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Figure S1. Additional characterization of fluorescent dyes, related to Figure 1.
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Figure S2. Embryos dyed with SPY555-DNA and SPY650-FastAct display normal actin ring 
expansion and zippering, related to Figure 1
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Figure S3. Compaction and early inner cell allocation in human embryos, related to Figure 2.

division producing inner-outer daughters
outer

inner

trophectoderm cell

ICM

t = 0 min t = 20 min t = 2 h t = 4 h t = 8 ht = 10 min

division producing outer-outer daughters trophectoderm cells

ICM

SPY555-DNA SPY650-FastAct

D

E

M
ou

se
 8

-c
el

l s
ta

ge
H

um
an

 1
6-

ce
ll 

st
ag

e

0 11 0.80.8 0.60.6 0.40.4 0.20.2
Normalized distance to cytokinetic furrow

1 h post-telophase

telophase

M
ou

se
H

um
an

M
ou

se
H

um
an

0.60 ± 0.01
0.48 ± 0.01

N = 7 mouse embryos
3 human embryos (live)

****

t = 0 min

1 h post-telophase

1 h
telophase

t = 1 h

G Human cleavage stage (live)

t = 4 h 30 mint = 3 h 30 mint = 3 ht = 2 h 30 min t = 4 ht = 1 h 50 min t = 2 h 10 min

t = 1 h t = 1 h 10 min t = 1 h 30 mint = 30 min t = 50 mint = 40 mint = 0 min

outer cell

SP
Y6

50
-F

as
tA

ct
se

gm
en

ta
tio

n

outer 
inner 

outer cell undergoing
apical constriction

t = 2 h 30 mint = 1 ht = 30 min t = 4 h 30 min top viewtop viewtop viewtop view

inner cell

newly generated
outer cell apical

constriction

internalization
complete inner cell

Human cleavage stage (live)F

SPY555-DNA SPY650-FastAct

SPY555-DNA SPY650-FastActDivision angle to
center of mass

Number of divisions
2 60

0°
4

90°

Cleavage stage (Human)

8-cell

Human

2-cell 8-cell 16-cell Compacted Blastocyst

16-cell 16-cell8-cell HumanMouse

Newton’s kissing number (12)

C

BA
inner cell

spherical
blastomeres

Uncompactedinner cells

inner cells

Compacted

outer cell centers align along
the vertices of an icosahedron

inner cell
contacts
inner cell
outer cell

center of mass
of the embryo

symmetric:
outer-outer

asymmetric:
inner-outer



K

N = 8 mouse
embryos

Live blastocysts
Mouse

7
22
15

1
0
0

15
14

0
0

8 1
16
9

2
1

Number of
mitoses

Lagging
chrom.

H Human trophectoderm cell (live) SPY650-DNA SPY555-actin

micronucleus

Interphase
lagging

chromsome

Prophase Metaphase Anaphase Cytokinesis

3D top view

2D side view

t = 0 h t = 2 h t = 4 h t = 14 h
micronucleus

lagging
chromosome

SP
Y6

50
-D

N
A

Ta
le

M
S-

m
C

lo
ve

r 
SP

Y6
50

-D
N

A
SP

Y5
55

-a
ct

in

I

J
t = 0 min t = 28 mint = 21 mint = 14 mint = 7 min

Mouse trophectoderm cell (live)

t = 0 min t = 16 min t = 42 min t = 80 min t = 104 min

-30-20-10 0+1
0
+2

0
+3

0
0
2
4
6
8

10

Time from
collapse (min)

NS
P = 0.98

N = 10 collapse events, 6 mouse embryos

%
M

ur
al

 T
E 

ce
lls

in
 m

ito
si

s

F

SP
Y6

50
-D

N
A

SP
Y5

55
-a

ct
in

Mouse

t = 2h 36 min t = 2h 42 min

expandedcollapsed

zona
pellucida

Time (h) Time (h)

G

E
m

br
yo

vo
l (

nl
)

Collapse

Mitoses

0

0.5

1

E
m

br
yo

vo
l (

nl
)

Collapse

Mitoses

0

0.5

1

0 5 10 15 0 5 10 15

Mouse blastocyst 1 Mouse blastocyst 2

Mouse blastocyst 3 Mouse blastocyst 4

Figure S4. Analysis of blastocyst structures and chromosome segregation errors during mitosis in the 
living embryo, related to Figure 3 and Figure 4.
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Figure S5. Additional characterization of nuclear buds and cytDNA structures, related to Figure 5.
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Figure S6. Analysis of caspase activity and γH2AX, related to Figure 5.
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Figure S7. Nuclear budding during blastocyst hatching and trophectoderm biopsy, related to Figure 5 
and Figure 6.
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