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Supplementary Figure 1 | Tex15 is abundantly expressed in foetal gonocytes and co-
precipitates with HA-MIWI2.
a, Expression of Tex15 in E16.5 gonocytes (n=2), adult spermatogonia (n=3) and Leptotene/
Zygotene spermatocytes (n=3) measured by Affymetrix microarray. Data shows mean of
expression in arbitrary units (a.u.) and s.e.m. b, c, Volcano plots showing enrichment
(log2(mean LFQ ratio of MIWI2-HA IP per control IP from Miwi2+/+ foetal testis) over statistical
confidence (-log10(P-value of two-sided Student’s t-test)) of proteins co-immunoprecipitated
with HA-MIWI2 from E16.5 testes lysates under hypotonic lysis conditions b without (n=3) and
c with Benzonase treatment (n=4) respectively. The highlighted proteins indicate >4-fold
enrichment and significance P<0.05.
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Supplementary Figure 2 | Generation of the Tex15HA mouse allele.
a, Schematic representation of the TEX15 protein (transcript XM_006508977.3) and the
Tex15 locus with design of sgRNA, recognizing a specific sequence within exon 11
close to the protein’s C-terminus. The 42 bp insertion encoding for a 4x glycine linker
followed by HA epitope tag highlighted in grey and green respectively. b, Sequencing
trace of Tex15 allele carrying the HA epitope tag. c, Representative image of genotyping
results for Tex15+/+, Tex15HA/+ and Tex15HA/HA animals.
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Supplementary Figure 3 | Generation and analysis of the Tex15–allele.
a, Schematic representation of the TEX15 protein (transcript XM_006508977.3) and the Tex15 locus and
exon 5 with 70 bp insertion. b, Design of a sgRNA recognizing a specific sequence within DUF3715 leading
to frame shift and a premature stop codon. The 70 bp insertion is highlighted in red. c, Sequencing trace of
the mutated part of Tex15. d, Representative image of genotyping results for Tex15+/+, Tex15+/- and Tex15-/-

animals. e, RNA seq analysis of Actb and Tex15 expression in transcripts per million (TPM) from E16.5
Tex15+/- and Tex15-/- gonocytes (n=3). Mean and s.e.m. indicated. *P<0.01, Bonferroni corrected two-sided
Student’s t-test. Actb P=0.85, Tex15 P=0.001. f, E16.5 embryos per plug of Wildtype females mated with
Tex15+/- (n=5) and Tex15-/- (n=4) studs respectively (10 plugs total for each genotype). Mean and s.e.m.
indicated. ***, P<0.001, two-sided Student’s t-test (P=0.00035). g, Representative images of epididymis
section from adult Tex15+/- and Tex15-/- mice stained with PAS and Haematoxylin (n=3). Scale bar 10 µm. h,
Testis weight from adult Tex15+/- and Tex15-/- mice measured in mg (n=3). Mean and s.e.m. indicated. ***,
P<0.001, two-sided Student’s t-test (P=8.283E-07). i, Detailed view of Tex15+/- and Tex15-/- adult testis
section stained with PAS and Haematoxylin at different stages of spermatogenesis within seminiferous
tubules. eP, early pachytene; RS, round spermatid; eS, elongated spermatid; S, Sertoli cell; P, pachytene;
PL, preleptotene; L, leptotene; Z, zygotene; m2, diplotene (meiotic); P*, failing/dying pachytene cell. Scale
bar 5 µm.
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Supplementary Figure 4 | Deletion of Tex15 causes TE upregulation but does not influence piRNA
biogenesis.
a, b, Data acquired from RNA seq of (n=3) Wildtype and Tex15-/- P20 testes. a, Comparison of TE
expression betweenWildtype and Tex15-/- presented as read counts (log2). TEs with significantly different
change in expression are highlighted in red. P<0.01, Benjamini-Hochberg adjusted two-sided Wald test,
>2-fold change. b, Comparison of TE expression between Tex15-/- and Miwi2-/- mice presented as read
counts (log2). c–e, Analysis of small RNA sequenced piRNAs from Tex15+/- and Tex15-/- E16.5 testes
(n=3). c, Ping-pong analysis of piRNAs. Relative frequency of 5’ end distance in nt between
complementary piRNAs annotated to TE elements L1Md_T and IAPEz. d, piRNA nucleotide features.
Relative amount of piRNAs annotated to TE elements L1Md_A and IAPEz with uracil at position 1 (1U)
and adenine at position 10 (10A). Data represents mean (n=3) and s.e.m. ns, not significant P=1, two-
sided t-test, Bonferroni adjusted. e, Relative read count of piRNAs annotated to L1Md_T and IAPEz,
positive and negative values representing sense and antisense piRNAs respectively, plotted against
position of consensus sequence. f, RNA seq analysis of gene expression in E16.5 Tex15+/- and Tex15-/-

gonocytes (n=3), up- or down-regulated genes are highlighted in red. P<0.01, Benjamini-Hochberg
adjusted two-sided Wald test, >2-fold change.



Supplementary Figure 5 Schöpp et al.

a
PromoterIntergenic TransposonsWhole genome CpG islandGenic

0
10
20
30
40
50
60
70
80
90

C
pG

m
et
hy
la
tio
n
[%

]

L1Md_Gf IAPEy

0

40

80

IAPEz

0

40

80

C
pG

m
et
hy
la
tio
n
[%

]

0

40

80

MMERVK10C

0

40

80

b

IAP

-75

-50

-25

0

25

-100
0 100 200 300

-75

-50

-25

0

25

-100
0 100 200 300

LINE1

0 100 200 300

-75

-50

-25

0

25

-100

IAPEy

0 100 200 300

-75

-50

-25

0

25

-100

IAPEz

0 100 200 300

-75

-50

-25

0

25

-100

MMERVK10C

C
pG

m
et
hy
la
tio
n
[%

]l
os
s
Te

x1
5-

/-

-75

-50

-25

0

25

-100
0 100 200 300

L1Md_Gf

Consensus mismatch sites per kb

c

Wildtype Miwi2-/- Tex15-/-

Supplementary Figure 5 | Tex15 deficiency CpG methylation loss is restricted to young
transposable elements.
a–c, Genomic CpG methylation analysis (P14 undifferentiated spermatogonia) in Wildtype, Tex15-/-

and Miwi2-/- (n=3). a, CpG methylation percentage of genomic features genic, promoter and CpG
islands and TEs (non-overlapping and intergenic non-overlapping TEs or genes). Box range indicates
25th to 75th percentile (interquantile range), line the median, whiskers range of median ±2 interquantile
range, dots datapoints outside this range. b, Metaplots showing mean CpG methylation over
L1Md_Gf, IAPEy, IAPEz, MMERVK10C and adjacent 2 kb. c, CpG methylation loss in Tex15-/- relative
to Wildtype plotted against divergence from consensus sequence.
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Supplementary Figure 6 | FACS sorting gating strategy.
a, Representative example of gating strategy for FACS isolation of E16.5 gonocytes using
the Miwi2tdTOM reporter allele. Live, Miwi2-tdTomato+ gonocytes from E16.5 testicular
single-cell suspension was stained with DAPI. A representative experiment of n=3 mice is
shown. b, Representative example of gating strategy for FACS isolation of P14
undifferentiated spermatogonia. Gates select live, CD45– CD51–, c-Kit– CD9+

undifferentiated spermatogonia obtained from single-cell suspension of testicular cells
stained with anti-CD45 biotin, anti-CD51 biotin, anti-c-Kit PE-Cy7 and anti-CD9 APC
antibodies as well as streptavidin V450 and DAPI. Representative experiment of n=3 mice
is shown.
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Supplementary Figure 7 | Uncropped original blot
and gel scans.
a, Uncropped western blot image from Figure 1b. b, c,
Uncropped gel images from b Supplementary Figure 2c
and c Supplementary Figure 3d.
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Protein.ID Protein Gene pvalue Enrichment
Q8CGT6 MIWI2 Piwil4 6.1E-06 7447.0
Q91XW8 FKBP6 Fkbp6 6.4E-04 122.3
D3YUE6 GTSF1 Gtsf1 5.1E-04 43.8

Q8CAE2 HENMT1 Henmt1 2.1E-03 9.0

Q5VCS6 TDRD5 Tdrd5 9.6E-04 8.6
D3YWG8 MOV10L1 Mov10l1 1.1E-04 8.6
Q14BI7 TDRD9 Tdrd9 2.5E-02 5.4

Q3U7K7 TRIM21 Trim21 1.6E-04 38.7
Q5SUE7 ADAD1 Adad1 5.0E-03 12.0

Q5U4C1 GASP1 Gprasp1 9.3E-05 8.9

Supplementary Table 1 | Proteins identified as MIWI2 interactors without RNase
treatment
Table lists all statistically significant identified proteins with at least 4-fold enrichment in the
HA-MIWI2 immunoprecipitation without RNase A treatment. P<0.05, two-sided Student’s t-
test.
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Protein.ID Protein Gene pvalue Enrichment
Q8CGT6 MIWI2 Piwil4 1.6E-04 14532.5
D3YUE6 GTSF1 Gtsf1 2.3E-03 306.0

Q5VCS6 TDRD5 Tdrd5 1.4E-03 114.6
Q91XW8 FKBP6 Fkbp6 5.5E-04 84.1
Q14BI7 TDRD9 Tdrd9 2.2E-03 67.2

Q8BVN9 MAELSTROM Mael 1.2E-02 16.4

Q99MV7 RNF17 Rnf17 1.7E-03 13.3

Q8CAE2 HENMT1 Henmt1 8.1E-03 10.5
Q4FJN2 FKBP5 Fkbp5 1.4E-02 8.5

Q8CDG1 MILI Piwil2 2.6E-02 6.6

Q5SUE7 ADAD1 Adad1 8.3E-04 158.6

Q80Y52 HSP90AA1 Hsp90aa1 3.2E-02 41.5
Q61699 HSPH1 Hsph1 1.8E-03 35.1
Q3TJG6 PTGES3 Ptges3 4.7E-03 30.6
Q5U4C1 GASP1 Gprasp1 4.0E-04 28.0
Q3U7K7 TRIM21 Trim21 9.9E-03 17.6

F8VPN2 TEX15 Tex15 1.5E-02 13.7

Q3TX38 VDAC3 Vdac3 1.4E-02 11.7
Q9Z2X1 HNRNPF Hnrnpf 2.9E-02 11.1

P38647 HSP9 Hsp9 5.5E-03 8.2
Q3U1J4 DDB1 Ddb1 5.1E-03 7.7
Q8BP92 RETICULOCALBIN-2 Rcb2 2.7E-02 7.4
Q6P3E7 HDAC10 Hdac10 2.4E-02 7.2
Q3TXV1 PSMD2 Psmd2 1.0E-02 7.2
E9QNN1 DHX9 Dhx9 4.3E-03 6.8

Q71LX8 HSP90AB1 Hsp90ab1 2.1E-03 6.3
B1ASB6 SPOCD1 Spocd1 4.3E-03 6.1
H3BKT1 C19orf84 homolog Gm38999 1.2E-02 6.0
B2RQL4 ADAD2 Adad2 2.9E-02 5.5
P63017 HSPA8 Hspa8 2.2E-03 5.0
Q9EQI8 MRPL46 Mrpl46 1.6E-02 4.6

Supplementary Table 2 | Proteins identified as MIWI2 interactors upon RNase treatment
Table lists all statistically significant identified proteins with at least 4-fold enrichment in the HA-
MIWI2 immunoprecipitation with RNase A treatment. P<0.05, two-sided Student’s t-test.
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IAPA_MM 5.0411028461.46E-156
L1Md_Gf_5end 4.8311100051.17E-217
L1MdTf_II 4.719267306<2E-324
L1MdTf_I 4.68459579<2E-324
RLTR1IAP_MM 3.890347511.81E-157
L1MdA_I 3.7419268293.55E-180
IAPEZI 3.6587631361.04E-149
L1_MM 3.6210053213.61E-158
MMERVK10C 3.5070312332.72E-41
GSAT_MM 3.2927128457.22E-25
IAPLTR1_Mm 2.7905326117.68E-86
L1MdA_II 2.7587899769.15E-102
IAPLTR1a_I_MM 2.4772582351.59E-103
IAPEY5_I 2.0432931516.76E-17
L1MdA_III 1.9582553214.90E-58
L1MdTf_III 1.9166936792.65E-05
L1MdGf_II 1.8790893123.03E-53
IAP5-Mm_I 1.7327177257.21E-31
SRV_MM-int 1.6183654941.74E-07
IAPEYI 1.6075883481.54E-18
RLTR46B 1.5363462360.001239597
ERVB4_1-I_MM 1.4998043394.05E-22
MMERGLN_I 1.4988553621.03E-26
ERVB4_1B-I_MM 1.4659522832.00E-12
MMERGLN_LTR 1.4527060614.62E-07
MMVL30 1.3861658991.06E-10
IAP5-Mm_LTR 1.3183816810.001654352
RLTR25_MM 1.2994119182.57E-12
ERVB4_3-I_MM 1.2783983140.00592821
IAPLTR2_Mm 1.2570489723.83E-10
ERVB4_1B-LTR_MM 1.2435937456.04E-09
L1MdGf_I 1.2399628324.49E-35
IAPEY4_I 1.1972675411.70E-07
IAPEY4_LTR 1.1799671125.10E-07
RLTR10B2 1.0889906044.84E-06
ERV1-4_MM-LTR 1.0486832210.000851454
L1MdA_IV 1.0196439362.97E-18
B2_Mm1a 1.0181491832.59E-14
ERVB4_2B-LTR_MM -1.0627560790.002498859
ERVB4_2-I_MM -1.1452761368.23E-10
RLTR13B2 -1.2484280897.83E-08
RLTR19B_MM -1.4235840730.001418549
RLTR10D2 -1.4297889060.00101929
RLTR13D2 -1.5004998251.50E-06
RMER17B2 -1.6301252514.16E-06
MERV1_I -1.6561221871.06E-10
RLTR43C -1.7950393580.000701683
RLTR9D -1.863303125.10E-07
RMER2 -1.9917020860.000171046
LTRIS5 -2.0142602170.00062669
IAPEY3_LTR -2.3791208547.78E-12
RLTR50B -2.4264364738.84E-05
RLTR9D2 -2.7420500063.35E-09
ERVB7_3-LTR_MM -2.7598018370.000225873
RLTR41A2 -2.8215580080.001666553
RLTR1F_Mm -3.6665594647.24E-06
RLTR41B -4.1800782254.23E-06
IAPLTR3 -4.8309051245.73E-33
RLTR30B_MM -6.2083257285.88E-06
IAPLTR3_I -6.3227436341.20E-97
RLTR9A2 -6.5531596912.40E-06

TE pvalue Fold-Change
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Supplementary Table 3 | Deregulated TEs in Tex15-/- testes at P20
Table lists all statistically significantly deregulated TEs in Tex15-/- animals compared to Wildtype
identified by RNA seq in P20 testes. P<0.01, Benjamini-Hochberg adjusted two-sided Wald test, >2-
fold change.
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Ensemble Gene Name pvalue Fold-Change
Up-regulated

ENSMUSG00000026712 Mrc1 2.6686641422.22E-06
ENSMUSG00000027435 Cd93 4.3593199937.30E-06

ENSMUSG00000031245 Hmgn5 2.5412298770.004880105

ENSMUSG00000036617 Etl4 2.0197927550.000139745

ENSMUSG00000039706 Ldb2 3.1701616060.006580283

ENSMUSG00000050079 Rspry1 1.1892248692.22E-06

ENSMUSG00000055435 Maf 5.3325709520.000139745
ENSMUSG00000070462 Tlnrd1 3.91820010.000139745
ENSMUSG00000074743 Thbd 2.8082714720.000139745

Down-regulated

ENSMUSG00000009628 Tex15 -2.3383111026.88E-08

ENSMUSG00000075014 Gm10800 -2.6749139042.98E-05
ENSMUSG00000075015 Gm10801 -2.4917639532.22E-06

ENSMUSG00000095280 Gm21738 -2.6138795710.000139745

Supplementary Table 4 | Deregulated genes in Tex15-/- gonocytes at E16.5
Table lists all statistically significantly up- or down-regulated genes respectively in E16.5
Tex15-/- gonocytes compared to Tex15+/- control. P<0.01, Benjamini-Hochberg adjusted two-
sided Wald test, >2-fold change.


