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Tab. 1 Sampling information of Coreius guichenoti in the middle
and lower reaches of the Jinsha River
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Hh g Qéi’%ﬁ FEAR KN Mean R SLINGE

Locations Code Coordinates Sample  standard = Mean
size length  weight (g)
(mm)

. N 26.7025 22032+ 18810+
FEH - IAQ Eiggs009 153 211 5.75
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Fig. 1 Map of sample locations for Coreius guichenoti in the
middle and lower reaches of the Jinsha River

1.2 EFEEDNAIREL. PCRY &K F

K FOmega Bio-TekA 7] [f] Tissue DNA Kit
(D3396)ik 7 & HE B 5] 4R 1 R A< L R ZHDNA, %
FH 2% 3 I 0 458 P F, K ke N G oAk B R S A, T
—20°CIRAFo CythZ=R Y BGAIM 7 51 ¥ H1L14724
(5'-gACTTgAAAAACCACCgTTg-3)FIH15915(5'
CTCCgATCTCCggATTACAAgAC-3)", cO T %
Rl A 5 51 ¥ 8 CO 1 -F(5'-TCAACCAACCA
CAAAGACATTggCAC-3)F1CO | -R(5'-TAgAC
TTCTgggTggCCAAAGAATCA-3)"" ., PCRIZ i i
PRFR N30 ul, Nk R ELEE: 2xPowerTagPCRMas-
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terMix 15 pL, £ FZHDNA 1 pL, 51441 uL (10 mmol/
L), K ddH,0 12 uL. PCRMN 45AFN: 95°C Hids
¥ 5min; 95°C A8 1:30s, 58°CiR K 30s, 72°C LEf# 1 min,
SE3SANEIN; B S5 72°CHEH Smin. PCR™HIK ]
%35 e B S e He s il B 1 1 B, B 5 4 PCR ™
Y DR — W A7 R 2 m) e patift, . Iy S5HHE.
1.3 BIRESH

M 435 51118 FIDNASTAR A6 H 1) Seq-
ManZ 5 & & W i M 2 7 A R RIFE K FE . RIS,
TR/ EZHTERELR, GIF 7T
Cyt bHICO 1 HIH P SI T a8 . KIIMEGA
6.0 AT 51 Hoat FRR T, i B 4L Ak, R
Kimura ¥ 2 HU5 B 347 15 2 79 3N 5 73 32 2 [#]
BAERE B IS . K A DnaSP veik £ i 5 B AR AR
FEAL A (Variable sites). H—FEAF {7 15 (Singleton
variable sites). 4215 B A7 s (Parsimony-informa-
tive sites). HL£5 2 Z 4 (Haplotype diversity) 1%
2 % PV (Nucleotide diversity)2"”.

| FHPop ART#X 44 (http://popart/otago.ac.nz) LA
b B (Median-joining) 4 e 4 5 71 o 4 5 R 0,
ST A R . R PhyloSuite?s 7
b i K ABLSR : (Maximum likelihood, ML) D1 iH- 3
% (Bayesian inferences, BI)#J & [7 4 1 7> T R 4t
KEM, HAPMLZEZEM B 121710000 bootstrap,
BIEZM I 1247200 754K,

i F Arlequin 3.58 2 o it 4y 705 2 40 b
(Analysis of Molecular Variance, AMOVA)fii ZL# 4K
B BE B AL AR S 1) 40 AT, VR A S A S AL de
HFyo [FINF, SR D7 5825 73 T (Bayesian Ana-
lysis of Population Structure)BAPS 6.0
“Clustering with linked loci” %[5 114 £1.393 >4
(R 2L A B B S DR e 91 R A7 SR 2R 00 #r, W BV AE A
FEKAE N2— 100 8 350E, 3 B A E S HHE 10K,
IEARREL0007K, i€ KKK A& -

i H Arlequin3. 53K {4 1F S £S BC 73 A (mismatch
distribution)””'. Tajima’s D" FIFu’s FAH" " Sk fe 56
AR s B9k, i w221 77 F1(Sum of
Squared deviation, SSD)F1HH #i $i5 %t (Harpending’s
Raggedness index, Hy) KA A% F R ASEC X 7347 5
Py sk R N I A 2 R LSRR . R A
BEAST v1.10. 455 2 R R 3 51 64T Rl
$ 5 & I Bayesian skyline plot(BSP) % #7, FH
Tracer v1.7. VP 3EAT R 111, 5 ol 55 25 fhe i 7
HNHKY+HI+GHER, 731 $F A R H strict clock, £
KERARDNAL R 1 1y AL AR 1%/ 1 4,
ity B[] 1) £ AN [R]3 2R 23 S AT 1]

2 #£R

21 EEFITZERSH

AHE ST I AT 393 R R 114 1 () R RiAR Cyt b3k
A (GenBank & 5% 5 : MW045220—MW045310) 0
CO 1 #H 7% (GenBank & 3 5: MW094040—
MW094130). 775 B fa, 23k (1)1140
bpHICythF 41, A8 FAT 56, Hodt B — S4B
194, T 2045 BAL 374, ~FIIBIE A B A=29.3%.
T=29.7%+ C=27.0%. G=14.0%, A+TH] & &
(59.0%) 5 T G+CHI 7 5:(41.0%), V- 35 /{45 E
N9.44, FE T 60 HLAE Y (2)680 bpHICO 1 751,
AR AL 20, o L — SR RSN, TR 45 AL
FSAS, PR S A=26.1%. T=29.9%.
C=25.8%. G=18.1%, A+THI & & (56.0%) = T
G+CIHI & 5(43.9%), V545 i 4 .81, FE
T27ABAE AL, )N EE R 41 R i L G I & /=44
AR, JCIHAEZD T 28 = A0 1 & B, Bl K
I 7R AT i A GIm e, 756 8 HESH)
LRI R DN A ZE B 38 [F RV (4) A3 K S I R
FHFH, FE T HAE A
22 BERZHEMAZERSEN

BT R BT (R 2), Vi
T Ui A [ 1A £ SR B AR H A T 6—55, A%
B2 BMAT0.838 (£0.061)—0.960 (£0.005), #%H
TR M 10.00426 (0.00023)—0.00519 (+0.00009).
MASFI AR SR TG, & e PR I S B 40 H
PG Z R B R 2 FEvE I 2 i m i, B L
A 1R B 2R 22 R MR RT 9 K AR R A% IR 22 A 1 3
Py IR

MRS B3 A SR T, AT AR B L = A AN
4/, A% f Hap4 . HapS5. Hapl2F1Hap40, 1 £
23R R L AR AL B OR214 . A
FE R, 4B A AR 38 o0 A A MoE B A,
G LM BEAR TN TT AR 53 AT B 3 B B 40 B
332 FNTAS, T AR S A A 160 JUA A
BRI B A A T A (R 2),
23 RBAEXRFR

LA #8.(Coreius heterodon, GenBank & 3% 5 :
NC_020042.1) 9858, B H s RALSRIE(ML)F1 L
vk (BT M 2 [ 4 9 1 A e ki ik Cyt b AN
CO 1 FEH T A PG 2 AP R G K BN . 25
RETR, 2MITE S TR B R G K B MR 451
BEAR—3, TR ERERN DR, (HIE RS W
b IEAN R BB B BE O A B SR, AR AE 285 3B 2).
HR TP IR 271 B 2 34 X 4% 56 2 P S, T 14
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1 28R RDNA B Y ) X 28 34k 5% 2R 5L 2R 0 A
Hap 128 T8¢ 54 55 BRIk 4k Ao, RAFLE B2
(1) b B 23 A1 A% e, H 2 B 3¢ B I 1 5 AR
£y ¥ (Clade 1. Clade 2H1Clade 3; & 3), FANilk &
I3 KA AN FE IR A, RGR A W LB
BRI SZFF o Clade 14536 A5 AL 72 ANA
(5 FTAFEARR143.7%), A &2 iTAQR A Je T
CILKKAEAR S T5 K QIFH AR A BE 1L PSTEAA 2 1l o 1%
DA AR B R 929.1% 40.1%. 27.3%A0
3.5%; Clade 2604527 L5 106N AMA (o5 BT A #
AH127.0%), Hb & 2 HrIAQR A, e F N LKKEE
ey IR QIBEMAFN BT (L PSEEAR 2y Il 5 %4 L T FF
AR EC941.5% 23.6%. 32.1%7H12.8%; Clade
3ELFE28M HLAG Y 1 1S AR BT FE A 1929.3%),
Hh &2 HIAQHIA. I MLKKEA. 5K
QUEFAAFN B LI PSHEAA 73 ) 5 1% 7 S A AMME I EE
1 7951.3% 26.1%. 17.4%H15.2%. Hr4r3%
Clade 1. Clade 2M1Clade 3/ N ¥ AL FR BT 1 R
0.002, 7> 37 Clade 1 5Clade 2. Clade 32 |f] ) igif%
#H 254351 590.006F110.009, Clade 2 AlClade 32 ] f)
WAL BB 0,008, £t 5, K Clade 11 R 5032
(IR [A] K 29 7E3.66 Ma, HiFClade 2f1Clade 31 &
53 LR ) K 29 752.93 Ma.
24 BRELEN

BT HRIEE R F 5, BAPSAHT 45 B BoR [5
il 21 A AMA SR 3SR N EiE(E] 4), i log(marg-
inal likelihood, ML){E A—2213.8949.

AMOV A #1485 B R, TEA - 5 50 R 5]
1] 81 2 R AR DN A R 38 4% A8 S5 = LR [ i 3 B A
P IR A% A8 5 (1796.62%), Hb TR TR A a] (1) 35t 45 28 St
BN, AN 3.38%; 1E 4 B3 B R 2R 4 S I 4L
RS DLR, B 4 28 R AR DNA FR 875 48 S 3 ok
H i R 3 2 18] (1581.29%), 1 Z8 49 32 P ¥ ) 3 A%

AFSHAUN18.T1%(FE 3). 18 VAR fi A [ 3t FEAREAAR 7
W 2 8] 138 4% 7 A Fa # (F ) 75 B 9—0.008—0.045
(3 4), A B R F fH35 /N 10.05, T B R B LR
1A 5 HAD AR (8] F i A TE B 35 K 4h, AP
TR 0] F [ 35008 31 12 25 /K P (P<0.05) . P XI3ANA
[F 25 32, P Z 8] I F Al 25Kk F0.25, Horpit
%Clade 155Clade 2. Clade 1 5Clade 3. Clade 25
Clade 32 [M] I FfE 537 90.759 0.847710.805, 4
X F 8 KF-(P<0.001).

25 FEEREESH

W2 TR ESIC 70 A A, P B R AR 1) 2 I %
U 43 A (2 5) o B[R V4R f Bf (L BE AR b, SSDAN
H R B0 45 B 3 7 JHC A b T B A4 1Y R B 3 S B A
Pk AN (P>0.05). FRPER LG SE B ER, BT A HhEE
FAR R Tajima’s DIE 4K IA 2 & 3 7K ¥ (P>0.05);
Fu’s F 645 BB, [3 D8 R A B R & 2 0F
FEUR ) IR 2 FUE (P<0.02), Jo T E BRI TG 5
TR RHUAN R A (P>0.02).

BSP 3 # 1AG ROPPHE /I B 3 4EL IS 1] 1 2 28
AN 2R, 25 S BB BE L B AR A A 21 BH S 1
B TR IS 40, HoAth BRI 7E£0.0004—0.0007 Mal
[HAZEY sk IR (E 5).

3 g
3.1 &I TR ORSNEE S ihEE
S5k

PSR Z R R Z P 2 E — )
FhEERDNAZS 572 5 1R B B4R AR, A2 VRN Pl e it
e ZFEMEI B BB br . TEABE T, &V il
T B 5 140 0 () B s R 22 M R A% R 22 R 1 )
51°80.936F10.00489, A~ [F] by BE 44 2 8] 22 573 A~ B
i, X2 Z AR R AR T =0.5. <0.5%117K
SR 4 Y £ REE RIS T R 2 RE MK,

®2 eWITTFEOFEeREHFNERSHEER

Tab. 2 Genetic diversity of Coreius guichenoti at different locations of the middle and lower reaches of the Jinsha River based on the

concatenated sequences of gene Cyt b and CO 1

Hh LN Ith LR ity il S R R Z M
Location Number of haplotypes Haplotype Haplotype diversity  Nucleotide diversity
& UHFIAQ 55 Hap1-Hap55 0.960 0.00519
(£0.005) (+0.00009)
I HLKK 39 Hap4, Hap5, Hap8, Hap10, Hap12, Hap14, Hap135, 0.928 0.00458
Hap17, Hap18, Hap22, Hap28, Hap30, Hap40, (£0.013) (£0.00023)
Hap42, Hap43, Hap46, Hap48, Hap51-Hap53,
Hap56-Hap74
I5%QJ 34 Hapl, Hap4, Hap5, Hap12-Hap15, Hap18, Hap28, 0.880 0.00426
Hap30, Hap40, Hap42, Hap43, Hap46, Hap51, (£0.025) (£0.00023)
Hap52, Hap61, Hap65, Hap75-Hap90
BELLPS 6 Hap4, Hap5, Hap12, Hap40, Hap55, Hap91 0.838 0.00469
(£0.061) (£0.00037)
£ il Total 91 Hap1-Hap91 0.936 0.00489
(z0.006) (£0.00009)
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Fig. 2 Maximum likelihood (ML) phylogenetic tree of Coreius
guichenoti based on concatenated haplotype sequences of gene Cyt
band CO |
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P 1) X 1 F 70 45 SRR B, ZEAHIT 78 Fh v biT b
UL B IR U fa R R 2 RV A T S KT R
NV BAHALL K, T A% 5 R 22 #F  U) bE B SV B
(0.0083) EA%, 5 HA VT B AR LL I 4b FAIAUKE 5

ChengZ ™ & ybyT B IV B[R 4 fa.CO T B H 5
BT FE A SRR L, ASHIF 7 A 1] 1 R £ 57 L A4 0 B
G Z R B R Z A E . 5 A& i
fii(Coreius heterodon) Kl tt, B FEth &vbiTh R
UL B I 1 f A% R 22 A0 1 AR B Y 22 A R A
w5y SRR AR L, 5] A ) A R 2 A
M 5 g it (Saurogobio dabryi)ZiALl, LRt (Squali-
dus argentatus) 14 (Hemibarbus maculatus)FHs
1E i (Abbottina rivularis)E iy, 17 V8 1A% 1R
2 PRI R A S0, Bl il FOE 6 IS, Lo fefa
B2, 5 [ Ay SR R — A TR £ 254
b, 5 14 #1155 747KV 44 (Hemiculterella sauvagei)
(A% R 22 FE M FT B Y 22 FE 1 /K S AR AL, B3RS
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Tab. 3 Analysis of molecular variance analysis among locations
of Coreius guichenoti from the middle and lower reaches of the
Jinsha River based on the concatenated sequences of gene Cyt b
and CO 1

ERED
s BRI e PR BRAS
(ﬁ O’E Source of QE‘}E Sum of  Variance Percertltage
P variation squares components o
(%)

HEAAA] 3 53.161
One group #EEH 389  1671.687
Mt 392 1724.848

0.15038 3.38
4.29740 96.62
4.44777

Three  WEARIH 2 1303.088  5.09135 81.29
groups St 2

basedon AN 390  457.070  1.17197 18.71
lineages  Mif 392 1760.158  6.26333

R4 ETHREFINEPIHTEEOHE & TEIEEF AR
BOURY (F
Tab. 4 Pairwise F; values among different locations of Coreius

guichenoti from the middle and lower reaches of the Jinsha River
based on the concatenated sequences of gene Cyt b and CO |

genes
A
Location JAQ LKK QJ PS
JAQ 0.000 0.000 0.475
LKK 0.041 0.042 0.139
QJ 0.045 0.016 0.189
PS —-0.008 0.029 0.020

T E=MREPHE, T = MARFE
Note: The results above diagonal are significant level P
values, while those below diagonals are F; values
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Tab. 5 Neutrality tests and mismatch distribution values for all
locations of Coreius guichenoti from the middle and lower reaches
of the Jinsha River based on the concatenated sequences of gene
Cyt b and CO 1 genes

Hh s Tajima’s D Fu’s F, SSD Hri
Location (P-value) (P-value)  (P-value) (P-value)
1AQ —0.367 ~18.995 0.011 0.012
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LKK 0.133 -8.811 0.023 0.017
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- 1.321 3.744 0.077 0.194
(0.940) (0.938) 0.011)  (0.012)
A -0.716 —24.047 0.024 0.014
aitTotal o)) 0.001)  (0.666)  (0.541)
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] 81 G YD VT A T Ui B AR TE 30 3 T B8 R AR sk A
K.

WF 72 BH, VKA 1E S VbV 45 J Jlo 4%
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F T UK II(0.53—0.45 Ma). H 5 7 T RG 0
A FYL UK 3(0.31—0.13 Ma) Al 55 5 tH eb i 3 1 K
FRYKIA(0.12—0.01 Ma)"™, i 7 T 4 $i it py Ak
UK TTE HH(0.01—0 Ma)™™ o 385 £k 2 345 8] 11 46
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Fig. 5 Bayesian skyline plots (BSP) for population dynamics with time of Coreius guichenoti in the middle and lower reaches of the Jinsha
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GENETIC DIVERSITY AND POPULATION DEMOGRAPHY OF COREIUS
GUICHENOTI FROM THE MIDDLE AND LOWER REACHES
OF THE JINSHA RIVER

HE Yong-Feng, ZHU Yong-Jiu, GONG Jin-Ling, ZHU Ting-Bing, WU Xing-Bing,
LI Xue-Mei, MENG Zi-Hao and YANG De-Guo

(Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture of China, Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: Genetic diversity and population demography of Coreius guichenoti from the middle and lower reaches of
the Jinsha River were investigated using mitochondrial DNA Cy¢ b gene and CO I gene sequences. The results showed
that 91 haplotypes were identified from 393 individuals based on concatenated sequences, with relatively high haplo-
type diversity of (0.936+0.006) and low nucleotide diversity of (0.00489+0.00009). Phylogenetic trees and median-
joining Network based on haplotypes indicate that all haplotypes from the middle and lower reaches of the Jinsha River
were mixed with each other according to their geographical distribution, but exhibited three distinct haplotype lineages
(Clade 1, Clade 2 and Clade 3). Clade 1 diverged at about 3.66 Ma, while Clade 2 and Clade 3 diverged at about 2.93 Ma.
Analysis of molecular variance (AMOVA) showed that the larger genetic variances were within different geographical
locations (96.62%) and between different haplotype lineages (81.29%), while the lesser genetic variance were between
different geographical locations (3.38%) and within different haplotype lineages (18.71%). Pairwise comparisons of ge-
netic differentiation index (F) among different populations ranged from —0.008 to 0.045. Except for the insignificant
F value between PS and other locations, significant but low F; were investigated between other two locations
(F¢<0.05, P<0.05). In contrary, significant maximum genetic differentiation level was revealed between three haplo-
type lineages (F;>0.25, P<0.001). Neutrality test, mismatch distribution and Bayesian Skyline Plot (BSP) all revealed
that wild populations of C. guichenoti from the middle and lower reaches of the Jinsha River may have experienced the
population expansion event. It may happen at 0.0007—0.0004 Ma during the Holocene small glaciers period. It sug-
gests that the uplift of Qinghai-Tibet Plateau and the evolution of glaciers during Holocene small glaciers period may
play important effect on the population demography of C. guichenoti in the Jinsha River. In order to better protect the
wild resources of C. guichenoti, it was suggested to pay special attention to the three haplotype lineages of C.
guichenoti in the middle and lower reaches of the Jinsha River for guiding its culture production.

Key words: Coreius guichenoti; Jinsha River; Genetic diversity; Population demography
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