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400 fish species existed. Chishui River is a major tributary of the upper Yangtze River and plays a vital role in
the fish resources protection of the Yangtze River. Currently, evolutionary process of Longnose Gudgeon
(Saurogobio dabryi), a fish species widely distributed in Asia, is not known. In this paper, 76 Longnose
Gudgeon individuals collected from the upper Yangtze River (marked as Yibin population and Hejiang
population respectively) and its tributary Chishui River (marked as Chishui population) were studied by using
mitochondrial DNA cytochrome b gene sequences to analyze its genetic diversity and population history. The
main results are: 1) The analyzed cytochrome b gene sequences were 1 097 base pairs in length, with 28
variable sites containing 18 parsimony informative sites. Besides, 26 haplotypes were identified from 76
individuals (Table 1), which showed relatively high haplotype diversity (Hq = 0.872) and low nucleotide
diversity (P;= 0.004 0) respectively (Table 2); 2) Three populations shared several common haplotypes.
Phylogenetic trees based on haplotype dataset by using NJ, ML and Bl methods showed that all haplotypes
from the upper Yangtze River and Chishui River were not clustered separately according to the geographical
distribution. Instead, they mixed with each other (Fig. 2). Network diagram was also constructed, indicating
that all haplotypes had a star-shaped distribution, and original haplotype and evolutionary center could not be
detected (Fig. 3). 3) based on obtained haplotype frequencies, genetic differentiation index (Fst) values
among three populations maintained at low levels ( - 0.029 3, 0.028 0 and 0.025 8, respectively) and analysis
of molecular variance (AMOVA) showed that overall population divergent variation of Longnose Gudgeon in
the upper Yangtze River was mainly from within populations (80.00%) (Table 3), indicating that Yibin
population, Hejiang population, and Chishui River population belong to the same population with frequent
gene flow; 4) Neutral test, mismatch analysis (Fig. 4) and BSP (Bayesian skyline plot) analysis (Fig. 5)
showed that overall S. dabryi population from the upper Yangtze River and Chishui River experienced
expansion during 0 to 0.025 Ma BP (before present).
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Genetic diversity
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70.4%, FEHIAER AN 100 J7 km?, R IRE A
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Table 1 Sample locations, sample size and haplotype information of Longnose Gudgeon in the upper

Yangtze River and Chishui River

g

P PSR BRI e o
Sampling location Sample size Population Haplotype psizeyp
VI ESI (YB) 14 TR Hap3, 6,7, 8,9, 11, 21, 24, 25, 26 10
Yibin City, Sichuan Province Yangtze River Yibing population " e
e

Ee)_i;f‘ j‘:fui“ o 0 T AT Hepl,3,7,9,10,11,12,13,14,15,

Prc:vinge Y. Yangtze River Hejiang population 16, 17, 18, 19, 20, 21, 22, 23

FNESRKTT (CSS)

Chishui County, Guizhou 12 Hapl1,2,3,4,5,6,7,8 8

Province SRR

VU AUk B Ak (CSZ) Tributary Chishui River population

Chishui Town, Xuyong County, 20 Hapl 1

Sichuan Province

vl Overall 76 37
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Fig. 1 Drainage systems in Yangtze River basin and sampling locations of Longnose Gudgeon
ARRFEREE AL YB. PUIAEET: HL WAL CSS. stMA KT CSZ. WA RUK E ARk,

A indicates sampling locations: YB. Yibin City, Sichuan Province; HJ. Hejiang County, Sichuan Province; CSS. Chishui County, Guizhou

Province; CSZ. Chishui Town, Xuyong County, Sichuan Province.
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FEHRK R 2.55%), i d 18 MaZifs
ST PR RSB B AN, BT A
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2.4 KL YU R R K 0] s il ) ek B B 7
43Hr

BT Bt s R, KT B
(R MR L BTN S SR AR AT MR ] 55
GRREY], ARG, BeR A [F]
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Fig. 2 Neighbor-joining (NJ) / Bayesian inferences (BI) / maximum likelihood (ML) tree of Longnose Gudgeon
populations based on Cyt b gene in the upper Yangtze River and Chishui River
T RAEHBE AR NI/ B ML ST 3R A SRR, BRI, “Hap” o fiid, HRIHF 5 o8 AT AL g .
Values at the node represent support values in NJ / Bl / ML analysis respectively. The length of branch indicates the percentage of divergence.

“Hap” denotes Haplotype, subsequent number means haplotype code.
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Fig. 3 The haplotype network of Longnose Gudgeon populations based on Cyt b gene in the upper Yangtze River
and Chishui River
“Hap” Fonufi e, JUSHP 5 AR5, R R G BETR A AR /0 AR TR SRR TR A VLRI S
VAR KRR P R SR 1Y PR ANERIR G RS IAMA R 2 D i)/ (AR R K A Y
“Hap” denotes Haplotype, subsequent numbers mean haplotype number; Gray, black and white portions in the circle represent Yangtze River Yibin

population, Yangtze River Hejiang population, and tributary Chishui River population respectively; Small white dot represents lacked haplotype.

2 KL W3R AR KA R R R 82 2 RS2
Table 2  Genetic diversity parameters of Longnose Gudgeon in different populations from the upper

Yangtze River and Chishui River

B LSV ETR ; PRI IRA AL

\ SEZLE At S 2 " FusF
T {7 i 4 RS )VHE&?H G Average number of Tajima’s D i u's Fs {1
. Haplotype Nucleotide X . Fu's Fs
Population Number of diversity (h) diversity (P;) nucleotide Tajima’s D value value
polymorphic sites (Np) y YA differences (K)

ﬂii . 16 0.945 0.003 9 4.286 -0.6080 - 3.087

Yibin City

Py

- {_J_t 23 0.949 0.004 2 4.644 -0.707 2 -7.339

Hejiang County

ﬂ‘ﬂ_ . 12 0.484 0.002 5 2,741 -0.2874 -1.338

Chishui River

He kg5 Overall 28 0.872 0.004 0 4.363 -0.7377 -9.720"

wx KONZE LSS P <0.01. “+#” indicates significant difference, P < 0.01.



840 « 27 Chinese Journal of Zoology 51 %

K3 ETEN K Cyt b BFEXHCYL BT B AR KRR 4 75 Z 507
Table 3 AMOVA analysis based on Cyt b for Longnose Gudgeon among three populations in the upper
Yangtze River and Chishui River

AR SRR A SEIT A B4y A5 1 53 HU(%)
Source of variation df Sum of squares Variance components Percentage of variation
FREFIF . 2 26.365 0.469 91 20.00
Among populations
W.ﬁ _IJ\J . 73 137.253 1.880 18 80.00
Within populations
ATt Total 75 163.618 2.350 09
=¥ J7 F Sum of Squared deviation: 0.01402581
C s i 1 e g 1 e A memmnnnn  sssssss -
90 AL P (Sim. Ssd > = Obs. Ssd): 0.05000000 HWItA{H Expected frequency
S FREFR %L Harpending's Raggedness index: 0.03326864 ML Observed frequency
70 HEZEAH P (Sim. Rag. > = Obs. Rag.): 0.12000000
g 60 e,
- et 2 (O
3 50 r ‘.
&
= 40
B 30 -
20 - TN .
0 - et UN e
0 £0

1 2 3 4 5 6 7 8 9 10 11

FEFHBAACA ZL Pairwise differences

Bl 4 YT B3 B AR K IR it FoE 5 ) 3 A A U
Fig. 4 The observed and expected pairwise-difference distributions of Longnose Gudgeon populations

in the upper Yangtze River and Chishui River

R, B F KT BT A AR K ] iy
FEELEEEA 0 ~ 0.025 Ma (F JT4FE) Wil AfE{E
Py kIS (K 5),

3 itie
3.1 KL LW A AR A 5] M b B 1
BEMLERR

BT BERE B, [R]— P Fh AN ) b B
FHE AT Be 2= A28t 4% 74k (Duncan et al. 2016)
Wright %5 (1965) Ak, 45 R Fsr {H7E 0~ 0.05
Z ), BEHIAELE 04 Fsr {EHAE 0.05 ~ 0.15
Z M), gl Fsr A 0.15 ~0.25 2 [H],
WAy s B Ak BReARHE, ANBFF KT i

TR B SRR A VR fA] . B SR S 5K
TTRRFE ] AR S VRN 5 7R 7KMo IR) Py {H
%/hF 0.05, RIS L 0. S
BAETIATEDL. ARG R W s
W25 1 L FHEE AMOVA 43 #TT, KT 3T A&
IR iR e ) B 2 ) S R, B
BEMSRG R RO, wifeAr e L2k AR HEN
s AR R R B . BEAh, B
AR, del— e BRI ST e A A
TR O BSOS O el A P R KR
HHATY L (BREHT 1998). AN R 240 i 7 ok
AR K VL BT i fify (0 A= 2 i A, JExt
10 2 TR IRR 2 1 A 2 i A T S
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Fig. 5 Bayesian skyline plots (BSP) for population dynamics with the change of time of Longnose Gudgeon

in the upper Yangtze River and Chishui River

Mok, BN 95%I1 B AR X H (HPD).

The black line indicates the median; the shadow part shows the 95% highest probability density (HPD).

FE AR KT B I R Ao ) 2 A7 g ey = 5 250
CHEBHER KA I, RREER) .
45 B AU AAE KT F AL B (28 L] B I
PHELAE A, FRATHED, LR A5 1 gty
BRI AR AT B TACYL TR, ik e T
GRETE ), FFHEA SR RATE AL (Bt
), XA SRR i T R K AN [ 2
TR a7 g ) — iR

HAh, ARBEIEH, AEARKI R KBTTBER
2R 20 FRIBEFEADUIL S 1A G oK
BT DU A Y M T RUK S, 8 AR L3
VCRIALE, T BOKGmN S, WA,
AT, AZTLB R HAE A fe X 2R B A o
FURIERAVER, e BRI B el =5 b,
M 3 502 3% A T2 T B s 35 £ 22 A P A
K. FATAEBLERRIBITT, S HAT IS4
R BB TIRADTTL, AR R AT A
RS R R IVA B SRR
3.2 KA LU K ARk i el b 20 o 52

LEMRESH 4 #T 4, Tajima’s D F1 Fu's Fs
{ELAE P D L2 ARt o AL 36 AT 5 b A
Pist bR RS K24 Tajima’s D {
FlFu's Fs {HHIR 2 I R R AL T AR R A,
Bt D {EA Fs {E LA 25 573 W25 10 P A A
FRBELE D S EATY 5KZE%: (Liao et al. 2016).
TEARXS I 5 5 Fu's Fs K56 X FRED 5K 58 i flUsk,
FIREIP sk A1 Fs 483 KM (E. 14,
Tajima's D 056 55 ) TR ot 22 ) SR AR R4
ARSI RS IR I DT S . T Fu's Fs A SR U
I SRR 5K ARSI B A RBURE (Fu 1997).
EARLE R, Tajima’s D A W7 (P>
0.05), 1M Fu's Fs {E A4 72 el W 4 (P <
0.01), ME7sKYL b it S AR AT drgfit i g v
REAEUT IR AE A 5k . R4S 0, K
AP ER IR, I A P e
(Cristiano et al. 2016) . 4k, {2 /5 F1 (Sgg)
FOREFR AL (H) TR AN 224 (P> 0.05)
I, RUIAREIELABEAY R MR B, RIRF & R
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S REARY TR 3t (Excoffier 2004). 7EAHI5T 45
R, BERKIT BT AR A g b i A
e 53 A1 P O BRI TR, i 227 5 R DA R RS $i8 4
MGV A T (P >0.05), RWFED L
RAEY K,

BSP (Bayesian skyline plots) 2344 —7#f

Ik AL A R R K B N ) A A 1 B 2 22
s ﬁﬁﬁﬂ!%%z BSP )& BRI R HE 5
RAEARAI > HT 772 (Naidoo et al. 2016), A
WFFTH,  BRAR ERKIT 3T M R K o] et o
BEFERE A 0 ~ 0.025 Ma (1 JT4F) IR A7AE Rl
FE ok IS, JE—PRAE 7 KT L3 i Kok
AR R R 7 L AR Bl (B BRI,
TCAR R FER AT b330 S ARk T g fif b
bZAS S 1D A N b B Y E )\ E & b AT
T YRR AT 2 A R R AR A
FRZFENE, T HE H T 5 B[R] A defif A 50Rh
FERCE 9> T3 (Nei etal. 1975).
ﬁﬁ T TP [ R 2 Bt K AR AE I 9 T £ 2R A
A R PAR R L) K A (E
ok A [ F AR T 45 T B, va Ml
AIRKT BP0 A B R EFELE
KFET TR HE I 28R, — B LLigL !

Z % X M
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