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Path analysis of the effects of morphological traits on body weight of
different genders of Diptychus maculatus in Muzhati River
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Abstract: Diptychus maculatus is a national second-class wild protected animal. Although artificial breeding
and stock enhancement have been achieved, bottleneck problems such as genetic homogeneity still exist.
Therefore, it is of great significance to conduct research on the relationships between the morphological traits
and body weight of D. maculatus for the stable inheritance of excellent traits. In this study, 102 female and
104 male fish from the Muzart River were taken as the research objects. The body weight, 12 traditional
morphological traits [total length (X7), body length (X;), body width (X3), body depth (X;), head length (X5),
snout length (X¢), eye diameter (X7), interorbital distance (X;s), caudal peduncle length (Xy), caudal peduncle
height (Xjo), mouth cleft width (Xi;), and mouth cleft height (X;,)], and 21 truss morphological traits [the
distance from the tip of snout to the end of the end of the back of the head (X14), the origin of the dorsal fin
(X23), the origin of the pectoral fin (X3;), the origin of the pelvic fin (X»4), the distance from the end of the
head dorsum to the origin of the dorsal fin (X)s), the origin of the pectoral fin (X3s), the origin of the pelvic
fin (X36), the distance from the origin of the dorsal fin to the end of the dorsal fin base (Xi¢), the origin of the
pectoral fin (X37), the origin of the pelvic fin (Xas), the origin of the anal fin (Xa9), the origin of the ventral
caudal fin (X3), the distance from the end of the dorsal fin base to the origin of the dorsal caudal fin (X)),
the origin of the pelvic fin (X3;), the origin of the anal fin (X3;), the origin of the ventral caudal fin (X33), the
distance from the origin of the dorsal caudal fin to the origin of the ventral caudal fin (X;s), the origin of the
anal fin (X34), the distance from the origin of the ventral caudal fin to the origin of the anal fin (X)), the
distance from the origin of the anal fin to the origin of the pelvic fin (X39), and the distance from the origin of
the pelvic fin to the origin of the pectoral fin (X;,)] were measured. The effects of morphological traits on
body weight were studied through correlation analysis, regression analysis, and path analysis. The results
showed that: (1) The morphological traits that show a significant positive correlation (P<0.05) with body
weight as well as their numbers are different in Diptychus maculatus of different genders and ages; (2) Linear
regression equations between morphological traits and body weight were established for male and female
populations of Diptychus maculatus. The total determination coefficients (R*) of these equations ranged from
0.946 to 0.993 for the female group and from 0.797 to 0.991 for the male group; (3) Path analysis showed
that Xy, X5, Xa9, and X>4 have the greatest direct effects on the body weight of female fish aged 1" to 47, with
path coefficients of 0.615, 0.444, 0.550, and 0.603, respectively. Meanwhile, X57, X3, X9, and X; have the
greatest direct effects on the body weight of male fish aged 17 to 4", with path coefficients of 0.439, 0.545,
0.439, and 0.640, respectively. This study enriches the relevant morphological data of D. maculatus and
provides a basic theoretical basis for later breeding work.

Key words: the Muzhati River; Dipthchus maculatus; morphological traits; correlational analysis; regression
analysis; path analysis
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A 55K DL S5 R A (] i 5t % 25 57, B tE
xlSVEL T o B4 SNPs, M KE R 2K P34l T
U6 (Chelydra serpentina)FFFHAFIR )L Z 4
PEACTE FIRE A 5L 451 .

FEF I, AW LLETRII(TH) . | RIS ZE
(QY)FILIF 47 IN (Y Z) = AN [ Hb X 1) 5 P 7 58
TR AT X%, FIH WGS HAR I ALK 41
SNP #rid, A T = AFIEAHA N L ZHEH
WALRRAE, DUBATEAL A ) M DX 5 6 ) 57 58 A4 11
B Z AT, R BEMR R e 22 5%, JF2
PSR Yt B Az B B, B AN
W 0] P 35 7 SR s R S A B it 4 (R R 2 AR B

1 RS

1.1 EBEAR

1.1.1 MFEHEARRERIE ML R 7=
FEY(TH, 29 ). Lo M ah R Fi%(YZ, 30
B ZRIF I K ol A (QY, 30 )R 89
RS A BB SRR A, RAF T IOK S Erh, BEJS
KEFH BEKHITIFEM DNA $EEC, Bk, &
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53510 97.91%F1 93.35%., AR FFIH AT,
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Sequencing data and their quality statistics

Ui H item

Tab. 1

ik description

i F &1 5 /bp base number 1371007895400

fi % 7 ¥t 13245 /bp pair-end reads number 4570026318

FEASSE- 2490 )7 & /bp average base number 15404583094

TR B {E /% Q20 97.91

T 5 5 (/% Q30 93.35

A B3 1 H/% proportion of A 31.15

A B3 5 /% proportion of T 30.81

G % 5 H/% proportion of G 19.07

C B3 7 LE/% proportion of C 18.97

He Xt - (915244 /bp mapped reads 9096264149

S HE X 2 /% average map rate 99.51

V- Y7 w5 TR JEE /bp KM 15.10%, JEH
average cover depth 7.48~26.08x%

-85 58 D) 4 2 5 TR BE /bp HI{E 14.48x, i [

average genome depth 6.82~25.4x

1E 3 B EARER Y 89 BAMAH, Bt e
th 23156699 1~ SNPs, i fE 24 Z gLtk B (& 1),
Wk 2, WERALGA G RE, A 10513077
A~ SNPs (39.37%) T & F X, i 12607954
A~ SNPs (47.21%) o7 FFE HI ] X 88k, JEA L3 fn
WX I A 1342357 (5.03%)F1 1324570 (4.96%)
A~ SNPs, 7F 3'AK vk B X (3'UTR) . 5" K ¥k
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B PE X B (5'UTR) F1 B Y A5 5 X 38 43 0l &2 3 T
162837 (0.61%) . 38532 (0.14%)F1 2505 (0.01%)1™
SNPs, {{ 713214 > SNPs (2.67%); T-4M @ - [X 3%,
[7] SCHRAC AN [R] SCHUAR 43591 i SNPs L2501 1.28%
(341226)F1 1.31% (349760), SNP 745 524 7 ) % 4
h A, e SIS SNPs LR 2k 1.65,
22 BEESHUEDINER

£ TH. QY Al YZ 3 A FBME A 372 5 BE R Y 35

fEZREME MR, TH BHARSS A AR RO S %, N
3527925 4~ QY Ml YZ BERMRIA 121104 F1
100064 A AR A7 05 o M B AE
Y. 2GR A EPIC) ., K5 5 KA R
(MAF) R R Z FEE () 536 b K 6, QY BER R
PR AL 2 REPE, TH REIR 193815 ZREvE
BALTF QY M YZ AR 3) i — T £ B, YZ
AR 9 7 B 000 2 5 JiE (H,=0.210) /& T°F- 24
ZRAFE(H.=0.205), £ YZ BRI 8L ZREVEAR
FRE I o Y Z B A 2 7 35 DR BSORN A5 250 45 7 35 TR 8
4 1.653 F1 1.330, QY FERSN5IH 1.684 F1 1.334,
TH BRSS9 1.460 F11.205, 254 BLRITEREAR
() AR 3 R 345), TH BER A 0S50 3k AR+
Al A A
23 RGXR5HEEM MU

M4 5L F 4] SNP $dafhiitiy TH. QY M
YZ = ARERFEE R R B 0.192, 0.063
F1-0.028, Horb TH FEARRYIEAC R EUR =, #HARIL
SRR T T3 NP TEAR (R 3). IBS Jt& R 41
Brigss, 3 RRMEEBE S 0.1876~0.2199
(& 4), Hrp QY Ml YZ BEARM) S AL 1 B8 feilr, BB
B R AR g R 2 FraR . Fo rbr iR, QY
FEIRR YZ B Z () 03845 A0 AR B IR (0<Fy<
0.05), 4H4kF8%h 0.0403; TH #HAS QY Ml YZ
A 2 B] (19 38 4% 0 AR BE A R0 (Fo>0.25), Jrfkds

®2 ERXEMERLYSH SNPs 2
Tab.2 The number of SNPs by region and type

A type Him count  H 43 Hb/% percent 275 mutation ¥ count  H 43 HE/% percent

M F intron 1051307 39.37

FEHE] X3, intergenetic 12607954 4721

FEH XK upstream 1342357 5.03

LA T X downstream 1324570 4.96

By Iz A5 splice site 2505 0.01

3 A NGAERIIR X B 3 UTR 162837 0.61

SR uAE B XL 5' UTR 38532 0.14

AN EF exon 713214 2.67 IR S 3R44 startgain 1737 0.01
IR ST ER startloss 410 0.00
[F] L4 5848 synonymous SNV 341226 1.28
B[R] L AS R4S non-synonymous SNV 349760 1.31
2 LS TRk 7% stopgain 14388 0.05

LT £ stoploss 743 0.03
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Tab. 3 Statistics on genetic diversity indexes of three
cultured Culter alburnus populations

K] TH 75z QY #M YZ

%11 statistics

A 7R T 3527925 121104 100064
specific variant loci

LA 5 5515231 8200617 7822498
polymorphic loci

LS B 53 /% 46.00 68.40 65.25
percentage of polymorphic loci

ZHHEEHE PIC 0.102 0.166  0.163
WA B JF % MAF 0.090 0.146  0.144
BHmReEN © 0.125 0.204 0.200
WM A5 B H, 0.121 0.202 0.210
WM GRE H. 0.149 0.215 0.205
HFALHEHE N, 1.460 1.684 1.653
BRENMFEFE N, 1.205 1.334 1330
IEAZFREL F 0.192 0.063  —0.028

Bk 0.4376 Fi 0.4465 (F 4), oAb, TH B
5 QY Ml YZ BHIAZ B3 Ny RN (Nm<1),
351 0.3213 F10.3099, 1 QY HI YZ BEAASL A
LA E (N> 1) (FR 4) 0 K TE, TH BRI L=
B DR A i A AR [R) A2 AE W 0 iRt A% o ik .
IKIE) 23 T48 % AMOVA Z0Hr B, 75.19%L) i
BALAS SOk H BRI (3 5), R BIRER B8 1 i 1%
SERARE N — 3K, B B T BEAE A [ PR BE B B R
NPT G ES

®4 EEABKEEEESABS). BESL
B FHMER R (V)5 it
Tab. 4 Statistics of genetic distance (IBS), genetic

differentiation index (F,) and gene flow (/V,) between any
two of the three cultured Culter alburnus populations

HEA 1 HEAA 2 e et EEED
population 1 population 2 IBS B Fy N
Kl TH HIit QY 0.2199 0.4376 0.3213
M Yz THit QY 0.1876 0.0403 5.9586
K TH M Yz 0.2189 0.4465 0.3099

2.4 BAEMEEHATEIM

XF TH. QY 1 YZ BEARSEAT AL 2544 73 HT o
PCA srHra R R, REE MM BAAEAS Bk BB 43
Hoh 3SR, Hih, TH BRI R B3 3 4,
5 HABPI RT3 B (K 32). QY Al YZ HEK

WA R, (Mo BEAAR S5 K ARUSR 2Efb AR (ML
tree)E— 2L IS UE T HERIA AR L R, 3 RS
H R 75 3 (K] 3b), BEIARZE R RIS,
VE MRS K=1~4, 454 PCA FIML ®2k
SHORE, W K=3 AR ARSCE  TH BEAR B
I — MR RS, QY A YZ BEARTE L
ARz B A RHA RS (8] 3c). MRPET
D3 A RN T LUE e, QY Ml YZ H#E(R
P H 7 A RIORE AR /N B AR A e s ol — S (1#
3d). LD 437 iR, TH BEA R 4 SRR B 48, 3 4>
B 13 DA VA R O DB 2 25 K, QY i
R HE TH A YZ BEAATE . 1E 0~500 kb
() SNP {57 s W B IXC 1] PN, TH REAAS f8 328 S AS - 185 22
B = T QY M YZ BEARA 4).
25 EEUERSMMBEEERTRE

G54 Fy MURNFEREIARNR) o FOE, Klsm (5
T, BT 5% Fo o LU B 4% 2.5% 5 HAE N
WREM PRI, JEXALR M E S % DT &
I, LAk BAR B (K Sa. & Sb), L QY Al
YZ BERVE NS B, DIILFR B = 1 TH R
Ve BARBE A% 5, 78 QY 5 TH BHAR L
o, FR RIS XS E T 572 Mk
HEM, 7E Chr 3. Chr 7 #1 Chr 17 EHHEIHE 21
PEPEVE X IR Sc); T YZ 5 TH BEARH H g i 2%
EF T 602 Mk FEPERL, 7E Chr 3, Chr 5 1 Chr 7
A ZRBEEIX A 5d). R
X 35k P 5 S i JE AT GO M KEGG i 48 &
G3HT A4 /INEE R R B . QY I TH B LU A Y
EHEMENANEREEY A RS RE(GO:
0006695) . H = F 53 A G L 72 (GO: 0019433)
FLEE ORI (GO: 0042627) . 41 il 5 I 8% ki (GO:
0010494) . Y+ {7 Jfi DNA 454 (GO: 0031490) , fH[#]
B iz R TG R (GO: 00171274 4 H B ¥ w
(P<0.05) (& 6a). KEGG & £ HT i 7% 1 B i 1
HEHBEFEN T HER . LRI Z R
B4R (map00260) . MAPK {553 % (map04010) .
BENREENLEE (5 5 R 45 (map04070) . AEIHER &
A% (map00061) ., Z R — R iRt (map00630) .
JE 7 24 L PR 15 -5 3 42 (map04920) 35 [ I8 Fl FiE 12
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AR G0 1% (P<0.05) (K 6b). 111 YZ F1 TH BEfR H il =R A A G #2(GO: 0019433) , IH & A
P B PR E R AR GO B Eh B EHER T Y& L B (GO: 0006695) . FLEE ki (GO:

mﬂﬂﬂ%%%

Bk

group
WHZEQY
WRHITH
mEHHYZ

K2 3 ASBESATRIEIE IR 89 REAEAS A/ A a] igt 4 1 2] (IBS)RE 4

Fig. 2 IBS distance matrix for 89 sampled individuals from three cultured Culter alburnus groups

x5 BEESFTERSITAMOVA)
Tab. 5 Analysis of molecular variation among populations (AMOVA)

7R S R U H SFET5 M B ARSI %
source of variation degree of freedom sum of squares variance components percentage of variation
BEAATE] among population 2 1127099.33 9371.72 2481
FEIA PN within population 176 4814326.47 28401.91 75.19

it total 179 5941425.80 37773.64 -




55 4 3]

AT AE: BT SNP ARICHY 3 /R0 i SR 8 TR A 8 A% 2 AP RLEE 5 i 047

469

°
:
. 02F ®
S ]
= i
<
= 01
O 25 groups
2 - HIEQY
B 0feee e« KWTH
o ' vz
= l
-0.1
il
1]
& -02 | | ) . . !
-0.15 -0.10 -005 0 005
#—ERSM41.38%) PC1 (41.38%)
C

AR /Nx10%

effective population size (x10%)

- 20
groups

BMYZ

[=N
o o
S O

£ 5)] groups
m HEQY
= HMYZ
m KHITH

N W A A
S O O © O O

—_
(=]

(=]

10 10° 106

4E45y years

K3 3 A B SA TR AR S5 R R G2 R B 0 H
a. EMPIIHT b EORBISARS; . FEAS RN, d. [ PSMC SRR A HUR AR /N
Fig. 3 Population structure and phylogenetic analysis of Culter alburnus from three cultured groups
a. Principal component analysis; b. Maximum likelihood tree; c. Population structure clustering diagram;
d. Demographic histories constructed using the PSMC model.

LDZEH
. lor LD decay .
5 — {HEQY
2 03 — BMYZ
o — X#TH
R g 0.6 o i
& B -
B
K5 04l
55
# 5
En 02
0 100 200 300 400 500
EYRFARERS /Kb
linkage disequilibrium distance
K4 MEER 3 S FRTE R 4 5L
2 1 B ANF- 15 (L D) Y %L D6k
Fig. 4 Decay of linkage disequilibrium (LD) in three

cultured populations of Culter alburnus

0042627) . =% B NG FURL(GO: 0034364), 4t
{4l DNA 454 (GO: 0031490) . FRME#E R BT 1

(GO: 0003993) (P<0.05) (&l 6¢)%: % H . KEGG &
AR AT s 5K S k3 B DR ZE Wi R LRSS 5 R 4
(map04070) . 5 % {5 5 1 % (map04910) . &
i 115 5 18 B (map04920) . g 15 82 £E 15 1%
(map00061), FoxO {5 i4&4%(map04068) . Hedgehog
{5 7 1 % (map04340) 55 BE AL A i B2 AR ik A2 v
B3 4(P<0.05) (& 6d).
3 itig
31 ET SNP WFEHFEESHEITHEER
Lt a

TR 2 5 ME (SNP) J& 3 R 4 v i DL 1
WG AR AL, DB % B A Flist AL AR e
PE, BEUS A B A AR P9 0 A s A% A8 R, AR
N AT RE A AL R AE ) i T LB AR g A
I SNP #ric, *F TH. QY fl YZ 3 A~58Ms 1 7725



470 R R A %32 %

TR AL ZRE0E . B A (L RE R S iR Bl te 4802 B35 SNP drid st & s Wi n, 3 AM354
ﬁTg:.%“’“‘ﬁu TEMR A A% 2 AR P O i 1, JCHOR THRER,
LG B R AT R AR AL SRR E B WSS AR T I B S (H<H.), RUIFFIES:

1o — —0.31<log2 0z ratio<2,04

— —0.29<log2 fr ratio<2.0 S
— log2 Onratio<~0.29]
— log2 On ratio=>2.06 |

cumulative

1

08 ¢ — log2 Orratio<-031 | 0.
1062 N %‘ — log2 Or ratio=2.04 | 0
K — Cumulative |

{04 5

Jo2 cumulative

00.2 04 0.6 0.8 1.0
T

cumulative

cumulative
00204 0608 1.0
T T T T

fra
-
W
S
S
T

.. . . — F,>0.605
0.8 - . * 4 — Fy<0.605
‘ — Cumulative

— F¢>0.613
— Fy<0.613
— Cumulative

| o 23H g whole genome K
[® X selected region (YZ) g
. ﬁﬁlz selected reglon (TH) |

H |

0.1 |o 2%H4H whole genomo . ' A .

® ZEFEIX selected region QY™ Foe -

0 ° ﬁﬁz selected regmn (TH) | ) . i | | | . .
-6 -4 2 0 2 4 60 500 10001500 —6 —4 -2 0 2 4 60 500 10001500

log2 Oz HUAE. (T T/ AH) R log2 OxLUAE (M AHA) PjjiE o
log2 6x ratio (QY/TH) frequency log2 6x ratio (YZ/TH) frequency

O'IIIIIII-IIllllllll’llll|||| 0—|||I|‘|||'||||||||||||||:||..

Chrl 2 3 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 Chrl 2 3 4 56 7 8 910111213 141516 17 18 1920 21 22 23 24
Yufa Kk chromosomes Yufa Ak chromosomes

N
(%]
T
(3]
W
T

(]
(=]
T
(3]
(=]
T

—
o
T

=QY)/n(TH)
=

(Y Z)/m(TH)

Chrl 2 3 456 7 8 9101112131415161718 192021 2223 24 Chrl 2 3 456 7 8 910111213141516 17 18 192021 22 23 24

Yufafk chromosomes Yufafk chromosomes

Bl 5 M AT B R AR A BT
a. QY vs TH BERRY L b BA #REHeMEAS S A SE P 4L K38 b. YZ vs TH BEIRIY oAb B SRR £S5 S 1 L 4 K3 . QY
vs TH 55 YL 0k SNP IR 871 Fo Ml m (2 M RIEL d. YZ vs TH 4G4 (81K SNP (0353734 Fo Fl o (H 2055 Loga(0r)
FOARL G A28 /K R Fo (B2 A5 7E 100 kb AYE HH L 10 kb (25 KA.

Fig. 5 Analysis of selection characteristics of Culter alburnus
a. Genomic regions with strong selective signals in QY vs TH populations; b. Genomic regions with strong selective signals in YZ vs
TH populations; c. Manhattan plot of moving average F and z values for SNPs across each chromosome in QY vs TH populations; d.
Manhattan plot of moving average Fy and 7 values for SNPs across each chromosome in YZ vs TH populations; Distribution of
log»(Or) and F values calculated in 100 kb windows with 10 kb increments between QY/TH populations.

[T}
(=R V]

B RREHEE L E T/ RH)
B RS BN /RH)




%5 4 W1 BAETNAE: LT SNP ARICHY 3 AR A T S8 FF VR (19 188 1 2R P A0 e P AR 10E 23 471

a B4 HYi1 statistics of term enrichment

AR B 2 1 R B 2

very-low-density lipoprotein particle remodeling
Hh=EE e R

triglyceride catabolic process

L-x BI(§/NF-x Bf5 5% FH1E [1 4%

positive regulation of I-kappa B kinase/NF-kappa B signaling
JIEL e ) O AR

cholesterol biosynthetic process

liik=gsz) Ve IR A R we

angioblast cell migration from lateral mesoderm to midline

T BE MR 2R kL

high-density lipoprotein particle
240 0 B UL

cytoplasmic stress granule
FLBEORE

chylomicron

SR

cell projection

MLBAARE

blood microparticle

BB ATP B M
phospholipid-translocating ATPase activity
JUUBRER [ S e A

myosin light chain kinase activity
PGS

chromatin DNA binding

B R4 B 2 I

cholesterol transporter activity

e [ R

cholesterol binding

c
R AR BE e 1 SR L 28
very-low-density lipoprotein particle remodeling
Hh=Eeor el
triglyceride catabolic process
I-k BIH/NF-«x Bf5 5% 5/ 1IE 145
positive regulation of I-kappa B kinase/NF-kappa B signaling
DIFBS KA
heart morphogenesis
JIEL [ A W B AR

cholesterol biosynthetic process

4O BARAE

plasma membrane raft

T BEAR 2R L URL
high-density lipoprotein particle
20 0 B L SR

cytoplasmic stress granule
FLBETORL

chylomicron

MBAAL

blood microparticle
BEAEHEIE ATP BEE M
phospholipid-translocating ATPase activity
PEETEE

kinase activity

Py

chromatin DNA binding

ARt S e = Py e
cholesterol transporter activity
FRPERE PR TS 1

acid phosphatase activity

&
_. -g
‘B
L ol
£ | KIE/EPIE
L . adjusted P
! . ! . 0.3
I - 0.2
|
Q
i 8 0.1
g
i g TR
IPS 2 gene number
g -3
L ® 4
s s L " [ ) 5
| . ® 6
5| @7
L . B
L [ ] !3
B
L . 2
g
4 8 12 16
B HF enrich factor
BELHSIT statistics of term enrichment
- o
I . |8
o
&,
'@ 3
B
@ 5 | KIERPHE
< | adjusted P
- o
1 1 L I 0.6
L . 0.4
5 02
- [ ] g
£
! . e
& | gene number
- o E )
3| e3
i ¢ ®4
1 1 1 1 . 5
| N3
L o
g @7
L ° E
L [ J "
=]
I o 2
)
g
L o
1 1 1 1
50 75 100 125
‘B R F enrich factor

(f¥%E to be continued)



472 K R

%324

b MAPK{5 518 % MAPK signaling pathway
Wntf5-518 % Wnt signaling pathway
'S 2E % HE tight junction
FoxOf5538 I FoxO signaling pathway
BEIEmELEE(Z 5 & 4t phosphatidylinositol signaling system
B £ {5581 insulin signaling pathway
RNA [%§# RNA degradation
H -31%) autophagy-animal
I 15 40 i Rl {5 5\ 8% adipocytokine signaling pathway
F BRI oxidative phosphorylation
L4 cardiac muscle contraction
GnRH{Z 51 # GnRH signaling pathway
CRIBEE R A5 578 B, C-type lectin receptor signaling pathway
HER . 8B MIERICHE glycine, serine and threonine metabolism
BRI —3RERICIA glyoxylate and dicarboxylate metabolism
Hedgehog{5 51 M Hedgehog signaling pathway
BEER A= 414 1R, fatty acid biosynthesis
PEHIE 5P HSNAREM B AEFH SNARE interactions in vesicular transport
FEHBHA proteasome
H-BR—HBR & one carbon pool by folate

d MAPK{5 5% MAPK signaling pathway

B & {558 ¥ insulin signaling pathway

BEARBLILEE(S 5 224t phosphatidylinositol signaling system

Wnt {55538 % Wnt signaling pathway

FoxOf5518 % FoxO signaling pathway

H -3h1%) autophagy-animal

Apelinf55@ % Apelin signaling pathway

& 5 40 M2 Rl F-{5 -5 % adipocytokine signaling pathway
Hedgehog{5 51 4 Hedgehog signaling pathway

P EEEEA I retinol metabolism

RNAR%f# RNA degradation

BEFR LEE4C 5 inositol phosphate metabolism

VEGF{553@ % VEGF signaling pathway

Him (it glycerolipid metabolism

BRTER A YA A fatty acid biosynthesis

ZEERR TN —3RERICIA glyoxylate and dicarboxylate metabolism
P M SNAREAH H /E ] SNARE interactions in vesicular transport
R IEARNAA Y& i, aminoacyl-tRNA biosynthesis

HEm . 2Z BRI E B glycine, serine and threonine metabolism
- —HREE one carbon pool by folate

(i 6 Fig. 6 continued)

KEGGiE # KEGG_pathway

1
0.03 0.06 0.09
FH ELH gene ratio
KEGG;# # KEGG_pathway

1 1 1

0.025

0.050 0.075
FHH H# gene ratio

K6 WPFEMEEE L GO FHE Tl KEGG itk

¥ & count

®5

® 10

. 15

. 20
KIE G PIE
adjusted P

0.4
0.6
0.8

¥& count
o5
® 10
Qs
KIEJSPHE
adjusted P
0.2
0.4
0.6

a. MWIET Fo Ml 0 Jrik BN QY vs TH FHR ML I HEAT GO B 4E4MHT; b X T Fo Fl Or J5 i E A QY vs TH RFA Mk
FHHAT KEGG AR AHT; ¢ MIET Fo Ml 0n FEESN YZ vs TH BERREEE R 1T GO WHET; d. MEETF Fo Ml 0r 7k
AN YZ vs TH BER MRS IR 51T KEGG i& 4273 #r.

Fig. 6 GO enrichment analysis and KEGG pathway classifications of candidate genes
a. GO classification analysis of QY vs TH populations candidate genes overlapped by Fy and 6z methods; b. KEGG pathway analysis
of QY vs TH populations candidate genes overlapped by F and Oz methods; c. GO classification analysis of YZ vs TH populations
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Analysis of genetic diversity and selection characteristics based on
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Abstract: Topmouth culter (Culter alburnus) is a large Cyprinidae fish, which occupies the top of the food chain in
freshwater ecosystems and has a crucial contribution to the stability of aquatic ecosystems. Due to human
activities, this species is facing the challenges of reduced natural resources and decreased genetic diversity within
its population. Genetic diversity has direct impacts on growth, survival, and reproductive capabilities of fish.
However, current genetic research on the cultured populations of C. alburnus is still insufficient. The importance
of genetic resource conservation has not yet been fully recognized. In this study, whole genome resequencing
(WGS) was used to conduct a comprehensive analysis of three cultured populations of C. alburnus from Taihu
(TH), Qingyuan (QY), and Yangzhou (YZ) regions in order to evaluate the population genetic diversity level in
these three regions, explore their genetic characteristics, and investigate the genetic differences among them. A
total of 23156699 SNPs were identified, and SNP variants were mainly located in intergenic (47.21%) and intron
(39.37%) regions. SNP markers in all three populations showed low polymorphism (PIC value <0.25). The TH
population (0.1923) had the highest inbreeding coefficient, indicating a much higher degree of inbreeding than the
QY (0.0631) and YZ (-0.0280) populations. Population structure analysis revealed that each of the three
populations clustered into a branch; the TH population was separated into a distinct cluster derived from the
common ancestor, whereas the QY and YZ populations may have been genetically influenced by multiple ancestral
populations. The LD decay plot demonstrated that the TH population had the largest decay distance and slowest
decay rate, whereas the YZ population showed a lower degree of linkage disequilibrium. Both genetic differentiation
index (Fy) and gene flow (V) indicated that there was a certain degree of genetic differentiation among the three
populations, and that the TH population was significantly differentiated from the other populations. Through
selective scanning analysis based on nucleotide diversity () and fixation index of population genetic differentiation
(Fy), with the QY and YZ populations as reference groups, a total of 572 and 602 selective genes were identified
in the TH population, respectively. These genes are involved in biological processes such as energy metabolism,
oxidative stress response, and inflammatory response. Selective signal detection results indicated that the most
selected regions were located on chromosomes 3 and 7. Furthermore, the YZ population exhibited relatively high
genetic diversity and showed a lower degree of domestication, whereas the TH population displayed the lowest
genetic diversity and was strongly influenced by artificial selection. Our research provides basic data support for
genetic studies and germplasm conservation management of C. alburnus cultured populations. This not only
provides a reference for developing breeding selection strategies but also can help to formulate effective genetic
resource conservation and culture management strategies.
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