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(7 DNA
456 bp 5
[8] b
7 143 DNA
1
1.1
2010 4 2014 9
(KMLK) (MZT) (TSKEG)
(KLKS) (YLKS)
(KZLS) (CEC)( 1)
7 143 (
1), 95% ,20C
1.2 DNA PCR
- DNA
GenBank DNA
( JQ844133), Primer Premier 5.0

TLM-L: 5-GTCTTGT
AATCCGGAGATCGGAG-3" TLM-H: 5'-GTTA
GAGCTGATAATAAGGTCG G-3" PCR

5 pL 10xPCR Buffer, 4 uL ANTP Mixture (2.5 mmol/L),
1ul DNA (20 ng/uL), 1uL. (10 mmol/L),

0.5puL Tag (2.5 U/uL), 50 uL
Mastercycler” gradient PCR
, 95 4 min; 94°C 40's
57°C 40s 72°C 45 s, 35 ; 72°C
8 min, 4°C PCR 5ulL
«C )

1.3
(Gymnocypris

eckloni) (GenBank: JQ004279),

(Gymnocypris przewalskii) (GenBank: AB239595),
(Herzensteinia microcephalus) (Gen-

Bank: FJ601173),
pylzovi) (GenBank: JN990920),
bus) (GenBank: AB238965),
alis) (GenBank: AJ388417)
Contining Express
, BioEdit 7.01
DnaSP 5.10"
(haplotype diversity, k)

(Schizopygopsis
filt(Barbus bar-
fitt(Barbus meridion-

GenBank

(nucleotide diversity, 7) MrBayes v3.1.11'"
(Bayesian inference, BI) BI
,  jModelTest2.1.3!""]
2(ng=2)
(rates=invgamma), 10°
(Markov chain Monte Crlo; MCMC) 4
3 1 (gen=4),
(posterior probability, PP)
Network4.6 [12]
Arlequin3.1!"!
(F-statistics, Fj)
( 1000) No=[(1/F&)-1]/2
4] AMOVA

molecular variance)

invgamma

(analysis of

3 ,
(
), ( )
( );
BEAST v1.7.5!"]
HKY, Yule speciation process,

Prior Distribution CTMC Rate Reference,
Relaxed Clock  Uncorrelated LognorM
, 1.1~0.7 Ma « - ”,

[16-17]
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s 2 sample sizes, ESS) 200, Tree Annotaror
MCMC 1.8x10’ , FigTree v1.3
TRACER vl.6 (effective
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Fig. 1 Map of the sampling locations
) (H) (7))
& D
2.1 2.2
7 143 Fy
R 883 bp, 62 , CEC KZLS MZT Fy
, 39 (P<0.01),
Hap-2 Hap-3 , ( 2) TSKEG KMLK YLKS
KMLK KLKS MZT TSKEG R KLKS ,
KMLK KZLS MZT TSKEG KLKS YLKS
CEC 0.0464~18.2786,
(P;) CEC 1I( 2)
(P, CEC (AMOVA)
CEC , 6 62.94%,
(H) 0.939£0.008, 7.03%, 30.03%
(P) 0.0125+0.0017, (Fs) (Nm) , CEC
(K) 10.954 TSKEG , ,
(H), (7)) ,
YLKS (0.0181) KZLS AMOVA
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*2 BEARESBERENSUER FIAEZTMERR VNa(M A% L)
Tab. 2 Genetic differentiation index F, (below diagonal) and gene flow Ny, (above diagonal) among
Schizothorax biddulphi populations

group Kumalake River Qarqan River Karakax River Kezelesu River Muzat River Taxkorgan River Yurunkax River
. 0.1621 18.2786 1.2301 2.4024 7.4675 14.0635
Kumalake River
. 0.7552* 0.1652 0.0464 0.0713 0.0850 0.0932
Qarqgan River
R 0.0266 0.7517* 1.0370 1.8151 5.5747 17.6818
Karakax River
. 0.2890* 0.9151* 0.3253* 0.4180 2.8611 0.6002
Kezelesu River
. 0.1723 0.8752%* 0.2160%* 0.5447* 1.6144 1.3206
Muzat River
. 0.0628 0.8546* 0.0823 0.1488* 0.2365* 7.5703
Taxkorgan River
. 0.0343 0.8430* —0.0280 0.4545* 0.2746* 0.0620
Yurunkax River
D F P<0.01.

Note: * means significance level P<0.01.

(81.01%), 2 , CEC
16.68%, (231%)(  3) ( 2 ) BI : A
2.3 B 36
39 Bl ( 2 ) , ,
2 , 2 (  3) BEAST

A KMLK YLKS KLKS KZLS TSKEG , A B 2.62 Ma

MZT : B MZT ( 4 2
TSKEG YLKS KLKS 1 KMLK

*3 EEARES T MREEEERN AMOVA 51
Tab.3 AMOVA among the 7 populations of Schizothorax biddulphi

source of variation dr sum of squares  variance component percentage of variation fixation index

all populations

among groups 2 917.390 9.5928 62.94 Fcr=0.6294  0.0772

among populations 4 96.009 1.0707 7.03 Fsc=0.1896  0.0000

within population 136 622.433 4.5767 30.03 Fy=0.6997  0.0000
total 142 1635.832 15.2402

except for Qarqan River population

among groups 1 33.390 0.1448 2.31 Fer=0.0231  0.2649
among populations 4 96.009 1.0436 16.68 Fsc=0.1708  0.0000
within population 106 537.207 5.0680 81.01 Fy=0.1900  0.0000

total 111 666.607 6.2564




949

‘uone[ndod pajdwes 9y} ur punoj jou S Inq AJLIPIULIIUL A1BSSIIAU B ST yolym adKjojdey e syuasardal 910110 yoe|q oy, ‘sadArojdey jo sdiysuone[as JI0mIdN :dul] paysep Jo Y3y "SInooo
adKjordey oy Jey) sowiy Jo Joquinu oY) Judsaidar 91010 dy) ul saINS1y pue ‘sonijiqeqold J01191sod e SOPOU SA0qE SIN[BA BJEp UOISAI [0JJUOD UO PIseq do43 o11uaSo[Ayd [¢ :oul] paysep Jo o]
sadKjo1dey jo sdiysuoneyal yIomIdN pue a1 onduadoldyd 1 ¢ 31

i R A QI B WAL R R T A N T R o 2 S I N R ] s ISR L BT sk TR T Gl ) ol D S
B S7 B0 M A by 18 CHRR ) B Bl s T

900

©s —._.NIIm sypuoIpLIaW SNqIvg Y
m LLH Snq.pq Snq.og Wy 3
: 100z)Ad sisdo34doziyog W% k3 =
QLLH, — snppydaso.ronu S:.EZ:&,EW WWMM%W@%@I—_
L H _ : 1oy sLdd0uuss) ik Ay uI_
<2 _O—. H s 1ysppmazid stdoouwdn) g g E £L°0,
_@w HP6E H 6¢_dey 1
oy

G1_dey
@s1h

p1_dey
N_\aa:
01 _dey

g dey T T

h_lnxz
9] dey :l

6 dey
1Z_dey - L.
11 dey 29
€1_dey 860
p dey 690

O H m

q - \ @i " a
g

oce e H

67 dey 180,

%\ v oumu‘vmnzepﬁ_._

®LETH :
@<cH oszH : 1&_dey
®LETH - ¢

Oemlw - %rmlz " 8¢ dey
2 H®8E H ‘ : m«mwu
OLH ©0E H

O]

0]

©)

= Q@

.mNI@M HoS H ® 1.
0 _del
- ! gz dey
+ : 7 de,
@ o
®

uone[ndod ISATY NSIIZIY W) ik [ul L [ W} 24 @
uonendod 1oAry ueS1oNXe |, Wy [uk -\ @
uonendod AR 1Rz )4 [ Y @
uonendod JOARY Xexunun A s uk |V 2 T @
uonendod 19ARY uebie) i uk E s+ @
uone[ndod AR Xexerey i [uk-| ) i1t %1 ©
uone[ndod 1Ay oxerewny| rj uk 4 1k Grdl O

@w«lz i

©@o0z™H ;




950 23

0.0876
0.07898
z 0.07021
8
S 0.06143
g
—
2 005265
=
£ 0.04388
= 0.03510
=
0.02633
0.01755
0.00878 8077
20000000000000000000000177g
0123 456 7 8910111213141516171819202122232425262728293031323334353637383940414243 4445464748 49
OB 22 5 pairwise difference
3 D-loop
Fig. 3 Mismatch distribution of D-loop haplotypes
, 2
3
2.62 Ma
3.1 CEC
, CEC 2.7 Ma
; F ) ;
) CEC
2 s ,
(23241 > 7 Ma
CEC CEC
CEC , ’
[18]
) , 2
s CEC
CEC
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CEC
) CEC , , 20
, 5Ma 40
11 2.7 Ma 23]
20-21
20-21] 1959 , ,
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FEIHRAE Gymnocypris eckloni

/Nk & R4 Herzensteinia microcephaius
TR ZL 4 Schizopygopsis pylzovi

(Schizothorax prenanti)m]

Schizothorax progastus

[33]

34]

(Schizothorax kozlovi)! ,

S
4.0
4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 Ma
4 BEAST
Fig. 4 Divergence timescale of Schizothorax biddulphi haplotype derived from BEAST
, (Schizopygopsis chengi baoxingensis)[30]
(Gymnocypris chilianensis)>",
[28]
, Karnali River
[35]
3.2 )
0.939+ )
0.008, 0.0125+0.0017

(Brachymystax lenok)!

29]

8.34%,

357%  42.2%
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Genetic diversity and population differentiation of Schizothorax bid-
dulphi based on mtDNA control region sequences

HAYSA Ayelhan, GUO Yan, MENG Wei, YANG Tianyan, ADAHBEK Karjan

Xinjiang Fishery Research Institute, Urumgqi 830000, China

Abstract: Schizothorax biddulphi is an endemic fish in Xinjiang but the population is decreasing because of hu-
man activities and natural environmental changes. To understand the population genetic diversity and structureof S.
biddulphi, 143 specimens from seven populations in the Kumalake, Muzat, Taxkorgan, Karakax, Yurunkax, Kez-
ilesu, and Qarqan Rivers were collected, the mitochondrial DNA control region was sequenced, and 39 haplotypes
were detected. The Qarqan River population did not share haplotypes with any other population, and the FST tests
were highly significant between the Qarqan and other populations. Analysis of molecular variance showed that
most of the variation was apportioned among the populations, whereas the variation within populations was
81.01%, except that of the Qargan population. Gene flow among populations varied from 0.0464 to 18.2786 and
was <l between the Qargan and other populations. A phylogenetic tree constructed using the Bayes method was
consistent with the haplotype network, and the tree was divided into two clades. The most recent common ancestor
of the two branches was 2.7 Ma. A mismatch analysis showed a bimodal distribution, indicating geographic isola-
tion between the two branches generated by aridification and salinization of Lop Nor at 2.7 Ma, and Lop Nor sub-
sequently recovered because of the cold and wet climate of the Tarim Basin. Secondary contact resulted in the
present-day distribution pattern. The results of a population structural analysis suggested the presence of two dis-
tinct geographic populations, such as the Tarim River and Qarqan River populations. The former had high haplo-
type diversity (0.939+0.008) and nucleotide diversity (0.01254+0.0017), whereas the latter had higher haplotype
diversity (0.903+0.025) and lower nucleotide diversity (0.0051+0.0012). These results suggest that different man-
agement strategies should be adopted for these two groups, and that the Tarim River population should be pro-
tected as a priority.

Key words: Schizothorax biddulphi; control region; genetic diversity; genetic structure



