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Fig. 1 Sampling sites of O. elongatus in the middle reaches of the
Yangtze River
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Tab. 1 Primer information used in the present study

BRI E
BERH O 5lWAK Gkl Annealed
Gene Primer Primer sequence (5'—3')  temperature
<)
Cytb L14724 GACTTGAAA 58
AACCACCGTTG
H15915 CTCCGATCTCCGGATTA
CAAGAC
ND2  AFND2L  AAGCTYTYGGGCCCATA 58
CC
AFND2R  TCCYGCTTAGGGCTTTG
AAGG
myh6  myh6_F459 CATMTTYTCCATCTCAG 53
ATAATGC
myh6_R1325 ATTCTCACCACCATCCA
GTTGAA
RAG2 RAG2-f2a  AARCGCTCMTGTCCMA 55
CTGG
RAG2-R6a TGRTCCARGCAGAAGTA
CTTG
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{55 F DnaSP 5. 104K 4 v 55 A< V1 A Ji fi 7 A 1)
AL RE(H) . 2506 5E0(S) B ZHEMEHY)
Mz R 2 R ffi FPopart 1784 iy o
#2172 (Median-joining) F) 8 K VT A Jie 6 B 4 (1) 58 4%
R B, fd F jModeltest 2. 1. 78044 L UL 15 45
SEN (BIC) U5 H 8 B A% 280 1Y) e PR AZ Rt A0 A



1738 Kk E M

Eird 48 %

U R F MrBayes 3.2.7% 4 #4) K VI r i e 7
TR AT BIR Gk BT, 4h2531% 1] GenBank
B e A T I AE BR VL2 PRV BCR 4R 1 i (Elopi-
chthys bambusa), i& % 5 /R < K 4 (Markov chain
Monte Carlo, MCMC)1000 /34X, & 22 A 25% £ 4,
BIZR 4t & & W 1) 7] A A6 F1 3 AL A8 H FigTree v 1.44
AT AT

15 H Arlequin 3.0%% 44 % i B AR 1347 3 1 7 %
AZ 5t 43 AT (AMOVA) I oF 5 6 18 4% 43 14 48 2
(Fsr)"™ o 14 Fi DnaSP 5.10%K {5 % 6 FF U 1047 4
Be 43 AT, FHAF FH Arlequin 3. 05504 %o i A A4 iR AT A v
K% (Tajima’s D £ 40 M1 Fu’s Fy ko o)k ka4 4V
i TR R ) S R T R A AR Tk g
U SRR AN BEAE e Fh B4 ok AL, T m] DAF A X
t =2urtH H PRI REUN ] . X, <A Ta,
RI4™5k i 18] 22 %%, 7T/ ArelequinfX 411 B AS 3, £
5K J5 28 P i HAREL, wfCR AR %7 21 AR
SR WARYE A Ru=2uk i T HAF 2, b, W AEAS
TRl ke 1) 7 S el 6, I R R ) 3 T 28 Hh Cyt bR A
A3 S R A S AR, K BT 7 30K (bp) ™
BT AT O A ST ) 249 S 3%, AT S Hp AR I (]
SBAEAAR, 3K [H] T=px AR R )

R AR A AN P VL AR i R T AR 1A) gt
& 7 7, 1£ GenBank (45 FEHh Nk |52 RAE 21
L i 4 R R 7 91, BIEREEEZSHEY
TP, AN SR & IF, 3 STRUCTURE v2.3.4
AT REAAR I B R R SR RGOl e R
KU\I?W TEIR G BIRUAIA S SE R A 2, KA

BAT15IR, 1247 Z%09(250000 iterations with 50000

burn-in perlods)[ . B A% KA 3 1 7E Structure Har-
vester 21715 H ILnP(K) FIAKAE KA (P {Ehttp://

taylor0.biology.ucla.edu/structureHarvester/3k B! .

{ FHBEAST v2.7.0% {4 Al 5 7 o Jif A0 75 VL
o T Y B AR 1) 1) A A I T TR A R0
AT B, MR FH T4 1 4 T B, 2T Yules:
G AT, e A% T TR HE AL B 8 5 ] jModeltest 2.1.7
B DA L 73 B I (BICHE 2™, BeA PR
B Cyt bR RS RS . 1% 2 8
181 5 Cyt bF: R 3 4% %2 1) — /\Maﬁgzm R
& 5 H R K, PF 34 38 15 1 25 (0.7%) M Cyt b3 [X]
(1.1%)170.633 1%, Al b 3 A 225 (R 1 A s R 20
0.633%", E&m%ﬁi%(MCMC)&Elogﬁ )
50%% W E 5 . 12 B 45 W )5 fi F TreeAnnotator
VLS R S — B, HF7EFigTree v 1.44%11F
Hh R R A A B ] R B

2 #£R

2.1 FHIERFEMBERRGLE N
TE P A A3 LR i, W93 7Y i M6 25 91, e 4%
A3 Cyt bF:[FFF 511895 bp.  ND23E [K ¥ 511935 bp-
myh63£[K 751763 bp. RAG2E:[K 7511857 bp, £k
IRER A FE K 51 (Cyt b+ND2) 4= K 1830 bp, 1Z BE&
B KT 3 (myh6+RAG2) 451620 bp. 1% 5 Kl ¥ 5
FEH LT 1 (T=24.1% C=25.3% A=26.4%-
G=24.2%), T £ ¥ A J& D5 W) £ 7 [ra) Bl 5 AL ) s 55

(T=25.7%- C=23.2%. A=30.6%. G=20.4).
395k LR BRI G BE TN 7 A1 AL T H A 10448 7 r
= ﬁ%tﬂ%if—‘fi B G FE R 1A
B AL, B 20 A B (GR 2). IR R 2L T 20K

2 KIIPER AR ERFTINE
Tab. 2 Variation loci of haplotype sequence from O. elongatus
population in the middle reaches of the Yangtze River

Fe 51 Cytb ND2
Sequence 122 203 323 400 281 317 364 372 741 877

Hapl T A A G G T C G G G
Hap2 C G T A C

Hap3 A
Hap4 C T A

Hap5 C T A T A
Hap6 C T A A

Hap7 A

il RAG2 myh6

Sequence 30 277 353 398 523 669 24 186 228 507 606
Hpl C€C G T C C€C C C G C G C

Hap2 A A A
Hap3 A T

Hap4 A G

Hap5 A A A T
Hap6 A A
Hap7 A A
Hap8 T

Hap9 T C T

Hap10 A

Hapll T A A
Hapl12 A A A A T
Hap13 A G T
Hap14 C A
Hapl5 A G A
Hap16 A A T
Hap17 C

Hap18 A T

Hap19 A T
Hap20 A A A
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Fig. 2 Haplotypes relationship of O. elongatus from the middle reaches of the Yangtze River based on mitochondrial gene sequences and

nuclear gene sequences

AL BT Ok A (K] P 51ROV il M BLAR G0 B W A2, BT AL K Fr 510 R i UL e BLR 8 K B B1. S T 2o Ak
PR e 0 A 2 A% TR X % R, A [ P AR — i B 2, ) BT ) DR/ 5 R TR O 5 B O I B 815 B2, 6 T A% 22 P P A HY S

AL TR ) 2% [

Al. Bayesian inference phylogenetic tree of haplotypes of O. elongatus from the middle reaches of the Yangtze River based on mitochon-

drial gene sequences; A2. Bayesian inference phylogenetic tree of haplotypes of O. elongatus from the middle reaches of the Yangtze River

based on nuclear gene sequences; B1. The haplotype network map of O. elongatus based on mitochondrial gene sequence, Each circle repre-

sents a haplotype, and its size is proportional to its total frequency; B2. The haplotype network map of O. elongatus based on nuclear gene

sequence
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R SR bl HoAA RO R R/ B Gy A DNA
AN, TERHBRLN, . AR AR FIME R T, Ho A A4
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Tab.3 The genetic diversity of 4 O. elongatus populations from the middle reaches of the Yangtze River

S PEIA 751 AR EZ AL LN e 253 AL E25aE3
Gene Population Number of Number of Number of Haplotype Nucl@otl((i]e
sequence haplotype polymorphic site diversity diversity (%)
A HE A BT R 14 5 7 0.670+0.126 0.126+0.026
Mitochondrial gene R R 1 4 6 0.709:£0.099 0.15520.021
it 7 2 5 0.476+0.171 0.130+0.047
KIT A2 B 7 3 7 0.714+0.127 0.187+0.032
Bk 39 7 10 0.638+0.063 0.141+0.013
ZER DT T 14 12 9 0.967+0.044 0.145+0.017
Nuclear gene R I BE 1 9 10 0.945+0.066 0.184:£0.030
i ith ] 7 6 6 0.952+0.096 0.147+0.032
KT A2 B 7 4 0.810+0.130 0.071+0.016
Lo 39 20 11 0.938+0.021 0.143+0.013

F4 BETEREMZERRNERENS THESRMMN

Tab.4 Analysis of molecular variance (AMOVA) for 4 O. elongatus populations based on mitochondrial and nuclear gene sequence

g R Aoy AR
(%e Sour%jgfﬂfa{)rj?:ation H E‘;j’% Sum of Variance Percentage of Fgr Fgr- P
square component variation

B FEA T 8] Among group 3 2435  —0.05479 Va -4.30 —0.04297  0.65885
Mitochondrial gene gy gy 35 46539 1.32968 Vb 104.30

Among population within group

A3t Total 38 48.974 1.27490
HEE #4418l Among group 3 3285  —0.00738 Va —0.64 —0.00637  0.49658
Nuclear gene BRI 35 40766 1.16475 Vb 100.64

Among population within group

Kt Total 38 44.051 1.15737
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Tab. 5 Pairwise Fgy values (below diagonal) and corrected P-
values (above diagonal) among O. elongatus populations based on
mitochondrial gene sequence

DU FEiipEs] R KITARE

DU T 0.51367  0.82227  0.23047
FEEEW  -0.02471 0.62891 0.75195
Fith iy —0.08530  —0.08360 0.59863
KITA%E 002486  —0.09251 —0.03140
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Tab. 6 Pairwise Fgr values (below diagonal) and corrected P-
values (above diagonal) among O. elongatus populations based on
nuclear gene sequence

PUL FF FEREEN] R KT AR

DL T 0.63770  0.92578  0.11914
T V1A B i 0.01939 0.84863  0.22656
Fi ] 0.06338  0.05857 0.24121
KITAZBE 005997  0.04487  0.05128
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Tab. 7 Neutrality test of O. elongatus populations in the middle
reaches of the Yangtze River based on mitochondrial and nuclear

gene
ki LRI EEN R EE
H Mitochondrial Nuclear
Index
gene gene
FEA B Number of sample 39 39
% 2547 ¥ Number of polymorphic site 10 11
Tajima’s D 0.26912  —-0.33201
Tajima’s D-P 0.66200 0.40700
Fu’s F 0.82408 —15.38510
Fu’s F- P 0.67600 0.00000

Y5k i) (73 9 1T) Expansion time(ten

thousand years B.P.) 16.54
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Fig. 3 Mismatch analysis diagrams of the O. elongatus popula-
tion from the middle reach of Yangtze river
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The left is mismatch analysis diagram based on mitochondrial
gene, and the right is mismatch analysis diagram based on nuclear

gene
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Fig. 4 STRUCTURE analysis of O. elongatus from the middle
reaches of the Yangtze River, and the middle and lower reaches of

Delta K

the Xijiang River on mitochondrial and nuclear genes
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Fig. 5 Estimation of divergence time of O. elongatus in the
middle reaches of the Yangtze River, and the middle and lower
reaches of the Xijiang River on mitochondrial and nuclear gene
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GENETIC DIVERSITY AND POPULATION HISTORICAL DYNAMICS OF
OCHETOBIUS ELONGATUS IN THE MIDDLE REACHES OF
THE YANGTZE RIVER

ZHAI Dong-Dong" >, WANG Dong', HE Tian-Qi', CAI Fang-Tao', DUAN Xin-Bin®, HU Xing-Kun', ZHU Bin",
1,2

XIE Zhong-Gui’, XIA Ming"’, LIU Hong-Yan"” and XIONG Fei

(1. Hubei Engineering Research Center for Protection and Utilization of Special Biological Resources in the Hanjiang River Basin,
School of Life Sciences, Jianghan University, Wuhan 430056, China; 2. Hubei Key Laboratory of Environmental and Health
Effects of Persistent Toxic Substances, Jianghan University, Wuhan 430056, China; 3. National Agricultural Science
Observing and Experimental Station of Chongqing, Yangtze River Fisheries Research Institute, Chinese
Academy of Fishery Science, Wuhan 430223, China; 4. Institute of Hydroecology, Ministry of Water
Resources and Chinese Academy of Sciences, Wuhan 430079, China; 5. Fisheries Research
Institute of Hunan Province, Changsha 410153, China)

Abstract: After the implementation of 10-year ban fishing in the Yangtze River, the rare and endangered fish species
Ochetobius elongatus has reappeared in the middle reaches of the Yangtze River. However, the genetic diversity and
population structure of O. elongatus in this region remain unclear, hampering the development of effective conserva-
tion strategies. In this study, two mitochondrial genes and two nuclear gene sequences were used as molecular markers
to analyze the genetic diversity, genetic differentiation, and population historical dynamics of four O. elongatus popula-
tions: the Hanjiang River, South Dongting Lake, Ouchi River, and the Gongan section of the Yangtze River. The results
showed that haplotype diversity of O. elongatus in the middle reaches of the Yangtze River was high, the nucleotide
diversity was low, and the overall genetic diversity was at a medium level. Molecular variance analysis (AMOVA) and
genetic differentiation index (Fgr) showed that there was no significant genetic differentiation among O. elongatus
populations in the middle reaches of the Yangtze River. The analysis of population historical dynamics indicated a
possible population expansion of O. elongatus in the middle reaches of the Yangtze River approximately 165400 years
ago, during the warm interglacial period between Lushan Glacial and Dali glacial. Furthermore, clear differentiation
was observed between O. elongatus populations in the middle reaches of the Yangtze River and those in the middle and
lower reaches of the Xijiang River, with an estimated divergence time was about 55500 years ago. Based on these find-
ings, we propose considering O. elongatus populations in these two river basins as distinct conservation units when
formulating conservation strategies.

Key words: Middle reaches of the Yangtze River; Genetic diversity; Divergence time; Population historical dynamics;
Ochetobius elongatus
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