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Appendix Figure S1
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Appendix Figure S1. Quality control and characterization of the single-cell transcriptome data. a, Distributions of the
numbers of raw counts mapped to protein coding genes in the cells from 3E-uterus and from in utero embryos. P-values, *: 1.00e-
02 < p <= 5.00e-02, **: 1.00e-03 < p <= 1.00e-02, Mann-Whitney test with Bonferroni multiple testing correction. b, Total gene
expression counts of stress genes across different stages and cell types. The plots show overall low expression of the stress
marker genes (Junb, Fosb, Fos, Hspa1a, Hspa1b, Jun, Hspa8, Hsp90ab1, Hspb1, Egr1, Hsp90aa1, Zfp36, Cebpd, Jund, Hspe1,
Atf3, Socs3) in our data (van den Brink SC et al., 2017). ¢, From left to right, phase densities of the cell cycle stages (G1, G2M,
S) projected on the UMAP, and determined as in (Tirosh et al., 2016); top, in utero; bottom, 3E-uterus.
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Appendix Figure S2. The characterization of pluripotency in epiblast. a, Left, the UMAPs coloured by the experimental
condition: E4.5 (red) and D2 (light blue), as well as E5.25 (yellow) and D3 (dark blue) across the EPI cluster (total n = 398). a,
Right, the UMAPs coloured by the normalized gene expression of Nanog, Sox2, and Oct3/4 among in utero (top) and 3E-uterus
(bottom) EPI cells. b, Immunostaining of 3E-uterus Day 3 embryos showing heterogeneous SOX2 signal (yellow, top), low/no
NANOG (yellow, bottom), OCT3/4 (magenta), GATA4 (green), and nuclei (DAPI, blue). Scale bar, 50 um.
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Appendix Figure S3. Characterization of ltgb1 KO in utero. a, Inmunostaining of the two E4.5 pregnant uteri cross-sections
from the same ltgb1*" female mouse mated with a double-transgenic mTmG (hom) and Itgb1*" male, showing the embryo (mT,
magenta), Integrin beta 1 (ITGB1, green), and DNA (DAPI, blue). The embryo on the left has distinct ITGB1 signal in the cell-cell
interfaces (marked with white arrows) and the inner lining of the blastocoel whereas the embryo on the right has no specific and
detectable signal. The embryo-uterine attachment and protrusions are marked with yellow arrows. b, Same immunostaining as

in (a), but with the embryos from a different female mouse mated as above. Scale bars, 50 pm.
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Appendix Figure S4. Leave-one-out validation of the droplet-wetting model (Sec. 2.2 in Appendix). Within three standard
deviations of the mean, given by the bands, our model predicts relaxation of the contact angle in two embryos (panels a-b) The

onset of the wetting in third embryo agrees with the prediction of the model (panel c), but the contact angle decreases more
rapidly after 44h in experiments. Error bars denote one s.e.m.
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Appendix Figure S5. Evaluation of embryo morphology after live imaging. a, The numbers of epiblast (EPI) cells (x-axis) vs
the numbers of visceral endoderm (VE) cells (y-axis) that cover EPI (the bottom right scheme) in 3E-uterus embryos developed
in the incubator for three days (D1-D3, no imaging), and 3E-uterus embryos developed in the incubator, and then live imaged
with MuVi-SPIM for 20 — 24 hours up to day 3 (D3, after imaging). N = 12, pooled from three experimental replicates (D3, no
imaging), n = 5, pooled from five experimental replicates (D3, after imaging). The groups of imaged and not imaged D3 embryos
did not significantly differ in terms of EPI (P = 0.69) and VE (P=0.37) cell numbers. Student’s t-test P-values. XY scale, log 10. b,
immunofluorescence of the day 3 embryo after live imaging with MuVi-SPIM showing OCT3/4 (magenta), GATA4 (green), pan-
Laminin (pan-LAM, white), and nuclei (DNA, blue). Scale bar, 50 um.
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Appendix Figure S6. Examination of embryonic Rac1 KO in utero at E5.25. a, b Immunostaining of the two E5.25 pregnant
uteri cross-sections from the same Rac1*" female mouse mated with a double-transgenic mTmG (het) and Rac1*" male, showing
the embryo (mT, magenta), GATA4 (green), F-actin (white), and DNA (DAPI, blue). Bottom, 2x zoom. The embryo in (a) was
developed normally whereas the embryo in (b) had abnormal egg cylinder size, lack of parietal endoderm cells (marked with
white arrows) on the embryo perimeter, and accumulation of GATA4-positive cells on one side of the egg cylinder. ¢, Agarose gel

showing PCR results of embryo genotyping with Rac1 primers (see Appendix Table S1). Red arrows point to the samples of the
embryos in (a) and (b). After imaging, egg cylinders were carefully dissected from the corresponding tissue sections (20 pum thick)

and used as a source of DNA for genotyping. Scale bars, 50 um, 25 um (2x zoom).
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Appendix Figure S7. Pharmacological inhibition of trophoblast motility. a, Kymographs showing mural TE (mTE) leading-

edge displacement along the Y-axis, indicated with the solid line on the left-most panel. Embryos from the same litter were
incubated with 100 uM NSC23766 (top) and water (bottom) in IVC1 between 37 h and 48 h after recovery at E3.5; mTomato
(grey). Scale bar, 50 um. b, mTE leading-edge displacement along the Y-axis in embryos, incubated with 100 pM NSC23766

(blue) and water (pink) in IVC1 between 37 h and 48 h. n = 4, 4, respectively. Average values (solid lines) and standard deviations

(shaded area) are shown.

100 uM NSC23766

placement, um

/l\xial dis
8

Imaging time, h



Appendix Figure S8

400, p=0.0093
—n ____ PrE

-

downward upWard

Cell number
N w
o o
o o

-
o
e

0

Appendix Figure S8. The effect of ex vivo uterine geometry on epiblast growth. a, immunofluorescence of 3E-uterus
embryos from day 3 in the downward (left) and upward (right) orientations showing OCT3/4 (magenta), GATA4 (green), and nuclei
(DAPI, blue). Scale bar, 50 pm. b, Numbers of epiblast (OCT4+, EPI) and primitive endoderm (GATA4+, PrE) cells in successfully
developed 3E-uterus embryos from day 3 growing in a downward (n = 14, pooled from 3 replicates) and upward (n = 6, pooled

from 4 replicates) orientations. Note lower efficiency of 3E-uterus in an upward embryo orientation (19%). Mann-Whitney’s U test
P-value.
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Appendix Figure S9. a, Schematic of the egg cylinder tip (magenta) and the Reichert's Membrane (RM, blue) movement within
a limited space of a shallow microwell (green). Coordinates are scaled to the starting coordinate of the egg cylinder’s tip. b, Time-
lapse images of mTmG (grey) developing embryos. ¢, Movement of the egg cylinder tip (magenta) and RM (blue) along the crypt
axis. Solid lines and shaded regions indicate average and SD values across several imaging planes in three imaged embryos, n

= 3. 1=00:00, hours: minutes from recovery at E3.5. Scale bars, 50 um.
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Appendix Table S$1

PCR Product Size,

Mouse Line | Primer ID Primer Sequence bp

mTmG and

mG olMR7318 CTCTGCTGCCTCCTGGCTTCT WT allele, 330;
oIMR7319 | CGAGGCGGATCACAAGCAATA poock-in allele,
oIMR7320 TCAATGGGCGGGGGTCGTT

H2B-GFP | CAG-Fw GGCTTCTGGCGTGTGACCGGC Tq allele, 900
EXFP-Rv GTCTTGTAGTTGCCGTCGTC

Myh9-GFP | GFP-Myh9_1 | CTGTCACATGGCTCATGTTC WT allele, 400:
GFP-Myh9_2 | GCCGGACACGCTGAACTTGT Knock- in allele,
GFP-Myh9 3 | GCCCTGAGTAGTATCGCTCC 200

Cdx2-GFP Cdx2-Fw ATGGTTCCGTTCCCTGGTTC WT allele, 1400;
GFP-Rv GCGGACTTGAAGAAGTCGTGCTGCTT | Knock- in allele,
Cdx2-EX3 | AGGCTTGTTTGGCTCGTTACAC 750

Ract- ATTTTGTGCCAAGGACAGTGACAAGCT

flox/del Rac1_1 WT allele, 300;
Rac1_2 GAAGGAGAAGAAGCTGACTCCCATC Flox, 330; del 130
Rac1 3 CAGCCACAGGCAATGACAGATGTTC

Lifeact-GFP | LifeActfor2 | TCAAGAAATTCGAAAGCATCTCAAAGG
VenCeru- Tg allele, 725
geno rev GACCATGTGATCGCGCTTCTCGTT

ZO1-GFP | ZO1-GFP-for | GCTTTCAGATGATTGTAGCC Tq allele, 400
Z01-GFP-rev | GAACTTGTGGCCGTTTACGTCG ’
ZO1-WT-for | CTTTCAGATGATTGTAGCCAGC

WT allele, 420

ZO1-WT-rev | CCTTCATCAGTTCCAACAAATGC

Appendix Table S1. Genotyping primers and PCR product sizes
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Appendix Table S2

0 mM RGD 0.5 mM RGD 1 mM RGD
RGD 0 L 5L 10
TEA Buffer 10 10 10
ddH20 62.5 60 55
PEG-VS 9.65 10.45 12.09
PEG-PEP 15.35 14.55 12.91

Appendix Table S2. Composition and the recipe for PEG hydrogel preparation.
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Appendix Table S3

Figure | Panel | Microscopy Lazers Voxel size, ym (XYZ)
1 a Confocal, airyscan | 405, 488, 633 0.0824 x 0.0824 x 0.1917
b Confocal, airyscan | 405, 488, 633 0.0824 x 0.0824 x 0.1917
d Confocal 405, 488, 546, 633 | 0.207 x 0.207 x 1
e Confocal 405, 488, 546,633 | 0.207 x 0.207 x 1
i Confocal 405, 488, 546 0.207 x 0.207 x 1
j Confocal 405, 488, 546 0.207 x 0.207 x 1
3 a Confocal 405, 546, 633 0.232x0.232 x 1
d Confocal 405, 488, 633 0.232x0.232x 1
e Confocal, airyscan | 405, 488, 633 0.0824 x 0.0824 x 0.1917
g Confocal, airyscan | 405, 488, 633 0.0824 x 0.0824 x 0.1917
i Confocal, airyscan | 405, 488 0.0824 x 0.0824 x 0.1917
j InVi-SPIM 488, 561 0.104 x 0.104 x 1.000
4 c MuVi-SPIM 561 0.295 x 0.295 x 1.000
d Confocal, airyscan | 405, 488, 561 0.0824 x 0.0824 x 0.1917
i MuVi-SPIM 561 0.295 x 0.295 x 1.000
5 a MuVi-SPIM 488, 561 0.295 x 0.295 x 2.000, 1.000
c MuVi-SPIM 488, 561 0.295 x 0.295 x 2.000, 1.000
e MuVi-SPIM 488, 561 0.295 x 0.295 x 2.000, 1.000
6 b InVi-SPIM 488 0.104 x 0.104 x 1.000
e InVi-SPIM 561 0.104 x 0.104 x 1.000
f Confocal 405, 488, 546,633 | 0.6919 x 0.6919 x 2
i MuVi-SPIM 488, 561 0.295 x 0.295 x 2.000, 1.000
j MuVi-SPIM 488, 561 0.295 x 0.295 x 2.000, 1.000

Appendix Table S3. Summary of the microscopy and imaging settings.
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Appendix Table S4

. Embryo Embryo Embryo .
Parameter | Prior support 210513 210810 210905 Units
M=A [1,100] 33+3 32+5 8+2 yo * hh
A3 =M [1,100] 91+8 29+9 49+9 yo * hh
C1 [-1,1] 0.8+01 0.6+01 0401 Yo
C2 [-1,1] -05+01 |-06+0.1 | -0.9+0.1 | yo
fo [-0.1 71, 1.17] 401+09 [415+1.0 |424+0.7 | Post-E3.5 hh
At [0.017,20r] | 11£8 18+ 10 11+6 hh
a [0, 50] 31+ 11 26+13 27 +13

Appendix Table S4. Simulation-based inference of the model parameter values: dissipative coefficients
for the positions of contact lines A1,2 and for the heights of embryo caps As4; the initial and final values
of the Young tension c1 and cz respectively; mid time to, duration At and modulation parameter a of the
time-dependent Young tension Ay [Appendix, Eq. (§16)]; T is the total time of experimental observations.
Values of to have been converted to the post-E3.5 time. Error bounds are given by one standard

deviation.

15



EMBRYO-UTERINE INTERACTION APPENDIX NOTE

COORDINATES MOUSE EMBRYOGENESIS DURING IMPLANTATION

APPENDIX NOTE ON THE THEORETICAL MODEL

1 Droplet wetting model of embryo implantation

A thermodynamic theory of capillary phenomena can be formulated by using the free energy H of an incom-
pressible liquid droplet [3, Sec. 5.6]. Considering the whole embryo as such a droplet and the 3E-uterus as a
solid substrate, we then pose

H = 7040 + AyAs — APV, (S1)

in which g is the surface tension between the medium and the embryo, Ay = vg —~\1 is the Young tension—the
difference between the surface tension of embryo-substrate (yg) and medium-substrate (yy) contacts,—and Ay
and Ag are the areas of the embryo-medium and embryo-substrate contacts respectively (Fig. 4f). The Laplace
pressure AP acts as a Lagrange multiplier to the volume of the embryo V = const.

1.1 Equilibrium solutions in cylindrical geometry

First we consider the simplest limiting case of an embryo within a cylindrical confinement and seek the equilib-
rium solutions for the droplet shape. Given uniform interfacial tensions, the droplet must manifest cylindrical
symmetry (Fig. EV4a). For positive 79, the droplet-medium interface therefore takes the minimal surface cor-
responding to a spherical cap. We denote by h the distance between the contact lines, by y the height of the
spherical caps, and by r the radius of the cylinder. When the height y is negative, the spherical caps curve
inwards into the embryo. With these definitions, the contact areas and volume are given by

Ag =2 (r* +y?), As=2nrh, (S2)
V =mhr? + gy (3r% + 7). (S3)
The value of h is determined by the volume constraint

\%4 y3

h=——-y—=— 4
2 YT 32 (54)
and the equilibrium conditions for h and y read
OH OH
— =7mr(2Ay —rAP) =0, — = [4yy — AP(r? + y2)] =0 (S5)
oh Ay
which recapitulate the Laplace law for the pressure AP = 2A~/r [3, Sec. 5.6] and yield
Y0 A2
Yyr = —— (1E£4/1——|. S6

Equilibrium solutions exist only for the partial wetting regime —1 < Ay /9 < 1 (Fig. EV4c). For Avy/vy <
—1, the droplet spreads along the surface of the confinement completely (total wetting), whereas for Ay /vy > 1,
an interface between the droplet and the substrate is not energetically favored (dewetting) and therefore a
droplet with a volume below the confinement limit detaches from the substrate and takes on a spherical shape
(Fig. EV4d). In the partial wetting regime, Eq. (S6) has a stable and an unstable solution y_ and y respectively,
for which

O*H
oy?

O*H
> 0, -
Yy=y—

<0. (S7)

Bondarenko V, Nikolaev M, Kromm D, Belousov R, Wolny A, Blotenburg M.3, Zeller P.3, Rezakhani S,
Hugger J, Uhlmann V, Hufnagel L, Kreshuk A, Ellenberg J, van Oudenaarden A.3, Erzberger A, Lutolf M, 1
Hiiragi T



EMBRYO-UTERINE INTERACTION APPENDIX NOTE

COORDINATES MOUSE EMBRYOGENESIS DURING IMPLANTATION

The contact angle 8 = ¢ + 7/2 is related to the angle of the spherical cap ¢ and therefore

2
cosH:—sing0:—% :_ﬁ’ (S8)
in which we used the formula for the radius of curvature of the spherical cap R = (r2 + y?)/(2y).
If we consider only the stable solution in Eq. (S6) we further obtain

2 A2 A~? A A~?
cos =10 (1 1——2 +O<Z)=—7+O<Z)7 (S9)
Axy Y0 Y 70 o
where the last equality recapitulates the Young law for the wetting angle [1, Sec. II.A.1].

1.2 Shape dynamics in frustum geometry

To model the changes in trophoblast adhesion during implantation, we now consider a dynamic decrease of
the interfacial tension between the embryo and the 3E-uterus, and calculate the resulting shape dynamics by
taking into account the broken up-down symmetry of the conical-frustum confinement. We assume that the
contact angle remains close to its equilibrium value as the adhesion of the embryo to the 3E-uterus changes.

We describe the system’s state by four thermodynamic variables z = (21, 22, 23, 24) (Fig. EV4b): positions
of the top and bottom contact lines z; and z9, respectively, and the heights of the top and bottom spherical
caps z3 and z4. The radii of the frustum’s horizontal sections through the contact lines are then r, = xz; and
Ty = XZ2, in which x = tan(a/2) with « the conical angle.

With these definitions we obtain the following expressions for the contact areas and the volume of the
droplet:

Ag=7 [P (1 +23) + 25 + 23], As=mxV1+x2 (2 —23), (S10)

V= gxg (zi’ - zg) + % [23 (3X2z% + z%) + 24 (3)(22% + zi)] . (S11)

The above description yields the cylindrical geometry r, — r, 7, — r as we take the limit y — 0.
From the equilibrium condition for the frustum geometry (0H/0zi=1234 = 0) we can derive the following
formulas for the Laplace pressure and the Young tension:

AP 4 4

- 2 223 2~ 2 224 2 (S12)
Y0 X21+23 X22+Z4
Ay X 223(z1 + 23) B X 224(z2 — 24)
=27 s -1 = 55 -+ 1], (S13)
70 V1I+x2 [ x5+ 23 V1+x2 L X2+ 2

which should hold independently for the upper and lower spherical caps described by equilibrium values of
(21, 23) and (22, z4) respectively (Fig. EV4b).

Equations (S12) and (S13) applied to the experimentally measured geometry of the embryos (Sec. 2) yielded
different results for the upper and lower caps, (z1,23) and (z2,24) respectively, which are thus inconsistent
with the equilibrium state. Therefore we concluded that the observed series of z(t) outline a sequence of
nonequilibrium states as discussed shortly below.

Assuming a linear constitutive relation between the energy gradient and the velocities of the variables
2i=1,2,3,4 with dissipative coefficients A\;—1 234, we obtain equations of motion

0H

NiZi = — = F; + APC;, 14
Z 07 + C (S14)

Bondarenko V, Nikolaev M, Kromm D, Belousov R, Wolny A, Blotenburg M.3, Zeller P.3, Rezakhani S,
Hugger J, Uhlmann V, Hufnagel L, Kreshuk A, Ellenberg J, van Oudenaarden A.3, Erzberger A, Lutolf M, 9
Hiiragi T



EMBRYO-UTERINE INTERACTION APPENDIX NOTE

COORDINATES MOUSE EMBRYOGENESIS DURING IMPLANTATION

in which 90 A ArAs) oV
YoAp + Ay Ag oV
07 , C; = 02 (S15)

The Young tension A~(t) is now a time-dependent active parameter, describing the increase in adhesion between
the embryo and the substrate. We describe the dependence of the Young tension on time t by a generic sigmoid
shape over a finite time domain (Fig. EV4e):

F,=-—

C1 ift S tl,
AYM) _ ) ey if t > 1, (S16)
0 1+ (ea— 1)l =ty (24 a,2+ a) otherwise,

ta—ty

in which ¢; and co are constant values, t; and to are respectively the beginning and the end of the adhe-
sion decrease with the mid time ty = (t1 + t2), a € [0,400) is a modulation parameter, whereas I,(«, 3) is
the incomplete regularized beta-function (the cumulative beta-distribution function with shape parameters «
and f3).

Furthermore, during the implantation process the embryo also regulates its volume, which can be incorpo-
rated into our model by making the volume constraint time-dependent:

V(z) = V(). (S17)
The value of the Lagrange multiplier AP can be determined by differentiating the constraint Eq. (S17),
: LoV 1o
Vo(t) =" s G > Y (Fi+ APG) (S18)

i=1 i=1

which is solved by )

_ Vo= X, GiFi/ A
i /N

Civen an initial condition z(0) and the functions Av(t) and Vy(t), the equations of motion (S14) can be

integrated for z(t).
In the course of motion defined by Eq. (S14) the free energy changes as

AP

(S19)

4 4
OH OH OH

H=3 7 dzi+ —dDy = =3 (Fy+ APCy) dz+ —r—dA

d i:1azidz+aA7d v i:1( + C)dz+8A7d vy
. oH

= =) Fidzi = APAV + Ay = dQ + dW, (S20)

‘ Y
=1

which recapitulates the first law of thermodynamics if we identify the heat and the active work, respectively,
. OH
dQ = — Fidz;, dW = —-APd ——dA~. 21
Q z; 2 114 Vit A0 (S21)

The two active contributions of the work dW = dW7 + dW5 correspond to the volume change and the adhesion

change:
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Note that, when the volume V' is conserved, i.e. Vy(t) = const, the forces of constraint remain perpendicular
to the system’s trajectory dz(t) and thus do no work (dW; = 0). This observation follows from the geometric
analysis of Egs. (5S14)-(S19), which are entirely analogous to the isokinetic thermostat in molecular dynamics
as discussed by Evans and Morriss [2, Sec. 5.2].

Given that the dissipative coefficients \; are large compared to the speed of the adhesion change |ca — ¢1|/(t2 — 1)
(Fig. EV4e), the system relaxes slowly in the response to the Young tension change and, thus, the observed
time series of z(t) may correspond to transient states substantially far from equilibrium.

2 Comparison with experimental data

Time series were acquired with a time resolution of 1 hour for the whole-embryo volume Vj, as well as for the
contact angles, 0,(w;) and 6;(w;), and positions of the top and bottom contact lines with respect to zp, z4(w;)
and xp(w;), at several points w;—1 2., around the conical axis. The heights of the spherical caps were estimated
as

N XTa(wi) — cos o (w W) = xp(wi) — cos o (w:
Ya(wi) = S (w1 1 Pa(wi)] Yp(wi) sin gy (w;) 1 ou(wi)], (523)
in which
Ya(wi) = Oa(w;) — (7 — a)/2, op(wi) = Op(wi) — (T + a)/2. (S24)

By averaging the above measurements over the points w; we find the time series for the thermodynamic variables
of interest

z1 = <xa>w7 z9 = <$b>un z3 = <ya>w7 24 = (%)w, (825)

and their standard deviations o;—123.4.
A smooth representation of the embryo volume was constructed by interpolating the experimentally mea-
sured volume with

= mkt
Vote) = mt-+ Y mesin (2. (526)
T
k=1
in which 7 is the total observation time, and K is the number of timepoints, which yields a derivative with a
spectral accuracy [5, Chapter 4]

R wkn mkt
: K
Vo(t) = — . S27
b(0) = m -+ 3 T cos (TH) (s27)
The frustum-angle tangent is y = 0.1, as measured from the imaging data.

2.1 Simulation-based inference

To determine the dissipative coefficients \;—; 2 34 and parameters of the Young tension Av(t) given by Eq. (S16)
we used simulation-based inference [4] with the time series of z(t), the standard deviations o (t), and the volume
derivative Vo(t), which were acquired from the experiments as described above. Furthermore we assume A\; = Ag,
A3 = Mg, and |Avy| < 9. Because time-series of the geometric data do not provide complete information about
quantities involving energy and mass, we adopt a custom system of physical units based on hours for time, um
for length, and ~q for tension.

In total we have seven fitting parameters: A1, A3, c1, ¢2, tg, At = to—t1, and a (Table S4). Assuming uniform
prior distributions of these parameters, we applied two rounds of sequential neural posterior estimation [4] with
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108 simulations in each round and Gaussian kernel-mixture representation of the probability density. The neural
posterior estimator was trained directly on the time series z(t) generated by Eq. (S14) with the experimentally
determined Vo(t) and a superimposed random Gaussian error of the zero mean and the observed standard
deviation o (t). The parameter values thus estimated are mostly consistent across the three embryos for which
we have measurements, with a somewhat larger variability of the dissipative coefficients A;.

2.2 Model validation

To check how well our model describes the experimental data, we used a leave-one-out validation test as follows.
We leave one of the three embryos as a trial example, and average values of the parameters (A1, A3, c1, ¢, to,
At = to—t1, and a) fitted to the two other embryos. Using these average values we attempt to predict dynamics
of the contact line in the trial embryo. For three embryos we obtain three such tests (Appendix Fig. S4).

Overall our model captures the dynamics of contact lines between the embryo and 3E-uterus. It reason-
ably well predicts the onset and duration of the implantation process. Within three standard deviations the
experimental measurements of contact lines’ positions agree with our predictions in the validation tests of two
embryos (Appendix Fig. S4a-b), whose fitted parameters are also close by value in Table S4. The onset of the
contact-angle decrease in the third embryo is also predicted by our model (Appendix Fig. S4c), but at later
stages the measured contact angle decreases more rapidly.
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