M/ aX J�`xmFB
RNNyX JBiQ+?QM/`B�H ;2M2 Kmi�iBQM, i?2 �;2BM; T`Q+2bb �M/ /2;2M2`�iBp2 /Bb2�b2bX
"BQ+?2KBbi`v BMi2`M�iBQM�H- kkUeV,RyedĜRydeX

GBbi2`- _X- 1X �X JmF�K2H- CX _X L2`v- JX l`B+?- *X �X Sm//B7QQi- LX .X CQ?MbQM-
CX Gm+2`Q- uX >m�M;- �X CX .rQ`F- JX .X a+?mHix- 2i �HX
kyRjX :HQ#�H 2TB;2MQKB+ `2+QM};m`�iBQM /m`BM; K�KK�HB�M #`�BM /2p2HQTK2MiX a+B@
2M+2- j9RUeR9eV,RkjdNy8X

GBm- "X- CX q�M;- EX JX *?�M- qX JX hDB�- qX .2M;- sX :m�M- >X CB�M@/QM;- EX JX
GB- SX uX *?�m- .X CX *?2M- 2i �HX
kyy8X :2MQKB+ BMbi�#BHBiv BM H�KBMQT�i?v@#�b2/ T`2K�im`2 �;BM;X L�im`2 K2/B+BM2-
RRUdV,d3yX

GBm- :X@>X- "X wX "�`F?Q- aX _mBx- .X .B2T- CX Zm- aX@GX u�M;- �X .X S�MQTQmHQb-
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EX amxmFB- GX Em`B�M- *X q�Hb?- 2i �HX
kyRRX _2+�TBimH�iBQM Q7 T`2K�im`2 �;BM; rBi? BTb+b 7`QK ?mi+?BMbQM@;BH7Q`/ T`Q;2`B�
bvM/`QK2X L�im`2- 9dkUdj9kV,kkRX

GBm- GX- hX >X *?2mM;- :X qX *?�`pBHH2- "X JX *X >m`;Q- hX G2�pBii- CX a?B?- �X "`mM2i-
�M/ hX �X _�M/Q
kyRjX *?`QK�iBM KQ/B}+�iBQMb �b /2i2`KBM�Mib Q7 Kmb+H2 bi2K +2HH [mB2b+2M+2 �M/
+?`QMQHQ;B+�H �;BM;X *2HH `2TQ`ib- 9URV,R3NĜky9X

GBm- uX- �X _mbBMQH- JX aBM2MbFv- uX q�M;- �M/ uX wQm
kyyeX .M� /�K�;2 `2bTQMb2b BM T`Q;2`QB/ bvM/`QK2b �`Bb2 7`QK /272+iBp2 K�im`�iBQM
Q7 T`2H�KBM �X C *2HH a+B- RRNUkkV,9e99Ĝ9e9NX

GQz`2/Q- 6X aX- JX GX ai2BM?�mb2`- aX JX C�v- CX :�MMQM- CX _X S�M+Q�bi- SX u�H�K�M+?B-
JX aBM?�- *X .�HHǶPbbQ- .X E?QM;- CX GX a?�/`�+?- 2i �HX
kyRjX :`Qri? /Bz2`2MiB�iBQM 7�+iQ` RR Bb � +B`+mH�iBM; 7�+iQ` i?�i `2p2`b2b �;2@`2H�i2/
+�`/B�+ ?vT2`i`QT?vX *2HH- R8jU9V,3k3Ĝ3jNX

GƦT2x@PiőM- *X- JX �X "H�b+Q- GX S�`i`B/;2- JX a2``�MQ- �M/ :X E`Q2K2`
kyRjX h?2 ?�HHK�`Fb Q7 �;BM;X *2HH- R8jUeV,RRN9ĜRkRdX

GQ`2MxBMB- �X- hX ai�K�iQ- �M/ *X a2HH
kyRRX h?2 /BbTQb�#H2 bQK� i?2Q`v `2pBbBi2/, iBK2 �b � `2bQm`+2 BM i?2 i?2Q`B2b Q7
�;BM;X *2HH *v+H2- RyUkkV,j38jĜj38eX

Gm- �X hX- 1X >�MMQM- JX 1X G2pBM2- EX >�Q- 1X JX *`BKKBMb- EX GmMMQM- �X EQ@
xH2MFQp- CX JBHH- aX .`�+?2p�- �M/ aX >Q`p�i?
kyReX :2M2iB+ p�`B�Mib M2�` KHbi3 �M/ /?t8d �z2+i i?2 2TB;2M2iB+ �;2 Q7 i?2 +2`2#2H@
HmKX L�im`2 +QKKmMB+�iBQMb- dX

Gm- SX CX- 6X :B�p�xxB- hX 1X �M;2HBMB- 1X w�++�`2HHB- 6X C�`;biQ`z- �X "X a+?Q}2H/- CX LX
qBHFBM;- JX "X _QK�MQrbFv- .X �X q2Bix- _X *2`#BMQ- 2i �HX
kyRkX *?�`�+i2`BxBM; +QM+2Mi`�i2/- KmHiBTHv b+�ii2`BM;- �M/ �+iBp2Hv /`Bp2M ~mQ`2b@
+2Mi bvbi2Kb rBi? +QM7Q+�H /Bz2`2MiB�H /vM�KB+ KB+`Qb+QTvX S?vbB+�H `2pB2r H2ii2`b-
Ry3UkRV,kR3RyjX

Gm;2`- EX- �X qX J�/2`- _X EX _B+?KQM/- .X 6X a�`;2Mi- �M/ hX CX _B+?KQM/
RNNdX *`vbi�H bi`m+im`2 Q7 i?2 Mm+H2QbQK2 +Q`2 T�`iB+H2 �i kX3 �M;bi`QK `2bQHmiBQMX
L�im`2- j3NUee93V,k8RX
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GmQ- JX- JX C2QM;- .X amM- >X CX S�`F- "X �X _Q/`B;m2x- wX sB�- GX u�M;- sX w?�M;-
EX a?2M;- :X CX .�`HBM;iQM- 2i �HX
kyR8X GQM; MQM@+Q/BM; `M�b +QMi`QH ?2K�iQTQB2iB+ bi2K +2HH 7mM+iBQMX *2HH ai2K
*2HH- ReU9V,9keĜ9j3X

GvM+?- JX .X- �X CX aKBi?- JX .2 :Q##B- JX 6H2MH2v- CX _X >m;?2b- .X o2`MBKK2M-
>X �vvm#- CX �X a?�`T2- CX �X aHQ�M2@ai�MH2v- GX ami?2`H�M/- 2i �HX
kyRkX �M BMi2`bT2+B2b �M�HvbBb `2p2�Hb � F2v `QH2 7Q` mMK2i?vH�i2/ +T; /BMm+H2QiB/2b
BM p2`i2#`�i2 TQHv+QK# +QKTH2t `2+`mBiK2MiX h?2 1J"P DQm`M�H- jRUkV,jRdĜjkNX

J�+�mH�v- AX *X- qX >�2`iv- SX EmK�`- uX AX GB- hX sX >m- JX CX h2M;- JX :QQH�K-
LX a�m`�i- SX *QmTH�M/- GX JX a?B`H2v- 2i �HX
kyR8X :�i@b2[, T�`�HH2H b2[m2M+BM; Q7 bBM;H2@+2HH ;2MQK2b �M/ i`�Mb+`BTiQK2bX L�im`2
K2i?Q/b- RkUeV,8RNĜ8kkX

J�+F- aX- >X qBii- _X SB`Q- GX :m- aX wmv/2`/mvM- �X aiɃix- sX q�M;- JX :�HHQ-
GX :�`xB�- EX w�vM2- 2i �HX
kyR9X 1TB;2MQKB+ �Hi2`�iBQMb /2}M2 H2i?�H +BKT@TQbBiBp2 2T2M/vKQK�b Q7 BM7�M+vX
L�im`2- 8yeUd93NV,998X

J�2;�r�- aX- :X >BMF�H- >X aX EBK- GX a?2M- GX w?�M;- CX w?�M;- LX w?�M;- aX GB�M;-
GX �X .QM2?Qr2`- �M/ CX@SX CX Abb�
kyRyX qB/2bT`2�/ �M/ iBbbm2 bT2+B}+ �;2@`2H�i2/ /M� K2i?vH�iBQM +?�M;2b BM KB+2X
:2MQK2 `2b2�`+?- kyUjV,jjkĜj9yX

J�;2MBb- _X 1X- JX :X "`QrM- .X �X G�+v- aX "m//2M- aX G�6`�M+?B- CX JX PTBix- CX 6X
_2vMQH/b- �M/ .X >X G2/#2ii2`
RN3dX Ab �M;2HK�M bvM/`QK2 �M �Hi2`M�i2 `2bmHi Q7 /2H UR8VU[HH[HjV\ �K2`B+�M
CQm`M�H Q7 J2/B+�H :2M2iB+b S�`i �- k3U9V,3kNĜ3j3X

J�`BQMB- _X 1X- aX a?�?- �X 6X J+_�2- "X >X *?2M- 1X *QHB+BMQ- aX 1X >�``Bb- CX :B#bQM-
�X EX >2M/2`b- SX _2/KQM/- aX _X *Qt- 2i �HX
kyR8�X .M� K2i?vH�iBQM �;2 Q7 #HQQ/ T`2/B+ib �HH@+�mb2 KQ`i�HBiv BM H�i2` HB72X :2MQK2
#BQHQ;v- ReURV,k8X

J�`BQMB- _X 1X- aX a?�?- �X 6X J+_�2- aX CX _Bi+?B2- :X JmMBx@h2``2`�- aX 1X >�``Bb-
CX :B#bQM- SX _2/KQM/- aX _X *Qt- �X S�iiB2- 2i �HX
kyR8#X h?2 2TB;2M2iB+ +HQ+F Bb +Q``2H�i2/ rBi? T?vbB+�H �M/ +Q;MBiBp2 }iM2bb BM i?2
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HQi?B�M #B`i? +Q?Q`i RNjeX AMi2`M�iBQM�H DQm`M�H Q7 2TB/2KBQHQ;v- 99U9V,Rj33ĜRjNeX
J�`iBM@>2``�Mx- .X 1X- �X CX JX _B#2B`Q- 6X E`m2;2`- CX JX h?Q`MiQM- qX _2BF- �M/
hX JX aim##b
kyRdX +m``#b, bBKTH2 �M/ `Q#mbi 2p�Hm�iBQM Q7 2MxvK2 +QK#BM�iBQMb 7Q` `2/m+2/
`2T`2b2Mi�iBQM �TT`Q�+?2bX Lm+H2B+ �+B/b _2b2�`+?X

J�`iBMb- �X *X
kyRRX *?�M;2 �M/ �;BM; b2M2b+2M+2 �b �M �/�Ti�iBQMX SGQa PM2- eUNV,2k9jk3X

J�bQM- CX "X
kyyjX "BQK�`F2`b Q7 Mmi`B2Mi 2tTQbm`2 �M/ bi�imb BM QM2@+�`#QM UK2i?vHV K2i�#QHBbKX
h?2 CQm`M�H Q7 Mmi`BiBQM- RjjUjV,N9RaĜN9daX

J�mM�F2�- �X EX- _X SX L�;�`�D�M- JX "BH2MFv- hX CX "�HHBM;2`- *X .ǶaQmx�- aX .X
6Qmb2- "X 1X CQ?MbQM- *X >QM;- *X LB2Hb2M- uX w?�Q- 2i �HX
kyRyX *QMb2`p2/ `QH2 Q7 BMi`�;2MB+ /M� K2i?vH�iBQM BM `2;mH�iBM; �Hi2`M�iBp2 T`QKQi@
2`bX L�im`2- 9eeUdjyjV,k8jX

J+*�v- *X JX- 6X SQT2- qX GmMb7Q`/- :X aT2`HBM;- �M/ SX a�K#?�p�T?QH
RN8dX S�`�#BQbBb #2ir22M QH/ �M/ vQmM; `�ibX :2`QMiQHQ;B�- R,dĜRdX

J+E2MM�- �X- :X JX 6BM/H�v- CX �X :�;MQM- JX aX >Q`rBix- �X 6X a+?B2`- �M/ CX a?2M@
/m`2
kyReX q?QH2@Q`;�MBbK HBM2�;2 i`�+BM; #v +QK#BM�iQ`B�H �M/ +mKmH�iBp2 ;2MQK2 2/Bi@
BM;X a+B2M+2- j8jUekN3V,��7dNydX

J2/�r�`- SX "X
RN8kX �M mMbQHp2/ T`Q#H2K Q7 #BQHQ;vX *QHH2;2X

J2BbbM2`- �X- �X :MB`F2- :X qX "2HH- "X _�Kb�?Qv2- 1X aX G�M/2`- �M/ _X C�2MBb+?
kyy8X _2/m+2/ `2T`2b2Mi�iBQM #BbmH}i2 b2[m2M+BM; 7Q` +QKT�`�iBp2 ?B;?@`2bQHmiBQM
/M� K2i?vH�iBQM �M�HvbBbX Lm+H2B+ �+B/b `2b2�`+?- jjUR3V,83e3Ĝ83ddX

J2M;- >X- :X *?2M- >X@JX :�Q- sX aQM;- uX a?B- �M/ GX *�Q
kyR9X h?2 2K2`;BM; M2tmb Q7 �+iBp2 /M� /2K2i?vH�iBQM �M/ KBiQ+?QM/`B�H QtB/�iBp2
K2i�#QHBbK BM TQbi@KBiQiB+ M2m`QMbX AMi2`M�iBQM�H DQm`M�H Q7 KQH2+mH�` b+B2M+2b-
R8URkV,kkey9Ĝkkek8X

JB+?�HQ;HQm- *X- GX *X o`2/2p2H/- JX aX aQ2M;�b- *X .2MQv2HH2- 2i �HX
kyy8X "`�72eyy@�bbQ+B�i2/ b2M2b+2M+2@HBF2 +2HH +v+H2 �``2bi Q7 ?mK�M M�2pBX L�im`2-
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9jeUdy8RV,dkyX
JBHQ- _X
kyRjX q?�i Bb i?2 iQi�H MmK#2` Q7 T`Qi2BM KQH2+mH2b T2` +2HH pQHmK2\ � +�HH iQ
`2i?BMF bQK2 Tm#HBb?2/ p�Hm2bX "BQ2bb�vb- j8URkV,Ry8yĜRy88X

JBii2H/Q`7- CX
kyy9X �;2BM; b2H2+i2/ 7Q` Bib QrM b�F2X 1pQHmiBQM�`v 1+QHQ;v _2b2�`+?- eUdV,NjdĜN8jX

JBii2H/Q`7- CX
kyyeX *?�QiB+ TQTmH�iBQM /vM�KB+b �M/ i?2 2pQHmiBQM Q7 �;2BM;X 1pQHmiBQM�`v 1+QHQ;v
_2b2�`+?- 3UjV,8eRĜ8d9X

JBii2H/Q`7- CX
kyRyX 1pQHmiBQM�`v Q`B;BMb Q7 �;BM;X AM h?2 6mim`2 Q7 �;BM;- STX 3dĜRkeX aT`BM;2`X

JBii2H/Q`7- CX �M/ CX S2TT2`
kyyNX a2M2b+2M+2 �b �M �/�Ti�iBQM iQ HBKBi i?2 bT`2�/ Q7 /Bb2�b2X CQm`M�H Q7 h?2Q@
`2iB+�H "BQHQ;v- keyUkV,R3eĜRN8X

JBii2H/Q`7- CX �M/ .X aX qBHbQM
kyyyX SQTmH�iBQM pBb+QbBiv �M/ i?2 2pQHmiBQM Q7 �Hi`mBbKX CQm`M�H Q7 h?2Q`2iB+�H
"BQHQ;v- ky9U9V,93RĜ9NeX

JQ?�KK2/- >X- AX >2`M�M/Q@>2``�2x- �X a�pBMQ- �X a+B�H/QM2- AX J�+�mH�v- *X JmH�b-
hX *?�M/`�- hX oQ2i- qX .2�M- CX LB+?QHb- 2i �HX
kyRdX aBM;H2@+2HH H�M/b+�T2 Q7 i`�Mb+`BTiBQM�H ?2i2`Q;2M2Biv �M/ +2HH 7�i2 /2+BbBQMb
/m`BM; KQmb2 2�`Hv ;�bi`mH�iBQMX *2HH `2TQ`ib- kyU8V,RkR8ĜRkk3X

JQQBDK�M- .X- aX aX .2v- CX@*X "QBbb2i- LX *`Qb2iiQ- �M/ �X o�M Pm/2M��`/2M
kyReX aBM;H2@+2HH 8?K+ b2[m2M+BM; `2p2�Hb +?`QKQbQK2@rB/2 +2HH@iQ@+2HH p�`B�#BHBiv
�M/ 2M�#H2b HBM2�;2 `2+QMbi`m+iBQMX L�im`2 #BQi2+?MQHQ;v- j9U3V,38kĜ38eX

JQbi2B`Q- GX- *X S�MiQD�- LX �H+�x�`- _X JX J�`BƦM- .X *?QM/`QM�bBQm- JX _QpB`�-
SX CX 62`M�M/2x@J�`+Qb- JX JmƢQx@J�`iBM- *X "H�M+Q@�T�`B+BQ- CX S�biQ`- 2i �HX
kyReX hBbbm2 /�K�;2 �M/ b2M2b+2M+2 T`QpB/2 +`BiB+�H bB;M�Hb 7Q` +2HHmH�` `2T`Q;`�K@
KBM; BM pBpQX a+B2M+2- j89UejR8V,��79998X

JmH[m22M- _X JX- .X SQF?QHQF- aX LQ`#2`;- �X CX 6B2H/b- .X amM- EX �X hQ`F2M+xv-
CX a?2M/m`2- *X h`�TM2HH- "X CX PǶ_Q�F- wX sB�- 2i �HX
kyRdX a+�H�#H2 �M/ 2{+B2Mi bBM;H2@+2HH /M� K2i?vH�iBQM b2[m2M+BM; #v +QK#BM�iQ`B�H
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BM/2tBM;X #BQ_tBp- SX R8dkjyX
L�#2H- *X aX- >X CB�- uX u2- GX a?2M- >X GX :QH/b+?KB/i- CX hX aiBp2`b- uX w?�M;- �M/

_X JX EQ?HB
kyRkX �B/f�TQ#2+ /2�KBM�b2b /Bb7�pQ` KQ/B}2/ +viQbBM2b BKTHB+�i2/ BM /M� /2K2i?v@
H�iBQMX L�im`2 +?2KB+�H #BQHQ;v- 3UNV,d8RĜd83X

L�;�MQ- hX- uX Gm#HBM;- hX CX ai2p2Mb- aX a+?Q2M72H/2`- 1X u�z2- qX .2�M- 1X .X G�m2-
�X h�M�v- �M/ SX 6`�b2`
kyRjX aBM;H2 +2HH ?B@+ `2p2�Hb +2HH@iQ@+2HH p�`B�#BHBiv BM +?`QKQbQK2 bi`m+im`2X L�im`2-
8ykUd9eNVX

LBb?Bv�K�- �X- GX u�K�;m+?B- CX a?�`B7- uX CQ?Km`�- hX E�r�Km`�- EX L�F�MBb?B-
aX a?BK�Km`�- EX �`Bi�- hX EQ/�K�- 6X Ab?BF�r�- 2i �HX
kyRjX l?`7R@/2T2M/2Mi ?jFkj m#B[mBivH�iBQM +QmTH2b K�BMi2M�M+2 /M� K2i?vH�iBQM
�M/ `2THB+�iBQMX L�im`2- 8ykUd9dyV,k9NX

LQ`pBH- �X "X- *X CX S2i2HH- GX �H�#/B- GX qm- aX _QbbB2- �M/ >X :Qr?2`
kyReX .MKij# K2i?vH�i2b /M� #v � MQM+QQT2`�iBp2 K2+?�MBbK- �M/ Bib �+iBpBiv Bb
mM�z2+i2/ #v K�MBTmH�iBQMb �i i?2 T`2/B+i2/ /BK2` BMi2`7�+2X "BQ+?2KBbi`vX

P+�KTQ- �X- SX _2//v- SX J�`iBM2x@_2/QM/Q- �X SH�i2`Q@Gm2M;Q- 6X >�i�M�F�-
hX >Bb?B/�- JX GB- .X G�K- JX Em`Bi�- 1X "2v`2i- 2i �HX
kyReX AM pBpQ �K2HBQ`�iBQM Q7 �;2@�bbQ+B�i2/ ?�HHK�`Fb #v T�`iB�H `2T`Q;`�KKBM;X
*2HH- RedUdV,RdRNĜRdjjX

P2v- >X- GX Ab#2H- SX >B+F2v- "X 1#�B/- �M/ 1X q?Bi2H�r
kyR8X :2M2iB+ �M/ 2TB;2M2iB+ p�`B�iBQM �KQM; BM#`2/ KQmb2 HBii2`K�i2b, B/2MiB}+�@
iBQM Q7 BMi2`@BM/BpB/m�H /Bz2`2MiB�HHv K2i?vH�i2/ `2;BQMbX 1TB;2M2iB+b � +?`QK�iBM-
3URV,89X

P?FB- AX- LX a?BKQi�F2- LX 6mDBi�- CX@:X C22- hX AF2;�KB- JX L�F�Q- �M/ JX a?B`�F�r�
kyyRX aQHmiBQM bi`m+im`2 Q7 i?2 K2i?vH@+T; #BM/BM; /QK�BM Q7 ?mK�M K#/R BM +QK@
TH2t rBi? K2i?vH�i2/ /M�X *2HH- Ry8U9V,93dĜ9NdX

P?K- CX 1X- EX JX J+:�`p2v- sX um- GX *?2M;- EX 1X a+?m2#2H- GX *QT2- >X SX JQ@
?�KK�/- qX *?2M- oX *X .�MB2H- qX um- 2i �HX
kyydX � bi2K +2HH@HBF2 +?`QK�iBM T�ii2`M K�v T`2/BbTQb2 imKQ` bmTT`2bbQ` ;2M2b iQ
/M� ?vT2`K2i?vH�iBQM �M/ bBH2M+BM; BM �/mHi +�M+2`bX L�im`2 ;2M2iB+b- jNUkV,kjdX
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PH;mBM- >X *X �M/ "X "X PHrBM
kyy9X S�t@d mT@`2;mH�iBQM BM?B#Bib KvQ;2M2bBb �M/ +2HH +v+H2 T`Q;`2bbBQM BM b�i2HHBi2
+2HHb, � TQi2MiB�H K2+?�MBbK 7Q` b2H7@`2M2r�HX .2p2HQTK2Mi�H #BQHQ;v- kd8UkV,jd8Ĝj33X

PǶ_Qm`F2- _X qX
kyR9X J2i�#QHB+ i?`B7i �M/ i?2 ;2M2iB+ #�bBb Q7 ?mK�M Q#2bBivX �MM�Hb Q7 bm`;2`v-
k8NU9V,e9kX

S�`i`B/;2- GX- aX .X SH2i+?2`- �M/ qX J�B`
kyy8X .B2i�`v `2bi`B+iBQM- KQ`i�HBiv i`�D2+iQ`B2b- `BbF �M/ /�K�;2X J2+?�MBbKb Q7
�;2BM; �M/ /2p2HQTK2Mi- RkeURV,j8Ĝ9RX

S�bBMB- .X- SX �X *HQQb- CX q�H7`B/bbQM- GX PHbbQM- CX@SX "mFQrbFB- CX oX CQ?�Mb2M-
JX "�F- LX hQKK2`mT- CX _�TTbBH#2`- �M/ EX >2HBM
kyRyX C�`B/k `2;mH�i2b #BM/BM; Q7 i?2 TQHv+QK# `2T`2bbBp2 +QKTH2t k iQ i�`;2i ;2M2b
BM 2b +2HHbX L�im`2- 9e9Udk3eV,jyeX

S2iFQpB+?- .X �X- .X AX SQ/QHbFBv- �X oX GQ#�MQp- aX@:X G22- _X �X JBHH2`- �M/ oX LX
:H�/vb?2p
kyRdX lbBM; /M� K2i?vH�iBQM T`Q}HBM; iQ 2p�Hm�i2 #BQHQ;B+�H �;2 �M/ HQM;2pBiv BMi2`@
p2MiBQMbX *2HH J2i�#QHBbK- k8U9V,N89ĜNeyX

SB+2HHB- aX- ³X EX "Dƺ`FHmM/- PX _X 6�`B/�MB- aX a�;�bb2`- :X qBM#2`;- �M/ _X a�M/#2`;
kyRjX aK�`i@b2[k 7Q` b2MbBiBp2 7mHH@H2M;i? i`�Mb+`BTiQK2 T`Q}HBM; BM bBM;H2 +2HHbX L�@
im`2 K2i?Q/b- RyURRV,RyNeX

SBb?2H- AX- .X a?viBFQp- hX P`HQp�- �X S2`2;m/Qp- AX �`ivm?Qp- �M/ :X "mi2MFQ
kyRkX �++2H2`�i2/ �;BM; p2`bmb `2Dmp2M�iBQM Q7 i?2 BKKmM2 bvbi2K BM ?2i2`Q+?`QMB+
T�`�#BQbBbX _2Dmp2M�iBQM `2b2�`+?- R8UkV,kjNĜk93X

SQii- aX
kyRdX aBKmHi�M2Qmb K2�bm`2K2Mi Q7 +?`QK�iBM �++2bbB#BHBiv- /M� K2i?vH�iBQM- �M/
Mm+H2QbQK2 T?�bBM; BM bBM;H2 +2HHbX 2GB72- eX

S`B+2- 6X .X- CX oQM J�Hix�?M- *X 6X "2MixBM;2`- LX �X .mKQMi- >X uBM- LX *X *?�M;-
.X >X qBHbQM- CX 6`2M2ii2- �M/ JX �X _m/MB+FB
kyR9X AM?B#BiBQM Q7 D�F@bi�i bB;M�HBM; biBKmH�i2b �/mHi b�i2HHBi2 +2HH 7mM+iBQMX L�im`2
K2/B+BM2- kyURyV,RRd9ĜRR3RX

S`B+2- :X _X 2i �HX

k83
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RNdyX a2H2+iBQM �M/ +Qp�`B�M+2X L�im`2- kkd,8kyĜ8kRX
_ *Q`2 h2�K
kyRdX _, � G�M;m�;2 �M/ 1MpB`QMK2Mi 7Q` ai�iBbiB+�H *QKTmiBM;X _ 6QmM/�iBQM 7Q`
ai�iBbiB+�H *QKTmiBM;- oB2MM�- �mbi`B�X

_�Fv�M- oX EX- hX �X .QrM- aX J�bH�m- hX �M/`2r- hX@SX u�M;- >X "2v�M- SX q?Bii�F2`-
PX hX J+*�MM- aX 6BM2`- �X JX o�H/2b- 2i �HX
kyRyX >mK�M �;BM;@�bbQ+B�i2/ /M� ?vT2`K2i?vH�iBQM Q++m`b T`272`2MiB�HHv �i #Bp�H2Mi
+?`QK�iBM /QK�BMbX :2MQK2 `2b2�`+?- kyU9V,9j9Ĝ9jNX

_�M;�`�Dm- aX- :X JX aQHBb- _X *X h?QKTbQM- _X GX :QK2x@�K�`Q- GX Em`B�M- aX 1X
1M+�H�/�- �X "X LB+mH2b+m AAA- .X _X a�HQKQM- �M/ JX S2i`�b+?2+F
kyR8X amTT`2bbBQM Q7 i`�Mb+`BTiBQM�H /`B7i 2ti2M/b +X 2H2;�Mb HB72bT�M #v TQbiTQMBM;
i?2 QMb2i Q7 KQ`i�HBivX 1HB72- 9,2y33jjX

_�m+?- hX- >X GB- sX qm- �M/ :X SX S72B72`
kyyeX JB`�@�bbBbi2/ KB+`Q�``�v �M�HvbBb- � M2r i2+?MQHQ;v 7Q` i?2 /2i2`KBM�@
iBQM Q7 /M� K2i?vH�iBQM T�ii2`Mb- B/2MiB}2b 7`2[m2Mi K2i?vH�iBQM Q7 ?QK2Q/QK�BM@
+QMi�BMBM; ;2M2b BM HmM; +�M+2` +2HHbX *�M+2` `2b2�`+?- eeUReV,dNjNĜdN9dX

_2//BM;iQM- CX SX- aX JX S2``B+QM2- *X 1X L2biQ`- CX _2B+?K�MM- LX �X uQmM;bQM-
JX amxmFB- .X _2BM?�`/i- .X aX .mMB+�M- CX :X S`2M/2`;�bi- >X JDQb2M;- 2i �HX
kyRjX _2/Bbi`B#miBQM Q7 ?jFkdK2j mTQM /M� ?vTQK2i?vH�iBQM `2bmHib BM /2@`2T`2bbBQM
Q7 TQHv+QK# i�`;2i ;2M2bX :2MQK2 #BQHQ;v- R9UjV,_k8X

_2BK�M/- CX- JX EmHH- >X S2i2`bQM- CX >�Mb2M- �M/ CX oBHQ
kyydX ;, S`Q}H2`ě� r2#@#�b2/ iQQHb2i 7Q` 7mM+iBQM�H T`Q}HBM; Q7 ;2M2 HBbib 7`QK
H�`;2@b+�H2 2tT2`BK2MibX Lm+H2B+ �+B/b `2b2�`+?- j8UbmTTHnkV,qRNjĜqkyyX

_2Bi?2`- aX- 6X GB- >X :Qr?2`- �M/ �X C2Hib+?
kyyjX *�i�HviB+ K2+?�MBbK Q7 /M�@U+viQbBM2@+8V@K2i?vHi`�Mb72`�b2b `2pBbBi2/, +Qp�@
H2Mi BMi2`K2/B�i2 7Q`K�iBQM Bb MQi 2bb2MiB�H 7Q` K2i?vH ;`QmT i`�Mb72` #v i?2 Km`BM2
/MKij� 2MxvK2X CQm`M�H Q7 KQH2+mH�` #BQHQ;v- jkNU9V,ed8Ĝe39X

_2Bx2H- uX- �X aTB`Q- PX a�#�;- uX aFp2`bFv- JX >2+?i- AX E2b?2i- "X SX "2`K�M- �M/
>X *2/�`
kyR8X :2M/2`@bT2+B}+ TQbiM�i�H /2K2i?vH�iBQM �M/ 2bi�#HBb?K2Mi Q7 2TB;2M2iB+ K2K@
Q`vX :2M2b � /2p2HQTK2Mi- kNUNV,NkjĜNjjX

k8N
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_2M�mHi- oX- GX@1X h?Q`M2- SX@PX 1`BFbbQM- :X "miH2`@"`QrM2- �M/ oX JQmHv
kyykX _2;2M2`�iBp2 TQi2MiB�H Q7 ?mK�M bF2H2i�H Kmb+H2 /m`BM; �;BM;X �;BM; +2HH-
RUkV,RjkĜRjNX

_2xMB+F- .X LX- JX CX "`v�Mi- .X _Qz- *X EX :?�H�K#Q`- �M/ .X 1X :?�H�K#Q`
kyy9X 1z2+i Q7 2ti`BMbB+ KQ`i�HBiv QM i?2 2pQHmiBQM Q7 b2M2b+2M+2 BM ;mTTB2bX L�im`2-
9jRUdyRkV,RyN8X

_B+?KQM/- hX CX �M/ *X �X .�p2v
kyyjX h?2 bi`m+im`2 Q7 /M� BM i?2 Mm+H2QbQK2 +Q`2X L�im`2- 9kjUeNjeV,R98X

_BKK2Hû- SX- *X GX "B;�`2HH�- _X GB�M;- "X Ax�+- _X .B2;m2x@:QMx�H2x- :X "�`#2i-
JX .QMQp�M- *X "`m;M�`�- CX JX "H�M/2`- .X �X aBM+H�B`- 2i �HX
kyR9X �;BM;@HBF2 T?2MQivT2 �M/ /272+iBp2 HBM2�;2 bT2+B}+�iBQM BM bB`iR@/2H2i2/
?2K�iQTQB2iB+ bi2K �M/ T`Q;2MBiQ` +2HHbX ai2K +2HH `2TQ`ib- jURV,99Ĝ8NX

_Q+?2i2�m- SX- "X :�v`�m/@JQ`2H- AX aB2;H@*�+?2/2MB2`- JX �X "H�b+Q- �M/ aX h�D#�F?b?
kyRkX � bm#TQTmH�iBQM Q7 �/mHi bF2H2i�H Kmb+H2 bi2K +2HHb `2i�BMb �HH i2KTH�i2 /M�
bi`�M/b �7i2` +2HH /BpBbBQMX *2HH- R93URV,RRkĜRk8X

_QbbB- .X CX- .X "`v/2`- CX JX w�?M- >X �?H2MBmb- _X aQMm- �X CX q�;2`b- �M/ AX GX
q2BbbK�M
kyy8X *2HH BMi`BMbB+ �Hi2`�iBQMb mM/2`HB2 ?2K�iQTQB2iB+ bi2K +2HH �;BM;X S`Q+22/BM;b
Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b Q7 i?2 lMBi2/ ai�i2b Q7 �K2`B+�- RykUkeV,NRN9Ĝ
NRNNX

_m+F?- CX JX- CX@qX w?�Q- CX GX a?�/`�+?- SX p�M qBDM;��`/2M- hX LX _�Q- �X CX
q�;2`b- �M/ _X CX 6`�MFHBM
kyRkX _2Dmp2M�iBQM Q7 `2;2M2`�iBQM BM i?2 �;BM; +2Mi`�H M2`pQmb bvbi2KX *2HH bi2K
+2HH- RyURV,NeĜRyjX

_v�x�MQp�- �X uX- GX �#`QbBKQp�- hX P`2ibF�v�- �M/ 1X Em#�`2p�
kyRkX .Bp2`b2 /QK�BMb Q7 U+viQbBM2@8V@/M� K2i?vHi`�Mb72`�b2b, bi`m+im`�H �M/ 7mM+@
iBQM�H +?�`�+i2`Bx�iBQMX AM J2i?vH�iBQM@6`QK .L�- _L� �M/ >BbiQM2b iQ .Bb2�b2b
�M/ h`2�iK2MiX AMh2+?X

a�K#�bBp�M- _X- "X :�v`�m/@JQ`2H- :X .mK�b- *X *BKT2`- aX S�Bb�Mi- _X :X E2HHv-
�M/ aX h�D#�F?b?
kyyNX .BbiBM+i `2;mH�iQ`v +�b+�/2b ;Qp2`M 2ti`�Q+mH�` �M/ T?�`vM;2�H �`+? Kmb+H2

key
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T`Q;2MBiQ` +2HH 7�i2bX .2p2HQTK2Mi�H +2HH- ReUeV,3RyĜ3kRX
a�K#�bBp�M- _X- _X u�Q- �X EBbb2MT72MMB;- GX o�M qBii2M#2`;?2- �X S�H/B- "X :�v`�m/@

JQ`2H- >X :m2MQm- "X J�HBbb2M- aX h�D#�F?b?- �M/ �X :�Hv
kyRRX S�td@2tT`2bbBM; b�i2HHBi2 +2HHb �`2 BM/BbT2Mb�#H2 7Q` �/mHi bF2H2i�H Kmb+H2 `2@
;2M2`�iBQMX .2p2HQTK2Mi- Rj3URdV,je9dĜje8eX

a�MiQb- 6X- "X >2M/`B+?- qX _2BF- �M/ qX .2�M
kyykX .vM�KB+ `2T`Q;`�KKBM; Q7 /M� K2i?vH�iBQM BM i?2 2�`Hv KQmb2 2K#`vQX .2@
p2HQTK2Mi�H #BQHQ;v- k9RURV,RdkĜR3kX

a�MiQb- 6X- oX w�F?�`i+?2MFQ- JX aiQDFQpB+- �X S2i2`b- hX C2Mmr2BM- 1X qQH7- qX _2BF-
�M/ qX .2�M
kyyjX 1TB;2M2iB+ K�`FBM; +Q``2H�i2b rBi? /2p2HQTK2Mi�H TQi2MiB�H BM +HQM2/ #QpBM2
T`2BKTH�Mi�iBQM 2K#`vQbX *m``2Mi "BQHQ;v- RjURjV,RRReĜRRkRX

a�`/Q- oX GX- qX 62`;mbQM- :X �X 1`BFbQM- 1X CX hQTQH- EX EX "�H/rBM- �M/ �X hQ`F�@
K�MB
kyRdX AM~m2M+2 Q7 /QMQ` �;2 QM BM/m+2/ THm`BTQi2Mi bi2K +2HHbX L�im`2 #BQi2+?MQHQ;v-
j8URV,eNĜd9X

a+?BHH2#22+Ft- JX- �X a+?`�/2- �X@EX Gƺ#b- JX SB?H�DQFB- .X "X qBHbQM- �M/ _X .X JBi`�
kyRjX G�b2` +�Tim`2 KB+`Q/Bbb2+iBQMĜ`2/m+2/ `2T`2b2Mi�iBQM #BbmH}i2 b2[m2M+BM;
UH+K@``#bV K�Tb +?�M;2b BM /M� K2i?vH�iBQM �bbQ+B�i2/ rBi? ;QM�/2+iQKv@BM/m+2/
�/`2MQ+Q`iB+�H M2QTH�bB� BM i?2 KQmb2X Lm+H2B+ �+B/b `2b2�`+?- 9RURRV,2RReĜ2RReX

a+?BM/2HBM- CX- AX �`;�M/�@*�``2`�b- 1X 6`Bb2- oX E�vMB;- JX GQM;�B`- hX SB2ixb+?-
aX S`2B#Bb+?- *X _m2/2M- aX a��H72H/- "X a+?KB/- 2i �HX
kyRkX 6BDB, �M QT2M@bQm`+2 TH�i7Q`K 7Q` #BQHQ;B+�H@BK�;2 �M�HvbBbX L�im`2 K2i?Q/b-
NUdV,edeĜe3kX

a+?H2bBM;2`- uX- _X ai`�mbbK�M- AX E2b?2i- aX 6�`F�b?- JX >2+?i- CX wBKK2`K�M-
1X 1/2M- wX u�F?BMB- 1X "2M@a?mb?�M- "X 1X _2m#BMQz- 2i �HX
kyydX SQHv+QK#@K2/B�i2/ K2i?vH�iBQM QM Hvbkd Q7 ?BbiQM2 ?j T`2@K�`Fb ;2M2b 7Q` /2
MQpQ K2i?vH�iBQM BM +�M+2`X L�im`2 ;2M2iB+b- jNUkV,kjkX

a+?`�+F- CX �X- LX .X EMmi?- 1X JX aBKQMbB+F- �M/ GX 62``m++B
kyR9X ǳB/2�HǴ �;BM; Bb �bbQ+B�i2/ rBi? HQr2` `2biBM; K2i�#QHB+ `�i2, i?2 #�HiBKQ`2
HQM;Bim/BM�H bim/v Q7 �;BM;X CQm`M�H Q7 i?2 �K2`B+�M :2`B�i`B+b aQ+B2iv- ekU9V,eedĜ

keR
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edkX
a+?mHK�M- 1X 2i �HX
RN8eX .2M/`Q+HBK�iB+ +?�M;2b BM b2KB�`B/ �K2`B+�X .2M/`Q+HBK�iB+ +?�M;2b BM b2KB@
�`B/ �K2`B+�X

a+B�H/QM2- �X- EX LX L�i�`�D�M- GX _X a�`�Bp�- oX S`Qb2`TBQ- aX �X h2B+?K�MM- PX ai2;H2-
CX *X J�`BQMB- �M/ 6X "m2iiM2`
kyR8X *QKTmi�iBQM�H �bbB;MK2Mi Q7 +2HH@+v+H2 bi�;2 7`QK bBM;H2@+2HH i`�Mb+`BTiQK2
/�i�X J2i?Q/b- 38,89ĜeRX

a2Bb2M#2`;2`- aX- CX _X S2�i- hX �X >Q`2- 6X a�MiQb- qX .2�M- �M/ qX _2BF
kyRjX _2T`Q;`�KKBM; /M� K2i?vH�iBQM BM i?2 K�KK�HB�M HB72 +v+H2, #mBH/BM; �M/
#`2�FBM; 2TB;2M2iB+ #�``B2`bX S?BHX h`�MbX _X aQ+X "- je3UReyNV,kyRRyjjyX

a2``�MQ- JX- �X qX GBM- JX 1X J+*m``�+?- .X "2�+?- �M/ aX qX GQr2
RNNdX PM+Q;2MB+ `�b T`QpQF2b T`2K�im`2 +2HH b2M2b+2M+2 �bbQ+B�i2/ rBi? �++mKmH�iBQM
Q7 T8j �M/ TRe BMF9�X *2HH- 33U8V,8NjĜeykX

a?�Q- wX- 6X _�B#H2- _X JQHH��;?�#�#�- CX _X :mvQM- *X@iX qm- qX "2M/2`- �M/ _X 1X
EBM;biQM
RNNNX ai�#BHBx�iBQM Q7 +?`QK�iBM bi`m+im`2 #v T`+R- � TQHv+QK# +QKTH2tX *2HH-
N3URV,jdĜ9eX

a?�`B7- CX- hX �X 1M/Q- JX L�F�v�K�- JX JX E�`BKB- JX a?BK�/�- EX E�ibmv�K�-
SX :Qv�H- CX "`BM/Ƕ�KQm`- JX@�X amM- wX amM- 2i �HX
kyReX �+iBp�iBQM Q7 2M/Q;2MQmb `2i`QpB`mb2b BM /MKiR@f@ 2b+b BMpQHp2b /Bb`mTiBQM Q7
b2i/#R@K2/B�i2/ `2T`2bbBQM #v MTN8 #BM/BM; iQ ?2KBK2i?vH�i2/ /M�X *2HH ai2K *2HH-
RNURV,3RĜN9X

a?�`B7- CX- JX JmiQ- aX@BX h�F2#�v�b?B- AX am2i�F2- �X Ar�K�ibm- hX �X 1M/Q- CX a?BM;�-
uX JBxmi�MB@EQb2FB- hX hQvQ/�- EX PF�Km`�- 2i �HX
kyydX h?2 b`� T`Qi2BM MTN8 K2/B�i2b 2TB;2M2iB+ BM?2`Bi�M+2 #v `2+`mBiBM; /MKiR iQ
K2i?vH�i2/ /M�X L�im`2- 98yUdRdRV,Ny3X

a?2M- CX@*X- CX@JX wBM;;- �X aX u�M;- *X a+?Kmii2- �M/ SX �X CQM2b
RNN8X � Kmi�Mi ?T�HH K2i?vHi`�Mb72`�b2 7mM+iBQMb �b � Kmi�iQ` 2MxvK2X Lm+H2B+
�+B/b `2b2�`+?- kjUkRV,9kd8Ĝ9k3kX

a?mK�F2`- .X EX- hX .2+?�i- �X EQ?HK�B2`- aX �X �/�K- JX _X "QxQpbFv- JX _X 1`/Qb-

kek



"A"GAP:_�S>u "A"GAP:_�S>u

JX 1`BFbbQM- �X 1X :QH/K�M- aX E?mQM- 6X aX *QHHBMb- 2i �HX
kyyeX Jmi�Mi Mm+H2�` H�KBM � H2�/b iQ T`Q;`2bbBp2 �Hi2`�iBQMb Q7 2TB;2M2iB+ +QMi`QH
BM T`2K�im`2 �;BM;X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RyjUkjV,3dyjĜ
3dy3X

aB//B[m2- �X LX- _X wX Cm`FQrbF�- hX SX Cm`FQrbFB- �M/ �X C2Hib+?
kyRRX �miQ@K2i?vH�iBQM Q7 i?2 KQmb2 /M�@U+viQbBM2 +8V@K2i?vHi`�Mb72`�b2 /MKij�
�i Bib �+iBp2 bBi2 +vbi2BM2 `2bB/m2X h?2 61"a DQm`M�H- kd3URkV,ky88ĜkyejX

aB2``Q- LX- CX LX "�ii2v- aX Pm�/B- LX "�F�?2`- GX "Qp2i- �X qBHHB;- aX :Q2T72`i- JX *X
S2Bib+?- �M/ LX oX Ap�MQp
kyR9X h?2 iQ#�++Q ;2MQK2 b2[m2M+2 �M/ Bib +QKT�`BbQM rBi? i?Qb2 Q7 iQK�iQ �M/
TQi�iQX L�im`2 +QKKmMB+�iBQMb- 8X

aBM?�- JX- uX *X C�M;- CX P?- .X E?QM;- 1X uX qm- _X J�MQ?�`- *X JBHH2`- aX :X
_2;�H�/Q- 6X aX GQz`2/Q- CX _X S�M+Q�bi- 2i �HX
kyR9X _2biQ`BM; bvbi2KB+ ;/7RR H2p2Hb `2p2`b2b �;2@`2H�i2/ /vb7mM+iBQM BM KQmb2
bF2H2i�H Kmb+H2X a+B2M+2- j99UeR39V,e9NĜe8kX

aFmH�+?2p- oX SX
kyyRX h?2 T`Q;`�KK2/ /2�i? T?2MQK2M�- �;BM;- �M/ i?2 b�Km`�B H�r Q7 #BQHQ;vX
1tT2`BK2Mi�H ;2`QMiQHQ;v- jeUdV,NN8ĜRyk9X

aHB2F2`- _X *X- JX p�M Ai2`bQM- _X GmBDF- JX "22FK�M- .X oX w?2`M�FQp�- JX >X JQ2/-
>X J2B- JX o�M :�H2M- SX .22H2M- JX CX "QM/2`- 2i �HX
kyReX �;2@`2H�i2/ �++`m�H Q7 K2i?vHQKB+ p�`B�#BHBiv Bb HBMF2/ iQ 7mM/�K2Mi�H �;2BM;
K2+?�MBbKbX :2MQK2 #BQHQ;v- RdURV,RNRX

aK�HHrQQ/- aX �X- >X CX G22- *X �M;2`Km2HH2`- 6X E`m2;2`- >X a��/2?- CX S2�i- aX _X
�M/`2rb- PX ai2;H2- qX _2BF- �M/ :X E2Hb2v
kyR9X aBM;H2@+2HH ;2MQK2@rB/2 #BbmH}i2 b2[m2M+BM; 7Q` �bb2bbBM; 2TB;2M2iB+ ?2i2`Q@
;2M2BivX L�im`2 K2i?Q/b- RRU3V,3RdĜ3kyX

aKBi?- CX JX �M/ :X �X S�`F2`
RNdeX h?2 HQ;B+ Q7 �bvKK2i`B+ +QMi2bibX �MBK�H #2?�pBQm`- k9URV,R8NĜRd8X

aQ?�H- _X aX �M/ JX CX 6Q`bi2`
kyR9X *�HQ`B+ `2bi`B+iBQM �M/ i?2 �;BM; T`Q+2bb, � +`BiB[m2X 6`22 _�/B+�H "BQHQ;v �M/
J2/B+BM2- dj,jeeĜj3kX
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aQM;- CX- PX _2+?FQ#HBi- hX >X "2biQ`- �M/ .X CX S�i2H
kyRRX ai`m+im`2 Q7 /MKiR@/M� +QKTH2t `2p2�Hb � `QH2 7Q` �miQBM?B#BiBQM BM K�BMi2@
M�M+2 /M� K2i?vH�iBQMX a+B2M+2- jjRUeykyV,RyjeĜRy9yX

aQQDBM- oX uX
kyRkX "B`/b /Q Bi- #22b /Q Bi- rQ`Kb �M/ +BHB�i2b /Q Bi iQQ, .M� K2i?vH�iBQM 7`QK
mM2tT2+i2/ +Q`M2`b Q7 i?2 i`22 Q7 HB72X :2MQK2 #BQHQ;v- RjURyV,Rd9X

aQmb�@oB+iQ`- SX- aX :mi�``�- GX :�`+B�@S`�i- CX _Q/`B;m2x@l#`2p�- GX P`i2i- oX _mBx@
"QMBHH�- JX C�`/B- 1X "�HH2bi�`- aX :QMx�H2x- �X GX a2``�MQ- 2i �HX
kyR9X :2`B�i`B+ Kmb+H2 bi2K +2HHb brBi+? `2p2`bB#H2 [mB2b+2M+2 BMiQ b2M2b+2M+2X L�im`2-
8yeUd933V,jReX

aTB2`b- >X- 1X >�MMQM- aX q2HHb- "X qBHHB�Kb- *X 62`M�M/2b- �M/ CX JBHH
kyReX �;2@�bbQ+B�i2/ +?�M;2b BM /M� K2i?vH�iBQM �+`Qbb KmHiBTH2 iBbbm2b BM �M BM#`2/
KQmb2 KQ/2HX J2+?�MBbKb Q7 �;2BM; �M/ /2p2HQTK2Mi- R89,kyĜkjX

aiƺHx2H- 6X- JX "`Qb+?- aX >Q`p�i?- JX E`�K2`- *X h?B2/2- JX pQM "QMBM- PX �KK2`@
TQ?H- JX JB//2F2- CX a+?2i2HB;- :X 1?MBM;2`- 2i �HX
kyRdX .vM�KB+b Q7 2TB;2M2iB+ �;2 7QHHQrBM; ?2K�iQTQB2iB+ bi2K +2HH i`�MbTH�Mi�iBQMX
?�2K�iQHQ;B+�- RykU3V,2jkRĜ2jkjX

aim##b- hX JX- JX CX "QM/2`- �X@EX ai�`F- 6X E`m2;2`- 6X pQM J2v2MM- PX ai2;H2- �M/
qX _2BF
kyRdX JmHiB@iBbbm2 /M� K2i?vH�iBQM �;2 T`2/B+iQ` BM KQmb2X :2MQK2 "BQHQ;v-
R3URV,e3X

aim2Hb�ix- SX �M/ wX u�#HQMF�@_2mp2MB
kyReX AbQH�iBQM Q7 KQmb2 T2`BQ+mH�` iBbbm2 7Q` ?BbiQHQ;B+�H �M/ BKKmMQbi�BMBM; �M�Hv@
b2b Q7 i?2 2ti`�Q+mH�` Kmb+H2b �M/ i?2B` b�i2HHBi2 +2HHbX aF2H2i�H Jmb+H2 _2;2M2`�iBQM
BM i?2 JQmb2, J2i?Q/b �M/ S`QiQ+QHb- STX RyRĜRkdX

am2i�F2- AX- 6X a?BMQx�FB- CX JBv�;�r�- >X h�F2b?BK�- �M/ aX h�DBK�
kyy9X .MKijH biBKmH�i2b i?2 /M� K2i?vH�iBQM �+iBpBiv Q7 /MKij� �M/ /MKij#
i?`Qm;? � /B`2+i BMi2`�+iBQMX CQm`M�H Q7 "BQHQ;B+�H *?2KBbi`v- kdNUkeV,kd3ReĜkd3kjX

amM- .X- JX GmQ- JX C2QM;- "X _Q/`B;m2x- wX sB�- _X >�MM�?- >X q�M;- hX G2- EX 6X
6�mHH- _X *?2M- 2i �HX
kyR9X 1TB;2MQKB+ T`Q}HBM; Q7 vQmM; �M/ �;2/ ?b+b `2p2�Hb +QM+2`i2/ +?�M;2b /m`BM;
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�;BM; i?�i `2BM7Q`+2 b2H7@`2M2r�HX *2HH bi2K +2HH- R9U8V,edjĜe33X
arBM/2HH- qX _X
kyRkX .B2i�`v `2bi`B+iBQM BM `�ib �M/ KB+2, � K2i�@�M�HvbBb �M/ `2pB2r Q7 i?2 2pB/2M+2
7Q` ;2MQivT2@/2T2M/2Mi 2z2+ib QM HB72bT�MX �;2BM; `2b2�`+? `2pB2rb- RRUkV,k89ĜkdyX

h�?BHB�MB- JX- EX SX EQ?- uX a?2M- qX �X S�biQ`- >X "�M/mFr�H�- uX "`m/MQ- aX �;�`@
r�H- GX JX Av2`- .X _X GBm- GX �`�pBM/- 2i �HX
kyyNX *QMp2`bBQM Q7 8@K2i?vH+viQbBM2 iQ 8@?v/`QtvK2i?vH+viQbBM2 BM K�KK�HB�M
/M� #v KHH T�`iM2` i2iRX a+B2M+2- jk9U8NkNV,NjyĜNj8X

h�F�?�b?B- EX �M/ aX u�K�M�F�
kyyeX AM/m+iBQM Q7 THm`BTQi2Mi bi2K +2HHb 7`QK KQmb2 2K#`vQMB+ �M/ �/mHi }#`Q#H�bi
+mHim`2b #v /2}M2/ 7�+iQ`bX +2HH- RkeU9V,eejĜedeX

h�M�b- �X aX- JX 1X "Q`BbQp�- 1X "X EmxM2ibQp�- oX oX _m/2MFQ- EX PX E�`�M/�b?2p�-
JX oX L2KibQp�- oX GX Ax?2pbF�v�- PX �X aBKQMQp�- aX aX G�`BM- .X oX w�H2i�2p-
2i �HX
kyRdX _�TB/ �M/ �zQ`/�#H2 ;2MQK2@rB/2 #BbmH}i2 /M� b2[m2M+BM; #v tK�B@`2/m+2/
`2T`2b2Mi�iBQM #BbmH}i2 b2[m2M+BM;X 1TB;2MQKB+b- UyyVX

h�vHQ`- SX .X
RNNkX �Hi`mBbK BM pBb+Qmb TQTmH�iBQMbě�M BM+HmbBp2 }iM2bb KQ/2HX 1pQHmiBQM�`v
2+QHQ;v- eU9V,j8kĜj8eX

h+?FQMB�- hX- uX w?m- CX o�M .2m`b2M- CX *�KTBbB- �M/ CX GX EB`FH�M/
kyRjX *2HHmH�` b2M2b+2M+2 �M/ i?2 b2M2b+2Mi b2+`2iQ`v T?2MQivT2, i?2`�T2miB+ QTTQ`@
imMBiB2bX h?2 CQm`M�H Q7 +HBMB+�H BMp2biB;�iBQM- RkjUjV,NeeX

h2b+?2M/Q`z- �X 1X- lX J2MQM- �X :2Mi`v@J�?�`�D- aX CX _�Kmb- .X CX q2Bb2M#2`;2`-
>X a?2M- JX *�KT�M- >X LQmb?K2?`- *X :X "2HH- �X SX J�tr2HH- 2i �HX
kyRyX �;2@/2T2M/2Mi /M� K2i?vH�iBQM Q7 ;2M2b i?�i �`2 bmTT`2bb2/ BM bi2K +2HHb Bb
� ?�HHK�`F Q7 +�M+2`X :2MQK2 `2b2�`+?- kyU9V,99yĜ99eX

h?BM;;��`/- JX- JX J+:m2- "X C2mM2- JX PbH2`- CX qX o�mT2H- �M/ EX *?`Bbi2Mb2M
kyReX am`pBp�H T`Q;MQbBb BM p2`v QH/ �/mHibX CQm`M�H Q7 i?2 �K2`B+�M :2`B�i`B+b
aQ+B2iv- e9URV,3RĜ33X

h?QKTbQM- JX CX 2i �HX
kyRdX �M 2TB;2M2iB+ �;BM; +HQ+F 7Q` /Q;b �M/ rQHp2bX �;BM; U�H#�Mv LuV- NUjV,Ry88X
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h?mK- hX- *X :`Qbb- CX 6B2/H2`- hX 6Bb+?2`- aX EBbbH2`- JX "mbb2M- SX :�HmTTQ- aX Cmbi-
qX _Qii#�m2`- aX 6`�Mix- 2i �HX
kyy3X JB+`Q`M�@kR +QMi`B#mi2b iQ KvQ+�`/B�H /Bb2�b2 #v biBKmH�iBM; K�T FBM�b2
bB;M�HHBM; BM }#`Q#H�bibX L�im`2- 98eUdkk9V,N3yX

hB2`M2v- JX hX- hX �v/Q;/m- .X a�H�- "X J�H2+Qp�- aX :�iiQ- SX GX Sm`B- GX G�i2HH�-
�M/ �X a�++Q
kyR9X ai�ij bB;M�HBM; +QMi`QHb b�i2HHBi2 +2HH 2tT�MbBQM �M/ bF2H2i�H Kmb+H2 `2T�B`X
L�im`2 K2/B+BM2- kyURyV,RR3kĜRR3eX

h`�pBb- CX JX
kyy9X h?2 2pQHmiBQM Q7 T`Q;`�KK2/ /2�i? BM � bT�iB�HHv bi`m+im`2/ TQTmH�iBQMX
h?2 CQm`M�Hb Q7 :2`QMiQHQ;v a2`B2b �, "BQHQ;B+�H a+B2M+2b �M/ J2/B+�H a+B2M+2b-
8NU9V,"jyRĜ"jy8X

l2/�- CX- EX J�2?�`�- .X J�b?BFQ- hX A+?BMQb2- hX u�Q- JX >Q`B- uX a�iQ- >X EBKm`�-
uX P?F�r�- �M/ EX u�K�;�i�
kyR9X >2i2`Q+?`QK�iBM /vM�KB+b /m`BM; i?2 /Bz2`2MiB�iBQM T`Q+2bb `2p2�H2/ #v i?2
/M� K2i?vH�iBQM `2TQ`i2` KQmb2- K2i?vH`QX ai2K +2HH `2TQ`ib- kUeV,NRyĜNk9X

lH`2v- *X GX- GX GBm- GX :X �M/`2rb- �M/ hX PX hQHH27b#QH
kyy8X h?2 BKT�+i Q7 K2i�#QHBbK QM /M� K2i?vH�iBQMX >mK�M KQH2+mH�` ;2M2iB+b-
R9UbmTTHnRV,_RjNĜ_R9dX

p�M /2` J��i2M- GX �M/ :X >BMiQM
kyy3X oBbm�HBxBM; ?B;?@/BK2MbBQM�H /�i� mbBM; i@bM2X CQm`M�H Q7 J�+?BM2 G2�`MBM;
_2b2�`+?- N,k8dNĜkey8X

o�M _QbbmK- :X �M/ 6X GX .`�F2
kyRRX h?2 Tvi?QM H�M;m�;2 `272`2M+2 K�Mm�HX L2irQ`F h?2Q`v Gi/X

o�`H2v- EX 1X- CX :2`ix- EX JX "QrHBM;- aX GX S�`F2`- hX 1X _2//v- 6X S�mHB@"2?M- JX EX
*`Qbb- "X �X qBHHB�Kb- CX �X ai�K�iQv�MMQTQmHQb- :X 1X *`�r7Q`/- 2i �HX
kyRjX .vM�KB+ /M� K2i?vH�iBQM �+`Qbb /Bp2`b2 ?mK�M +2HH HBM2b �M/ iBbbm2bX :2MQK2
`2b2�`+?- kjUjV,888Ĝ8edX

o2`bi22;- _X
kyR9X hmKQm`b QmibB/2 i?2 Kmi�iBQM #QtX L�im`2- 8yeUd93NV,9j3Ĝ99yX

oB/�H@"`�HQ- GX- uX GQT2x@:QH�M- �X J2`�@o�`2H�- AX _2;Q@S2`2x- aX >Q`p�i?- uX w?�M;-
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�X /2H _2�H- :X w?�B- 6X CX "H�M+Q- CX �X _B�M+?Q- 2i �HX
kyReX aT2+B}+ T`2K�im`2 2TB;2M2iB+ �;BM; Q7 +�`iBH�;2 BM Qbi2Q�`i?`BiBbX �;BM; U�H#�Mv
LuV- 3UNV,kkkkX

oBHF�BiBb- :X- AX am2i�F2- aX EHBK�Ȓ�mbF�b- �M/ aX h�DBK�
kyy8X S`Q+2bbBp2 K2i?vH�iBQM Q7 ?2KBK2i?vH�i2/ +T; bBi2b #v KQmb2 /MKiR /M�
K2i?vHi`�Mb72`�b2X CQm`M�H Q7 "BQHQ;B+�H *?2KBbi`v- k3yURV,e9ĜdkX

oBHH2/�- aX �X- CX GmQ- EX AX JQb?2`- "X wQm- JX "`Bib+?;B- :X "B2`B- hX JX ai�M-
LX 6�BM#2`;- wX .BM;- �X 1;;2H- 2i �HX
kyRRX h?2 �;2BM; bvbi2KB+ KBHB2m M2;�iBp2Hv `2;mH�i2b M2m`Q;2M2bBb �M/ +Q;MBiBp2
7mM+iBQMX L�im`2- 9ddUdjekV,NyĜN9X

oBHH2/�- aX �X- EX 1X SH�K#2+F- CX JB//2H/Q`T- CX JX *�bi2HH�MQ- EX AX JQb?2`- CX GmQ-
GX EX aKBi?- :X "B2`B- EX GBM- .X "2`/MBF- 2i �HX
kyR9X uQmM; #HQQ/ `2p2`b2b �;2@`2H�i2/ BKT�B`K2Mib BM +Q;MBiBp2 7mM+iBQM �M/ bvM�T@
iB+ TH�biB+Biv BM KB+2X L�im`2 K2/B+BM2- kyUeV,e8NĜeejX

pQM J�Hix�?M- CX- �X 1X CQM2b- _X CX S�`Fb- �M/ JX �X _m/MB+FB
kyRjX S�td Bb +`BiB+�H 7Q` i?2 MQ`K�H 7mM+iBQM Q7 b�i2HHBi2 +2HHb BM �/mHi bF2H2i�H Kmb+H2X
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RRyU9RV,Re9d9ĜRe9dNX

pQM J2v2MM- 6X- JX Am`H�`Q- 1X >�#B#B- LX ZX GBm- �X a�H2?x�/2?@u�x/B- 6X a�MiQb-
1X S2i`BMB- AX JBH�;`2- JX um- wX sB2- 2i �HX
kyReX AKT�B`K2Mi Q7 /M� K2i?vH�iBQM K�BMi2M�M+2 Bb i?2 K�BM +�mb2 Q7 ;HQ#�H
/2K2i?vH�iBQM BM M�Bp2 2K#`vQMB+ bi2K +2HHbX JQH2+mH�` +2HH- ekUeV,393Ĝ3eRX

q�//BM;iQM- *X >X
RN8jX :2M2iB+ �bbBKBH�iBQM Q7 �M �+[mB`2/ +?�`�+i2`X 1pQHmiBQM- dUkV,RR3ĜRkeX

q�;2`b- �X CX- _X AX a?2`rQQ/- CX GX *?`Bbi2Mb2M- �M/ AX GX q2BbbK�M
kyykX GBiiH2 2pB/2M+2 7Q` /2p2HQTK2Mi�H TH�biB+Biv Q7 �/mHi ?2K�iQTQB2iB+ bi2K +2HHbX
a+B2M+2- kNdU88NyV,kk8eĜkk8NX

q�M;- hX- "X hbmB- CX 6X E`2Bb#2`;- LX �X _Q#2`ibQM- �X JX :`Qbb- JX EX um- >X *�`i2`-
>X JX "`QrM@"Q`;- SX .X �/�Kb- �M/ hX A/2F2`
kyRdX 1TB;2M2iB+ �;BM; bB;M�im`2b BM KB+2 HBp2`b �`2 bHQr2/ #v /r�`}bK- +�HQ`B2
`2bi`B+iBQM �M/ `�T�Kv+BM i`2�iK2MiX :2MQK2 #BQHQ;v- R3URV,8dX

q�i2`biQM- _X >X �M/ GX S�+?i2`
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kyykX AMBiB�H b2[m2M+BM; �M/ +QKT�`�iBp2 �M�HvbBb Q7 i?2 KQmb2 ;2MQK2X L�im`2-
9kyUeNR8V,8kyĜ8ekX

q2B/M2`- *X- SX wB2;H2`- JX >�?M- hX "`ɃKK2M/Q`7- �X >Q- SX .`2;2`- �M/ qX q�;M2`
kyR8X 1TB;2M2iB+ �;BM; mTQM �HHQ;2M2B+ i`�MbTH�Mi�iBQM, i?2 ?2K�iQTQB2iB+ MB+?2
/Q2b MQi �z2+i �;2@�bbQ+B�i2/ /M� K2i?vH�iBQMX G2mF2KB�- kNU9V,N38X

q2B/M2`- *X AX- ZX GBM- *X JX EQ+?- GX 1Bb2H2- 6X "2B2`- SX wB2;H2`- .X PX "�m2`b+?H�;-
EX@>X Cƺ+F2H- _X 1`#2H- hX qX JɃ?H2Bb2M- 2i �HX
kyR9X �;BM; Q7 #HQQ/ +�M #2 i`�+F2/ #v /M� K2i?vH�iBQM +?�M;2b �i Dmbi i?`22 +T;
bBi2bX :2MQK2 #BQHQ;v- R8UkV,_k9X

q2BbK�MM- �X
R33NX 1bb�vb QM ?2`2/Biv �M/ FBM/`2/ #BQHQ;B+�H bm#D2+ibX

qB/b+?r2M/i2`- JX- >X 6B2;H- .X 1;H2- 1X Jm2HH2`@>QHxM2`- :X aTBxxQ- *X J�`i?- .X CX
q2Bb2M#2`;2`- JX *�KT�M- CX uQmM;- AX C�+Q#b- 2i �HX
kyydX 1TB;2M2iB+ bi2K +2HH bB;M�im`2 BM +�M+2`X L�im`2 ;2M2iB+b- jNUkV,R8dX

qBHH#�MFb- �X- JX G2�`v- JX :`22Mb?B2H/b- *X hvKBMbFB- aX >22`#Qi?- EX G�TBMbF�-
EX >�bFBMb- �M/ aX a�`F�`
kyReX h?2 2pQHmiBQM Q7 2TB;2M2iB+b, 7`QK T`QF�`vQi2b iQ ?mK�Mb �M/ Bib #BQHQ;B+�H
+QMb2[m2M+2bX :2M2iB+b � 2TB;2M2iB+b- 3,k8X

qBHHB�Kb- :X *X
kyyRX SH2BQi`QTv- M�im`�H b2H2+iBQM- �M/ i?2 2pQHmiBQM Q7 b2M2b+2M+2X a+B2M+2Ƕb a�:1
E1- kyyRURV,RjX

qBHbQM- .X aX- :X SQHHQ+F- �M/ GX �X .m;�iFBM
RNNkX *�M �Hi`mBbK 2pQHp2 BM Tm`2Hv pBb+Qmb TQTmH�iBQMb\ 1pQHmiBQM�`v 2+QHQ;v-
eU9V,jjRĜj9RX

qBHbQM- GX :X- oX �X J�`iBM2x- CX a+?r�`x@GBM2F- CX h�BHH2m`- :X "`v�Mi- SX Smb2v- �M/
qX *X SQQM
kyRRX .Bz2`2MiB�H /vM�KB+ KB+`Qb+QTv Q7 #�+i2`B�H KQiBHBivX S?vbB+�H `2pB2r H2ii2`b-
RyeURV,yR3RyRX

qQQ/#2``v- PX :X- EX "X EQ`#- �M/ �X 1X LB+?QHbQM
kyydX � bBKmH�iBQM bim/v Q7 i?2 2pQHmiBQM Q7 �;2BM;X 1pQHmiBQM�`v 1+QHQ;v _2b2�`+?-
NUdV,RyddĜRyNeX
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qQQ/rQ`i?- JX "X- EX JX :B`bFBb- �M/ *X �X q�Hb?
kyRdX "mBH/BM; � HBM2�;2 7`QK bBM;H2 +2HHb, ;2M2iB+ i2+?MB[m2b 7Q` +2HH HBM2�;2 i`�+FBM;X
L�im`2 _2pB2rb :2M2iB+b- R3U9V,kjyĜk99X

q`B;?i- .X 1X- �X CX q�;2`b- �X SX :mH�iB- 6X GX CQ?MbQM- �M/ AX GX q2BbbK�M
kyyRX S?vbBQHQ;B+�H KB;`�iBQM Q7 ?2K�iQTQB2iB+ bi2K �M/ T`Q;2MBiQ` +2HHbX a+B2M+2-
kN9U8893V,RNjjĜRNjeX

qm- sX �M/ uX w?�M;
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