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1 000~3 300 m & FEl Y, 1T AE &8 43 S B I AT
FATPEWTT B, S R R AR %
FA7E 2004 4 1E I ABm4E /R H 6 X AR
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1.2 SEIAE

A F 20 DNA 69388 R KRR
(b)) A BRA FIGSE Y s 412U 24 DNA $2 5K
R & (DP304) $2HUIE N 4] DNA, F 1.5% Bk
BEEE IR L KRG I DNA i, I FHAZ IR 2 R4
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LHifk CONl A= NDA KAy 3 BN AF R
P GenBank HY B 2570 i (1438 LA 40 £ 2 b A 3L
4 J¥ 51 (GenBank % 5% 5 NC 017873.1), |/
Primer premier 5 ¥ {4 % 112 ki & COIl il ND4 J7
SRR S M, 2R T A TR (1) By A PR
ARG G, ST

COII-F: 5-AATCCCTGCATGTCTTAG-3'

COII-R: 5'-GGAGTTGGTTCATTTGGT-3'

NDA-F: 5'-CGACCGTCTACAAAACCT-3'

ND4-R: 5'-ATTTCAGTTCCTCCTTGG-3'
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Premix 25 puL, FEN4 DNA 2 uL, . FiF5I9
%4 1uL, ddH,0 & 21 uL, PCR Yy HEFEF . 94 °C
A PE S ming 94 °C A8 30 s, &5 MR R
KR T, 30s, 72°C ZEfH 40 s, 3 35 DG
72 °C L4 10 min, ¥ 3= YIZE 1% B iR BEREIL
HLKRE S, AR AE AR TR TR () i
WA BRA T TIY, Hrhdokifk con 3 B
KR, ND4 PR R BER A IE [y e

1.3 BIESR

K H MEGA 7.0 8 %0 F 5 #6472 8 e,
T2 N AT, B 25 Pt AN A 1 R 7 971
IR SR A 0TS, X LD GenBank H
P& K 2400 0 2 kiR CONL Fl ND4 5] 5 5 4E
Z M, AT MEGA 7.0 K483 et 5 5 91 1
BIEAL N . PR RS (V). T BALE (P)
P B R AT AS [ B A 5 199 [ 33k 4% R S (D) i
DnaSP v5.10 #A4: FH R 73 A1 45 HE 1A L B S AR ) LA
RUEL(N). FAE R Z 380 (Hy) . R Z 8 (n)
PR IR 22 5 (K) St fl ZFEvER 2, TRl
FRAG X FPRE N PR A% T IR T 91) 22 S AT LU B3 AT
MY oA B, DAt e r s s s . H Arle-
quin311 A AR R 8L L R (Fy), FF
BT RS B 7317 22 (AMOVA) K53 #1 #if
1A 6] B 35 A5 28 S . MirBayes v.3.1.1 844 % FH 01 i
#1: (Bayesian inference, BI) f4# BI #f .~ T i
HAERT I ARG KRB KRR UMM R, RH
Network 5.0 (Rohl 2003) {43 =[] i 4 1k 37,
AR 2

2 4R

2.1 ZRifk CON Fn ND4 B E FE 5|05 4B B
MEHINT R

WF EEX S, RIS RS fa 4kifk con
FENFHI YK R 691 bp, JEHFFIGEE T, C.
A, G &R HIN 27.8%. 25.4%. 30.6%
1 16.2%, A+T Fl G+C ) 34 & &5 S~ 58.4% Fil
41.6%; ND4 LR TR K BN 1381 bp, HEPH T
GG T, C. A, GHIFH& 53018 25.8%.,
29.0%. 28.3%. 16.9%, A+T fil G+C [ F-3 & &
1 54.1% Fl 45.9%, AT 63L& &0 5 & T O
BB B, A5 A B R A 2R R AR R DR A R L 2 AR
B ERHIE

TE 126 35 BLAR 24 A4 TR 2 ik coll Ty
G, RG] 170 A28 S0, R SO
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24.60%. HA R 25 BALE 47 4, PRI RAR
J123 4 ZORIK CON FE R 91 v A 5 e ) 457
M4, HEBZTE#RAS G, FHERS
Hi H h 2.6, ZRRiiR NDA FE IR 41 b A i 2]
174 ANAE A A5, 5 BB 12.60%, FHor
{5 B 1654, BABIE AT 5 9 4. LRk
i ND4 3£ 5 7 51 v e A 3 45 1 7 05 60 4>, HL B
Bfidi 91 2, VA S E LLE Sy 6.8,

22 BEARESFHEEESHESHT

HF LR con FH P HE LT 64
£ 7, Hop KZL AT 5 i e f i gt e 2,
KA CEC #ER, AKS BEfRE/D . Frf pfsAl,
Hapl Stz (8 B i 5 MA B i 2 (48 1),
i [t 38.1%; Hap2 Fl Hap3 J& CEC HEA4EAT FLA%
Ay, H Hap2 i i MEBCE /D>, A 114>; Hap4
1 Hap5 J& KZL #EARR A FRAS AL . 3 R Hy
0.738+0.019, = 7 0.021 29+0.002 98, K }7 13.729,
RGN FER I ZSPERF ST 25 R R B (R 1), AW
S8 KZL BRI REA I (V) RS BLBC: (h) #F
KT CEC BEMRA AKS BEA, H7E 2R K45
Mrep, B CEC BEIRI PRSI Z 85 AL F KZL
FAKS FEIARSL, KZL BEIR ML IR 2 S 1E R
AT IR 25 S 8UTE 3 N BEAR T eI

FF 126 Z5 ND4 L H ¥ 9 4 23 A~ Hufs
R, 3B Z R S A5 AL Hapl3 76T A
AR R pr SRR £ (28 1), b
22.2%; PAfiEH Hapl-2, Hap4-5 Fl Hap7-11 J& CEC
BEAR R 09 5% 8, 1 Hapl2-15 # Hapl7-18 2
KZL BEARR A BB, AKS BEUR AR Baf il
BALH 44, 4» 9N Hap20. Hap2l. Hap22 Fil
Hap23; CEC FHAM KZL BHAIA B BA5R, Hap3
F1 Hap6, KZL BERFT AKS 1A iy St 52 2o £ 550 oy
Hap16 1 Hap19, 1fii CEC Bf{AFI AKS BEAI A
AR 3 A RHR R Z SIS R ER,
BT 22 5N 0.904+0.014, BAFIR Z A PE R
0.048 76+0.001 49, ~F-IJ% 11 IR 2 FE0h 62.212,
W AT R IR, AFSE T CEC BE(AR Y B 71
Biti%, M 134, HIKH KZL ##1k, AKS #f
/D, AU 64 AHXFT KZL BEIAFI AKS #F
A, CEC #HARA KAl 28, 1
AT R Z2 A5 M M- BT IR 25 S 80/ N (6 1)

23 EREARBEEBFKERNEEESMEES L

F F Kimura-2-parameter 15 %4 , % ] Boot-
strap fH (1 000 YK ) #4175 3 A A [R] B A4 118 45k 1A
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#F1 ETLhKN DNA COIl #1 ND4 50 3 MEEARZE & BHFMNERER
Tab.1 Genetic information of three populations of S. biddulphi based on mitochondrial COII and ND4 gene

HEAR FEA A H R B TR AL LN ERIEE 27 i B R 2 1 TR 75
population samples genes H Hy T K
ZJRE CEC 44 con 6 0.433+0.091 0.009 24+0.007 87 6.033
ND4 13 0.887+0.025 0.003 28+0.000 33 4.455
WA KZL 69 conn 17 0.830+0.032 0.007 67+0.002 05 5.211
ND4 10 0.747+0.035 0.018 85+0.005 61 24.057
FT5eJ5  AKS 13 conn 9 0.910+0.068 0.014 21+0.005 51 9.692
ND4 6 0.821+0.082 0.028 39+0.013 66 37.846

COII F1 ND4 FE R 75 it AL BE Bk 0 . 56T Zehn
& con EEH P, PIPTREARRMI AR ERE B AF 0.009~
0.040, v AKS #ER 5 KZL 1 i) it 4% FE 25 i
AN, ESFFIIT, CEC BHA S KZL BHA N 8%
PR K, FgKHRRE; H CECHAL KZL
1 AKS BEIR 22 18] 7776 5 3 09 38 7% 40 1k (P<0.05),
KZL #EAF AKS BERZ RIS AL EAS B3 (3 2),
AMOVA 7345 R B, 73.83% Hysie7s 5 &k 4
FEREIRIE], 26.17% Wit fG 48 5 R A AEREIR Y, 45
T A [ A7 7 W S 35 7KK 1345 oAk (Fy=0.74, P<
0.001)(# 3).
FTFLbiR ND4 AP, 3 AFRRZ (8] 1)
WAL IR B 0.026~0.096, H:iff AKS B Al KZL
AR 2 8] 9 38t 4% B B 45/ (0.026), T CEC B A
I KZL DL e AKS BER A3 A4 BE B 345 K, 430l
7 0.096 F1 0.091; H CEC Bk 5 KZL L)} AKS
BRI Z (B 7= T 8 3 st 1% 40 1k (P<0.05), iBifk
AL T8 5 5 A 0.858 FT 0.888, 1 KZL A {4 Fnl

F2 ETLRE COL 1 ND4 FHIME ARSI &
BRERIRIEIEE DY ALkl L) fl Fgp GHAZ T
Tab.2 Genetic distance D (above diagonal) and Fgy values

for pairwise comparison (below diagonal) among the three
populations of S. biddulphi in COII and ND4 gene

PN LN SR ] . 53]
population CEC KZL AKS
ZJRE CEC 0.040/0.096  0.038/0.091
AR KZL  0.786%/0.858* 0.009/0.026

BISE7%0E  AKS  0.717%/0.888%  0.080/0.026

I * FREFEMKF P<0.05; RN NCOUZHL, £ AND4
4, A

Notes: * indicates significant level P<0.05; left of slash for COIl
parameter, right of slash for ND4 parameter, the same below

AKS B Z [a]38 4% o AL A B3 (% 2). AMOVA
STEE R R, EHURZLNE A 80.94% s fE AR 5+
FREAEREARI], 19.06% (8L A8 S AR REAR Y
BB B A AE R 5 KA G 0k (F=0.81, P<
0.001)(¥ 3),

*3 BEAUBESITFERNFESN
Tab.3 AMOVA results of S. biddulphi among three populations

A SRR H ST AR 20 5y AR 43 EL/% AR E R
source of variation df. sum of squares variance components percentage of variation Fy
FREER]  among populations 2 571.652/2 903.243 7.916 Va/40.335 Va 73.83/80.94
Fh#EN  within populations 123 345.141/1 168.075 2.806 Vb/9.497 Vb 26.17/19.06
Mt total 125 916.794/4 071.317 10.722/49.831 0.74**/0.81**

e+ RN B EVEKT P<0.001
Note: ** indicates significant level P<0.001

24 BEARESBFREMELKR

BT LR R con B K P8 6 A AL,
DL B R 24 B AL (Schizopygopsis pylzovi) F1 DL /R
M 2P {f1 (Leuciscus baicalensis) N AN, K A DL
Hris sl Rt e (9 2). 48R s, BHRAR
5 A R R ol 2 Aoy S, s T
T3 REARR RS, {H CEC BRI S K28
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G A R S B B S (] 4), HOERERY
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Fig. 2 BI phylogenetic tree based on COII gene sequence

Values at nodes are posterior probabilities, figure in the circle represents the number of times that the haplotype occurs, and the colors of the circles

indicate the geographic region; the same below

H-2
H_ 1
H3e Q 1
@1
Hom &
H4 O H6g ® CEC
KZL
1l ® AKS

3 ETFLHiik DNA Coll F3Ii
BEARES BETNEE
AN TR B T P AR AR AN [ A B (5 R, AR /0 5 00 5 38 0 3% I
tos [P B GRS B X, B R BR A R TR B 6 [
Fig. 3 Network of S. biddulphi based on
concatenated mtDNA COII sequences haplotypes

Different circles represent different haplotypes with relative size propor-
tionate to its observed frequency; the colors of the circles indicate the
geographic region, the number labels represent haplotypes names; the

same as fig.6

A BIR R, BT A SRR 73 2 A5 34k
(5 4030 TR 2B CEC FRIAHA A,
AR Z, A 15 fha, 58] s fsm Bl
1) 65.2%, MEFEDEKZL 1 AKS FHART AL,
433 11 T A SRS AL 34 O 3 T KZL #F AR R AKS
FER, 5 CEC BRI oL S AL, Hfn Al N 45
KIZ5H 5 BI# 58 & —3 (K 6). I Zhifk con
PR 4] 1 SR AR A T 0 A L S B D S ) R 3
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Fig. 4 Mismatch distribution of COII haplotypes of
S. biddulphi

i (Bl 7), 5 conFHFEHmai R —8, A
SVEFIARY) Tajima’s D RAIE(E, B3 (P<0.001),
FEHIE HURZNE £0 HLAT 2 A S () B TR 2R

3 ik

3.0 BEAKRZEEZK K DNA COIl, ND4
HEAMAMFINT R

LRAIEFAT A, T, G, C M ZHAN
PR T AT B e 1Y 4R A L PR 7
e BT B A 5 5 BLOR S 0 AR AR
DNA COII £ H F5 4 A+T F1 G+C T35 14331
4 58.4% 1 41.6%; ND4 3 [H ¥ 5 ) A+T Fl G+C
SR E RN 54.1% Fil 45.9%., A/T Bl & =3 0
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Fig. 5 BI phylogenetic tree based on of ND4 gene sequence
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Fig. 6 Network of S. biddulphi based on concatenated mtDNA ND4 sequences haplotypes
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Fig. 7 Mismatch distribution of ND4 haplotypes of S. biddulphi

Al BESE T ORI DNA AR [R] X I80A% R (1) 28 28
Ry AR I R R B e R R TR #ﬁ%
BRI R B AT IR AL S A 22 5 o 2hL
& DNA COIl Fil ND4 JE [H 17 51) 1) - 359 s 4 5 Ei
FLAE K 2.6 F1 6.8, 1 WLIE HLRZ4ME 1 2 Pk i
DNA JFHI AR 57 22 A AR IS 22 ) s 3 e 22 []
X — 45 5 5 1A 35 A R R HEAEY I o 4
W—5, XA, #EANE mLRRIEH F
A1) 1) 2t e 5 LA LU A ) K/IMRIR R COT*'>ND4>
Cyt B">COIl,

32 BEARESBEEESHESHT

PAfE R 22 AN R R 22 A M 2 A Sk A

%£#@ME£%ﬁO$H%*,%?%ﬁ
& DNA CON JE[H 751, 38 HLR NG f0 3 14 7y 2R
i 8 22 35 MR R R 7 R 2 50 4301 o 0.738+0.019
10021 29+0.002 98, T~ Al T i 5" 38 43 £k
K DNA Cyt b H2 K J5 51 % 3 BLK 2406 #4 (0 BIF 9T 45
B (H=0.525 4+0.071 0, 7=0.000 930.000 86), ik
TS A AR S Ao AR ] X X A
24 0 I BF Y (H,=0.958+0.005, 7=0.023 6+0.001
6); TMiHET-Lhi 1A DNA ND4 JE DX 51 o 15 T AR 244
i £ BT TR 22 2 M R 1 R 22 A5 Pk 43 S 0.904+
0.014 1 0.048 76+0.001 49, = T4 K MELEPH X%
HURZUE 1 CO1 ZEHFH IS 45 54 (H¢=0.733,
7=0.001 58), H 55" 3L 45" (e 45 1
R 28 ERTAL, RIHASFERSEFE TS, i E)
B HLRZIE Mg 5 Z AR KNS AR . — T
I T RE 5 R AR [ 81 B PRSP 22 B 5%, )
— J7 T 0] BE S OR AR M DL R R AR R G
Grant % 43 B BLA5 AL 2 8 M TR 2 S 1 (E
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MR/NG, T 4R, R m 2 5
(<0.5) 5K IR Z A (<0.005), 2 IR SL N
B R R R AT s SRS
RZEM (=0.5) SR 2 &M (<0.005), Ui
AR IRE A A SOOIV, S ()R SO Bt o A 1 P ke
R RS (RS 2 8 (<0.5) 5
TR Z A1 (=0.005), U B HEE AR I AR50 15 |
EE T mPRAREZEN (=205 SEEHTRE
A (=0.005), BB KR R & K0
#EAL DT, BUE PR RS R LT R
Lo MHEX—brifE, ARBFE HEE ARG Y
J& T R L B R T R 2 S,
i AR e el 1 B A (O N 1 7 N 1 - o

Ao
33 BEARHRGHFEREN

FT LR DNA CON Fit ND4 J£ R ¥ 31 43 Hr
T BRI fa AR [R) 935t A% R B R s T e Ak .
R I TE P4 A 2 F Al SR i 9 AN [) 43 28 B 22 ]
(3815 A8 S KO- 4 b, I () 35t 1% R 25 A9 1
J& 0~0.05, MV (E] /2 0.02~0.20, Shaklee %™ 45
i 0.90. 0.30 1 0.05 43l & M SAEE . Fh AR AT
YK I B AR R B A A S . 3 R
i 28 Rk DNA COII Il ND4 K 75 () iF 5% 435 3R
¥R, AKS 5 KZL2 MR Z BG4 fh A,
AL IR B AR TR B A Ak KT T CEC #fiA S -
2 N Z R P A T iR s s ik, B
1A% ] £ 35 1% 5 25 (0.038/0.091 il 0.040/0.096) 3, 3%
B T ALK s AMOVA 31 45 Sl Wi
P& HUR S0 ()38 A5 78 S5 R ZOR IR TR REMR], i
R RE IR . (2B A IR, AE M
B FhE o AL R B 2 B L AR AR AR T, B o
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Genetic diversity analysis of Schizothorax biddulphi based on
mitochondrial DNA COII and ND4 genes

REN Yongli, DAIJincai, ZHAO Nianhua, ZHAOHe, WEIJie, NIE Zhulan"
(College of Animal Science and Technology, Tarim University, Alar 843300, China)

Abstract: In order to explore the genetic diversity and genetic differentiation status of Schizothorax biddulphi,
three different geographic populations of S. biddulphi in the Qarqan River, Kizil River, and Aksu Rivers were
selected as the research objects. The mitochondrial DNA COII and ND4 gene sequences of 126 samples were com-
pared and analyzed, and the differences and relationships between the two kinds of markers on the genetic
diversity analysis results of S. biddulphi were discussed. The results showed that the A + T contents of the mito-
chondrial DNA COII and ND4 gene sequences of S. biddulphi were higher than the G + C contents, and the base
composition was biased. Based on mitochondrial DNA COII and ND4 gene sequence analysis, 6 and 23 haplo-
types were identified in 126 samples. In the mitochondrial DNA COII gene sequence, there were shared haplo-
types in the three populations. In the mitochondrial DNA ND4 gene sequence, no shared haplotypes were found
among the three populations. Based on the two kinds of markers, the haplotype diversity and nucleotide diversity
of the three populations are 0.738+0.019/0.904+0.014 and 0.02129+0.002 98/0.048 76=0.001 49, respectively. S.
biddulphi is characterized by high haplotype polymorphism and high nucleotide polymorphism. The analysis of
molecular variances (AMOVA) of the two kinds of markers showed that the genetic variation mainly came from
the groups in all populations. Moreover, the genetic differentiation between the Qarqan River population and the
other two populations reached a significant level (P <0.05). The BI tree constructed by Bayesian method (BI) is
consistent with the haplotype network diagram, and S. biddulphi formed two branches. The mismatch distribution
of the COIl and ND4 gene sequences showed both bimodal pattern. This result indicates that the current distribu-
tion of S. biddulphi is the result of a second exchange between previously differentiated populations. The results
also indicated that S. biddulphi had differentiated into 2 distinct geographic populations. In addition, when our
research group studied the morphological difference analysis of different populations of S. biddulphi, it was found
that the differentiation in some traditional morphological areas has reached the subspecies level. Therefore, it is
suggested that the Qarqgan River population should be managed as a separate population during the protection and
development of germplasm resources.
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