W2 Chinese Journal of Zoology 2017, 52(2): 304 ~ 313

FTERLE Cyt b FRPH % HrBaUR 75 i
VUIn/RHE St 38 A% S A [ 73 AT

R ®EYY FHY wBEY FEHY FAx©
@ B E R BRI B EAFK 8300005 @ rfEMGEKEMEEMZ R SRLOIIT R 266003;
® gl R4k B 430070

WE: KRRtk Cyt b IR T HDBUR SR F (QH, 18 ). MW (HBH, 21 J8).
185 [4] (185T, 18 &) FI4E i (WLG, 20 B) 4 AN UUhn/R#iEZ 1 (Leuciscus leuciscus baicalensis)
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Abstract: The genetic structures of four Siberian Dace (Leuciscus leuciscus baicalensis) populations (Qinghe
QH, Haba River HBH, 185 Regiment 185T and Ulungur Lake WLG, Fig. 1) from Irtysh River were analyzed
by mtDNA Cyt b gene marker. A total of 1 109 bp sequences were obtained and 54 haplotypes were found
among 77 individuals including 7 shared haplotypes. Total haplotype diversity (Hy), total nucleotide diversity
(7) and average nucleotide difference (K) were 0.981 9, 0.008 21 and 9.091 (Table 1), respectively. The
haplotype and nucleotide diversity of 185T were the highest, whereas those of QH were the lowest. The
genetic distance among four populations ranged from 0.006 to 0.011. Neighborhood-joining (NJ)
phylogenetic tree of all haplotypes based on Kimura 2- parameter method was divided to three branches (Fig.
2). There was no significant correlation between genetic relationship and geographical distance. AMOVA
analysis showed differences among Siberian Dace populations were extremely significant (P < 0.01, Table 3).
The gene flow (N, between QH and WLG was much higher than other populations, indicating Ulungur
River was the genetic communication channel between them (Table 2). Although nucleotide mismatch
distribution was bimodal, both sum of squared deviation (Q) and raggedness index (r) were not significant
(P > 0.05, Fig. 3). Meanwhile, Tajima’s D and Fu’s Fs neutral test gave positive values, in combination with
high haplotype diversity and low nucleotide diversity, authors still considered Siberian Dace experienced
population expansion. Applying 0.76% divergence rate of Cyt b gene sequence in Cyprinid fish, the
divergence of Siberian Dace occurred about 1.97 Ma years ago during the middle-late Pleistocene. It was
supposed that geographical isolation and fusion caused by glaciation and frequent paleo-earthquake in Altai
region were the important reasons for population expansion.
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UL R #E % {0 ( Leuciscus  leuciscus
baicalensis) JE#HJE H (Cypriniformes) fifif}
(Cyprinidae) FlEZ )&, 1RFR/ BN 4,
i 5B HE ] 2 RE TR E T 7K 2R B VR AR ) i X A
WL, I JE A TR SR A K 5 e A
EAG K R T40%SE 2002, 587555 2012),
R B L FLT MR —, BESen
NIRRT A A s R e 5 1K (VA i =%
FRKBIE I R A T EEIR, KIRA SR
R FIN A R 22 e, D B 8 AR B
H R N (025 20038, Z45)%
MF 2006).

H 2T DUI/R FE R 40 it 51 32 24 b T
FEIRES CUBE RS 2015, AREICAE 2016).
A F AL (Mazur et al. 2008) . @ A4 B %%

(Dugarovl et al. 2011) FIEF A% (F#%5%
2003b, FEHRAE 2008) Ak, imiALeAAIEAY
WG AR b IR 1997)  [A] TR A
5% (Zhigileva et al. 2010). Z:kifk DNA 4351
MsE (Huetal. 2014) Ko T 2GR BT (4
HAE 2004, 2005, SFEHIAGE 2014, T
2014), Cyt b JERIAH BT G b AR HoAd L AT 75
A AR I rh AT H 5 1 A, &
GAEEACE 22 e AT IR RGE R FEFT (CH858T
215 2004, 514 2005), ORI RHEE
BAE R RG R AT TRl z —. AHf
FEETERifR Cyt b BEF B, BB iR
FE I VIR R 4 A HOER R () 5 AL
GERANZE S, DU B i o R AR R
FEALIEREAR I -
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1.1 BERRE

WEFTH DU R M2 F T 2014 4 4 1R B
SRAUK SRR T (QH, 18 &), MR
7] (HBH, 21 ). 185 [#] (185T, 18 &) I
A (WLG, 20 ), SRAEHSILE 1.
I B T i R 8 2H 23 oK SRR v e
WHISEE =G E T - 20°CUKARTRAT -
1.2 )5 DNAREUK& PCR ¥ ¥

P TR BT IR BIRE, SR AR
Wy -S4 VAR B 24 DNA (Maniatis et al.
1982).Cyt b 43454 & L14724(5' - GAC TTG
AAA AAC CAC CGT TG - 3') F1 H15915 (5'-
CTC CGA TCT CCG GAT TAC AAG AC - 3"
(Xiao etal. 2001).

PCR [N RMARL 50 ul, Hrb 10 x buffer
50 ul, Mg® Z&KEH 2.0 mmol/L, dNTP
(2.5 mmol/L) 4 ul, Taq DNA &2 U, 5]
) (10 pmol/L) % 2 ul, #5 DNA 2 pl (1 pg),

TR B K B LARR S0 ulo 24 95°C T
A5 min, ARJE R 35 MEH, BAME L
94°CAZ 1 455, 57°CiR K 455, 72°C L&A 1 min,
)5 72°C FH4E{# 10 min. PCR #1729 1%
T et e AL VAT DN Pk 4% 5T T 1Y) PCR 7
Wik B A T A TR IR A A R A w) 1EAT 44k
[ A o
13 HIEkHE

K] DNASTAR Lasergene7.1.0 # {4 h
1) SeqMan X [ 7 FUEAT LE AT G AR 1 5
Dnasp 5.10.1 (Rozas 2009) %11 4328 A7 i
AR AR AR PR TTIR 2=
SRR B R 2 FEYEFR 2 Mega 6.0 (Tamura et
al. 2013) #AFILT Kimura XK -T2 BB R )

A4 (neighborhood joining) ZZEHEALHKT,

1 000 R EHIFEAGI R GER Th 5 f 0 A 51 38
Arlequin3.11 (Excoffier et al. 2010) %Al #f 44
W5 B AR TR 34T 73 1 7 %2 70 #r - Canalysis of
molecular variance, AMOVA) , 5Lk
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Fig. 1 The sampling sites of Siberian Dace
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fRE (Foo PP AR 4l i, R P e
55 (1) 5 1555 Tajima’s D Al Fu's Fs i - 3E 1744
TRAE AT (mismatch distribution) 4347; %t
TR ARG A Fy=1/(1 + 4Np)
TS DU R #E 2P #6 FE R Ny (Hamrick 1987) ;
K4 7 1% (molecular clock) i, KHAR
t =t/ 2u RSB Ay kR, ol
Pk S, u AEGER, u=uk, u N
LR s SARTEE, kAT e A A%
TR H, t 2R A9 kLRSI A%, 9k
IFIE) T =t >< AR, AR R AR E 5 o

2 R

2.1 Cytb ZERFEFHF

X DU RS 1 4 AN HEAA 77 2M& Cyt b
FEPRUFE B HEAT LEX a1 2050 1109 bp 117
WP, AR R A R L. T, Cy AL
G VURMBEEE -3 & &l h 28.3%. 29.5%.
24.6%A11 17.6%, ., CHRFEES EH, G
FE K, A+T 58 (529%) IE KT G+C
T (47.1%). 4 DREAARILEI 2 84 A48 A
M, Hohep AR A7 31 A, RIS AN
53 /N, o3 AR A SN ) 37%H 63%. 77
AN LT 54 R A (Lrp 3L g g a 7
A, BRI ZAEETREL (H b 0.981 9,
MR Z RS0 (o) 24 0.008 21, P

T2 28 (K) 0y 9.091. A[FERHARBE %
FEPES BN 1, 4 ANFEAA A5 1Y 2 FE R 4R 20
KEPMER Ny 185 . A8, e, 7
T, AT IR 2 FEEFR 0 R B /MK IR 185 41
M AR T
2.2 BHRBESHRARELS T

DUIN /R 22 0 A4 % P 20 R 5 A 3 Ak F
F 3 2, 185 AR A vy TR A i A B 25 d K
(0.011), 5 Vi FH L A8 v I8 30 A4 152 4% P 25 gt /N
(0.006) o A [F] 4 A< 1] fy 388 A% 20 4k Fi7 B A T
- 0.072 83 ~0.592 53 Z [11], 185 [#]55m5 L[
PRIA) DA KT )5 A0 WA ) 5 A% 22 AN B
F (P >0.05), Hp#pinlmifl 2w w25
(P <0.01). 3T Fo {5 PRIV N 6 AE
0.172 ~ 15.653 Z [i], I S48 it il 5 5 T AA
) R AR A, T A oy 9 A e L A )
DRI B DN o

K Arlequin & F 4y 1 5 2= o W ik
(AMOVA), #E MR 4 ML
FRIEAEE AT R S5 E (GR3): — &%
TUMRAER ATy LANHRE,  S0E & A ) J2
1 A W B A e R B A3 A R
BPERI A 2 AR, SRR R AL
BEMBE . SRR, TLIRBHARNIL &
SIREN], DUIN/RAER frsi il 22 R B3 (P <
0.01), HIXFpAR & = Bk IETHEAA N

F1 RS f 4 MRS SR

Table 1 Parameter summary of haplotypes and genetic diversity of four Siberian Dace populations

. W i 14 PYIRFR 2 A (KD s e 1
Pk PRI R peror RIS (Ho) BAFREE (0
. Number of ~ Number of . Average nucleotide e
Population polymorphic ; Haplotype Nucleotide diversity
samples haplotypes . difference I
sites diversity
185 1_85T 18 16 39 43.707 544 +19.893 627 0.9869 +0.0229  0.039 412 +0.020 060
185 Regiment
LA -
ST WLG 20 16 35 16.269 455 +7.569 519 0.9737+0.0250 0.014 670 +0.007 623
Ulungur Lake
HL\ v
" EM_HBH 21 18 33 17.270 811 +7.998 654 0.9714+0.0300 0.015 573 +0.008 051
Haba River
T QH
18 1 28 14.661 242 +6.887 164 0.8889 +0.064 0  0.013 220 +0.006 945

Qinghe
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x2 JUURHED Gk KoP BAER (WML L), BEMUBH Fe (WALT) FEER N, GESH)
Table 2 Average Kimura 2- parameter distance (above diagonal), genetic differentiation coefficient F (below

diagonal) and gene flow Ny, (in parentheses) among Siberian Dace populations

BE4A Population 185T WLG HBH QH

185 [4] 185 Regiment 185T 0.011 0.007 0.010

54835 Ulungur Lake WLG 0.442 92 (0.314) 0.010 0.006

5 9T Haba River HBH -0.07283 ( -0.368) 0.592 53 (0.172) 0.009

9 Qinghe QH 0.33159 (0.504) 0.01572 (15.653) 0.53256 (0.219)

3 TUIN/RAEDAFALAA Cyt b FF K AMOVA 437
Table 3 AMOVA analysis of Siberian Dace populations based on mtDNA Cyt b gene

ESHKI

Source of variation

A £ B df

Degrees of freedom

SEITAI
Sum of squares

g
Variance components

Ji 2= (%)
Percentage of variation

ANLBE One group

BE4k 7] Among populations 3 91.171 1.399 88 Va 28.67
REARA Within populations 73 254.297 3.48352 Vb 71.33
Jk Total 76 345.468 4.883 39
& 5 $5 %1 Fixation index 0.286 66

PIANLEE Two groups
Z1 B¢ Among groups 1 412.077 10.635 86Va 49,55
. .
fﬁzﬁﬂﬁitions within groups 2 S417 70445 24Vb - 207
FEAR Within populations 73 822.869 11.272 18Vc 52.52
Mk Total 76 1240.424 21.462 80
[#] %€ ¥ ¥ Fixation index 0.474 80

Va KRR AURFTT 22 Vb RoRAURFAREA T 77 22, Ve FRonRHE N T 2.

Va means variance among groups; Vb means variance among populations within groups; V¢ means variance within populations.

BT Kimura XU Hukon 44> DUI/R fERS 4
REAA 54 AN PAE R T IR K0T, IR1GAREE R &4
KEW (B 2). BEWH 3L, LT
U LN 185 BIREARA R, S
TR AS AR A B, /D AT 185 (414
RS T RIR—3 .

2.3 BHEDT REHEHR

K H Tajima’s D Al Fu's Fs A& 56 K 56 11
UL AT, 76 1000 IREERLMAE SO0 T
Tajima’s D {4 - 1.661 03 (P <0.05), Fu's Fs
{ELIN R — AN AERE AR U - 24.651 26 (P <

0.05), HZEvhAa5 % w25 %k o X BT Ay
RUATRL IR ANECAT 0T (&1 3D, &5 L S 00
I3, B Z 75 F1 (sum of squared deviation,
Q=0.006 1, P >0.05) FAlkE+54%L (raggedness
index, r=0.0078, P>0.05) ¥AEE.
A Arlequin 8, SRHIT CAEZe P d5 /)
J5 2GS o 4B R 11.093 75 (959 5 X [H]
7.269 53 ~13.320 31). £ R IEM R
Cyt b 551K 0.76%/Ma 14415 % ( Zardoya et al.
1999), RN 3 (FB#%3F 2003b), S I
IR S 0 RS 5K I (0] K 2975 1.97 Ma JiTi
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Fig. 2 Neighborhood-joining phylogenetic tree of all haplotypes based on Kimura 2- parameter method

Hap. H58; 455

55 W B % S R T B BRI AR 185T. 185 H; WLG. 2487 : HBH. MYE; QH. i, 5N KRBT A

Hap. Haplotype; The letters in parentheses represent abbreviation of different populations: 185T. 185 Regiment; WLG. Ulungur Lake; HBH. Haba

River; QH. Qinghe. The image ruler means substitution per site.

BBt Y]
3 Wi

3.1 BHABLLEER
Avise (1994) A A [P AN A TR) 54 22 5

—fh 0.1% ~ 5%. Shaklee %% (1982) 7E4& [
JIUKF st AL PR ES 0.9, 0.3 F10.05 43 HIAE A
AR . RN = 2K EIRI o B .
AW G H DU /R B %0 T A TR) 152 4% R B A
0.006 ~ 0.011, /& T HIEML (2014) JEF2hifk
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0.14 771 {H Observed value
0.12 +
0.10 |
0.08 -

0.06 -

i Frequency (%)

0.04 +

0.02 -

0.00

—m— TIHAE Expected value

Bt %} % 5 Pairwise differences

3 DUpn/RFED & AR R H IR AN LN 2 A

Fig. 3 Nucleotide mismatch distribution of Siberian Dace haplotypes

P b B BB AR SRS R BT A7

The expected value in the graph refers to expected distribution under the sudden expansion model.

P DX T SRR A4 IA) B % #E 29 0.000 ~ 0.004,
X —J7 T ST FUE R B SRR I B R
HXR, H—I7 5 G &R R e A e
BURFHHOR R (185 M. WAl Hi510) v
Wl AREN D 3 3us e 2 R E o B
K% . 2 Avise (1994) F1 Shaklee %5 (1982)
XI5 BRUE,  AKIE T DUINZKHE 25 f0 R A4 1A 1)
AL B T Iy SHE 0.05, XM ERAE T
FRHE N AN RIS TR 22 57, ARk B a0 A 1) 43
AEFRRE o DB B B8 1 FH st A% BH 2 K/ kR
Bfe b 185 Hl. ey B FHEE RO, (Hisf%
PREHECR . Prst by A8 I8 5 AR S5
TTRAHEE AR A A VA G R 56 1962), B
FI] 1987 4 (1) “HlBGHE” TRMIT T, A i
TR SIS AR WA 2 AR A K e CRLER
— 1989), T LM T E —MEK
(PGt R, 00 b PSR 2 T A B A W
455 185 [l W5 ELREEAR P AL dut A o A i) 3 22
Wz g,

M IUINIR e 2 B B AR 4 R Ge i v LR
HH L HbE PR 2T IR BT R 185 [ RER S A
P A 32 110 VAT R A8 oy A R A 43 31 A 3 R

SEISCER, SRR AL OC 2R R b B A A 1
HHEAOCME . B nT R AR AT . W
BRI OC, 15 2 5 S48 b ] R BT
Ko
3.2 BEZAEMEEERR

PR 22 REPEFIAL 1 IR 2 AP 2 Al bt A
ZREPERI AN TS H (Vrijenhoek 1994).
TAZ R AL e 5 P 2 AR S A SR IR IS ) 5 g
K, WEME, — MDA SR RZ TN
PG, HRfARZEESIEEFEE, HEK
A W ) AT AZ R~ 442 5 (Grant et al.
1998) . AWFFT 4 A VUK AE D A48y S B
FAER ZREE (Hg = 05) AUEZFR 2k
PE (< 0.5%) HIRFAE, AL (2014) Xf
BURSE W Rl 4 AR VU RHE S
D-Loop J& A7 471) 53 B () 46 5 — 50, Rz fh
ML MmN " (bottleneck effect), i
N3 “BINLERN " (founder effect) [F)5E
Wiy, FEAAAS 2R Y 9K I 80 (Grant et al.
1998) o FU/R FFHHiA] A it 1-Br s AL A A By 7R 2 1
MY, MAEZHE. il PR, MR, G
ELIRT 5 B AN EL T, 3 NRG I v BT H Y 35 30 (fF
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FeMESE 2002). MWHWEERTEORE, 4 NEEAR
PRSI 2 R AR AL SIS N F 3 21T Ui ek 1 1)
B, SrHTIRR, TR A5 SIS AN [ LA
RAMAIR T, 210455 46 T 185 A

WAL ZREVER R Py (82 PPN AR A 12 AL
SRR« Fo KT 0.25 R WIHFAAIR] K&
AT EE M, 015 ~0.25 A JESME, 0.05 ~
0.15 MK Z-4K, 1fi/NT- 0.05 ISR B A 4k
(Wright 1978). A5, JCIRFRFFON ZAF
L ANESE 2 ANBE R, B Fe KT
0.25, FRWIBUR STy DU /R R 1 2k
AR A . TSRS, 185 HITFING
ELTTREAA (] P {0 514 C - 0.072 83), W1
BRI %A LS AL 446 . Slatkin (1987) 5
tH, EIEL MR, BB S
()b PR RS S E M G R, BRI S BT
BRI R AR DU ) Hh B
i, BRI RHLESBR, B RN
MZEL A R, HEN AT R e AT 2
SRR, FERAFAE A EAT A R

BEDRIAL A S A B4R PN S AR A4 2 [ 1 A5 AR
SRR E TN, AR B AL S A
h T M T DR R B A FH 1) - 06 &R 11 3
JiEnb R dERESE 1984). M Ny < 1 B, #f
RIS R AR A A 24 N A T 1 ~ 4 22 [A] i,
BEAR AR FE RIAC UL, BE PRIt T DR #5103 It
AR S B5 1 J5 A5 AR 5 RS R S5 AAR [R] PR 234
4 N > 4 I, BRI R A T /8y, B
JE—ANBENLEART (Wright 1931, Hamrick 1987).
STREPRI SR TR 5 DU R % £
BRI N /DT 1, B e i e fofr o 1) 5 A
AT =, A BRI DRI (A A4 R AR T A
I EE R (Wright 1951). MWEEAK T,
A8 AN T AR N {50 15.653, KT 4,
SLARTERI) No (3878 F 1o tHbn] W, AN[A]HE
BB ) DU R e 2 SE DR AS A AE 8
S, R AR T R ] AR DR I s A A
REAATT 5 N3] HWF50AN, Ny KT 1 7]

R AT i B P 2 A T SO A R A7 A i A SR ey A
BEAT RN AT CHIAF AT 45 2004) . MBI A
FORE, AR M i D] e L M AR X — B
G0 BACH 4 KZH—KER BN N
H BLIAT | AR RIAT JR MR VAT e 7 ) BB 2R
B ZE NI EL ) AR T W (4R EAE 1981).
AR TR A % e S AR 9 T S
FURIE, A0 A0 T A WA ) DU 2K
HE L 0 RAT N 7853 (AT, (A A —> ]
THI AR 173X 1 A THE A ) R I 8 A (st A i
B N R AL
3.3 BHAD A SR kK

24 Tajima’s D W35 KT 0 I, W I TN
AN AP AR SR 24 Tajima's D /N T
O IF, W] T B A AR ABE I RR S ) 3 ¢
(Tajima 1989). A SCH G BT HA5 784 () rh MR A
%, Tajima’s D {1 Fu's Fs {3y b1, HZER
Wi (P <0.01). $R7mEAL 51 i g Hh kAR
Ui, SCHE DUIMZRAE S 0 A4 52 31 B SRIEFRAEHT,
I8 B AR AR sk A

BEALE I R ok el s K, oy
PR ANC NS 23 A e 25 ISR S AT, Tajima's D
PP PR I0 0 O 2 TR PSR AR s TR MR EE
FOE I, AT RRANECNT 73 A1 iHh 2 ) 52 30 22 U 7y
i, Tajima's D {HAIHAEE (Tajima 1989).
AWEFH,  RVE AT IR AN /A B, {H
SR (test of goodness-of-fit) 331
i Z2~F- 7 F S REFR B A 2 (P > 0.05),
FWIBAT 2 O 5 AR 9K B U I T 2
e —MMT, MM RN o RS FR 20T
AN, AL B NI R~ ot R RS 4
A %K (Harpending 1994) . AHx T4
fiby 34 7K £2. 2 1115 75 ( Costedoat et al. 2005, Luhariya
etal. 2014, Yuetal. 2014, Bruno etal. 2015),
AHEFAF B NN R B, HEDAUR
FE T DU R HE B A AR 2 I T REARY 5K
i

BHESHY) Cyt b FEDE ] LAE K 457 e
VIR SR R TR], AR 40 (] ) 23 IS0 AR HE
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AR S5 0] DU R Ak 20 R AR RS 5K I ]
KETE 1.97 Ma i ISRt e ). K wokk
®W, 2RI KAEIR A TEAY 5K
I IR0 E ST i, B S D 28 kY3 — M i s 1
A K IR UK o BT 7R 28 L i X v o
VKN A, MRsE gt 5 AF th UE T 23 ir 1
T, AR VUL IIX L) T 3 ~ 4 IRk
JIHEFT CREZ A% 1992) . k3] (glacial epoch)
L5 a)yk i) Cinterglacial epoch) A%, i) .
AT B 7K S 0K ) 1 Rl K S5 S0 B AR
TP AER, CH 4% 2005), BeAh, ¥ i
IRZEH X (R 1 VS ) T AR n s, 55 DU 20 ) 3
— AN, SR TR A I o b R B A A
IRFF W W 24y R B CHISE4E 1996), —
FA SR A 15T A MR PR A, 77 A M
FL 5 2 R R A5 32 T AR RO B R L R A
b, BRVFRE B2 S EUIUINR A D A R 5k 1)
B

Z2 % X W
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