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Z[a) KA 1 24 700 22 B AL, S 5ILA
AL . AME. MARNIREEER . RNA LRI
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W SR ET . MIREEIRT . fhaiban
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AEZEE, AR AR, R B TR
SRR 118 1, DX g P T S — T3 T I A AE 9
AHLIXHY 197 RRELMABESE, A S5 .
MR KA. R BRI

A B A5 Z2 A I REAH DG Y =Y, b S
ZHTR LIRS A B, VF 2 3 IX A4 57 58 R 40 FE IR
A PRI, (EARIR B B0 (Y R85 1
PECSSPL TR, AR B PR M ] R 2
MR IR T RMBAL SR T . SR, & T P50 fa i
RN AL, SRR SR b AT
YA PREE VEFRIE WA TR, (245 DA

AT A 4 FE 4 DNA F AR AR X
TP P9 L P A [+ 1 DX ) 8 A 7 B R T A £
PEAT 22 5 WAL 3T, B e RIS 1 73
DNA AR w £ e K = SR A AT 345
PREE VR FE N A e REAE I, W L BUR AR
A AR AR 5 T IR SR PR S B S A Rl T AR SR AR Y
Jitls

1 MRS TE

1.1 SEIHR

KA T YN 8 A Hb S s A AR, REASHEAR
B0 Ak, dh 8o B R MbE AR T 25N 4
DNA AL 7 o 8 MR, 54k AT,
AFERE. TN LI LSRR, 5434
53 31K H 8 F Y Bac Ninh, EJl B ) Gorakhpur F1
JEI/RI) Hetauda, L, HEJTMN . DETLFIZEER
MIREAC BT LR A, SRR T Y b B AT i . HoAR
SAHERY N FRFERER, RAE B Y MK R
Mg (R 1),

x1 BEBHAREEER

Tab.1 Summary of sampling information of C. idella

LS REEGLE AL E/R pisdue st eV &
populations latitude, longitude individual no. group types river system

JEVA/R  Nepal 27°25'12"N, 85°1'48"E 10 FRYE BRITK %
ENf¥  India 26°45'36"N, 83°22'12"E 10 FEHH BRIT KR
M Vietnam 21°7'12"N, 105°58'48"E 10 I FRILK %
KE Tianjin 39°22'48"N, 117°3'E 10 I BRIT K &R
%M Anxing 29°24'N, 112°7'48"E 10 FRIH KK &R
JiMl Wanzhou 30°49'48"N, 108°27'E 10 [5ReS KITK A
VLiL Yuanjiang 28°51'N, 112°21'36"E 10 Lizes KK &R
HPK Zhaoging 23°4'48"N, 112°31'48"E 10 Ligee PRILK £

1.2 XEW#MES DNA BEANF

RAEIG , DY B 208 i 2R 15 ETT DNA
PR, LA R DNA FBefb. FrBefk
() DNA 24tk . ARumfEsd . 3/amhn AL i
ek, SE WAL (bisulfite) Kb BEIF 17
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PCR ¥ 14)5, 52 DNA H AL SO R
T Hiseq XTen il 77 & #4700 .

AT ARAT T U R 2E S 50 sh i BN
fdi FHAS B2 51 2t M (SHOU-DW-2022-029), 52
55 3o AR AR E N B A S I K AR S B
PIAHACFRRITE , 4 I8 IR TR KSR H 2R 1Y
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B X LR 83k 5, AR YE bar-
code 47 B AE A 45 B AN [F] FF b 1 J 46 7P 91 o 38
FastQC R4  XF I 4y ¥ 50 47 i i PP A, I
it Trimomatic #AFEY FEHEAT T W o0 B Z i #E A7 78
B, DLRBRARE R T H . QYR T8k
AR B S LA S S s QU R TRk
PR B AR IE 5 BLL 4 IR LA B X7 1 71
&, IO BT 15 G E0mgdt; @2
Fr R LA U8 K AR T 70 bp )P4, Fe)a
PR 1 FastQC 34X ¥ 91 kA 7 B it ¥PAl, DA
B UFE AT PRSI

i 17 Bismark X 4 " HH [ bismark genome
preparation ‘T =, X 28 i A< 52 56 % HOF P4 1 A
S I F AW I F A RS, i Bowtie2
BRAEP g 28 2o P Ak 3 1) HR 6 AR I 371 5 B PR 24
HEAT HE X AR R AR bam SCF . 4R )5 i 1 Bismark
' #Y deduplicate bismark T. 5. X} B Z& 4L ] &% bam
AT T PCR XEKE . &J5, i#id Bismark 1
] bismark methylation_extractor . H 17 4 %t
20 30 BB A 0 R B 7 A R A
1.4 ZERBELXSH

ARG TN . DLV 3 AN ARG
JFREF AT SRR, SENE . JETHR. R, %
PR 5 A SRR ARE A R 2 DSSYY #E 4T
25 WEA T PP EARESR =02 D
J P-value < 0.05 1) CpG o7 sibric h 22 5 H 3L
M. (differentially methylated loci, DML), 33 H
AR EF =02, P-value <0.05 3 H 50 bp NZ
F 34~ CpG 7 5 1Y 356 R 4] IX Sl b 10 b 25 53 W 34k
X35, (differentially methylated region, DMR). Ff

SEPRAA ] R 1 kb X5 22 5 H 4K X
il 1 kb 0 B PR A A8 i R i 1 Ay 2 S R AR R A
(differentially methylated gene, DMG), X}z 5% H
S Ak 3 A 19 ) B8 v R RN & 4 40 Bt 3 1 7E 22 )
KOBAS(http://kobas.cbi.pku.edu.cn/kobas3) ., LIEH
111 (Danio rerio) MR PIFRTER, 455# 1T Circos
AP F0 R 1B T B ggplot2B" BEATAR R AT A4

2 4k

21 HBREUNFEESit

AW XS 8 A~ A R L 80 MHEA AT T
SR AR, L3R4 308.15 Gb Il P4 .
it iEE, PRI 128 396 030 A% E )T
SV TG e M, s )7 50 19 S 2400 7 TR B A
32.22 %, ¥ EAE KT Q30 HHH 3L L 41 F- 3414
90.89 %, /731 GC F#F-¥0 18.72 %. KIiElE
(AP 5] L X 3] B £ 2 2 R PR A I ) B X R 1
62.97 % (£ 2).

22 =EFEARENLKEDTH

it 8 AMNEEA ) DNA H 3L B 0 B
FiA1 20 900 Mb FE R4l JemE b, & 3 e g H
FAUNL A 277 618 513 A, HAEIRAEHAR) CpG
A 5226 010 5474, 5 BB 8.42 %;
CHG BRI 525 57911 405 4, (5% 20.04 %;
CHH ZEHI 1524 193 696 561 4>, (5 5%k 71.54 %
(# 3)o KB CpG F YA o5 1Y S AL ¥ 45 v
IR 79.57 %; HKE CHG 8RN 14, H 54k
FREESE-1 0 0.69 %; CHH 25U 1 F B fb 8 By
A, FEXIN 0.68 % (£ 3). 1E 8 MHEAH, JBIA
IRFER ) 3 MR R R b R e, o
7.57 %; UMBEREAL, N 7.09 %, A A4
VR BARSE34 F AL R 7.35 % (% 3, & 1),

x2 BEERFNESERERELNFERRITE

Tab.2 Summary of whole genome bisulfite sequencing of the C. idella populations

LS W5 15% T PP IR 2 (%) Q30LLH1/% GCH /% LEXF2/%
populations clean reads depth (%) Q30 percent age GC content mapping rate
JEIH/K  Nepal 146 696 131 40.44 90.75 19.30 69.57
Ef  India 123 079 682 33.11 90.91 18.50 67.85
#E  Vietnam 125797 016 32.54 92.49 18.78 65.40
KE  Tianjin 144 343 439 34.39 90.42 18.61 60.28
%¥  Anxing 108 333 150 19.01 89.36 18.70 4421
JiM Wanzhou 116 765 232 30.10 89.93 18.70 64.87
K Zhaoging 132 233 009 34.09 90.96 18.66 65.23
YL Yuanjiang 129 920 581 34.07 92.28 18.54 66.36
T average 128 396 030 32.22 90.89 18.72 62.97
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®3 EEHFWRREUBEXERSITR
Tab.3 Overview of identified DNA methylation of the C. idella populations

CpG CHG CHH E;%
: 1%
E*'ﬂ: N 3% /0, N 3% /0, N 2% /0,
populations BLAHUA  ditss TECENS g sy TREY g gy, TRIED ol
locino.  percentage Y locino.  percentage Y loci percentage Y methylation
rate rate rate rate
JETH/R 26286 027 8.64 80.57 58412108  20.36 0.67 195071487  71.00 0.66 7.57
Nepal
EVRE 26 098 266 8.25 79.84 58 086 808 19.91 0.59 194 149297  71.83 0.60 7.14
India
fudse) 26267 205 8.58 78.61 58376 666  20.12 0.71 195081390  71.30 0.70 7.39
Vietnam
K 26281 381 8.42 79.23 58 420 727 19.97 0.67 195197442 71.61 0.66 7.27
Tianjin
w2 25452413 8.19 79.03 56983858  20.00 0.69 191131229  71.80 0.66 7.09
Anxing
T 25116 787 8.46 79.84 56 130,558  20.00 0.69 188387352 71.53 0.68 7.38
Wanzhou
HEPR 26290 093 8.41 80.24 58 437 003 19.95 0.85 195248595  71.63 0.86 7.53
Zhaoqing
VLl 26292 207 8.40 79.16 58443510  20.00 0.66 195305692  71.60 0.66 7.26
Yuanjiang
T 26 010 547 8.42 79.57 57911405  20.04 0.69 193696 561  71.54 0.68 7.35
average
01

/
%g{/

L
2

1 E&BFNERERAERENKTESHE
LERRE, 2. JB¥A/R, 3. 8RS, 4. 550K, SR, 6%, 7.90IL, 8. i HAMEN 0124 R YA S, FIE.
Fig.1 Genomic landscape of DNA methylation level of the C. idella populations

1. India, 2. Nepal, 3. Vietnam, 4. Zhaoqing, 5. Tianjin, 6. Anxing, 7. Yuanjiang, 8. Wanzhou; the outermost numbers 01-24 indicate the chromosome

number; the same below.
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24 DMG HIDheeERRMESE S

AWFFE DMG #4717 GO Tfgsr2M KEGG
R E P, A 734 GO TiRE M
8 > KEGG il f§ A i F e & (R 5). Hp, HIE
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Fig.2 Circos of DMR distribution of the C. idella populations

a. Anxing vs. wild, b. India vs. wild, c. Nepal vs. wild, d. Tianjin vs. wild, e. Vietnam vs. wild.

x4 HERFNEFFEUEXEERITE

Tab. 4 Summary of differential methylation information of the C. idella populations =2
R HHAER G vs. B A EREE vs. BFAE JBIHUK vs BTAE REE vs. B 42 LR vs. BPAE Mt
differentially methylated information ~ Anxing vs. wild India vs. wild Nepal vs. wild Tianjin vs. wild ~ Vietnam vs. wild total
DML 17738 31763 14 496 7556 4869 76 422
DMR 862 1739 554 371 211 3737
DMG 442 944 281 184 99 1950
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#=5 BABEFNESRENCERE GO MENES KEGGC EEERSITR
Tab.5 Summary of enriched GO terms and KEGG pathways of DMGs of the C. idella populations
T H 2% vs. B4 ENEE vs. BFAE JEVAUR vs. B4R R vs. BpA: kg vs. AR Bt
items Anxing vs. wild  India vs. wild Nepal vs. wild Tianjin vs. wild ~ Vietnam vs. wild total
GOYjResr 2% HE/E  no. 28 39 0 0 6 73
GO term
5 H/%  percent 38.36 53.42 0.00 0.00 8.22 100.00
KEGGi i Ko/ no. 0 8 0 0 0 8
KEGG pathway
5 H/%  percent 0.00 100.00 0.00 0.00 0.00 100.00

FEJETA R AR HERE IR A 183 & 4510 GO Difg oy
2. 1MiTE KEGG ¥ #r, HAEEERF AN 22
S AL LN B 4 2 8 4> KEGG % (% 5).

FEAGE % ENEE R HHA T B E M AY
R GO dh, ¥MEEHESRGEREMHLK,
GRS RN 14 AN EREIE GO Tifesr2E
HH 9N S RGEKEF K (B 3-a), FEAREME
A (GO:0001525), JHIE & & (GO:0001889), %
AL LKL T (GO:0007275) . B Ja A Gl 2 L 7
(GO:0009952), 4t il 531k (GO:0030154), IR Jifi
B R G & K A (GO:0048704), T 41 il 43 1k
(GO:0030217), P4 43 6 JBE iR & B (GO:0031018) .,
WLIA 41 % & (GO:0055001) 45, B[ s B4 & 4 5]
) 22 NHEYIRRSE GO hREr 2K, A 1545
R RF MK (K 3-b), AL 05 40 i 1T
% (GO:0001755), Z4MIHLULH (GO:0007275).,
T 2 U5 200 L 734K (GO:0014033), # 25 Uk 40 il iy iz
LG (GO:0014036) . HRIWIINELE (GO:00430
09). 45 H T (GO:0048856) I Tl 7% 1 15
B 75 & = (GO:0048703) . fii i R4 K& (GO:
1904888). #14 R4 & H (GO:0007399), #liz5E F
1] (GO:0007411), W% EE (GO:0016358), 7 filt
(R 2H 22 4L 553 il (GO:0050808) . 155 R-AR(E
5l [ (GO:0071526). 4il it Zh it (GO:0007155).
f8 P (GO:0031101) &5 1 i m BE A SE 21 1Y 5
MEYIERLX GO BT HINERE L
BHHX (K 3-c), FEMUFTEZHMAL LT (GO:
0007275). i J5 A CHLIE (GO:0009952) Fil ik
ik RIS KA (GO:0048704) 45

FEEN AR 2 5 221 8 > KEGG i % &
P41 $5 Notch {5 5 i [} (dre04330). Zh 4 % #%
(dre04520), Z KA T 19 8 A T K f# (dre04120)
WLBh & F 240 B 2R A I 15 (dre04810), Wnt {5518
% (dre04310). Z5% B (dre04510), 5% 4% (dre-
04530). MIFE1ER (dre04144) % (K 4),

A, FEENERHARE LR IS 5R% L
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HAHXM GO Tigesrdrh, A 3 HiEsnES
AU ANAE T KT A G, LA Rl 22 40 T B
(GO:0001755), #h £ Ik 41 M 4y 2 #M 8
(GO:0014036) F1 4t 25 Ik 41 it 43 1k (GO:0014033),
Hrhsh 2T GO Tifigsr K45 9 1> DMG:
atp6v0ala, chd7. masp]1 .
pard3ab, plod3. sema3d 1 sema5bb (K 5-a),
22U 0 i A A2 BLYE GO T RE 4> K 3 1> DMG:
tfap2a . tfap2c M ketd15b (€] 5-b). T #2505 240 g
4k GOy fig 4+ 22 % 34 DMG: pard3ab.
sema3d F alcama (K 5-¢).

coll8ala, nrg2a,

3 i

3 E&EAA DNA RENMKFEMESHE
AR

X 8 A Eifa R HE 4T 19 DNA H & £k I 1y
Fardras R s, JENRBEERR CpG. CHG 1
CHH % 3 Rl b Kt iy, 284 REIARRIR,
HEAR EAHZE AR, Fe R FE R ] i S A B
UK 22 A/, e B3R 3 3SR AY F ik
[B] U7 B W25 57, CHG A1 CHH 28 #1 ¢ FF FeAk 7
SRR R SN AR N Az, H
S SLAR KO Y 5%, F B AT BB T 4R 15
FE R REE P, CpG 2R ik Y Ak o7 p R
B/, HR A S P KO, REH
AT R T2 2L 7E kPR e 3k i 2 UL R 4y T kL
PR,

A BT I A AT R 5 A R R 3 B g
PR, RBLENE | SRR A 45 M i 5 3R R R
AR T P KT RERIT A 24K 22, R AR
WFFEHsR AR ITK RBY TN . DLVTERALL KR A
BRVLK R EEDIX 3 B ARG 91, 1E A
TSRS HoA S SR RER AT 5 2225 5 W 3
o HT o 5 > R R BE AR 5 B A T SR AR Y 22
S ARG, RO TG E AT B ARG B M Y
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e PR A
gene no.
, ° 2
R E# RGBS KA | .
embryonic skeletal system morphogenesis @ 4
® s
_ RV IRKIES: PY Q :
antigen processing and presentation
5 @
&
25 R | g
=Q anterior/posterior pattern specification
o© —lg (P-value)
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ZHRHLSRE ®
multicellular organism development 3.8
— a > 3'6
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Abstract: Ctenophyngodon idella is one of the most important aquaculture species in the world, and suffered from
local adaptation during the process of introduction and aquaculture. However, most studies of C. idella local adapt-
ation were based on genetic variation, and the effect of epimutation was still widely unknown. In order to explore
how DNA methylation affects the domestication and environmental adaptation of the C. idella populations in Asia.
A whole-genome bisulfite sequencing was performed between 5 farmed populations and the wild background pop-
ulation, followed by further differential methylation analysis and enrichment analysis. A total of 308.15 Gb
sequencing data were generated with a sequencing depth of 31x and a mapping rate of 62.97 % in average, where
76 422 differentially methylated loci (DML), 3 737 differentially methylated regions (DMR), and 1 950 differen-
tially methylated genes (DMG) were identified. Gene Ontology enrichment analysis showed that the DMGs were
significantly enriched in development process, such as angiogenesis, neural crest cell migration, and cranial
skeletal system development. Annotation with the KEGG pathway database exhibited these genes were mainly
involved in adhesion junction, Notch signaling pathway, and Wnt signaling pathway. Among the DMG, some
might be functional in the developmental process of neural, immunity, bone, and muscle tissues, like sema3d,
semaSbb and nrg2a. This study enhances the understanding of the epigenetic mechanism of domestication and
environmental adaption during the process of aquaculture and provides valuable data for the conservation and util-

ization of the C. idella germplasm resources.
Key words: Ctenophyngodon idella; genome; whole-genome bisulfite sequencing; differential methylation
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