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HTAE & RS &Rk DNA #EE S HEES

HhES, £ K, ERE, L4AE, T 4, A0F
(1. hEAP RSB A B L RIL 430223, 2. ZRIAOL K SPRHEED, 20 BYT 650201,

3. BiBmBHRY K S4AERE, B 201306)

 OE: MRAWEMRE RN LRSI 3 AR
WP H = JRE ( Triplophysa xiangxiensis) B4 82 FFEAHIZORL 1A
YR R b( Cyth) FF FFI A1 X (D-loop) 75 #E4T T BE5T,
oA T HARAE A BBt . WVEE B REKZORI K Cytb
FH 5 A Bk 1 140 bp, D-loop J7 51 J Bt 934 bp, 7E D-loop
PRI 6 NESALR BN B —A8 AL, D-loop J7 51 A6l
B 7 AR AR A M5 B (h) 7£ 0. 083 % 0.282 2
I, HAH FRZ AR (pi) F6 BB 2 0..000 09 ~0.000 32, 3 4
RAFRHAR R Z SR ER. £FHAR Cytb JFI]H—3,
ARHEZF 4 FE T.CLAG F 773512 28.3% .28.6% .
28.1% .15. 0% , AT & &2 5, D-loop 3 FAER T EZHW
(AMOVA) ZRERAMA TR EMBEERRAL Fy =
-0.008 9, Myt fE B 5 , S 4E BRI AR 5l 100. 89% ,4F B
FORFEZE SN -0.89% , 8 5 FER B AEEMEFAE .

MRTR: HKIUE T E = RN
RIRR R R b FiERI X P51,
FARYE P52 AR O/ i T =t o
Rkl SR ERHMEER
JREGR % AR ACPRIR. PN
BRbIFH SHEHB EAEME N
ARG R ERRIMTE B = ESMLLA R
B SR L T AR R A R R
] o A HLH R 5 R B DR AP R A 4R it
FERFOR IR = AR

KB : WTEE RS ZORK DNA,
X 4G R by fE SR
HESES.: S917

XEERERE: A

R 7 £ S F) A 1 50— e 5 P B B P Y
7SR BLSE B, T84 Y 5 2 R 35 v B L )
FEBHFE, MIRARN BB AR B KB, W
BOAE A 38 R PR AL BT 50 AR BB B2
fHo M T —RhiR R R A S E— MR, 7
fida B+ oA BR, R 3R XA B ok TR B
Z LN B LB R R TR
A P S5 B R — A SRR, A R D
SZENFEEHEA 8 3 B TH0 , HAR A A 1L 2 AR
EHEMWERMRETFEER, RARSFE
PSS E N INESP DO S R EVACE X7/ J:0k i30S v d i 4
FEMERR B A — el ) FE R a4y
i LS B R, SR X AR 2L H1E
WA SR T AR ST R G
S5, AR IUMEHA K P b IF J it 1% 2 S 5T I 41

RS HEA: 2013-03-25 {&E HH3: 2013-07-03

i,

WVEE =Rk 1986 E 1 I R I, )
£ VG B &5 ( Noemacheilinae xiangxiensis sp.
nov. ) ), 1992 4ERHRER 4 Xt BERAR A — 243
M) AR 2K RGBT E L M E R
# ( Triptophysa xiangxiensis Yang et al) "', Ji7§
BRI 2R, AR R B LIBRL,
Jeteg ik , Ry B AL IR B2 . (B A AE W T
LB 5 e 1L A LR B R B A, 9 B — R e BE
A FJLA BEL BRI 7R A BE s & 3, (B 4F
HELZWET, AP E = R ek B iR N
AT 7K Ao b ik 0 B BE AR 29 1 km B3/ T Bk 4
. HETCA —HX T E & R4 =
MTESHPFRE" ™ AP 7R AL Rk
DNA J7 5 70 Hr PG & S B F i st 15 2R 1
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ShyECRp R TR B R 4 R ) 4R ik e OB AR
SFARIE , RIS T AR IR IR T IR 7 # 28
RIBAE AL 5 T Al

U RPR

1.1 #HFmRE

P R DB AR R AR T R A e 1l B
Felli KA € SR IR R 2 AST6 44 /N R (2 4
ToA /N IR 23 506 F 7 SR AR L AP R R 7 L
BAR L2 3R 5 K PER K P BE S 43 5 29 500 m A
3000 m) , ¥ & F 2008.,2009,2010 44> 3 YR
5 HORE 103 B, REEHAULIE 1o R 1 NFES
REMEE (I 82 BHEARMTLRBMANT) o 251
TREHRAARRIROBEREARRET T
95% W LEEHIHHT o

109° 18’ 109° 19’ E

N /€1 .60 , VI .6C

—
v SREEX

1 HEERR#EARELS

Fig.1 Sampling location of T. xiangxiensis

®1 HAESEHRERERER

Tab.1 Sampling information of 7. xiangxiensis

R REEH SRR BE MG/ g
POP1  2008.5 “k&JgiRIFAN 200 m 5w 24 2.0~12.5
POP2 2009.11  T&/NER1EER 25 2.7-~12.3
POP3 2010.11  T&/NAW2 KR 33 2.1~14.6

{E:POP1,POP2 ,POP3 S 5IARRIN A 3 AR REE

1.2 X4 DNA £

KR SRR BUIE 4 DNAMYY
1.3 PCR ¥ i

ki Cytb 5|40 114724 (5'-GACTTGAAA
AACCACCGTTG-3") #1 H15915 (5’-CTCCGATCTC
CGGATTACAAGAC -3") , #5 4] X ( D-loop) B] 41K
MitD1F (5'-CACCCYTRRCTCCCAAAGCYA-3") F1
MitD1R: (5'-GGTGCGGRKACTTGCATG TRTAA-
3.

PCR &% & 50 pL,@,?ﬁ 10 x PCR Buffer 5

pL,10 mmol/L dNTP 0.4 L, 10 umol/L 5|#)4%
2 pL BeARHR %y 100 ng, #hFE4EK 2 50 pL, PCR
PB4 0,94 CHIAR M 3 min;94 CAR 45 s,
54 CiBk 45 5,72 C#EfH 60 s, 3L 30 MEFF ;72
°C FH-ZEf# 8 min,

PCR 5% )5, B 1 pL PCR F=#)F 1% BifisbE
B TR, R OR . R SCR I
P T 2% SRR I b BEAT WK AT B, PR A
Al F DNA 5 fige 4616 157 & ( cycle-Purekit,
Omega Bio-tek ), & J5 ¥ Bl F= 4 % & K &
TaKaRa /A& ¥ o
1.4 BiESH

FF 3 B 45 FO R X A K4 DNA Star v7. 1 58
¥, F KA Clustal X 1. 8 X F3] #4172 & Xt
BRI ZREMESE B (h) A R Z A HEHE 8 (pi)
FH DnaSP RIS, 17 51 (9 E 4L Hh P A6 36 2R
Fu’Fs #l Tajima’ D 2 #5%%, f1 DnaSP 5E i, #f
1A [ 7372 5 75 2243 Bt (AMOVA ) /i ARLEQUIN
v3. 11 5E %, B Bl [a] 33 4L 3¢ 2 i Networkd. 6
Median-joining 5754 2, M GenBank %{#% JFE I
T #5888 ( Triplophysa) | %%k J& ( Barbatula)
FIEGHKE (Schistura) KFFHI (£ 2), 3 DNEARR
JB 2B R} ( Noemacheilinae) , i F§ MEGA 4.1
Kimura-2-parameter 5 %I {4 7 B fF &I 48 =
( Neighbor-joining, NJ) 4, 25 5B 75 £ 5
B R G R B HLAL

2 4R

2.1 FIERSHYE

ZHOXT, WS B = R B EORL{A Cytb B [H 751
FEBLK 1140 bp, LA A =27.97% ., G =
15.14% T = 28. 40% .C =28.49% ,A + T
(56.37% ) KF C + G(43.63% ), ik Cytb
EEFF) T3 R5F, R RRZE S, HH X 75 R
Btk 934 bp, B AR A =32.97% .G =
13.21% ., T= 34.06% . C = 19. 76% , A + T
(67.03% ) KF C+G(32.97%) , #&HK A + T
SR Cyb EEWE R, EHXPHEENZ
DO N AR, WK 3, 82 K75
HRHE] 7 4~ AR AL (R 4) , Hi A 2008 4E,2009
AR 2010 4E53 51 2 >4 4.6 PNERAERL, BAE
RIZAEPERE S (h) 4T 0. 083 3] 0. 282, X HIRE
FEFEFS S (pi) A~F 0.000 09 ] 0.000 32,
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R2 RERESWETAME
Tab.2 Specimens used for phylogenetic analysis
)= 4 GenBank % 5%

= JE8%)E Triplophysa IR 8K Triplophysa bleekeri FJ406605. 1
402 i IRk Triplophysa stenura DQ105247.1
WK 8K Triplophysa sp DQ105250. 1
W7 S JR8K Triplophysa stoliczkae DQ105249.1
SRR & JR# Triplophysa stewarti DQ105248. 1
578 JR 8K Triplophysa orientalis DQ105251.1
{8575 SR8 Triplophysa siluroides EF212443.1

VG & = JFK Triplophysa wiangxiensi JN696407
4:8%)8 Barbatula JbJ5 4 Barbatula nuda DQ105252. 1
i S&4# Barbatula Barbatula DQ105254.1
k@ Schistura BELU Rk Schistura fasciolata DQ105201.1
Z% E 88K Schistura thai DQ105202. 1
VA BB Schistura kloetzliae DQ105228. 1

®3 HAETREMREAETEIRERMUSR B RS A
Tab.3 variable sites in control region
sequence of T. xiangxiensis £5 HELSEHFHEGSTFES S (AMOVA)

A SR Tab.5 Analysis of molecular variance
; ; ; ; : 3 (AMOVA) for T. xiangxiensis
8 3 9 2 4 9 A8 5KV HEBE PR AERUUR AR E I/ %
HL T c T c A T HEfAE] 2 0.16 -0.000%  -0.89
H2 T A T C A T BHAPN 79 8.626  0.10019  100.89
H3 T C T C C T Hi 81 8.793 0.108 23
H4 T C T C A G AREE Fo -0.008 9
H5 T C G C A T
H6 T C T A A T
H7 C C T C A T @ 1 Network [ Median-joining 75 ¥ #4) E )

T H A8 AR, A i KB (N BT ) a8 A8 S L x5 7R SR

PR X L

x4 HATBRERMENXRAEEHNE
REEERETHS T

Tab.4 Number of individuals per haplotype in control

region and sampling annual of 7. xiangxiensis

PG TIRZRSEAE ILIE 20 A0 T 2% B 0 Dy BLA

B HL(82 M) , KA 6 M AERIER 2 — 2

A,

HfER POP1I POP2  POP3 il GenBank Zite

1 23 2 28 73 JN696408. 1
2 1 2 3 JN696409. 1
3 1 1 2 JN696410. 1
4 1 1 JN696411. 1
5 1 1 JN696412. 1
6 1 1 IN696413. 1
7 1 1 IN696414. 1
h 0.083 0.230 0.282  0.207

pi

0.000 09 0.000 26 0.000 32 0.000 23

T h R BAE R SRR R pi RAH B R

2.2

MEEESN

& 2

3 AN R R AR R B 20 T 28 S 0 B LR
5. ZBREAR, BIEEFRE Fo=-0.008 9,0

TE, RPN B ZE 53 LU AP E) A B8 S K, A
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H A& Cytb J7 %) I NJ ¥ ( Kimura 2-
parameter ) 14 7 F) 4% Y 28 45 4 ( B KR 119 S.
kloetzliae , S. thai, S. fasciolata N EE) , WL 3,
B AT UL, VS B R DR A T o R R L, B
pESE SiEiF I

100 Triplophysa sp
T.bleekeri
T.stoliczkae
T.stewarti
T.stenura
T.orientalis
T.siluroides
T.xiangxiensi
B.barbatula

B. nuda
B.barbatula
S.kloetzliae
S.thai

S.fasciolata

100

0.02

B3 ETEHTHRE&R Cytb F5
HMEH NI ZEXER
Fig.3 NJ tree of 11 species of genus Triplophysa,
based on the Cytb sequences
4 SOBUER R 1 000 YCE S HAE TR R T 50% IR 3 He
(RRHATEHE), LA S. kloetdiae, S. thai, S. fasciolata 1y
B

2.3 iR

2 Ffrep P 36 5 ¥k B 06 45 SR AT L i R
{d,H A Fu’Fs= -7.93(P =0),Tajima’D = -
1.90(P <0.01) . X ULHT, WIVEE & IR 8ok i4
DNA 2 fn B T ERE AL, RO RE R AR T 975K

3 itie

3.1 HEERRMMEERSHESSL

ZpifA DNA J7 3 53 #rR B T PG & = i
F3E A% A K P ARAR , AH BT [RLJR A9 DT FG e Ji
Bt Cytb 251 A28 S 3 s A X 155 A28 e for
ATV E R RS RL IR DNA 7 BE LR SF AR
NAE. ECAEVRIRERES ML, K
INGRBK A TE B SF ZOBL R DNA 2 e B T
WP ERES " . — MBI R 1 A%
P HURAR, (HR AR 69 S XM R e R 2K, AR
itk DNA 25 5 o 5 TV & o e Pl T
BEFTHEAR B 3 ARG EA R RS, B —
HAEA AR /NILR S 22 5F , AT LAHERR T X
FEiRZE , UK P ORI RS S I P B = R
BRAEAE Do 1815 25 RE AR 0 S I AT RE R 3
A/NE AR AL IR, B RS, WP E

T DR A A7 A TR T DR AR T I, NG 5 2, AR
JUFASZONRTI, B AT AHERR A S35 st H
L SRR U B RN, 1S SR R ER
ZARERIEM. PR BRI E &R
SRR 2 T D se YK, 3 HL i T I 2 49 7 5]
A AR (R 3) , oAb BAAR B 5 A
TYAR A —RASE R (18 3) , B I H AR B 5K
REEH . AT, RATEBA B W 21
b X3 T 7K AR 7 5, (ER 5 0 L S Y A
HBAR , 33 A A R T 9T O e RUK B AE AR
[ S B AR A LU R o PRI, FRATIHEI , 55 % 1
b DX 30T 05 9T AT AT A A Ao B KK SCHRFAE B9
AR, AR R UK ALSE, TR A S MR YR IR Y
FEES  BUERPEE RS T RS+
SR G KRR, X5 E G HTR 2
TABRFPERAR /N, I BRI, G0 4 4R 6 56 4k
FRSERE"" B R BLAR L BEE 2 1L 3t X 3t T
TS0 55 3 W 4 e D3 5, P T DR
Y 5K E B ATRR O 12418 B B E
2SR AR A ) 2 S0 e X3 R S A A i
e S BT TR IE , A S P4 v S B K P gt
e85t I R R 1B A 15 #E— 25 B9 70T M BIE o

XK B A [ 45 43 R RAF B A LA
B, SR X P E R RS R R B E R
AL . FIRE SRR AR,
DX SRR AR 3 — A BRI SRR X,
B i 1L 3t DX 90 AR L G, P o LR
B RAEFERZ TN E
3.2 HEESERMAS KA

FI T 288 I, VP T o R 6k 400 5 B
WA AROKR , G V3 0w IR . AT T4
RL{A Cytb FERN IR R G 7 , 2% 08K 1 veg i
SR BN PR R B, WP B =R
K TR B S 3L T 4% B i v LB 2 [, R
TR AR TR R G R B W, A — LAY
RV R EOR 2 AR EUR B R B, 3 Ah— L
ALK PG B v S BOR 2 LR ) R AP (2
SCRPREA R o X UL, ZOkifA Cytb 2R H A fE
Y BRI 2 4 WP = R 8 = i 5R 2 0
Wi, RS b, ZR0E 0w R Z 8]
(X A FREVEVIFS A To— B AR/ RIZE X
/NRIZE X AESEFE 2T RO B B, AR BB 31 O
ko ARBFTUH—DLRRAR IR 751, 77§24
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Hf5 BA R, A RE N7 F7KF L BB Y & =
ARG LTS RRALEHE—PRAE
ZIrTARC , AKE TR T8 285 2 B0 SR i <2
P R 2 SR
3.3 HAESRMEFRFEY

AR BITEEAR ERARE KRR, X
PRI AL 2 B RRAE th B TR AT AR (E
9 5 s Lt DX WAt M AT I b B A e, I
TF 5 el R I, 3 V4 T v DR B o JEL i T
TH—KEREL R NEJLERRERE, T
B R R ORI ELBOR, AR HAt R X
2, s g G2 A IHE R RS 3N 5
R R R M, T =R AT
PUFFRIBETE, i ATF Ao R B R 3 R, P
B RS AE IR A, A A PR SR L 5 , PR 85
AR/ NS R AT RE BV A I B9 A 77, 1E S0 T
PrBas P B R T AR E R A
S P, ZERR I T A B [ s R g2 A
T, s AR 3P IR SR 2R, HEFF AR AR
o MABIFEHIRE ST a8 R E T E =
JEBHCA [R] — 38 A5 B A, TR I 7 B 52 AR 37 1 i
i, EE AN GR B AR, O X 2 — b T R A
AR o

B2k
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Genetic diversity analysis of mitochondrial DNA in Triplophysa xiangxiensis

YAO Yan-hong', MU Dong', WANG Deng-qgiang' , KONG Ling-fu’, HE Li', HE Wen-hui’

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Wuhan 430223, Hubei, China;

2. College of Animal Science and technology, Yunnan Agricultural University, Kunming 650201, Yunnan,China; 3. College
of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study,the genetic diversity and genetic differentiation of a total of 82 individuals from three
Triplophysa xiangxiensis populations which were sampled from three caves in Wulongshan mountain were
evaluated using mitochondrial DNA ( mtDNA ), cytochrome b ( Cytb) gene and control region ( D-loop)
sequences. 1 140 bp of the mitochondrial Cytb partial sequences and 934 bp of D-loop partial sequences were
obtained. No genetic variation was found in cyt b, and all sequences were identical, the contents of T,C, A,
and G nucleotides occounted for 28.3% ,28.6% ,28.1% ,15.0% . In the control region ,the sequence analysis
of the 73 samples revealed 7 haplotypes with haplotype diversity ranging from 0.083 to 0.282. 6 polymorphic
sites were found from all samples,and all were singleton variables. Seven haplotypes were detected among the
sequences , with one of them (haplotype 1) being popular which was represented by 73 individuals. As for
annual samples, sequences of all individuals from year 2008 were completely identical except one,and four
and five haplotypes were determined from specimens of year 2009 and 2010, respectively. The nucleotide
diversisty ranged from 0. 000 09 to 0.000 32, respectively. All of which revealed that the genetic diversity in
these three T. xiangxiensis populations was low. Analysis of molecular variance (AMOVA) revealed that
100.89% of the genetic variability occurred within annual temporary samples, and negative value of 0. 89%
came from among temporary samples. The network constructed by sequences of control region displayed a star-
like topology, with the haplotype 1 in center and the other haplotypes connecting with it by one step of
mutation.

Key words: Triplophysa xiangxiensis; mtDNA ; D-loop; cytochrome b; genetic diversity
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