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SOM 2: Developmental methods and analyses

Kathryn Kavanagh, Benjamin Winslow, and Akinori Kan

2A. Time for formation of a phalanx from proximal to distal joint interzone.

The final proportions of the phalanges are established during the period of sequential
joint formation in the embryo, occurring over about three days of development in the
chick. Final proportions of Emu, Chick, and Barn Owl, three species with very different
proportions, are observable at the time of tip formation (Figure S12). Individual
phalanges are established between the time when the proximal joint interzone forms and
when the distal joint interzone appears. Regulation of the time between sequential joint
interzone formation during this period is thus potentially one of the developmental

mechanisms that regulates final proportions in the digit.

Figure S12: Late phalanx development in emu, chick, and barn owl embryos,
just before tip is formed. This demonstrates that the proportions are determined
during this morphogenetic phase and not due to post-morphogenetic growth

differences.
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To calculate number of hours from formation of proximal joint to distal joint in a
phalanx, which is the period of patterning and developmental plasticity for that phalanx,

we performed the following steps:

Method 1: Time series

1. Over several months, we obtained batches of fertilized chick eggs (>20 batches;
Charles River Labs), which had been collected from nests over several hours and
cooled to 18°C. Soon after they were received, the entire batch began 38°C
incubation to initiate synchronous development.

2. We collected and fixed groups of three embryos at intervals (usually 2-hrs)
throughout digit developmental stages.

3. Embryos were KOH cleared and Alcian stained. Distal limbs were removed from
the embryos and then photographed from a dorsal (top) view.

4. The 2D area of each developing phalanx (Alcian stained area) was measured
using ImageJ. Stage of joint formation in Digit IV recorded as a way of staging
digit development so that equivalent stages could be compared.

5. Average condensation area for each phalanx was calculated.

6. All condensation sizes were aligned to find the smallest initial condensation size;
the sample size was determined to be sufficient if the smallest 5 condensations do
not differ more than ~5%.

7. 1In order to find the condensation size at which the distal joint of a given phalanx
is formed, we determined the size of a given phalanx at the time when the next
phalanx has the smallest initial condensation observed (since that is immediately
after the joint interzone is formed).

8. The growth rate of a given phalanx was determined by examining phalanx
condensation size increase over time in our series, and dividing by the number of
hours between collections.

9. The number of hours to form a given phalanx was then calculated by dividing the
growth rate by the difference in size between initial condensation and the

condensation at the time of distal joint formation.
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[(Area at t2) — (area at t1)] / (growth/hr) = # hrs

t=time

Method 2: Chick embryo cut-foot pairs

35

. Chicks were incubated to day 7 or 8.

A window was opened in the egg and amnion, avoiding blood vessels. One
hindlimb autopod was removed with micro-scissors for fixation, and the egg was
returned to the incubator with tape over the window.

The embryo was allowed to incubate an additional 6-48 hrs before
collecting/fixing the other hindlimb autopod.

Limbs were Alcian stained and KOH cleared.

The number of additional joints was determined by counting the areas of clear
tissue (no Alcian stain) indicating the developing joint interzones. The difference
in condensation size for a given phalanx between first and second collection was
measured.

The maximum number of hours before a new joint is observed in a digit was

determined as an estimate of the number of hours to form a given phalanx.
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Figure S13: Average time of formation (number of hours between proximal and distal
joint interzone formation) for phalanges of Digit III (left) and Digit IV (right).
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2B. Proliferation study

We injected 400ul of 1mM EdU solutions into amniotic fluid, and harvested embryos 6
hours after the injection. We made a paraffin section and used Click-iT EAU Alexa Fluor
555 Imaging kit (Invitrogen) for imaging as previously reported (Dev Dyn. 238:944-949,
2009). Proliferation rates were calculated by counting numbers of labeled cells in

200um quadrants.

2C. Barrier experiments

Pre-cut tantalum foil barriers were implanted into digit IV of the right hindlimb
using forceps during day 5 (metatarsal barriers) or days 6-7 (phalanges barriers) of
development. To perform the microsurgeries eggs were windowed, the amniotic sac was
opened with forceps, and the hindlimb was placed on a dark paper stage to provide
contrast. Barriers were inserted through the distal end of the digit condensation, after
which the limb was returned to the amniotic sac. Penicillin/streptomycin was then added,
the egg was sealed with tape, and returned to the incubator. Eggs were incubated until
day 10 or 11, when embryos were collected and fixed in formalin over night. Feet were
removed and stained for cartilage with Alcian blue, then cleared in KOH.

Wound controls were conducted exactly as above, except that foil barriers were inserted
and then removed after ~ 1 minute.

Cleared and stained feet were photographed, and the fourth digits from the
experimental and contralateral feet were aligned using Adobe Photoshop. For metatarsal
barriers, pairs of digits were visually inspected to determine if the metatarsal was
noticeably shortened, and if clear changes occurred to the phalanges.

To determine if phalanges were affected in wound control barriers, first the
amount of variation between the same phalanx on the left and right foot in normal
embryos was assessed. The area of each phalanx was measured using ImagelJ software,
and the percent difference of each phalanx was determined for 19 normal chick embryos
at day 10-11. From these measurements the average percent difference for all pairs of

phalanges was calculated (9.4%), as was the standard deviation (7.7%). The percent
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difference between experimental and contralateral control phalanges sizes were then
compared to left-right variation observed in normal embryos. Specimens were scored
based on if phalanges size differences exceeded the average amount by more than 1, or
more than 2 standard deviations. 33/45 (73%) of the experimental digits contained
phalanges where the percent difference from the contralateral side exceeded the average
plus 1 standard deviation, and 29/45 (64%) exceeded the average percent difference by
more than 2 standard deviations. In wound controls, only 4/13 (31%) digits contained
phalanges that exceeded the average percent difference plus 1 or 2 standard deviations.
Images of wound controls and phalanges experimental barriers were also aligned in

Photoshop and assessed visually.



