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Fig. 1 Genomic distribution of EDC genes in turtles and other reptiles
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The left side illustrates a species tree of turtles and other reptiles, while the right side displays the distribution of the Epidermal Differentia-

tion Complex (EDC) genes. Colored squares represent the identified EDC genes, and solid lines connecting the gene boxes indicate physical

genomic linkage. The number in the rectangle indicates the gene numbers
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A. The diagram shows the amino acid contents of EDC proteins across turtle species; B. The average distributions of amino acid content in
turtles. The protein data are shown in the order of the corresponding genes in the EDC (Fig. 1); C. Amino acid sequences of exemplary
SEDC proteins (EDQM1 and LOR) from softshell and hardshell turtles are shown, with sequence repeats highlighted in blue rectangles;
D. The distribution of amino acid content of CRNN protein sequences across various turtle families; The level of significance: 0.01<*P<0.05
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COMPARATIVE GENOMIC IDENTIFICATION AND ANALYSES OF EPIDER-
MAL DIFFERENTIATION COMPLEX GENES IN TURTLES

CHEN Meng-Rao"’, LI Fang"’, CHEN Qi-Ran"’, HUANG Bao-You"’, SUN Wei"”, QIAN Guo-Ying"?,
GE Chu-Tian"” and WANG Zong-Ji"*

(1. Institute of Animal Sex and Development, Zhejiang Wanli University, Ningbo 315100, China; 2. College of Biological and
Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, China)

Abstract: The epidermal differentiation complex (EDC) is a cluster of genes highly associated with keratinocytes
differentiation and epidermal keratinization. This gene cluster plays an important role in the differentiation of epider-
mal tissues in amniotes, the formation of various skin appendages, and the keratinization process. Therefore, exploring
the sequence characteristics and evolution of EDC genes in turtles can help elucidate the genetic basis and evolutionary
history of their shell epidermis traits. Currently, there is a lack of systematic comparative analysis of the sequence cha-
racteristics and evolutionary levels of EDC genes across different turtle groups. This study performed comparative
genomics identification of EDC in 28 turtles, including chromosomal localization, amino acid composition, domain
analysis, protein spatial structure analysis, and the reconstruction of evolutionary history. The EDC genes in turtles
exhibit the same four gene families found in other reptiles, with members of the SEDC gene family expanding through
multiple tandem repeat events. The amino acid composition of turtle SEDC proteins is highly diverse, with SEDC and
SFTP protein amino acid content showing group-specific characteristics (hard-shelled, soft-shelled, leatherback), which
supports the diversity of shell epidermal structures in turtles. The functional domains and protein spatial structures of
S100A4 and SFTP are highly conserved across turtle species, with motif 3 of PGLYRP3 showing a loss specific to the
family Trionychidae. The turtle-specific EDPCV originates from EDPI, and mutations have enriched cysteine and
valine, facilitating gene expansion through tandem duplication. This study provides a data foundation and theoretical
basis for further research on the role of EDPCYV in turtles.

Key words: EDC; Amino acid content; Gene expansion; EDPCV gene; Turtles
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Appendix S1  Information of turtle genomes studied in this study
Eikel SR ] 4 SEFIZHKFE (Mb)  Scaffold N5O (bp)  ZERIZH 4135 /KT i)
1 AR Actinemys marmorata 2388 13640393 Scafffold GCA 009430475.1
2 [iieapliRech Actinemys pallida 2326 140349533 Chromosome GCA_023634205.1
3 il Apalone spinifera 1931 2306994 Scafffold GCA_000385615.1
4 EAREA=ER Caretta caretta 2134 130956235 Chromosome GCF_023653815.1
5 T et Carettochelys insculpta 2356 45881824 Scafffold GCA_007922185.1
6 L) Chelonia mydas 2134 134428053 Chromosome GCF_015237465.1
7 AR E ) Chelonoidis abingdonii 2300 1277207 Scafffold GCF_003597395.1
g  fEfa Chelydra serpentina 2401 21135443 Scafffold GCA_007922165.1
9 L Chrysemys picta bellii 2481 20675201 Chromosome GCA_000241765.5
10 HKHAFRE  Cuora amboinensis 2214 247606 Scafffold GCA_004028625.2
11 HEHLG Cuora mccordi 2390 32628679 Scaftfold GCA_003846335.1
12 Jefs Dermatemys mawii 1866 34365009 Scafffold GCA_007922305.1
13 Mt Dermochelys coriacea 2164 137568771 Chromosome ~ GCF_009764565.2
14 LR Emydura subglobosa 1986 44759016 Scaftfold GCA_007922225.1
15 ZEBRFm Gopherus agassizii 2184 228109 Scafffold GCA_002896415.1
16 WZEWEGE  Gopherus evgoodei 2298 147425149 Chromosome GCF_007399415.2
17 WG Gopherus flavomarginatus 2460 162938067 Chromosome GCF_025201925.1
18 #haifa Malaclemys terrapin 2439 437266 Contig GCA _001728815.2
19 BEWGHUKE  Mauremys mutica 2484 135065811 Chromosome ~ GCF_020497125.1
20 Hff Mauremys reevesii 2367 130473029 Chromosome GCF_016161935.1
21 &51EEkfa Mesoclemmys tuberculate 2027 46415247 Scafffold GCA_007922155.1
22 PHAEMNHIE  Pelusios castaneus 2044 14055032 Scafffold GCA_007922175.1
23 Rkfa Platysternon megacephalum 2319 7221511 Scafffold GCA_003942145.1
24 BRI Podocnemis expansa 2447 37101370 Scaftfold GCA _007922195.1
25 Bk Rafetus swinhoei 2237 131976892 Chromosome GCA 019425775.1
26 —HHAHA Terrapene carolina triunguis 2571 24249581 Scafffold GCF_002925995.2
27  4AHf Trachemys scripta elegans 2126 140411086 Chromosome GCF_013100865.1
28 hAgkk Pelodiscus sinensis 2202 3400000 Scaffold GCA 000230535.1
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Appendix S2  Tentative abbreviations and full names of EDC genes in turtle

F X % 45 5 Gene name abbreviation EDCZ X 4 FKFull names of EDC genes
S100A12 S100 calcium binding protein A12
PGLYRP3 Chrysemys picta Pglyrp3 Peptidoglycan recognition protein 3
EDKM Epidermal Differentiation protein containing a KKLIQQ Motif
EDQM1 Epidermal Differentiation protein containing a glutamine (Q) Motif 1
EDQM2 Epidermal Differentiation protein containing a glutamine (Q) Motif 2
EDQM3 Epidermal Differentiation protein containing a glutamine (Q) Motif 3
EDWM Epidermal Differentiation protein containing WYDP Motif
EDQL Epidermal Differentiation protein rich in glutamine (Q), close to Loricrin
LOR Loricrin
EDPLI Epidermal Differentiation Proline-rich protein, close to Loricrin, 1
EDYMI1 Epidermal Differentiation protein containing Y Motif 1
EDbeta Epidermal Differentiation protein beta-keratin
EDAALI Epidermal Differentiation protein rich in Aromatic Amino acids 1
EDAA2 Epidermal Differentiation protein rich in Aromatic Amino acids 2
EDAA3 Epidermal Differentiation protein rich in Aromatic Amino acids3
EDAA4 Epidermal Differentiation protein rich in Aromatic Amino acids4
EDAA5S Epidermal Differentiation protein rich in Aromatic Amino acids5
EDAAG6 Epidermal Differentiation protein rich in Aromatic Amino acids6
EDAA7 Epidermal Differentiation protein rich in Aromatic Amino acids7
EDAAS Epidermal Differentiation protein rich in Aromatic Amino acids8
EDAA9 Epidermal Differentiation protein rich in Aromatic Amino acids9
EDAAI10 Epidermal Differentiation protein rich in Aromatic Amino acids10
EDP1 Epidermal Differentiation protein rich in Proline 1
EDP2 Epidermal Differentiation protein rich in Proline 2
EDP3 Epidermal Differentiation protein rich in Proline 3
EDPE Epidermal Differentiation protein rich in Proline and glutamic acid (E)
EDPQI1 Epidermal Differentiation protein rich in Proline and glutamine (Q) 1
EDPQ2 Epidermal Differentiation protein rich in Proline and glutamine (Q) 2
EDPCV1 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 1
EDPCV2 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 2
EDPCV3 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 3
EDPCV4 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 4
EDPCV5S Epidermal Differentiation protein rich in Proline, Cysteine and Valine 5
EDPCV6 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 6
EDPCV7 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 7
EDPCV8 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 8
EDPCV9 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 9
EDPCV10 Epidermal Differentiation protein rich in Proline, Cysteine and Valine 10
SCFN Scaffoldin
CRNN Cornulin

S100A11 S100 calcium binding protein A11
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EDC gene identification results and chromosome linearity analysis of turtles species
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Appendix Fig. S2  Protein amino acids content analysis of EDC protein in 28 turtle species
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The left image depicts the phylogenetic tree of turtle species, while the right image illustrates the percentage composition of the six amino
acids with the highest content in 18 EDC proteins; The term ‘Other’ refers to the cumulative percentage of all remaining amino acids. The
protein data are shown in the order of the corresponding genes in the EDC (Fig. 1)
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Appendix Fig. S3  Turtles SETP protein contains repeated sequences
PEEFIER B MBI A, RS TSFTPEAGSIES TS, AREKCRNNE /74, BR/ARSCENE AT 4; 8575 i G54
TERERRIE
Two representative species, the Rafetus swinhoei and Chrysemys picta, show the repetitive sequences contained in the SFTP protein, (A)

represents the CRNN protein sequence, and (B) represents the SCFN protein sequence; Repeated sequences are marked with a blue marker



EDKM —=—— 12  EDQL —_—
= 9 — — * EE ﬁ
0 *

o m = T =

: SR :

g 7 2

2 E 6

I &1

bst ——— — g,

8 S —

]}*@ 4 F o]

X

& o ¥ ¥ & & & o @ % & & < < )
‘.\-\ﬁ&&&& F §F F LSS §F F & *av‘ & &
HHT S F F TS & & & F & &

W S P & S SIS AN af &

SO LG (F P (RO S &R X © <&
\@?}5‘2&4&%5&0@;\ $ v&?\ V&?‘*&@)‘&)@?\ ‘@:QK & 5@9 \@i@\
SRR SRS RN R ® RS

*
r 1
10 f EDYMI ——*

E 20 r EDAA

2 =1 ‘ #%

o L | |

S 8 ] *
= § 1

K - I5F o

2 3 0

E ° I —

2 £ —

@ 6 £ —

& L} —_ - ==

= 4 —

oy % 5 - - *

& & & & L PR S o

§ & S §F TS FFES
S & S & & S & & F S

& S <& N <& X N <& R
" ¢ £ & S F S
14 0 RIS @ &K

» @ W S
B
125  EDPQ

g T " - i
g 100 [
T,E’: = 15 SCFN *

3 2
g g
E 75 ]
< 8
iz} e
& ‘210
&t
- b

5.0

4 &
g
=
e

& & & & &

& S 3) & S

& ° & & S
) N & NS X
5§ ¥ &S

«
10.0 [ EDPLI — —

s * —
g .
S 1sp-  —
s .
% . .
2 s0
£ som
<
=
g s
=
e d
0
< & & & g & &
b\b{b . \Sb &sb ‘\Sb C‘«Q\ ®b® . '.\Sb' &b%
FFPLSHE & F oS
S L & N &
& S & & 5 S N
RSP R
A W ®
*
[ —
20 ¢ EDPE
15
* *
 r
10 —
- «

S LM &5 ik Amino acid content

-
i
11

S & &
) o&f'@& S & @& @5‘ &
FHE & ¢ &
FONCARNS &5 X
Amino_acid

E K
B T
[ Bl
ES semmL
- FHAMRR
B s
EX gimmy
B pheamc
B s
B tame

W&l S4B SRRBFEDCHE H P IR IR B2 22 7 i
Appendix Fig. S4 Analysis of significant amino acid differences in EDC protein sequences of turtle Family
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The boxplot illustrates the differences in amino acid sequences of the EDC protein among various turtle families, highlighting statistical
significance; An asterisk (*) indicates that the difference in amino acid content between the two families falls within the range of
0.01<P<0.05, while two asterisks (**) signify that the difference in amino acid content between the two families is 0.001<P<0.01
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Appendix Fig. S5  Structural spatial models and domains of SFTP protein and S100A11 protein
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The upper section illustrates the representative species tree of nine turtle species, while the lower section depicts the spatial structures of the

Pl

SFTP protein and the SI00A11 protein; The red alpha helix highlights the S100 domain
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Appendix Fig. S6 Motif prediction of PGLYRP3 gene in Turtles and other reptiles
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Left shows a species tree of turtles and other reptiles analyzed in this study; Right side shows the PGLYRP3 protein motif results
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Appendix Fig. S7 Amino acid sequence alignment of SEDC proteins
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Multiple sequence alignment of EDPCV and EDP1 proteins. Compared with the EDPCV protein, the proline (P) of EDP1 has a point muta-
tion; The black box marks the missing part of the EDPCV protein sequence. In the figure, A, B, and C represent the Soft-shell turtle
(Pelodiscus sinensis), the Hard-shell turtle (Mauremys reevesii), and the Leatherback turtle (Chelonia mydas), respectively
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