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Tab. 1 Sampling information of S. prenanti

. o o = o PEARH
wik o SO e AR
Population ~ River e Time np
Latitude size
o PR AR VR . 2014.5—
WX KFH +109.31, +31.35 2015 5 16
EBS’?D A3 +108.15,+31.37 20147—9 35
1| B 22 .
WYIZM JPER 110155, 428.51 20154 24
1 R[4 ,
@J{I‘IlziﬂB)‘ AT +102.22,+31.89 20143—4 29

1.2 PCRi 5N

FRAE 5% 112418 fa mtDNA 4 7 51" (GenBank
F3%5: NC_023829)3% F Primer 5.0%8 4 ¥ i1 Cyt b
FER519, I IR B AR RS A TRA 7 A .
FUWESIR RS9 BN CYF: 5-CGTGAACT
ACGGCTGACT-3"; CYR: 5-TAGGAACTGGGTG
ATTGG-3',

PCRY 1k & N50 pL, .45 10xPCR buffer
(with Mg™") 5 uL+ dNTPs (10 mmol/L) 4 uL. Taqliff
(5U/uL) 0.5 pL L3 & RS #9(10 pmol/L) &
2.5 uL. fEHDNA(30 ng/pl)2.5 pL, #h 76 LH K 2
50 uL. AT RE 7AW H KiETaKaRaEY) TAEA R
F o PCRYUFEF N 94°C FiAS 1 Smin; 94°C AP
30s, 55°CiE k30s, 72°C 4E{H145s, M 25 MG L,
72°CHEAH10min, 15 CIRAF. ¥ =1 %5 i b
Yt J LIS, 2% L Y IR A R R A PR A BTk AT
PCRY™ =i &lifh . [ 5 mg il ,  Fe 51 4
NP B
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(Rl I Network 4.6. 107147 i 8 35 280 1y ff
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A% . A6 FH Arlequin 3.534T Tajima’s DR 36 Fl
Fu’s F ™), [ 45 A A% HF IR A 900 53 47 (Mes-
match distributions)>RAG 56 FEAAR 7 sEsh 45, DL E /&
TAFAERE IR S B R 3K X B A IR £
P47 Bonferonnifk 1",

2 £R
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G+C(44.80%) & &, HhGE ERK(17.00%), LI
IR S G IR TR A
22 BERSHRIEEXRR
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TR RS T
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B, AN [ 1) B35 B0 A P 2 R I 5
b PR AT B3 (1) 00 AR, AELIR FE 2 RN BTSN B Ak 2 [
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EMIM 2% B (& 3)EoR 4 RS .
23 BHERZHEMAEES K

A I AN HE 22 T AR B 5 R0 22 AP W v T 3
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Fig. 1 NI phylogenetic tree of 25 Cyt b haplotypes and its distribution of 4 S. prenanti populations
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Fig. 2 MP phylogenetic tree of 25 Cyt b haplotypes of S. prenanti

MAZE R 2 FEPERI P I B R 22 R EURE, ARRHE
A B8 % 51(0.012+0.0011; 8.033), B HUREAA ()18 f%
1%(0.007+0.001; 4.621). M LA 455 AT LB HI(E 2),

FEAN BT, ARIRFEARIE AL 22 FE 10 f s, BT 40U A
WL 2RI A

M 11 2R 1 4 b ERE A (1% /42 [R] 384 B 25
KB (3 3), B B FE B R/ NRT A ARI%(0.012)>
17 (0.010)>H 22 (0.008)>F] HIMI (0.007), FfA4 (7] f)
WAL P B £E0.008—0.017. Horr, 2z, P&
5388 1 B R RSB A P B 28K, T 22 5 B 30U 2 [
BHEER B /N e XU, PR AR S 3 B R SR &

K3 SR ARG mBEARCyt b7 5 B B 2 25 1 1]
Fig. 3 Haplotypes network based on the different mutationsof Cyt

b sequences of S. prenanti populations
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Tab. 2 Genetic diversity index of four S. prenanti populations
FEZIN EZN LAV LRRTITE) P T 2 BEE AT IR 2 FE 1 PR IR 2 55

Population S H Hy T K
HIRAREWX 23 7 0.867+0.057 0.0117+0.0013 8.033
H Rk O CK 29 8 0.743+0.050 0.0099+0.0010 6.824
PO AEZ YA 22 10 0.884+0.038 0.0075+0.0014 5.152
VY )1 FaETAB 17 7 0.704+0.079 0.0067+0.0012 4.621

JMATotal 43 25 0.915+0.014 0.01230.0004 8.492

3 FFOZREEFERIREEBSGIAL, B REFEER
BEALT)MEEIURB (@I BLL)

Tab. 3 K2P genetic distances within population (diagonal, bold),
and pairwise genetic distance (below diagonal) and fixation index
(D) (above diagonal) among populations of S. prenanti
populations

HRAEE  EPRO WUNAEZE DU )R

WX CK YA AB
HERABEWX  0.012 0.228%%  0.299%*  (.332%*
HEEBOCK 0014 0.010 0.458%*  0.468**
VONIFEZYA  0.014 0.017 0.008 0.054
VINIBTHIAB  0.014 0.016 0.008 0.007

VE: ** KR BonferonnifR IE 5 fEa=0.017K *F- & 2
Note: ** indicates significant at a=0.01 after Bonferonni
correction

KRB, TR G I ARG R . 5
TR MK 2P L BE 25/ EUPGMAR, 45 IR,
i SOUTE A4 0 2 B AR SR 2O — S (DY) 4R, AR
TR VR SR N 7 Ah— S (B R FE) (K 4).
T 11 2L 0 B ] 1 38 4% o3 fh F8 o R 3k
Lk LY . AN BER I AL 2 (b FR 2076 0.054—
0.468. HLHFWright>e T REAR &ML FRE o BE 165,
i RSl TR NPl N OB U o A = AN
(D,=0.054, P>0.05), HAHE0.05—0.15, J& T1KE 4>
14, 2% HE A 22 R BT S0URE AR [ 3 4% 0 AL FR P AR . AR
VB 55 4 B A 2 TR) ) 384 o) AE 4R B D,=0.228,

P=0)7£0.15—0.25, J& THE o4k . O HEAA L DY
JNERRECHE 2 BTIUAEAA) 2 T, DA R AR5 DY 1T 23
FECHEZE . BT HUREAA) 2 TR]EEA% LR B ER K F-0.25,
J& TR A, Horb, 3 ORI BT HUREAA 2 [R) 38 4% 43
T FEH i = (D =0.468, P=0).
TEAMOVA S HTH (R 4), BANEAR T R —A
YR AT B, KU i 5% 1 2R AR Py (08
53 (64.23%) KT HEAR (8] (148 7 2H 53 (35.77%), &
TR A7 AT 35 B AL 0 b(F=0.357, P=0). T
WAL AT S5 R, 4R 2 i DU ) R B 2 A
B, 45 RERM, 31.50% 178 A ok B2 AL
[B], P9 2L (A A7 AE Y 3 I 8% 40 (F=0.315, P=0),
10.69% 19748 5 21 43 K H 2L BE PN BEAAR 7] (F,,=0.156,
P=0), T8N AR ] (1948 5740 73 18 2157.81%
(F=0.422, P=0), B i B, VT R 5F L2 E )

[ AB
. YA

CK

WX

0.006

0.004 0.002 0

Kl 4 T Kimurais £ 55 857 0 RE 44 B4R 2 7 1
UPGMARY

Fig. 4 UPMA tree of 4 S. prenanti populations based on K-2-P
genetic distance

®4 FOREEEECY FIEFRID T HEDT(AMOVA)
Tab. 4 Analysis of molecular variances (AMOVA) of Cyt b sequences of S. prenanti populations

‘ T O A 3% ] 52 fo ¥
Souri fif%ffation : 3; " iﬁﬁ gi;ﬁc}é Perc_:ﬁeziafe of if;t?i& P
squares components variation (%) indices
— /4 #£One group
B4 5] Among populations 3 137.169 1.683 35.77 Fy=0.357** 0
B4 P Within populations 100 302.119 3.021 64.23
PN Two groups
4177 Among groups 1 104.190 1.646 31.50 F=0.315%* 0
B 44 Y Within populations 100 302.119 3.021 57.81 F=0.422%* 0

VE: #*KIRTEa=0.01 /K53
Note: ** indicates significant at 0=0.01
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A 5 R B AR TR, A TR A1) A B
TR IR A7 A B35 1AL Ak

XA TR (] S R AN, 23 BT P (R 5), ARIE
P 3 VAR, M2 B BT LR AR 2 [N, B 35
KT, Uk B PSR DL K DU )1 4E 7 PN 0 2 DR AE
Tio Forh, k2 R B LR AA RN, [ 514 8.791,
2 B P TR IR0 A7 A ORI I S R AS i T 3
FEOR S DU HBECHE 2 BT IR AA) 2 18] N, (E 35
INT L, AR EEAR S U0 ) AR 2 . BTSRRI 2 ]
(I N (LIS T 1, 3R B DY )1 4 R 2 PR 2 7 2 i) 5
RAZ A2 P
24 BAEREESSH

St R AT P R IR (R 6) FHIBL A4 A1 43
Mr, &5 BB IRAN BRI Fw s F A5 K Tajima’s DS
B 55 AR B (P>0.05), HLH B A2 A & 3 B 9
BHIZ T (B 5), FRHHAANTF 124005 57 A BEAALE
i s AR i R AR D R K
3 iTig
3.1 Cyt b5 RHHE

AT TR AT 44 B AR BEAR ST DRI
Cyt bFFN M2, A+Tik$55.20%, B & & &
G+C& &, X 5 S e e 3¢ 1 2L fa b R LK
54.9% A+TEHRAARF. X0 Re S5 R A
5%, BIZE KA DNA 34k A7 BE 5 A+ T3 B 136
i et FR, ABFARAKG(16.90%) 5 & 5 Qi
e 2OVE 5 e A P K VT U % 7 R TR 1 5

#£5 FOREEBEEEGEERN,(ETH)

Tab. 5 Gene flow value (N, below diagonal) between every two
populations of S. prenanti

HRAE B DUIGEZE D) R

WX CK YA AB
HIRAEWX

HEPEBOCK  1.696

PONAEZYA  1.174 0.592

POJIFTHIAB  1.007 0.567 8.791

=6 FOZEAEKHNFYS FFTajima’s DR MIETE
Tab. 6 Fu’S F and Tajima’s D of S. prenanti populations

RN FAH Fw'SF, Pvalue Tajima’s D P value

Sampl
ample P D P

Populati .
opulation . s

HRKZEWX 16 2.548  0.869 0.646 0.764
HEPEOCK 35 4203 0929  —0.109 0.508
VUNFEZYA 24 —0.083 0509  —0.462 0.347
VYNIBTHIAB 29 2461  0.873 0.232 0.633

SfETotal 104 -0.898  0.452 0.095 0.617

0.25 030
0.20 L . WX 025 L : CK
0.15 | 0.20
0.10 i 0.15 |=
T Pl 0.10 P\&
005 L™ N , 005 | : -
0 LT ¥ T, o LA T
I 5 9 1317 21 25 1 5 9 1317 21 2529
Pairwise difference Pairwise differences
0.16 035 ¢
0.14 + YA 030 k& AB
0.08 | i 020 1
0.06 L} 015+
0.04 | 0.10 | 3 :
0.02 | 005} i & H

0 Lo,
0 4 8 12 16 20
Pairwise differences

I 5 9 13 17 21 25
Pairwise differences

Kl 5 5% FRIE MR B A0 ]
Fig. 5 Mismatch distributions of S. prenanti populations
SRR K B AT, 2R I K 43 AT
The solid line represents theoretical expected distribution, and the
dashed line represents observed distribution

NGB T 45 R — B R Cyt b IR
J A 1A o

WF 7 R BT 35104455 2405 f.Cyt bJF 5
A 68ANAE A, FEAG I B B RIBON 25 . HLLE
RUE G 2 AR B B N 24.04%, & T & H
A POk i LK U 1 (A 9 45 5(10.53%), 1% TQi
RO KT T30 55 10 2208 1 HORT 90 45 54(53.85%)
5 4o 2 5 0 7 G 2 B 11 L A PO T 9 4 SR
FHAL(29.63%) . 25 G B Hap2 73 Al )i, A7
75T B 5 DI 1 AAM HAth 3 /MR B KT B
AAN BT AR ST TG BRI SR 19 B A a i T
SR S0 45 A, VKT BRI &
PRAT B T30 B S5 11 418 R A AR A T i
PR B Il () 3, X e BEA T AR A AR M)
Wi B IS B AR R84 2 R
3.2 BHAEMESHM

BT 2 REVERE B (H ) VR T 1R 2 RETE 48 3L
(m) VAL AL Z R A EE S AR 5T
5% 11 SR I8 #0 B A 22 4 1 48 20(H4=0.704—0.884,
7=0.007—0.012) = T 7 W FY Ryl £ 0 1] FH B A 55
20 B R (Hy=0.56—0.83, 7=0.0007—
0.0032)5% AT A BT . T A5 AT A (H =
0.93—0.99, 7=0.014—0.02)""; 5 HAth 25 £ W Rl a
KA, m T EARRME M (H,=0.19—0.74, 7=
0.0004—0.0029)"" I 8V FHHE 2 80 ) BT AR 2L I
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(H=0.67—0.70, 7=0.0012—0.0026)"", B&{i T- 41k
RN K Z AN TR S I S AR AL (H = 0.79—
0.97, 7=0.0027—0.0099)"" . £ [ 7] 41, 5% 1 ZLf 1
e ZFEVEAE T RSP . R4 BER R, ARIE A
22 AR IR H AN B R R, AR R BRI AR PN 82 4% R
B, B R EEE, B 2w, 1R
TR B AE AR S /S, ZRE MR A . B PR AR VR B A 15
& Z FEVEAN B, — J7 ] Rg 5 3 PR AR IR A A5 L
I B KSR BRI AR A F IR A O o — T
[ ] g A AR IR A U8, N A Bl 55 11 2RI fa B
AR BT TR B2 AN o DU )T BT U AR 154K 22 B
PRI, X AT e 5 17K H AR B B AL S L KA
RKEZ2 55, BERRRAELE., S ERHE
N NEBN IR K.

) FH oA A 56 AIAZ T IR 505 0 A E TS b 1
PRI 58, A Fu’s FAS I 52 38 3% (8 HOB S o A
S H B S VA IR oA Y B, B RS T R A
TSRO B A kDY AR Fus FA
Tajima’s D334 .35 (P>0.05), H 3 555070 3 2 0
W Z G, R B KT B4 BT AR 57 10 26 fa B
PRAE 7 St AL it AR B AR SO AR, R it
i
33 RHEERMEREN

BF 58 B A a8 A% S5 A AT DU T v P P B
PR AR S K RIS R Hb BB A 2 [R] (R 96 R, 3 m] DA
it 5 AR v (R 3k A 2 2 B e AN B T, DLCIE
VR A s s EARF I, Bk 5
RAT SURE A HL A A A () 82 4 43 AL 33 Ak A B 257K, (L
FEAA 8] B K8 A% B0 29 (0,01 7) 475 7T T2 iy L bR
(0.02), HI AR WAL, M HE Wright ™56
TN A A% 0 A0 RN IR DR A2 R BT ) RO, 44N B
AR R, 3 O AIVHE 2 BEAR (D =0.458, P=0, N,,=
0.592) I I AR WHE A4 (D =0.468, P=0, N,,=
0.567) 2 [ JE PRI A i 52 BH, B Ak (] 38245 2 A ik e S
K, 1X AT B85 0 AT IR AR e R b F 2 S R 2
A Ko BT AR 2 B (D, =0.054, P>0.05 N,=
8.79 1) K X i A &, B4R AL LA B E . [F
INF, BAfSUURDE 22 B A 2 [A) L =2 2 AN s 2 A I
(P AE BE 2, T RESE PR A BRI A2 ] A2 U VAT 1 S,
HEE A AR AR T T PR R 1) AT A kAT SR A

AW FONT 55 1 2R £ 3 B0 A X 3k, KT
VDY E PRV BT M SO TS 2R i
HAT T 2R 00T, AN BEIREAE 2 AR A
MAZ N5 20T 1 SRR R IR 1.
T-VU )R = PR B 2 (R A7 AE 2 3 1 % 1k,

AEVCK DY N B PR 3 A 2 A A B 2
H.JG(Evolutionarily Significant Unit, ESU)#E17 f#
1o AR SO T 5 F R B R T R
AT G ) Bt AR AR /K, e 8 m] DU I R 22 A
TP FARCBORMISSR SNPAFIR & 73 #r, B Az it
N5 218 A0 B ) DR 4P R BT fi R R K
i o
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GENETIC DIVERSITY OF THE PRENANT’S SCHIZOTHORACIN
(SCHIZOTHORAX PRENANTI) BASED ON PARTIAL
MTDNA CYT B SEQUENCES

ZHANG Zheng-Shi, HU Bing-Jie, YE Xiang-Yi, LIU Gui-Jia, ZHENG Shu-Ming and YE Hua
(Department of Fisheries in Rongchang District Southwest University, Chongqing 402460, China)

Abstract: Prenant’s schizothoracin, Schizothorax prenanti (Tchang), a valuable and economic fish, distributes in the
main streams and tributaries of the upper reaches of the Yangtze River in China. To assess genetic diversity and gene-
tic structure of the wild populations of S. prenanti, we amplified partial Mitochondrial Cyt b gene sequences from 104
individuals of the four wild populations of S. pregnant (Wuxi, Chengkou, Ya’an and A’ba) from the upper reaches of
the Yangtze River. The results showed that 43 polymorphic nucleotide sites and 25 haplotypes were detected among the
Cyt b sequences of 104 individuals. The haplotype diversity was ranged from 0.704 to 0.884, and nucleotide diversity
index was ranged from 0.007 to 0.012 among the four populations. Kimura 2-parameter distance was ranged from 0.008
and 0.017. The genetic distance between Ya’an and A’ba population was the smallest and the gene exchange between
the two populations was frequent. The largest genetic distance was observed between Ya’an and Chengkou population,
which might be explained by the little gene exchange between the two populations. AMOVA analysis showed that the
genetic differentiation of S. prenanti was mainly occurred within populations variation. There were significant genetic
differentiations between the groups, among populations within groups, and within populations. The results of neutrality
test showed that the values of Tajima’s D and Fu’s F were not significant and the mismatch distribution was multimod-
al, indicating that the four populations of S. prenanti from the upper reaches of the Yangtze River had not experienced
population expansion. This study provides valuable knowledge for protecting Schizothorax prenanti and theore-
tic information for a rational utilization of the germplasm resources.
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