Correlating cell behavior with tissue topology in embryonic epithelia
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Supporting Information
A. Data acquisition and analysis

We collect data of cell neighbor numbers (CNN) from the epiblast of the chick embryo
at two different developmental stages: pre-streak formation (stage EGXII [3]), and during
streak formation (stage HH2 [4]). Figure Sla shows a micrograph of the stage EGXII epi-
blast and the white square indicates the section size of the tissue we analyzed at higher
magnification for pre-streak (Pre-S). Figure S1b shows a micrograph of the stage HH2 epi-
blast where the two white squares indicates the section sizes of the tissue we analyzed at
higher magnification for a region lateral to the streak (LS), and a region within the streak
(WS).

Confocal images were generated and maximum projection Z stack analyzed (Figure 1,
main paper). CNN were counted manually for each cell. For the Pre-S, LS, and WS mi-
crographs, each cell was manually labeled with its CNN (Figure S2a,c,e). This was done
with Adobe Photoshop and the original files are available for download: sdata_PS.psd,
sdata_LS.psd, sdata_WS.psd.

A major problem for image analysis is the substantial number of apparent 4-way junctions.
An example of an apparent 4-way junction is shown in Figure Slc; in the figure four cells
are labeled (4, 5°, 6’, 6° ). The prime denotes the number of unambiguous neighbors of
each cell. If all four cells were in contact with each other, the CNN would be (5, 6, 7, 7).
However, we consider only three-way junctions, and thus need to resolve this apparent four-
way junction into two three-way junctions, such that only two diagonally opposing cells will
pick up an extra neighbor. Thus, there are two possibilities for the CNN: (5-7, 5-6) or (4-6,
6-7), where the dash indicates diagonally opposing pairs of cells. This type of systematic
analysis was done for every non-resolvable 4-way junction: of which there were 18 for Pre-
S, 34 for LS, 28 for WS, and provides a measure of intrinsic error in computing the CNN
histograms. Two histograms were compiled for each of Pre-S, LS, and WS (Figures S2b,d,f):
either maximizing (blue) or minimizing (red) the number of 6-neighbored cells. The mean

histogram is shown in black in each case.



B. Reduced area: a parameter or a distribution?

In a recent paper by Hocevar and Ziherl (HZ) [2], an energy-based model for geometric
order was introduced, and shown to be capable of reproducing a range of histograms found
in Drosophila. Fundamental to the HZ model is the idea that a given tissue is characterized
by an “order parameter”, namely the reduced area a. This quantity is assumed to be the
same for each cell in the tissue, and is defined as 47 times the area of the cell, divided by
the square of the cell perimeter. Thus a = 1 for a circle, and will be less that unity for other
cross-sectional shapes. HZ find that cells in the Drosophila imaginal disk have a range of
values of a within the same tissue, but argue that given the standard deviation of values is
relatively small, the concept of the order parameter is still useful.

We have measured the reduced area of all cells in the chick Pre-S tissue. Reduced areas
were measured manually using ImageJ. Each cell was outlined manually using the Freehand
Selection tool then area and perimeter were computed using the Analyze/Measure applica-
tion. These values were then binned and the resulting histogram is shown in Figure S3. The
distribution of values is noticeably broader than that found in HZ. Indeed, we find that the
standard deviation is twice that measured in HZ. It is therefore quite difficult to maintain
that such a tissue can be characterized by a single order parameter. One can, of course,
focus instead on the mean value of the reduced area, which in the case of the chick Pre-S is

(a) = 0.74 + 0.10.
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Figure S 1: Early Chick Embryo. (a) Embryo at stage EGXII: pre-streak formation. The white
square indicates the size of the tissue sample that was analyzed at higher magnification (Figure
S2a) to obtain Pre-S histogram (Figure S2b). (b) Embryo at stage HH2: during streak formation.
White squares indicate the size of the tissue samples that were analyzed at higher magnification
(Figures S2c,e) to obtain LS, and WS histograms (Figures S2d.f) respectively. (c¢) Example of an
apparent 4-way junction. Top-left cell is in contact with bottom-right, or equally likely, bottom-left
cell is in contact with top-right cell. CNN are labeled with primes for systematic error analysis.

The scale bars represent 1000 ym in (a) and (b). The scale bar in (c) represents 5 pm.
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Figure S 2: High magnification images of small areas of the chick embryo showing each cell labeled
with its CNN. (a,b) Stage EG XII, prior to streak formation (Pre-S); (c,d) stage HH3, lateral to the
streak (LS); (e,f): stage HH2, within the streak region (WS). The embryo in image (a) is stained
with rhodamine phalloidin to visualize the F actin cortex, while the embryos shown in (b) and (c)
are stained with an antibody against the apically localized tight junction marker ZO-1. The scale
bars represent 50 um in (a), (c), and (e). Panels (b), (d), and (f) show CNN histograms for (a),

(c), and (e) respectively.
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Figure S 3: Histogram of reduced area measured for 354 cells shown in Pre-S (Figures la, and

S2a). The histogram shows a broad distribution of reduced area.



