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FEPERCAR, H P35 bk Az 3 i Sy AR e
ik BEE S AR P EOR B L e, IRAEREE I
KA B Hb A2 4 B A% 1 R 22 8 4E (single-nucleotide
polymorphism, SNP) 755 (15 28 HEFH . Wang
ST AR AR P BRI R T EPEF 6T (Par-
alichthys olivaceus) SNP ¥ric, F3EFEHEEH
T 580 A HAT B I EERFIE RO BE Y, X
L 5 D) T A 2 % F BB A G Y 39 > KEGG
W, Bk, AR SNP 4r M AS [ FPEE 0 5 1%
ZREVE DL AR A PR 20 J2 T 48 7 A (] 3l E
BEY 2257, O — BT R,
TR B8t % A8 S A7 B RN R PR R AR A A 1T 52
)l H AT RN AEE R O S B R 4
STIRUR7/N Nt ORT VA g i PN S ol < =8 R
AR T o B 3844 23 Ak 48 L (fixation index,
Fgp). U R Z MR RS B AA 2 & RUAR LU A 39
(cross-population composite likelihood ratio test,
XP-CLR)" #Z 4 R 20 L i BE 8155, AT LATR
N B FRAS [R) R e i Ao et S5 Tl R ol
Clucas 5&"" F| ] For & BLIAIR ve 85 11 55 T fig ik
IR 7E 4 22 FIAR 22 77 B 1) R VY ¥ 5 (Gadus mor-
hua) FREZ 18] 7748 T 3845 704k . Clucas 551" Al
Narum S5 7E X HA AN 7] A 6 SRR A ek A A
HEAT A B 2 S R A R Th R B, 28 S Ak
A S PR AR AR G, 3% R AR TR AN ) 1 1
BRA 5 RBGm e  FEh, HeAh, AT AR
PR 1Y 56 PR 2 AP A T 2 B S PR AR
F WA TR S AR A 5 B DR 3 B O . A Ak A
2 H | /¥ (whole-genome resequencing, WGR)
HORC 2 B TR R B as 48 Z AR
AR, B4, Wang %" F FH WGR #
A K BRI £ (Larimichthys crocea) 2 > FF A Fi

TR AL 2R PEA A, TP AR R 5 A AR
o Sun 55U i F WGR H AR X 5 4K 11 Bt
(Micropterus salmoides)F #F 1) 15t 1% Z2 A5 P4 0 Fp
TELSA AT 0T, e IOk RS B Rh R s A 45 4
WEER, Histe 22 T . Du & A
F WGR AR 3 Bir 3 [l 2 5L sk Fvp [ 75 R
PR AL AR, R B B B O I R
B AL Z A T AT R D RS, EIRRTSTAR
FEITIEIN T WGR S A 18 1 ZAE VE AN Bl R 45
FRIFSE Hh A = 2 AN

T DR B e £ R S A AR IR 1
VA% e KU B o D o Y S AR €
RAZ i A8 Y B AL GO AS S (5 B o AT
MO 8 A~ i W S R A REAS , JFEAT T 42k
WA EM N, 5 7E 78 A [ BR R 9 10 A
LK B S AN, IR TR R
PR M E R PR N, IR R R TR
351 AL o ASBIEFE R] by itk — 2 figp By 0
WIS E IR Z AR . T R B PERA 2> T ARl
VAR R AR R ARAE AN TR PR B 9 7053 0 AL ol
A MENS% .

1 MRS T
1.1 E £ DNA #2E

HAAFBREARATE 4N . HEET
(IEE . B KA ZR) 19 5 ASFhE (DL
e ZSFRE . JTINANEE . JREEFR R A2 PO
) be 5 R EAHAR 3 NI E S (JEIAR . R
ENRE) 19 3R RE (R DI, SRATE S 4
HEH 4 DNA $#2 B30 £ [DP324, RARA{LFR
o dbm) ARRA T ] SRR 75% LBE Y

®1 HapRER

Tab.1 Sample information of C. idella

FE 2 2B i} X 42 FT AL K &

group latitude longitude city Asia region river system
JEH/R NP 27.42 85.03 JETH/R RIEIS T R TRAFAE T
Bl IN 26.76 83.37 B RE Ly s A R T R4 EIAI K £
#E VN 21.12 105.98 gL REI JE AT I
L YJ 28.85 112.36 A ULIL T RIE SAR/ ks
%% AX 29.40 112.13 WEAEET s R KT
i Wz 30.83 108.45 HERH M X AR SAR/ ks
K TI 39.38 117.05 T R X R MEATIN/ TR
IR ZQ 23.08 112.53 IR IR ARIE BRI
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FARHE S DNAL 2R 1.2% B IR A BE e v Tk K6
I BT $2 B DNA /) it &, | ] Nanodrap D2000
MO E DNA Mo K4l i  ASHF
FEARAG T LV U P R S 6 2 ) BRI 88 I 48
FHZE LS HEUME(20 171 024), 5256 45k 2 7™ 4% 3 <F
RS ERAIE , F IR R IRI R RE
& B2 51 2 22 R0 B 1 BE PHA T

1.2 HamilF. FIIEEst

RS A 2 A B ARHCA R A Jdba)
Wy o 38 A 75 P R AR 5 4% 1) DNAFE
FEHLET KT A K 300~500 bp 1 F Bt . 4ead Rl
2. ployA . ik . 4ifk . PCRY™
WAEP R, SERCCRET A . M EELF R E I SC
J% F] ] Tlumina HIiSeq 2500 *F- & #E4700 )%, Ji5t
[ ISR NIE G 1Bt IR UR/E Lk N A R I I ({53
P8 (MQ=6) DL & 4 F BE (K B <500 bp)],
1532 B J5 4540 (clean reads). fifi ] BWA {4
H clean reads [t ] 2| A 52 45 5 21 2% (1) 7L 8 KL A
2, KM Samtools™ "Gt it H X R A7 55 % .

1.3 TLREMREEERE

i GATK Y 34T SNP Fidd Ak 2E (inser-
tions and deletions, INDEL) A8 S5, 35 918 244
IR, SNP:QD <20, MQ<40.0, FS> 60.0,
MQRankSum < —12.5, ReadPosRankSum < —8.0;
InDel: QD <2.0, FS > 200.0 II ReadPosRankS-
um < —20.0, i ] lumpy™ #4725 44 28 5 4600
i F§ CNVnator™ 't 17 #%5 D1 80748 S 460 . | FH
ANNOVAR # 4 ® F1 snpEff 3% 14 * %} SNP,
INDEL. SV Fll CNV #FAT7 & M) REHE R
1.4 BHAHENLTH

o FHAREAAR RS 40 B A 43 43 B SR 4565T 8
A B PPRE ] P BE IR SS M R R C R . R
iqtree AP Ay LR, ] iTol® FEIA .
15 Plink B4 52 B8 3 1804353 #7 (principal com-
ponent analysis, PCA), F|H R 151U ggplot2 {1,
il . kA VCFtools F 4" 115345 P A% 11 2
2=
1.5 B IAEXEEE

¥ Wit & Fi™ 5 XP-CLR Y, 3d i
Linux R 40 awk iy & #2286 X8, i i
ST A S AT AR,
PLVBIE 1% sz S £ X0, i ] VCFtools %k

P20 J R 2 DA 50 kb A 3 48 K EAT 500 kb
KE%E"J% Dﬁ%ﬂ ’ j&’/ﬁ‘ FST ﬁ‘a%; H ﬁﬁﬁ XP-
CLR #KE L 20 kb 093 ah 2 K #£47 100 kb A
ARG 5 EI R xpelr 4ME .

L6 EEE&EDMH

i3 eggNOG-mapper % & 5L K 47 D) g
HEREY, i FH7E 44k 14 AnnotationForge (https:/
bioconductor.org/packages/release/bioc/html/
AnnotationForge.html) 4 7 B i OrgDB £ % /% ,
i clusterProfiler™ # {4 £ enrichGO Fl enri-
cher PREHEST GO Fl KEGG & 4707 o

1.7 F59Hh

FIH MEGAT1® 844 19 ClustalW J5 2 iF
1T 8/ Fh B gimap8 JE K 1) J 51 b X, Il H
GeneDoc # 14: B9 3t 47 o] ¥ 1k, i I NCBI
Batch CD-Search T EL il 3% [A] 1Y Ty GE 25 #4357
K AlphaFold2 X447 8. 1 50 245 #4 F 0 =7
i PyMol B4 47 AT 44k .

st
2 R

21 =ERBENFHIESH

8 /IR B E N A AR AT 1329 489 107
/™ clean reads, Q30 F¥J{H & 92.05%, < BN
Fr i o JE A BT 15 R A 1 90.72%,
SR PR BE A 55% (32 2). LRGSR, M
J AT R, B S TR 2T

22 TRENEEEHER

8 MFFP LY ) 6 548 523 TR
25 (SNP)., 2267 193 Ml Ak (INDEL) .
330 397 NEEF AR S (SV) DL K2 34 800 /S F% D %k
A5 (CNV), SNP AESEAE 24 SfYLtafk F351550 4
(B 1). £ CNV ZE S, 8 ANFlEEH Bk (dele-
tion) A8 5 5t |, 290 85%. SV AR AL
HARES CNV FRL, 297 78% (3 3).

X 8 AP SNP TS MRS, KB
SNP FZ 43 7EFE A [A] X, FLAGIE] 3 591 582
A5 FESNEF AR A SO R #) 108 829 A4
SNP RAF S E & L FIR15 A 18674, 1%
R4 33447 FEV AR YI47 A5 2 bp LAY
P4 35 PR 2 DX 3 P R 31 SNP A7 55 1 011 A4 (&] 2-
a)o XJF INDEL RS, AR5 R 2506 76
HEX, dHR 51.2% (K 2-b),
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x2 ENFBIERELEX
Tab.2 Whole-genome resequencing of the C. idella populations
Tt Tl /A GC/% Q20/% Q30/% reads/%% LEXF2/% DU 7R g /%
groups bases no. GC percent Q20 percent Q30 percent reads no. mapping rate depth
JEiH/K NP 18 154 596 600 38.52 97.53 95.50 121 030 644 88.50 40.231 6
EIEE IN 22 843 501 800 38.79 96.83 93.80 152290 012 94.02 50.619 0
B VN 24907 575 750 38.43 95.47 91.14 166 050 505 84.52 55.0472
VL YJ 24928 015 200 38.02 95.52 91.27 166 186 768 93.55 54.060 1
%2 AX 30056 091 900 38.22 92.79 86.65 200 373 946 90.13 66.117 8
Ji wz 37424 878 950 38.62 94.06 88.73 249 499 193 93.57 80.322 8
K TI 21 151797 150 38.61 97.38 94.88 141 011 981 93.03 46.743 0
R ZQ 19 956 908 700 38.57 97.17 94.45 133 046 058 88.43 44.164 3

&@@
Ny
e,

SNP % Jif
~ SNP density

LGi9

0€ 0 Mbis pp

SV # L
7 SV density

1071
QoA T

M,

Mz
Lé;gfbo

E1
A P 5 F8 3 ) N Bt et ik . SNP. INDEL. SV. CNV,

©
bmWMbso 15 MO M
LG13

_ INDEL %%
INDEL density

S#)  duplication
AL deletion

CNV 7
CNV type

1G12

B2 EF4 SNP. INDEL, SV. CNV S% &

Fig.1 SNP, INDEL, SV and CNYV density of DNA level of the C. idella populations

The circles from outside to inside are C. idella chromosome, SNP, INDEL, SV, CNV variation.

2.3 BRERTH KEGG EESHT

X} Ke 4 Fh AR S AR [ X9 A8 L I R A7
KEGG &0 )5 &P, SNP 78 S 7F 40 g 25 B
AT M40 . DNA T41EE =2 %

e 4 (18] 3-a); INDEL 48 5 76 40 B 3 o7
w400 . B 402 AR5 S i 4 (K 3-
b); SV ARSETEANMIZEME 1. &l T4if. B
20 i 37 A5 53 i b s 4 (K] 3-¢); CNV AR
SUEMMEHY T FBESSHEER. &
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#3 FITERER
Tab.3 The information of SV and CNV

. SVHE  no.of SV CNV#&  no. of CNV
group [N il 1 /SN Sl
deletion duplication inversion deletion duplication

JEH/R NP 28 821 4695 410 2539 552
Bl IN 32412 5385 453 2401 634
W VN 33967 5152 444 3355 878
L Y 33723 5331 445 4070 1180
%2 AX 42453 6984 677 4419 1009
TN wz 47793 7982 692 5099 1462
Kt TI 30718 4784 385 2869 811
HIR ZQ 31277 4989 425 2614 908

wGIYI7 5 splicing site 0.02%
/

- SRELF exon LA T 4
L 300% stop codon acquisition
a 0,
a5 EREIX Y 0.03%
- 5'UTR 0.23%
=3 A TIX LT E K
3'"UTR 1.10% stop codon loss
= BL B i 0.01%
upstream gene 7.14%
© RN
downstream gene 6.96%
(a)
=B 05 splicing site
0.04%
l = L[ ZLEG DN
non-frameshift insertion
0.10%
w20 B TR
stop codon acquisition
g 0.02%
s/MNET exon EE SR RSP S
-~ 0.68% stop codon loss
S5 Egmig X 0.01%
5"UTR 0.16%
=3 ARG X
3'UTR 1.32%
CeEE T downstream gene
7.82%
(b)
B2 SNP. INDEL ;B4R
(a) SNP JEREAE SR, (b) INDEL JERESE SR .
Fig.2 The annotations of SNPs and INDELs
(a) the annotations of SNPs, (b) the annotations of INDELs.
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Fig.3 Dot plot of enriched KEGG pathway of genes in four variable regions
(a) SNP, (b) INDEL, (c) SV, (d) CNV.
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M2 . MEEZE . B 40 2K (5 5 gk
w5 (B 3-d).
24 BHEAREEHSH

i 3 IR IT 8 ASREA [H] 1 i AL Y
SANBITERIR R R, LB 8 A HEaFh el o
H 3R MRS ER S SRR —
i, T ED RN IR RREESS A L (8] 4-a),
TR 2 Y SNP 15 H % 8 APl REAL 2 HE LB
SERLS E R AT — 8, FRERIEW 3
(& 4-b). TFE w a8 AN RE Y 2% R 2 R

0.5 f
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(m) Bl Fep {E, BT Hastfe 2k a5 . 4551
R, WZFRE o5&, 4 4.89x10°, T
NP FHEERY o (B EeAR, A 3.64x107° (% 4), LAk,
FATFIR AN A X T 55 =W GRITERE, Z))
S AR AR R i VAR OB s =
(Fsp) B85, 4333k 0.033 0 1 0.026 6, T4 —
WAE (Z)) AXT PRI (DY) Fsr 41X 0.000 6,

2.5 ZEFEEFEIZHRE
i

gatfb ks R THRESA
A TR I AN [ BRI B B2 A, K

.§\/
=
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K= N
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51y
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Fig. 4 Population genetic structure of C. idella

(a) principal component analysis of eight groups, (b) phylogenetic tree of eight groups.

T4 E&IMMBNBRERSEM
Tab.4 Nucleotide diversity of eight populations of

C. idella

e AR L P

group T
%% AX 4.48E-03
EIfE IN 3.76E-03
JBH/R NP 3.64E-03
R TI 4.58E-03
i VN 4.54E-03
T wz 4.89E-03
YL YT 4.82E-03
B ZQ 4.49E-03

U9 AR 4 AR SR 2R S AR R A RER 43 3 N
Bt RH For fHF1 XP-CLR 771, LRI 1%
FEME, X2 e R XA . S5 R BN,
AT T8 = WA, 0 3R g I I ek A A )
B 177 A X, Hob i 1633 4
1686 NN, il il XP-CLR ¥ fifi i 52 i £ X
1411 S SV W18 L N R BBl e A 4
i 471 N1 874 ANIXE], ZrBIALF 1 664 4
12909 4L (K] 5).0

ZHRFIRE GO g EoHT 18 1 X} 2 Ff
D7 E BB 1 B R O AR, A AR VI It Bl R g
SV 37 3 A R AR TS = RS AT AE 123 S A
90 MZEPEFN ., GO HEMER BN, K
VLSRR 114 37 356 5 35k R 3 2 3 2 7 TR 9% I g
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NY_ZJ XP-CLR
=

XP-CLR (Fg . vs. ZRIT)
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Fg (vs.)NY_ZI Fg,
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g 30F -

By 25t

o =

20 20

’)jm

llﬁ>_<‘ 1.5

— N L
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005 L e

> 0 bestomtima X -

-02-0.1 0 0.1 02 03 04
Fo (vs.)Cl Z) Fy;

(b)

5 ZEEFEXESHE
(a) T E YR ISR FF A T BR LU S B 2k 3 DI ], (b) TR ISR B A T BRI RIS B 35 XU & NY. R, ZJBRIL, CILKIL.
Fig. 5 Manhattan plot of selective analysis

(a) the selective region of the South Asian basin relative to the ZJ group, (b) the selective region of the Yangtze River basin relative to the ZJ group. NY.

South Asia, ZJ. Zhujiang River, CJ. the Yangtze River.

P L AR ALY L O LA MR S A AR
Py AN s> EE R ETEM S THEE AY) .
PeG HE GRS ; /- FYihe F28w e
RS T IE NG . A e KT A
(1% 6-a); T V. JA0 Sl 1 1) 52 0 43 5 R 3 2 8 42
TERPE RN A | AU A Y s AN ZH oy
FEERELAARIME . IR . AHHAFIME S
O3 IR T R TR A 555 (] 6-b).

gimap8 3 B 5 #t SR Uit c s TN 8
G AtdeE il 158 ANBEH, J@ i snpEFF 1 R4S
R N3 AR RS Z 3] T HES 0, S
585, gimap8 H K AEAS ] i Sk 25 4 25 57 b
(F5), LG2 50 137 315 bp BliFE 578 S HIE K
KT ARBTY]; WiAE LG2 f 50 137 464 bp RAE
A SRR ETZ AR (7).

T B m R ED B AP RE H, P-loop NTPase i
KR LA GTP/Mg™ A s B T £,
T A VL R A 2528 T GTP/Mg™ 3% #4045
(1% 8), XJ L3R P HIHEATHE I = e L5 T, &k
LR W LAS A FRRESS 3 T A R RR B 1) o B e
Mg ArEER (59), BRSUCILA B0 P-
loop NTPase super family %% 43k , [F] B o 7T BE

R 24 pifT R, X LEdr B Al — PR EE A
(A 8).
3 ik

AR DL 0 A AR IE BRI 44,
—FHGIAEZE T 45 B R AR
MRE AL R H B PR R . N T e PR A AL
B SEN R R, A USRS A R 26

JE ) R RO RE AR AR it R 22 Y, IR A 4%
Lib £ P v B (L o (N1 A S R = e O
i, ABFFEE 4N BT (R R
RKEFA) B SAFIHRE . B . EDBEFIE IR
IR 3AFIEE, it 8 ANFIEEHE AT 4 JE A 20 H
Forlre REKBWTE R YR, EEME
TRFHER N —3, XATEE S e A B
R Ko FMar o4 (PCA) 45 R Bs, 25
FEEPE L, HoRellegkAd TiaE .
HEDE eI AR, Fpe e i
R ZETE . AMRIEE, KRNERSF
M 7= B A= B, DT BRI PR A2 i, 8 SRl
B oh 3 WA AR AR — . R EFEN
UERH T BRI A VTR &R [ 52 24 1) H TP 55 T 7
TR R, T2 AL EIRIER (Spini-
barbus holland) FREIR] & A= B B 734k . ABF5E
S5 R AR T B EE RS I R A DA b 3B 2 T
HCABFPRE = A ST ) it A% oAk o

LN AR S 5 IR R 0 B Bk M gl
EPZ 31 VAL 11 (VI O G i NI RE Y (L iR N A
FEMERIRFFE R B, YLt fAREEHE X U B T A e
JE P ABIEGY e B Rk R 32 B A TR A MU 2
31550 . AR5 43+ (CAM) Bl
TERRE R N R EEER, EES5RIE.
P FE S L b il e B 1 A 22 i e A LT
REM, FERIE RN L RE R, CAM {2t ke 4n
MR ™, 825K (Vibrio anguillarum) 1% Y
2140 (Red snapper) W55 SR b, BIK'E
RN 11 22 S 2 R R 44 W 35 4 1 440 MO 280 fF
A FaE g, [RRE, AT & B K IR
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Fig. 6 Dot plot of enriched GO pathway of selective genes

(a) the Yangtze River basin relative to the third group, (b) the South Asian basin relative to the third group.

x5 HEEETIR
Tab.5 Filter gene list
ik

description

D
gene ID

Cide001884RA
Cide002127RA
Cide002130RA

RS

abbreviation

ferls

low affinity immunoglobulin gamma Fc region receptor

GTPase IMAP family member 8-like gimap8

GTPase IMAP family member 7-like gimap7

Cide002149RA GTPase IMAP family member 8-like gimap8

Cide002150RA
Cide002151RA
Cide002154RA
Cide003438RA
Cide007973RA
Cide020016RA
Cide020445RA
Cide030887RA
Cide035525RA

GTPase IMAP family member 7-like

GTPase IMAP family member 8-like

GTPase IMAP family member 8-like

cAMP responsive element binding protein 3-like 1
upstream binding transcription factor

class II histocompatibility antigen

dynactin 2 (p50)

protogenin homolog b (Gallus gallus)

DNA/RNA non-specific endonuclease

gimap7
gimap8
gimap8
creb3il
ubtfl
H2-Aa
dctn2
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Cide002127 - - - TTCTCATTGT] ~TGAEAGAT ------ A acac Tl Beallcreafioa AAEA -
NPlgimap8 - - - TTCTCATTGT| TGAiAGAT \CATTCCTCA- - - - - - %A AGACAST ALASGALCTCAT]IGA AAiAGT— --
INgimap§ - - - TICTCATTGT| ‘T(‘.AiAGAT CATTCCTCA- - - - - - €E ACAGACAE TAASGAICTCATHIGAC 3T - -
VNgimap8 - - - TTCTCATTGT] TG/\HAGAT ATTCCTCA- - - - - - MA \GACTIETAE AIGACTCAT]GA( CAGT- - -
Tlgimap§ - - - TTCTCATTGT] TGAiAGAT ZgATTCCTCA ------ MA 2 AIGACTCATIAGA GT- - -
ZQlgimap$ - - - TTCTCATTGT] A ‘TGAHAGAT ATTCCTCA- - - - - - !A ASGALCTCATHIGA GT- - -
Yilgimap$ -~ TTCT(:ATTGTﬂ TGAHAGAT CATTCCTCA- - - - - - !A ACGAJICTCATIAGAG CAGT- - -
AXlgimap8 - - - TICTCATTGT| -TGAHAGAT {CATTCCTCA - - - - - MA AGAIICTCATHIGAG AAF -
WZgimap8 - - - TTCTCATTGT|{& TGASAGAT ACATTCCTCA- - - - - - EA ASGALCTCATLGAGEASAASAGT - - -
1 1
SR 2R E TR
splice acceptor variant stop gained
= -~
Lr:) 0.4 7 g
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\ 1
\ 4
02} - ~4-
G
O |
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y . Yod ’ L al¥
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: s i B2
B 7 gimap8 HEEXETHFSE
Fig. 7 Key variation point of gimap8 gene
IN MAEMIEGINLV LLGKI GAGKSASGNTI LGRKAFLTS VTQNMAVES GTVCGQQVTVYDTPGLF ) LGEK] AN AN) LQF.CQQERC EADRF TKTGREAVEKIE KLLGEKHLEKTLI LF TKGDELE 132
VN . - - [HoLyTlARS|jYLS- SPEP R- 29
YJ - -
. ;
P-loop NTPase &5 i3 5 J%& P-loop_NTPasesuperfamily
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VN DRETEQEELI PQM EI MEGQEVLKYSI I LETHGDHLDGETVKE |
YJ
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VN P EUNSRERDEVDOCGGREHVENNKDONNREOVNDEEORIDEM EQNRGGEYI DTPGFI HTHMNTEQLVTEI ARSVYLSSPGPHAF LI VFRADI TEQEELI PQM EI MFGQEVLKYSI I LF THGDHL DGE]
YJ IM EQNRGGEYI DTPGFI HTHWTEQLVTEI YLSSPGPHAFLI VFRADDRFTEQEELI PQM EI MFGQEVLKYSI I LF THGDHLDGE]
P-loop NTPase Z5 K% P-lo
IN
VN SGRFHI FNNEDQNNRKQVNDLLQKI DTM EQNG EERKKQEEI ERVI KEI EKGL
YJ NRKQVNDLLQKI DTM EC VRAEI EGPPRFLLEF EERKKQEEI ERVI KEI EK!
IN T MWRDEI EIQ RQEETERVI KETEEKI REELEGPP RFI SSHI LMGWREGRERQQLKEIE RVI KETGE RAVYGPHRFIL MQI YRTLIR EIK 660
VN [RAKLYPFPFSGRTI MARDEI EI ETERVI KETEEKI REELEGPPRF1 SSHI LMGWREGR KEI ERVI KETGERI RAVYGPHRFI LMQI YRTLI REI KEVRH EI ERVRKETEEKI 470
YJ YPFPFSGRTI MARDEI KETEEKI REE PP S R R R < RI R < ERVRKETEEKI 354
1 o e -
DF5410 # 5% DF5401 superfamily
IN ENKRRLEERARER 792
VN EEVRKLQEEKQRQEI ERVRKETEEKI RAEF EAERS ELERLKVEI QRENEVRKQLENKRRLEERARER] 602
YJ VRKLQEEKQRQEI ERVRKETEEKI RAEF EAERS ELERLKVEI QRENEVRKQLENKRRLEERARER] 486
___________________________ GE
IN 803
VN REKRRAEQNWNIR Y IR
YJ REKRRAEQNVNRAAS A

E8 3 MtxkihE GIMAPS EE ST E

B i IR 28 GTP/ME  SE A7 s SEERHE A P-loop NTPase super family 45 #J48; B 28 HE A DUF5401 super family 25 #4038, 7K (0 fH 52 A& 3

AR oL IX 32K s

ROALNEIREER —BUT5,

Fig. 8 Alignment of gimap8 protein sequences of three representative populations

The wavy line in the figure is the GTP/Mg”" binding site; the solid frame is the P-loop_NTPase super family domain; the dotted box is the DUF5401

super family domain; shaded gray is an area of amino acid-likeness; black shade is an amino acid consistent sequence.
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E9 EH=HLEHLEE
(a) EPEE (IN), (b) B (VN), (c) ULiL (YI); ZLER VN GRSy, 4623 R1G R GTP/M E AL, HEN o lBiE, BENpIHE.

Fig. 9 Comparison of three-dimensional protein structures

(a) the group of IN, (b) the group of VN, (c) the group of YJ; red is the missing part of VN, the red scaffold image is the GTP/Mg”" junction site, the

purple is the a-helix, and the blue is the B-sheet.

(Aeromonas hydrophila) J& % 75 4 (Mylopharyn-
godon piceus) Jii , NIE2E 53k B A0 BT
200 L 6 T 4 0 A TR S BT BRI
S A I R A 7R 3 A D IR R e A T AR
FEAH G RE R Y728 5, 3X 2B S 48 T et £ 3 AN
[ PR fiE

ABI ST BRI (B 1% 132 B8 X4, i
GO FHEKM, ZkBHEN W2 H R R
DIl I Vi SR VA N SRR 128 R e AW
G Rz, 5 R R R [R] AR
KMHEF ) KEGG & 45 R 1, —FH AR T
IR SR IE N o W], SEE I Fer AN
XP-CLR 3 [l 0 32 Ve X, 455 SNP IE R
G WM B RSS M E B KRBT gimap (GTPase
IMAP family) FEEH, HAH 4 MgERRN
gimap8 FE[Hl, X SEILIATE T 40 & & 1 40
Wedtl . B 240 & & RYME I L KSR T 40 F B
20 R B R AR Y, BT B S B T
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F1 R catsperb . ¥ B 40 MLA7 16 FIAE 515
P gimap8 . & 7T A A 5L A nrla2
N, Yafez SEPY 38 0 4 5L AT OCHR ST A T
TS A BT SO AR ZE G AR (salmon rickettsial syn-
drome, SBS) [ #FAA H 48 2 IR 15 gimap FEH -
ISR gimap8 XTHUHEHR A HEAER .
Sy rh R B gimap8 BAY 2 NS, HHIL
P BRVLH AR R R A B 43 PR NTP
ity 2% K4 4, (P-loop NTPase). 1% 4% ¥4 3a i1 il 7K fit
By WEERHE, NTP /KAy H HH REE T4 54
g2, FMERTESES. @
Ma/r%4 . DNA & il . RNA % 5% FBH 46 O
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WG, [z, TG ARTT DIRE A0 P
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loop &% kel ] BE 2 S B0/F £ 4 W3 B 10 57 B
T, N, ATP & BUEFSIL P-loop 45 #4)2k
A RETCIE AL ATP A A, WA AR /)
G & 1 it 2K P-loop 45 14 38 T BB T ¥k IE A 45 &
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Genetic diversity and adaptation mechanism of Ctenopharyngodon idella in
Asian by whole-genome resequencing
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Abstract: This study examines the genetic diversity and adaptive evolution of Ctenopharyngodon idella populations across
Asia, aiming to enhance our comprehension of the molecular evolution mechanisms and immune adaptations in C. idella. We
conducted whole-genome resequencing of C. idella populations from four Chinese provinces (Hunan, Chongqing, Tianjin,
Guangdong) and three Asian countries (Nepal, Vietnam, India). Employing population genetics methodologies,
we analysed population structure, performed principal component analysis, constructed phylogenetic trees, assessed genetic dif-
ferentiation, and conducted selective sweep analyses. The Wanzhou population displayed the highest genetic diversity,
whereas the Nepal population exhibited the lowest. Cluster analysis revealed significant genetic similarities among the five pop-
ulations in Vietnam and China. A total of 6 548 523 SNP sites were identified, predominantly in intergenic regions and
enriched in signaling pathways such as cell adhesion molecules, hematopoietic stem cells, and DNA recombination repair.
Selective sweep analysis highlighted genes enriched in pathways related to immune response regulation, cardiomyocyte regula-
tion, and sodium ion channel activity. Utilizing SNP annotation data, we identified gimap8 in Indian and Nepal populations,
crucial for T cells and B cells development. C. idella populations in Anxiang, Yuanjiang, and Wanzhou in China, are genetic-
ally diverse, while those in Nepal and India show significant differentitation from other populations. We preliminarily identi-
fied the potential adaptive genes gimap8. Concurrently, mutations in gimap8's base affected the gene's structure in three popula-
tions. This study lays a foundation for further exploration of the molecular evolution mechanism of C. idella in various
habitats, reflecting the molecular mechanisms by which C. idella populations adapt to different environmental stresses. The
results reveal the differences in the molecular mechanisms of adaptive immunity in different C. idella populations. These find-
ings not only deepen our understanding of C. idella's adaptive evolution in diverse environments but also provide a significant

theoretical basis for C. idella breeding and offer new insights.
Key words: Ctenophyngodon idella; whole-genome resequencing; genetic diversity; selective sweep
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