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Figure 1. Timing of compaction and polarization in human embryos. (a) Scheme for human embryo culture. Supernumerary in vitro fertilized human 
embryos were warmed at day 3, and cultured for 2, 9, or 24  hr to examine the localization of polarization markers. (b) Histogram showing the time 
between the initiation and the end of compaction. N = 50 control embryos. Eight independent experiments. (c) Time at which compaction is initiated 
in embryos with known fertilization time. N = 10 control embryos. (d) Time at which compaction is completed in embryos with known fertilization 
time. N = 4 control embryos. Data is shown as a box and whiskers plot from the minimum to the maximum value. Four independent experiments. (e) 
Representative images of human embryos fixed at different developmental time-points (as shown in a) and immunostained for F-actin and PARD6. 
Arrowheads indicate the apical domain. (f) Quantification of the number of cells showing polarized or non-polarized F-actin in different developmental 
time-points. (g) Quantification of the number of cells showing polarized or non-polarized PARD6. For both e and f, the number in each bar represents 
the number of cells analyzed. N = 17 embryos for 2  hr post-warming; N = 20 embryos for 9  hr post-warming and N = 32 embryos for 24  hr post-
warming. N = 5 independent experiments. (h) Quantification of the number of cells showing polarized or non-polarized F-actin in different post-
fertilization time points. (h) Quantification of the number of cells showing polarized or non-polarized PARD6 in different post-fertilization time points. 
For both g and h, the number in each bar represents the number of cells analyzed. N = 6 74–75  h.p.f., N = 2 77–78  h.p.f. and N = 9  h.p.f. embryos. 
(i) Correlation between F-actin/PARD6 apical enrichment and cell numbers. Apical enrichment of F-actin and PARD6 is measured as the ratio of signal 
intensity on the apical surface to the cell-cell contacts. (j) Correlation between the length of the apical domain (based on the PARD6 immunostaining) 
and embryo cell numbers. Each dot represents one analyzed cell. h.p.f.: hours post-fertilization. Seven independent experiments. Scale bars, 15  µm.
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Figure 1—figure supplement 1. Morpho-kinetic analysis of human embryos cultured in vitro from day 3 to day 4. (a-b) Histograms showing the number 
of total (a) and intact (b) cells at the time of embryo warming, N = 132 control embryos. (c–d) Histograms showing the number of total (c) and intact 
(d) cells after 24  hours of embryo culture, N = 84 control embryos. (e) Cell cycle length at the 4–8 (t4-8) and 8–16 (t8-16) cell stage transitions. Each 
dot represents an individual cell. N = 2  t4-8 and N = 10  t8-16 control embryos. Data are shown as mean ± S.D. (f) Histogram showing the number of 

Figure 1—figure supplement 1 continued on next page
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degenerated cells at the time of embryo warming, N = 132 control embryos. (g) Histogram showing the number of degenerated cells during 24  hours 
of embryo culture, N = 85 control embryos. (h) Number of cells before and after compaction. Each dot represents an individual embryo. Data are shown 
as mean ± S.E.M. N = 83 (before) and N = 54 (after) control embryos. **p = 0.0083, Mann Whitney U test. (i) Brightfield images of an embryo undergoing 
compaction. The angle measured to assess compaction is indicated. (j) Number of polarized cells in relation to the total cell number in embryos 
analyzed 2, 9, and 24  hr after warming. Pearson correlation r = 0.8550, ****p < 0.0001. (k), Human embryos at embryonic day four were immunostained 
with aPKC and DAPI. N = 5 embryos. h.p.f.: hours post-fertilization. Scale bars, 10  µm.

Figure 1—figure supplement 1 continued
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Figure 2. PLC activity regulates cell polarization in the human embryo. (a) Scheme of the PLCE1/PLCB1 siRNA injections. (b), Representative images 
of embryos injected with control siRNA or PLCE1/PLCB1 siRNA and cultured until embryonic day four to reveal the localization of F-actin, PARD6, and 
DAPI. (c) Quantification of the percentage of embryos showing PARD6 polarized cells in embryos from panel b. The number in each bar indicates the 
number of embryos analyzed. N = 17 embryos for control siRNA injected group; N = 12 for PLCB1+ PLCE1 siRNA injected group. * p < 0.05. Fisher’s 
exact test. Three independent experiments. (d) Quantification of apical F-actin fluorescence intensity in embryos from panel b. N = 92 control siRNA 
cells and N = 100 PLCB1+ PLCB1 siRNA cells. **p < 0.0001, Mann-Whitney test. (e) Quantification of apical PARD6 fluorescence intensity in embryos 
from panel f. N = 89 control siRNA cells and N = 100 PLCB1+ PLCB1 siRNA cells. ****p < 0.0001, Mann-Whitney test. Scale bars, 15  µm.
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Figure 2 - Figure supplement 1
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Figure 2—figure supplement 1. Morphokinetic analysis of the consequences of pharmacological inhibition of PLC. (a) Scheme of the PLC inhibitor 
treatment. (b) Quantification of the total number of cells in embryos from panel d. Each dot represents one embryo. N = 42 embryos for media control 
group, N = 19 embryos for DMSO 35  mM, N = 24 embryos for DMSO 53  mM, N = 25 embryos for U73122 5  µM (35  mM DMSO) and N = 24 embryos 
for U73122 7.5  µM (53  mM DMSO). Data are shown as mean ± S.E.M. ns: non-significant, Kruskal-Wallis test. None of the paired comparisons were 
statistically significant. (c) Percentage of degenerated cells in embryos from panel d. Each dot represents an individual embryo. Data are shown as mean 
± S.D. N = 66 embryos (control), N = 23 embryos (DMSO 35  mM), N = 31 embryos (U73122 5  µM (DMSO 35  mM)), N = 20 embryos (DMSO 53  mM 
and U73122 7.5  µM (DMSO 53  mM)), N = 9 embryos (DMSO 70  mM) and N = 10 embryos (U73122 10  µM (DMSO 70  mM)). Kruskal-Wallis test with 
a multiple comparisons test. *p = 0.0355, ns: non-significant. (d) Representative images of in vitro fertilized human embryos warmed at day three and 
cultured for 24  hr (see scheme in panel a) with or without DMSO or U73122 to reveal the localization of F-actin and PARD6. Arrowheads indicate the 
apical domain. (e) Quantification of apical F-actin fluorescence intensity in embryos from panel d. Each dot represents one analyzed cell. N = 218  cells 
for Media control; N = 32  cells for DMSO 35  mM; N = 79  cells for DMSO 53  mM, N = 72  cells for U73122 5  µM and N = 126  cells for U73122 7.5  µM. 
****p < 0.001, Kruskal-Wallis test with a multiple comparisons test. Individual paired comparisons: ***p = 0.0005 (Media control vs. DMSO 53  mM and 
Media control vs. U73122 7.5  µM), and *p = 0.0455 (Media control vs. U73122 5  µM). The rest of the comparisons were not statistically significant. (f) 
Quantification of apical PARD6 fluorescence intensity in embryos from panel d. N = 213  cells for Media control; N = 29  cells for DMSO 35  mM; N = 
75  cells for DMSO 53  mM, N = 68  cells for U73122 5  µM and N = 126  cells for U73122 7.5  µM. Each dot represents one analyzed cell. ****p < 0.001, 
Kruskal-Wallis test with a multiple comparisons test. Individual paired comparisons: ****p < 0.0001 (Media control vs U73122 7.5  μM); ***p = 0.0001 
(DMSO 35  mM vs. U73122 7.5  µM), and ***p = 0.0009 (U73122 5  µM vs. U73122 7.5  µM). The rest of the comparisons were not statistically significant. 
Scale bars, 15  µm.
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Figure 2 - figure supplement 2

Figure 2—figure supplement 2. Morphokinetic analysis of PLC loss of function experiments. (a) Expression profile for all PLC isoforms at different 
stages of human preimplantation development. Data retrieved from Yan et al., 2013. (b) The expression level of PLCE1 and PLCB1 in human zygotes 
injected with control siRNA or PLCE1+ PLCB1 siRNA assessed by RT-qPCR; Data presented as mean with individual data points. Each data point 
represents one biological replicate. N = 18 control siRNA embryos, N = 11 PLCE1+ PLCB1 siRNA embryos. **p = 0.0062 for PLCE1 expression, **p = 
0.0014 for PLCB1 expression. Mann-Whitney test. (c) Compaction analysis in control and PLC inhibitor-treated embryos. The number of embryos per 
category is indicated. Ns: non-significant, **p = 0.0099, ns: non-significant, Chi-squared test. (d) Compaction analysis in control siRNA and PLCE1+ 
PLCB1 siRNA-injected embryos. The number of embryos per category is indicated. ns: non-significant, Chi-squared test.
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Figure 3. GATA3 expression is initiated independently of cell polarization. (a) Representative images of in vitro fertilized human embryos warmed at 
day 3 and cultured for 2, 9, or 24  hr (see scheme in Figure 1a ) to reveal the localization of F-actin, PARD6, and GATA3. White arrowheads indicate 
outer cells; yellow arrowheads indicate inner cells. (b) Quantification of the number of GATA3-positive cells in embryos from panel a. Cells that have 
higher nuclear GATA3 signal (above a nucleus to cytoplasm ratio of 1.5) are categorized as GATA3+ cells. Numbers in each bar indicate the number of 

Figure 3 continued on next page
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cells analyzed. ns, not significant, Fisher’s exact test. N = 17 embryos for 2  hr N = 20 embryos for 9  hr and N = 33 embryos for 24  hr. (c) Quantification 
of GATA3 nuclear signal in embryos from panel a. Each dot represents one cell. Data are shown as mean ± S.E.M. The GATA3 nuclear signal has been 
calculated as the nucleus to cytoplasmic signal ratio in each cell. N = 21  cells (2  hr), N = 32  cells (9  hr), and N = 49  cells (24  hr). **p < 0.01; two-tailed 
unpaired Student’s t-test. (d) Representative images of embryos injected with Control siRNA or PLCB1+ PLCE1 siRNA at the zygote stage, cultured until 
Day 4, and stained for F-actin, PARD6, and GATA3. (e), Quantification of GATA3 nuclear signal intensity (normalized against the cytoplasmic signal) in 
embryos from panel d. Each dot indicates one cell analyzed. N = 31  cells for Control siRNA group and N = 44  cells for PLCB1+ PLCE1 siRNA group. 
****p < 0.0001, Mann-Whitney test. Five independent experiments (a–c) and two independent experiments (d-f). Scale bars, 15  µm. (f), Quantification 
of the level of nuclear GATA3 (normalized against cytoplasm signal) in embryos injected with Control siRNA or PLCB1+ PLCE1 siRNA. The data were 
classified according to the polarity status of the cells. Each dot indicates one cell. N = 31  cells for Control siRNA and N = 44  cells for PLCB1+ PLCE1 
siRNA, ****p < 0.0001, Mann-Whitney test.

Figure 3 continued
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Figure 3 - supplement 1
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Figure 3—figure supplement 1. Trophectoderm specification and inner cell generation in human embryos. (a) Number of cells showing nuclear GATA3 
(defined as a nucleus to cytoplasm ratio of more than 1.5) in relation to their polarity status in human embryos at embryonic day 4. Numbers in each 
bar indicate the number of cells analyzed. N = 13 embryos. (b) Human embryos at embryonic day 4 immunostained for YAP1, PARD6, and DAPI. White 
arrows indicate outer cells, yellow arrows indicate inner cells. (c) Quantification of the nucleus to cytoplasm ratio of YAP1 in embryos from panel b. Each 
dot represents a cell. N = 22 polarized cells and N = 18 unpolarized cells from four embryos. ****p < 0.0001, Mann-Whitney test. (d) Representative 
images of embryos treated with different concentrations of U73122, cultured from day 3 to day 4 and stained for F-actin, PARD6, and GATA3. (e) 

Figure 3—figure supplement 1 continued on next page
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Quantification of GATA3 nuclear signal intensity (normalized against the cytoplasmic signal) in embryos from panel d. N = 142  cells for Media control; 
N = 37  cells for DMSO 35  mM; N = 84  cells for DMSO 53  mM, N = 56  cells for U73122 5  µM (35  mM DMSO) and N = 90 for U73122 7.5  µM (53  mM 
DMSO). Each dot represents one cell analyzed. ns: non-significant. **** p < 0.0001, Kruskal-Wallis test with a multiple comparisons test. Individual paired 
comparisons: ****p < 0.0001 (Media control vs. U73122 7.5  µM, DMSO 53  mM vs. U73122 7.5  µM, and U73122 5  µM vs. U73122 7.5  µM), and *p = 
0.0227 (Mediacontrol vs. DMSO 35  mM). The rest of the comparisons were not statistically significant. Scale bars, 15  µm.

Figure 3—figure supplement 1 continued
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Figure 4. Generation of inner cells in the human embryo. (a) Representative images of embryos that have inner cells with a low number of outer 
polarized cells. White arrowheads indicate the presence of inner cells. (b) Line chart showing the relation between the number of inner cells, the number 
of PARD6 positive cells, and the total cell number in embryos that have inner cells. (c) Representative images of embryos showing inner cells of different 
sizes. Dotted lines indicate the outline of the inner cells. (d) Quantification of the distribution of the size of inner cells in comparison with the size of 8  
cell stage blastomeres. N = 53 inner cells from 21 embryos; and N = 80,  eight-cell stage blastomeres from 10 embryos. (e) Time-lapse imaging of cell 

Figure 4 continued on next page
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position during human embryo compaction. After a cell division, one of the two daughter cells was positioned to the inside of the embryo. The dividing 
cell is labeled in yellow, and the two daughter cells are colored in green and red. Red dotted lines indicate the red cell shown in 3D reconstruction. The 
red cell becomes localized to the inside. Scale bars, 15  µm.

Figure 4 continued
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Figure 5. Schematic summarizing the main findings of this study. F-actin polarization precedes PAR complex polarization and it is triggered by PLC 
activation in mouse and human embryos. In human embryos, blastomeres initiate the expression of TE factors independently of the polarity machinery, 
but polarization reinforces a TE fate. In contrast to mouse embryos, in which inner cell generation takes place only once all blastomeres become 
polarized, inner cells can be observed in human embryos that are not fully polarized, indicating mechanistic differences in the first lineage decision 
between the two species.


