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Figure S1, related to Figure 1. Patterns of VISTA enhancer conservation across 
turtle, lizard, and snake genomes. Similarity scores are shown for each VISTA 
Forebrain Only (A), VISTA Limb Only (B), and VISTA Heart Only (C) enhancer. An 
additional category, “Below Threshold”, described enhancers that were not detectable 
based on the alignment parameters used for the search. Black arrows in (B) point to two 
enhancers, hs208 and hs259, which have low conservation scores in king cobra due to 
gaps in the king cobra genome assembly. We PCR amplified hs208 and hs259 
fragments from coral snake and corn snake and verified that these enhancer regions 
are not lost in other Colubroidea snakes (data not shown).
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Figure S2, related to Figure 2. H3K27ac enriched regions from mouse limb and 
genital tubercle share similar enhancer overlaps and signal profiles. (A) Percent of 
H3K27ac enriched regions from combined E11.5 forelimb+hindlimb data, E11.5 
forelimb, E11.5 hindlimb, E12.5 genital tubercle, E11.5 flank, and E10.5 eye generated 
by this study, and additional ENCODE tissues that overlap published limb, VISTA Limb-
only, VISTA Forebrain-only, or VISTA Heart-only enhancers. The “Not Limb” category is 
comprised of positive VISTA enhancers that have no limb activity. (B) Principal 
component analysis (PCA) of H3K27ac signal at shared enhancer regions from E11.5 
forelimb, E11.5 hindlimb, E12.5 genital tubercle, E11.5 flank, E10.5 eye generated by 
this  study and 16 additional ENCODE tissues. Forelimb, hindlimb, and genital tubercle 
signal profiles group with ENCODE E14.5 limb. Abbreviations: forelimb (fl), hindlimb (hl), 
genital tubercle (gt), eye (ey), adult heart (ahe), adult liver (ali), adult brown adipose 
tissue (bat), adult bone marrow (bon), adult cortical plate (cor), embryonic E14.5 brain 
(ebr), embryonic E14.5 heart (ehe), embryonic E14.5 liver (eli), embryonic stem cell 
(esc), adult kidney (kid), embryonic E14.5 limb (lim), mouse embryonic fibroblast (mef), 
adult olfactory bulb (olf), adult small intestine (sma), adult spleen (spl), and adult thymus 
(thy). Numbers following abbreviation designate replicate number. (C) PCA of limb and 
GT H3K27ac signal at putative limb enhancers identified by combining data from this 
study, Cotney et al., 2012, Cotney et al., 2013, and mouse ENCODE E14.5 limb from 
Shen et al., 2012. PC1 is associated with technical variation between datasets. (D) 
Distribution of phastCons scores for H3K27ac regions in Limb, Limb-GT, and GT 
clusters. (E & F) The top ten MGI Expression and Mouse Phenotype enriched terms for 
forelimb (E) and hindlimb (F) H3K27ac regions generated using GREAT (McLean et al., 
2010).



Figure S3, related to Figure 3. Comparisons of snake and Anolis similarity scores 
for Limb, Limb-GT, and GT enhancers. Boa (A), Burmese python (B), and King cobra 
(C) similarity scores compared to Anolis carolinensis scores for mouse enhancers. 
Linear regressions for each enhancer type are indicated by colored lines; gray dashed 
line has a slope of one through the origin. Points below gray dashed line indicate higher 
conservation in Anolis. ANOVA indicated significant difference in similarity scores only 
between King cobra and Anolis. (D) Pairwise comparisons using Tukey-HSD of 
similarity scores  shows significant differences between King cobra and Anolis for GT vs. 
Limb (p=0.0018) and GT vs. Limb-GT (p=0.032), indicating a decrease in sequence 
conservation for Limb and Limb-GT compared to GT enhancer orthologs in the King 
cobra genome compared to Anolis orthologs.
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Figure S4, related to Figure 4. Comparison of H3K27ac signal from mouse and 
Anolis carolinensis forelimb, hindlimb, and genital tubercle or hemiphallus 
tissues. For each enhancer category, a profile plot of the average H3K27ac enrichment 
across all orthologous regions  is  shown above a heatmap of H3K27ac signal at 
individual enhancer regions for mouse forelimb, hindlimb, and genital tubercle and 
Anolis forelimb, hindlimb, and hemiphallus. (A) For the VISTA Forebrain Only, VISTA 
Limb Only, VISTA Heart Only, and Published Limb enhancers, signal intensities for each 
tissue are similar in mouse and Anolis, with forelimb and hindlimb samples showing 
enrichment in both VISTA Limb Only and the Published Limb enhancer datasets. (B) 
H3K27ac signal at shared regions from the Limb, Limb-GT, and GT enhancers identified 
in this study. Profile plots  and heatmaps generated with deepTools (Ramirez et al., 
2014).



Figure S5, related to Figure 5. Mouse embryos carrying HLEA and HLEB 
Hsp68LacZ transgenes display different staining patterns in the genital tubercle 
(GT). (A) No staining is observed in the GT of HLEA Hsp68LacZ embryos at E12.5. (B) 
HLEB Hsp68LacZ embryos display intense staining in the dorsal half of the GT.
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Figure S6, related to Figure 6. LacZ positive E12.5 mouse embryos carrying 
squamate HLEB-Hsp68LacZ transgenes*. (A & A’) Side and ventral views of a 
transgenic mouse embryo carrying the Anolis carolinensis HLEB-Hsp68LacZ transgene. 
(B) Number of Anolis carolinensis HLEB-Hsp68LacZ transgenic embryos with LacZ 
staining in hindlimb, genital tubercle, and nasal region over the total number of 
transgenic embryos obtained. (C-G and C’-G’) Side and ventral views of transgenic 
mouse embryos carrying the Burmese python HLEB-Hsp68LacZ transgene. (H) 
Number of Burmese python HLEB-Hsp68LacZ transgenic embryos with LacZ staining in 
hindlimb, genital tubercle, and nasal region over the total number of transgenic embryos 
obtained. (I-M and I’-M’) Side and ventral views of transgenic mouse embryos carrying 
the King cobra HLEB-Hsp68LacZ transgene. (N) Number of King cobra HLEB-
Hsp68LacZ transgenic embryos with LacZ staining in hindlimb, genital tubercle, and 
nasal region over the total number of transgenic embryos  obtained. *LacZ positive 
embryos pictured in Figure 6 are not shown.



Figure S7, related to Figure 7. Location of HLEB deletion and phenotypes in 
DelA/- and DelB/- mice. (A) Multi-species  alignment of HLEB region from mammals, 
bird, turtle, and squamates. The region deleted from the mouse DelB allele is  outlined in 
red and encompasses all mammal-squamate conserved sequences. (B) Whole-mount 
mRNA in situ hybridization for Tbx4 on E10.5 wild-type and DelB/DelB embryos. A 
modest decrease in Tbx4 expression is apparent in DelB/DelB embryos and is  most 
noticeable in the anterior most location of the hindlimb bud (white arrowheads). (C) 
Fusion between the tarsal bones and fusions at the base of the 1st and 2nd metatarsals 
occur in DelA/-, but not DelB/- animals. (D) DelB/- mouse presenting with severe 
hydronephrosis of the right kidney, and hyperplasia in the left kidney. (E) DelB/- male 
with malformed seminal vesicles. (F) DelB/- female with underdeveloped left uterine 
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CCCAGAAAG - - - - - AA TAA TGGCTCA TACT - - - CCCTAGAA T - - - - - - - - - - - - T T TCCCTACCAGAGAGTGAGT T T TCACAAGAGGCACC - - - - - - - - - - - A - - - - - - - - ACAAAA T TAAAAA TAGGTGGCAAAGACGAAA - - - - - C TGA T T
AACACAGAA TGAAGAAAAAAA TCACT TACA TGCCA TGAGAAGGAA T TA T TA TGAACTGAAACTCAAA T T T T T TCCCAACACACAACAAA - - - - - - - - - - - - - - - - - - - - - A TAGAAAGACAA TAGA TG - GCAAAGA TAACAAA - - - A T TAA T T
T TA T TA T TA T TA TAGA TACTGGCA TCGAAA - CCTAAGAGAA - - - - - - - - - ACAAAGTGCCCACCT T TCTG - GAGGT TGGACTAGA TGGCCCAGCTCAAAAAGTCTACGA T TCCT T TGGCACAAAGAGAGGT T - - CCTA TCAA - - - TGGGAAAG
A TAAA TAAA TGT TAAA TAACAGCAGCGCCAGA - - A TGAGAA - - - - - - - - - ACCAGTA TCCAAACCTAGAGCAACACAA TA T TGGAGGCC - - - - - - - - - - - - - - - - - - - A T T TGT T TGGCGCACAGA TA TGT TA - - CTGTCAAAGCCAGG - ACT
ACCAGTCAA TGT TAAA TAGCAACAGCAGCAGCA TCCCAAAAA - - - - - - - - CCCAGCACCAAAGCCTAGAGAAACA TGAGGCCAGAAAA - - - - - - - - - - - - - - - - T - - - - - TCCA TGAGCACAAAAAGGTGTA T TGT TA T T TAAGCCAGAAGCT

149
110
122
110
129
138
121
125

265
214
233
227
248
279
246
245

A - - - - - - A T T TGT TGAAAAGA - - A TCA TCACAGTA TCCA TA TCCCT TCCTA TCA - - ACTCTCCCA TCTGGAA T T TA T T T T T T - - - - - - - - - - - - - - - - - - - - - - AAGACACTCA T TGCT TCTC - - ACAGGT TCAA TG - - TCACCCA T T TCACA
A - - - - - - A T TCA T TGAAAAGA - - ACCA T TACAGTA TCTA TA TCCCT - - - - - - - - - - - - - - TCCCA TCTGGAA T T TA T T T T T T - - - - - - - - - - - - - - - - - - - - - - AAGACGCTCGT TGCT TCTC - - ACAGGT TCAA TG - - T TACCCA T T TCACA
A - - - - - - ACTCA T TGTGTGGAG - - CCA T TACAGTA TCT - - T T TCCTAC - - - - CAG - TCCT TCCCA TCTGGAA T T TA T T T T T T - - - - - - - - - - - - - - - - - - - - - - AGGA TGCTCA T TGCT TCTC - - ACAGGTCCAA TG - - CTACCCA T T TCACA
A - - - - - - AA TGCT TACAAAAAGTAACA TC - CACTA TCTCCACTCCT T TCCAACAGACA TC - CCCA TCTGGAA T T TA T T T T T - - - - - - - - - - - - - A - - - - - - - - - - GGA TGCTCA T TCCT TCTC - - ACAGGT TCAA TG - - CTACCCGT T TCACA
A - - - - - - AA TGCTCA TAAAAACTAACA TG - CACTA TCTCTA TAACT TCCCAACAGACACC - CCCA TCTGGAA T T TA T T T T T T T - - - - - - - - - - - - - - - - - - - - - AGGACGCTCACTGCT TCTC - - ACAGGT TCAA TG - - T TACCCA T T TCACA
AACCAGGCCTCTCTCCAAAGGGCACCCACT TAGAAGA TAAGGAAAG - - - - - AGAGA TA TCTCCCA TCTGGAA TGAA T T T T TCGT TA T T TCGCGGGGAGGGGGAGAGGA TAA TCCCTGCT TCTC - - - - - - GTCCACCGCA T TCCGCCT T T TGCG
ACC - - - - ACTCCCTCCAAAGAC - - GCCTACT TAAAGA TAAGGCAAG - - - - - AAAGA TACCTCCCA TCTGGAACTAA T T T TACTA T T T T - - - - - - - - - - GGG - - - - GGGTAA TCCTCACT TCTCCA TAGT T T TCAGTG - - T TCCCCACT TCGCA
ACT - - - - CA T TCCTGCAA TGA - - AGCCTA TCTAAAGA TAAGGTGA T - - - - - - - - - - GCCTCCCCA TCTGGCCA TAA T T TGA - - TCA T T - - - - - - - - - - - - GGGCAGGTAACGCCTCGCT T TGCCGTCGGCTCCA - - GCAA TCCCTGT T TCACA
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CC - AGT TAACTA T TGAAAGCACT TCAAA T TCCCGGCCAGGGAAGCCAG - G - - CCGTGTA T T TCCCCTGGA TGCAGCTAA TGTGTCAGG - CT TGTAAAA TAGCTCT TAGTGGCGGT - CTCCGT T TAGAGAGGGACGGAAACTCGCT T TAAA TAC
CC - A T T TAACTA T TGAAAGCACT TGAAA T TCCGGACCA TAGGAG - CAGAA - CCAGGGTCT T TCCTCGTGA TGCAACTAA TGTGTCAGA - CT TGTAAAA TAGCTCT TAGTGGCGGGCCTCCA T T TAGAGAAAGACGGAAACTAGCT T TAAA TAC
CC - A T T TAACTA T TGAGAGCACT TGAAA T TCCCAACCAAAGAAGCCCAAG - T TAGTGTA T T TCACCGTGA TGCAGCTAA TGTGTCAGA - CT TGTAAAA TAGCTCT TAGCGGTAGACCTCCA T T TAGAGAAAGACGGAAACTAGCT T TAAA TAC
CC - A T T TAACTA T TGAAAGCTCT TGAAA T TCCGGACCAGAGCAGCCAGAGCCCAGTGTA T T TCAGAGTGA TGTAGCTAA TGTGTCAGA - CT TGTAAAA TAGCTCT TAGTGGTAGACCTCCA T T TAGAGAAAGACGGAAACTAGCT T TAAA TAC
TC - A T T TAACTACTGAAAGCTCT TGAAA T TCCGGA TCA TAGAAGCCAGAG - CCAGTGTA T T TCACAGTGA TGCAGCTAA TGTGTCAGA - CT TGTAAAA TAGCTCT TAGTGGTAGACCTCCA T T TAGAAAAAGACAGAAACTAGCT T TAAA TAC
CAGA T T TAAGGGCTGAAACCTCAGGAGA TGCTGGGCCT TGGAAGCCACAG - CCGGCGAGT T TCACAA TGA TGCGGCTAA TGTGTCAGAACT TGTAAAAGAGCTCT TAGTGGTAGACCTCCA T T TAGAGCCGGGCGGAAACGGGCT T TAAACGG
CAG - T T TAACTACCGAAACCTCT TGAGA T TCCGGGACT TAGAAGCCAGAG - CTGGTGTGCT TCACAA TGA TGCGGCTAA TGTGTCAGAACT TGTAAAA TAGCTCT TAGTGGTGGACCTCCA T T TAGAGTAAGACGGAAACTAGCT T TAAACGG
CAG - T T TAACTGCTGAAGCCTCT TGAGA TCCTGAGA T T TAGAA TGCAAAG - CCAGTGCA T T TCAGAACGA TACGGT TAACGTGTCAAA TCTAGTAAAA TAGCTCT TAGTGGAAGACCTGCA T T TAGAGTAAGGCGGAAAGCCGT T T TAAA TGG

413
364
384
379
399
432
398
397

564
515
535
530
550
584
549
548

T TAAAGCT T TAA TA TCTAGTCCA T TA TGCTAAAGCGGGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T TCGA TCCACA TGCA - AGGGAAA TCCGTCTCTCCGCCT T TAAACCCCTGCTCTAAGTGTCT TGT T TAAA TGA T TACTGACA
T TAGAGCT T TAA TA TCTAGTCCA T TACACTAAAGCAGGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T T TGA TCCACA TGCA - AGGGAAA TCCGCT TCT T TGCCT T TAAA TCCCCGT TGTAAGTGTCT TGT T TAAA TAA T TAGTGACA
T TAAGGCT T TAA TA TCTAGTCCA T TACACTGAAGCAAGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T T TGA TCCACA TGCA - AGGGAAA TCCGCT TCT T TGCCT T TAAA TCCCTGT TGTAAGTGTCCTGT T TAAA TAA T TAGTGACA
T TAAGGCT T TAA TA TCTAGTCCA T TACGCTGCAGCAAGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T T TGA TCCACA TGCA - AGGGAAA TCCGCT TCT T TGCCT T TAAAGCTCTGTAGTAAGTGTCCTGT T TAAA TAA T TAGTGACA
T TAAGGCT T TAA TA TCTAGTCCA T TACGCTGCAACAAGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T T TGA TCCACA TGCA - AGGGAAA TCCGCT TCT T TGCCT T TAAA TCCCTGTAGTAAGTGTCCTGT T TAAA TAA T TAGTGACA
TCCTGGCT T TAA TA TCTAGTCCA T TACACCGGAGCAAGGTCT TGTAAAGAGTCAA T TA TGGGA TCCT TCTGA T T TGACCCACA TGCCGGGGGAAA TCCGCTCCT TCGCCT T TAAACCCCGCT TGTAAGTGTCCTGCT TGAA TCA T TAGCGACA
TCACGGCT T TAA TA TCTAGTCCA T TACACTGGAGCAAGGTCT TGTAAAGAGTCAA T TA TGGGA TACT TCTGA T T TGA TCCACA TGCA - AGGGAAA TCCGCT TCT TCGTCT T TAAACCTCTCTAGTAAGTGTCCTGT T TAAA TAA T TAGTGACA
CCA TAGCCT TAACGTCTAGTCCA T T TCACTGGAGCAAGGCCT TGTAAAGAA TCAA T TA TGGA T TGCT TCTGA T TCGA TCCACA TGCA - AGGGAAA TCCGT TCCT T TGCCT T TCAACCTCTCCAA TAAGTGTCT TCT T TAAACAA T T TGCGACA
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CTCT T TCT T TGA TCA TA T TGA T TCA TA T TGT TA T TCT TCTA TGT TAA T T TAAAACT TAA TCCACAGAAAA TGCTAAAGCAGGT T T TAA T T TCTCACAAAGAAA - - GCTCT T TCTCAAAAAAAAAA - - - - - - - - - A TGGGGT T T TCAAG - - - - -
C T T T T TCT T TGA TCAAA T TGA T TCA TA T TGT TA T TCT TCTA TGT TAA T T TAAAACT TAA TCCACA TAAAACTCTAAAGCAGA T T T TAA TCT TGAA TAAAGAAA - - GCT T TCTCCCAAAGA - - - - - - - - - - - - - - A TGGAGT T T TCCAG - - - - -
C T T T T TCT T TGA TCAAA T TGA T TCA TA T TGT TA T TCT TCTA TGCTCA T T TAAAACT TAA TCCA TGTAGAAA TCTAAGGCAGA T T T TAA TCT T TCACTGA TAGA - - GCT T T - - CCCAAAGTCCT T T T - - T - - - - - GTGTAGCT T TCTAG - - - - -
C T T T T TCT T TGA TCAAA T TGA T TCACA T TGT TA T TCT T T TA TGT TAA T T TAAAGCT TAA TCCACGTAAAA T - CCAAGACAGA TCT TAA TCCA TCACTCAGAGA - - GC T T T TACCAAAGGGCACTA T - - - - - - - CA TGAGA T TGTCCAG - - - - -
C T T T T TCT T TGA TCAAA T TGA T TCACA T TGT TA T TCT T T TA TGT TAA T T TAAAACCTAA TCCACA TAAAA TGCTA - GACAGCTCT TAA TCCA TCCT TCAGAGA - - GCT T TCTGCAAAAGGGACTGT - C - - - - - - A TGAGA T T T TCCAG - - - - -
C T T T T TCT T TGA TCACCT TGA T TGGCT T TGT TA T TCCTCAA TGT TAA T T TGGAACT TAA TCCA TGTCAAA T - CCAGGGCTGGCT T TAA TCTCCTCT TCAGAAA - - - C TA TGCT TCGT TCT T TCT T T - - - - - - - C T T - - - - - T T T TAA T - - - - -
C T T T T TCT T TGA TCAAA T TGA T T TGT T T TGT TA T TCT T T TA TGT TAA T T TGGAACCTAA TCCA TGTAGAA T - CCAGGGCAGACT T TAA TCTGCCCT TCAGAAAACGCCAAAA TAGAA TGGTACTAA - - - - - - - CAAGAGA T T T TCCAGG - - - -
C T T T TCCT T TGA TCAGA T TGA T T TGCTCGGT TA T TCT TCTAGGT TCA T T TGCAA T T TAA TCCCTGTGAAA T - A TGGGGGAGGCT T TCA TCTA TCCT TCACAAC - - GCTGT T T T T T T T TGT T T T T T T T T TAA TGCACGCACAAA TCCAGGTA TC
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- - - - - - A T T T T TCACT T T T TAAGGT - - - - - - A TCAA - - - TAA TAGA - T TGAAAA - TAAA TCAA T T T TC - - - - TCACAAGAAAA TA TGACAGGAA T T TGTGTGTGT - GTGTGTGTGTGTGTGTGT - - - - - - - GTGTGTGTGTGTGT - - - ACACG
AAAA - - CA - T T T TAA T T T T TAAAAC - - - - - - A TCA T - - - TAGT TGA - T TGAAAA TAAA T T TA T T T T TC - - - - - TGTAAGGAAA TA TGAGAGTC - - - TA TCACAA - - - - GCCAAAA TCGTACTGT T - - - - - A T T T T TGGTA TGT - - - - - - - AGC
AAAA - - CA - - - - GA T TGGT TCAAAA T - - - - - A TCA T TGT TAA T TGA - T TGAAAGGAAAA TGCCA T T T - - - - - T TACAAGGGAA TCTGTGAG - - - - - - - TCACAA - - - - ACCAAAA TGGTGCTGT T - - - - - ACCA T TGGTA TGT - - - - - - - AGG
AAAA - - CAC - - - GACACGT TAAAGACA - - - - GTGGT - - - GAACTAACT TGTAA T - GT TGGGT T T T T TCCCC - CCT T T TGGAAA TCTGTGAA - - - - - - - TCACCA - - - - ACTAAGCTGA TACTAG - - - - - TAGCTCAGGTAAA - - C - - - - - - - -
AAAA - - CACT - - - ACAGGT TAAAACC - - - - - A TCAAC - - TAA T TAA T T TGAAA T - GAAGTGT TACT T - - - - - - - - TGTGCCCA T - TGTGAA - - - - - - - TCACAA - - - - A TCAAAA TGA TA T TGGA - - - - - AGCGTGGT TAAGT - - - - - - - - - A
TAGC - - CGC - CCCAAAA TACCA TGCGGCTA - CTAGTG - - GTGTGCA T TCGT - T T - GGAA TCGCTGT TCT - - - GT T TCA T TCACT T TGTA TCAGT T T TGTA T T TGTA T TA T TA T TA T TA T TAACACCCA T TGGCACACA TAGA TGTAA TGCAGA
AAA - - - CCCTACCACT T T T T - - T - - - - - - - - - TCCT T - - T TAAAAA - - TCA TCT T TAGGTGGCT T T TCTACA TCAGCAGGAA T TCTA TGAA - - - - - - - - CCCCAAAGCA TAAGAA TGAAAA TCTA - - - - - - GCAAAACA TAACA T TACAAAGG
AAAA TGCAGTGGGACTCCTAAAAGCTGAGA TAGCAAG - - GAAGGAAGTCCAAAACGA TA TACA T T T TCAGAAGGGT TAGGCT TAAGGT TA T TAGAA T - TAAGGACAGCA TCAAACAAA TCCTA - - - - - - - ACACAGCAAAACTGTAAAA TAGG

823
764
786
782
795
859
812
842

883
826
847
842
853
916
870
903

GTGT TA TGTCTCA T - - GCGAA TGCAGAGCACACAACCCA TGCTCGGTAGCA TGCCTA TGTAAC
GTGA TGCT T T TCAGACACACACACAAAA TA TAAACTA TA TGCT TAA TAGCA TGACTAAGCAAC
GTGGT T TGTCT TAGAAAAGAA TGCAGA - TGGA TAA TCCA TACTGTGTGGCTACAGTA T TAGAG
A T TAGGCAA T TCAGAAA T - AA T TCTGCCTGCAGACACAAAGCTAGC - AGCTACTA TGGGACAA
GTGCAACAGT T TAAGAAA TGCTGCTGAGT TGAAA TGCAA - - - - AGT TACCTACCA T TA TCA TA
GGCA T T TCTCTCCCAGACT - - - - CAGCT TAGA T T - CCCAGAGTAGCTAGCTA TCA T TCT TAA T
A TGA T T TA TAGTACAAAA TAA - - - GCAA T TGGTAACACGTG - AA TACAGCCAGCAGT T TAA T T
A TAA TG - A TA TAAA TAAGCAA T TGGTAGTA TGTGAACAAACGCCGGCTCT TCGGCT T TGAAAC
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horn. Incidence of DelB/- kidney phenotypes: Kidney agenesis 3 of 12, kidney 
hypolasia/hydronephroseis 2 of 12, malformed kidney 1 of 12; Incidence of reproductive 
tissue phenotypes in DelB/- males: Seminal vesicle overgrowth 6 of 12, seminal vesicle 
multiple horms 8 of 12, Distended bulboutethral gland 8 of 12, Absent bulbourethral 
gland 1 of 12; Incidence of reproductive tissue phenotypes in DelB/- females: Bifurcated 
vagina 8 of 10, Imperforate vagina 2 of 10, Incomplete vaginal canal 2 of 10, Distended 
uterine horns, Underdeveloped uterine horn 2 of 10.

Table S1, related to Figure 1. Mouse genome (mm9) coordinates of VISTA 
forebrain-only, VISTA heart only, VISTA limb-only, and published limb enhancers. 
Table listing the chromosome, start, end, and enhancer name for VISTA enhancers 
downloaded 24 January 2014 and published limb enhancers  compiled from the 
literature as of 31 July 2014. References for the published limb enhancers are also 
included. 



Table S2, related to Figure 2. H3K27ac ChIP-Seq read counts, quality metrics, and 
data processing results. 

Tissue ReplicateTotal Reads
Aligned 
Reads NSCa RSCb

Enriched 
Regions

Merged 
Regions

Combined 
Regions

Mouse Forelimb ChIP 1 48,918,246 27,450,425 1.04 1.01 40,303 18,404 14,071
ChIP 2 63,450,153 45,173,555 1.05 1.51 45,170 23,909
Input 49,495,329 30,772,420

Mouse Hindlimb ChIP 1 56,879,507 34,546,836 1.04 1.01 35,166 16,148 13,317
ChIP 2 57,348,471 41,470,307 1.05 1.36 44,951 23,300
Input 55,651,083 32,727,378

Mouse Genital Tubercle ChIP 1 32,834,034 24,242,884 1.04 1.55 34,531 19,231 15,718
ChIP 2 31,985,957 23,929,270 1.06 1.85 38,867 21,250
Input 34,529,785 23,544,688

Mouse Eye ChIP 1 62,171,724 44,150,100 1.03 1.58 34,382 19,263 11,549
Input 1 62,230,024 42,451,834
ChIP 2 64,813,891 45,749,616 1.02 1.54 22,947 13,899
Input 2 61,179,959 41,547,551

Mouse Flank ChIP 62,318,253 44,255,495 1.01 0.95 19,261 11,875
Input 64,330,413 44,800,173

Anolis Forelimb ChIP 68,259,468 42,467,374 1.06 1.13 47,573 28,528
Input 69,008,637 41,292,208

Anolis Hindlimb ChIP 84,899,388 55,848,522 1.08 1.23 53,464 31,553
Input 68,802,300 36,517,301

Anolis Hemiphallus ChIP 62,957,995 37,187,831 1.02 0.86 23,906 15,381
Input 69,105,710 42,013,212

a. Normalized strand cross-correlation coefficient; values less than 1.05 indicate low 
signal to noise ratio in the dataset.
b. Relative strand cross-correlation coefficient; values less than 0.8 indicate low signal 
to noise ratio in the dataset.



Table S3, related to Figure 2. Mouse genome (mm9) coordinates of H3K27ac 
enriched regions and putative enhancers from embryonic mouse forelimbs, 
hindlimbs, genital tubercle, eye, and flank. Table listing the chromosome, start, end, 
name, MACS2 score, and strand of enriched regions for all forelimb, hindlimb, genital 
tubercle, eye, and flank replicates. Putative forelimb, hindlimb, genital tubercle, eye, and 
flank enhancers also include associated genes determined by GREAT (McLean et al., 
2010).

Table S4, related to Figure 2. Mouse genome (mm9) coordinates of H3K27ac limb, 
limb-GT, GT, eye, and flank K-means clusters. Also contains coordinates for limb 
specific, limb-GT specific, and GT specific H3K27ac enhancers. Table listing the 
chromosome, start, end, name, score, and strand of limb, limb-GT, eye, and flank 
enhancers grouped by kmeans clustering, as well as filtered subsets of limb specific, 
limb-GT specific, and GT specific enhancers. All regions also include associated genes 
determined by GREAT (McLean et al., 2010).

Table S5, related to Figure 3. Enriched sequence motifs in limb, limb-GT, and GT 
specific enhancers. Table listing the HOMER de novo motif and known motif search 
output for limb, limb-GT, and GT specific enhancers.

Table S6, related to Figure 4. Anolis carolinensis genome (anoCar2) coordinates 
of H3K27ac enriched regions from embryonic Anolis forelimbs, hindlimbs, 
hemiphallus. Table listing the chromosome, start, end, name, MACS2 score, and 
strand of enriched regions identified from Anolis forelimb, hindlimb, and hemiphallus 
H3K27ac ChIP-Seq datasets.



Table S7, related to Figure 7. The effects of hindlimb enhancer A (DelA) and 
hindlimb enhancer B (DelB) deletions on the length and width of the baculum.

Length Width

Genotype n Mean ± SDa % of Wt p-valueb Mean ± SDa % of Wt p-valueb

Wildtype (Wt) 18 .384 ± .011 .140 ± .007

DelA/DelA 12 .390 ± .010 101.7 n.s. .140 ± .007 100.1 n.s.

DelB/DelB 13 .368 ± .011 96.5 .00074 .135 ± .005 96.3 .029

Wt/Null 10 .364 ± .012 94.9 .00044 .142 ± .005 101.1 n.s.

DelA/Null 13 .378 ± .012 98.6 n.s. .141 ± .005 100.6 n.s.

DelB/Null 11 .332 ± .012 86.7 2.67 x 10-10 .103 ± .004 7.35 6.76 x 10-13

a Measurement means ± standard deviation are normalized by dividing by the length of 
the humerus and presented as a ratio.
b p-value indicates a significant difference from the wildtype measurements using 
Student’s t-test.



Supplemental  Experimental Procedures

Mouse strains
The DelB allele was produced through homologous recombination using an F1 hybrid 
(C57BL/6 x 129SvEv) ES cell line from inGenious Targeting Laboratory (Ronkonkoma, 
NY). The targeting construct (pLIZR) was created using C57BL/6J genomic DNA and 
included a 7.5kb 5’ homology arm (mm10: chr11:85,955,841-85,963,352) and a 7.2kb 
3’ homology arm (mm10: chr11:85,964,085-85,971,324). A 732 bp region of HLEB 
(mm10: chr11:85,963,353-85,964,084) was replaced with orthologous sequences from 
Anolis species and a Neo selection cassette from plasmid PL451 (Liu, 2003). The entire 
18.1kb targeting construct was resequenced to ensure that no unintended mutations 
were introduced during gene targeting. ES cells were electroporated with the linearized 
targeting construct by inGenious  Targeting Laboratory. An initial PCR screen revealed 
that 152 of 288 ES clones were homologously targeted. Southern blotting with 5’ and 3’ 
external probes was used to verify homologously targeted clones. The 732 bp deletion 
removed two small microsatellites that both differ in size between C57BL/6 and 
129SvEV. This  allowed us to determine whether the 129 or B6 allele was targeted in 
each ES cell clones. Two ES cells clones with targeted B6 alleles were injected into 
blastocysts and one of these yielded chimeras that transmitted the targeted allele when 
crossed to wild-type C57BL/6J females. The final DelB allele was generated by crossing 
the targeted allele to the EIIa-Cre deleter strain (JAX # 003724). This removed the 
Anolis sequences and the Neo selection cassette, leaving behind a LoxP and an FRT 
site. Mouse phenotypes were analyze after backcrossing to the equivalent of N4 on a 
C57BL/6J genetic background.

The Anolis HLEB Hsp68LacZ transgene was created by PCR amplifying a 980bp region 
from Anolis carolinensis genomic DNA. This region encompasses all mammal-
squamate conserved sequences (AnoCar2.0: chrUn_GL343932:29,865-30,844). To 
ensure we captured the full enhancer activity of the snake HLEB orthologs we amplified 
a 5.5kb region from king cobra genomic DNA and an orthologous 4.8kb region from 
Burmese python DNA to create the king cobra HLEB Hsp68LacZ and Burmese python 
HLEB Hsp68LacZ transgenes, respectively. The conserved HLEB core is located within 
the central portion of these snake PCR fragments. All transgenes were created by 
cloning PCR fragments  into the NotI site of p5’-Not-HspLacZ (DiLeone et al., 1998). 
Transgene constructs were linearized and injected into fertilized mouse oocytes by 
Cyagen Biosciences (Santa Clara, CA) to produce transient F0 transgenic embryos.

HLEB Primer sequences for Anolis carolinensis, cobra and python:

ACAR HLEB-NotI-F1 5’-AATTAGCGGCCGCACAAAGTGCCCACCTTTCTGG-3’
ACAR HLEB-NotI-R1 5’-AATAAGCGGCCGCATGACAGCTGATGTGTGCCAA-3’

Cobra HLEB Region-NotI-F2 5’-
TTATTGCGGCCGCTAGAAGCTTGCTTCTTCAAGTCAGG-3’
Cobra HLEB Region-NotI-R2 5’-
TTATTGCGGCCGCAACCTTTGTATGTGAAGTTTGG-3’



Python HLEB Region-NotI-F3 5’-
ATTATGCGGCCGCCAATGTGGACTAGAAGCTTGCTTC-3’
Python HLEB Region-NotI-R3 5’-
ATTATGCGGCCGCTGAACAGCAGAGGTCGTCGAGAC-3’

Allele-Specific Gene Expression Analysis
Relative levels  of expression from wild-type and enhancer deletions alleles were 
assessed using melting curve analysis with FRET probes as reported (Jeong et al., 
2007). Tbx4 FRET probe pair follows: 5’-ACATCAAAGTGGGGCTGCATGAGAA/36-
FAM/-3’ and 5’-/5Cy5/AGCTGTGGAAGAAGTTCCACGAGGCAGG/3Phos/-3’

Generation of Gila Monster Tbx4 Genomic Sequence
Nylon filters  spotted with clones from a Gila monster (Heloderma suspectum) BAC 
library were obtained from the Joint Genome Institute (Walnut Creek, CA; Wang et al., 
2006). Tbx4 containing BACs were identified through hybridization with Tbx4 overgo 
probes using an established protocol (Han et al., 2000). Three overlapping Tbx4 BACs 
(clones 248_M_11, 297_I_15, and 386_L_11) were purified and then sequenced on a 
Roche 454 FLX sequencing platform at the University of Georgia Genomics Facility. 
BAC sequence reads were assembled with MIRA (http://sourceforge.net/projects/mira-
assembler) and Newbler (http://454.com/contact-us/software-request.asp) and the 
results were combined to generate a consensus assembly of all three BACs. PCR was 
used to resolve assembly gaps.
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