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DR 3NBENGRAESE R, ZKA3AAKANAREGE AR ENAS Lo, Bt
%Ak D-loop K B 5 7| AT £ AT 27 AN R ALK ,35 N EEA, NI A fn 24 A 4 H 3
AR T HEHEAP OB, SNABENTHREAREZRRN, L A+T 4 E(64.82% )
BT G+CEE(35.18% ) , £HEAXANETEERALIHFE(WDFMREER S HFM(7) 4
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BAEHEARENZER(N, >4) , L P pofE XX H&KE(N, =27.40), HHHEKZ
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3 185 R MR A il 1 R Ity JL A 7K 2R DR HR A Bl 1) 24 2 5%
F b IR R WA RN AE ) — 2K a3 A s R 1 R
Feo FATM L 25 8 7 FI LRI R D-loop J7 51
ST 9 D5 3k Gl A 3 AT 3 A AN TR 3t 5 8 DR AR A Bl
VR Z 18] 9 8 25 38t 4% 22 53, IR T 8 W) K IR 4
Bl T 1] P9 ol R 8l 28 R0 DR, DA SRy e 7 i
PEIR K B ZEAE I AP v 9 BCA A 5 3 4 X 4
PEILAL 19225 BERE, A o PR AP T B W9 D R A B i
— B Y B IR R B AR

1 MRSk

1.1 M
S5 I R MR A i B TN T 8 W X

IS AR A 3 Bk A T 1 (49 FB) . ?;?'5(
(14 ) iz (52 &) (18] 1)3 A 55 A K I
Sk, ¥k 2010 4F 4 A 8 H—2010 454 H 10
H R4 J5 iz [ VLA Bo M T 5 ) & SR A BR 2 W) /K
BT s = AT B . AT TR A S
AR A 73k B U 1 (28 B) R T 2008 457 A
12010 45 4 H 553025 ),k T 2010 4 6 A ;
sz (28 F&) , 2R T 2008 4F 7 H o HOHr & LA 21
GURE S DR AT T 0K L rp Al (1] 96 9 3 R 2 52
K HEAT IR SR
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Fig.1 The sampling stations of S. macrops
in Qiandaohu Lake

1.2 ZIWH*E

BEABEEFMNE S ES" 0
fif Jeg #0205 AL A S B BB, SR F - ROF BUR TR AR
KRB g ot 3 A S 115 R KR 42 g
HeERK XK WK s Rk AR KR
Wi AR R AR MR (B BE AF 11 AN AT R

AB AC,BC,BD, BF, CD,CF,DF DE DG EF,
FG .EG,EH EI,GH,GI HI #t 18 4 HE %2 ¥ 4 .
Hop K UK R KON Bl 22 1 mm, (5T iR B
JEN 0.1 g, AR BARAE AN 0.1 mm (& 2),
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Fig.2 Measurements of S. macrops

(Xie et al'™?)

D-loop /& 7| M| & i FH o 9F /Y B & 05
B ULPA 2 4 Hh 4 B R 2 DNA 9 T 4l ok
e - 20 CokAa b R 774 . 514 DLI
(ACC CCT GGC TCC CAA AGC) f1 DH2 ( ATC

TTA GCA TCT TCA GTG) '™ 3E4} PCR ¥ 8 45
343 % D-loop X WL KK DNA F B, 50 pL J
MK R A FE 5.0 L ) 10 x buffer 2% i,
4.0 wL MgCl, (25 mmol/L),4.0 pL dNTP, 4%
1.0 WL IE 1A 547,50 ~ 100 ng #i4g DNA,2 U
Taq fif§ , K # ddH,0 #h5F, PCR ¥ 3§ 52 i 1) 45 1
794 CHUEME 2 min;40 AN, B A9 2042 45
A5 94 T 30 s, 38 k 50 C 30 5,72 CTHEA 1.5
min; ZEff1 72 C 10 min;4 CEE" . 1=y
HEEAE TN i B A AR RAF 2. D
JF AR ABI3730, Bl )5 51 29241 000 bp A4 .
1.3 HiEE

E R 5T SR T R S AR R R T 2
i U A IO U T AP NV G 2 3
(Logl0) ™" fii Fij SPSS 18. 0 % $i4fi ik 17 b5 vf
S5 , B 45 JHE AR O PR R B 4 B 32 B 43, OF i AT
KMO F1 Bartlett £ 56 , #; 56 4% & & & & & i F F
/\*ﬁ

D-loop & 3 4 #f {4 F§ DNASTAR ver. 7.
1.0 B &% 1Y SeqMan & 7y 347 XL Il 17 51| 1 T~
TR AR UE . B 1Y 2 BORN 8T U0 >k | MEGA
4.1 g ClustalW 5S¢ 8o 3 4B 7T 728 7 25
BAEE MEGA 4. 1 Hr i 3k4% i F§ MEGA 4.1,
FF Kimura-2 235 A, 38 1 000 ¥k Bootstrap
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K36, M NT B, {fi F DnaSP 5. 10" &t #f%
Al 3t Network 4. 6. 1.0 %5 {4 44 7 B4 1 ) 4%
P, fdif] DnaSP 5. 10 5 S fE A L ek (h) 1
AR Z Rk () 7" FRBE I JE R N,
WAL LR R F U Bt (G BE RS D, o

2 4k

2.1 WEELSWT
B 29 AN B & %) B e A bR AL S AT &

B I3, F S B AT A TR R ML AR 1. A
FP A LLE W, AT = A B R TR
77.090% , H o 55 — F 4 i ik Rl 68. 145%
HAE R 7 8047 19 K Sk K \BC \BF .CD,
DF DG EF EH . EI GH; £ — 3 i 73 5T ik % Oy
5.590% , B A BRI - 8 A 1) 2 MR ) B 5 25 = &
B TTRR R 3. 355% , FLA BRI T 34 1 2
ERMEMK

x1 FEMNEHKWERSEFHE

Tab.1 Morphometric characteristics and principal components extracted from examined materials

PR characteristic PC1 PC2 PC3 PC4 PC5 PC6 PC7
4K total length 0.318 -0.069 0.586 0.702 0.215 -0.008 0.007
XK fork length 0.954 0.023 0.029 0.041 -0.098 0.029 -0.048
f& K standard length 0.759 -0.068 0.058 0.068 -0.267 0.327 0.212
{& 7% body depth 0.887 -0.167 0.037 -0.084 -0.026 -0.023 0.073
{K Jfi & body weight 0.842 -0.062 0.082 -0.101 -0.028 0.003 0.075
3k head length 0.901 0.064 -0.007 -0.115 0.057 0.050 -0.075
) K snout length 0.662 -0.544 -0.234 0.088 0.244 0.195 -0.005
FEMR K caudal peduncle length 0.569 0.037 -0.538 0.483 -0.200 -0.145 -0.029
AN & caudal peduncle depth 0.768 -0.309 -0.278 0.080 0.217 0.187 0.213
fR 4% eye diameter 0.763 0.158 0.245 -0.120 0.038 0.289 -0.149
fR 6] #F interorbital width 0.252 0.890 -0.131 0.131 0.034 0.188 0.081
AB 0.830 0.183 0.021 -0.019 0.036 0.055 -0.123
AC 0.877 0.026 0.040 -0.125 0.132 -0.080 -0.262
BC 0.930 —-0.040 -0.012 -0.078 0.088 0.015 -0.117
BD 0.854 -0.059 -0.003 -0.107 -0.038 -0.009 -0.076
BF 0.915 0.110 -0.077 0.029 0.057 -0.010 0.032
CD 0.908 -0.195 0.035 0.034 -0.090 -0.101 -0.044
CF 0.779 0.016 -0.149 0.036 0.204 -0.237 -0.138
DF 0.945 -0.078 0.034 -0.055 0.072 -0.056 0.110
DE 0.746 0.252 0.071 -0.136 0.234 -0.267 0.334
DG 0.941 -0.001 0.091 -0.132 -0.008 -0.079 0.000
EF 0.928 -0.159 -0.017 -0.010 -0.060 -0.002 0.083
FG 0.789 0.004 0.186 0.003 -0.252 -0.224 0.198
EG 0.892 -0.123 0.077 -0.054 -0.082 0.029 0.011
EH 0.914 -0.051 0.064 0.004 -0.222 0.015 -0.045
EI 0.929 0.035 0.039 —-0.005 -0.141 -0.018 -0.049
GH 0.915 0.153 0.011 0.023 -0.023 -0.005 -0.115
GI 0.867 0.178 -0.125 0.213 -0.057 -0.024 -0.124
HI 0.803 0.327 -0.106 -0.069 0.181 0.064 0.124
TiHk %/ % variance 68.145 5.590 3.355 3.234 2.075 1.852 1.665
B 5iEk %/ % cumulative 68.145 73.735 77.090 80.325 82.400 84.252 85.917

A 7350 MR 4 PC1 I PC2 (PC2 il PC3
1 M R A (B 3L 4) B R AR R AR

f4° 3 AR 78 AN [R] Y 3t FHRE 04, 4 2] o 4% 3 B
L S AT, AN [ R R R R X 3
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Fig.3 Scatter plots of scores on PC1 and
PC2 of S. macrops
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Fig.4 Scatter plots of scores on PC2 and
PC3 of S. macrops

MR A G 3T 35 3 e Kaiser 25 Hy 9 Fr U -
KMO {H B33 1, 808 S 7E R 74081, KMO i
(0. 964 , Bartlett ff) Bk & i 6 56 ¢ $5 45 ( %

2) T e B T A T HEAT IR T A0
2.2 ZHi{K D-loop K 5447

Z X I 23R4S 81 45 K HRAE SR 924 bp 2 {4
D-loop J341 , HH R ST A7 5 897 A, A8 557 1 27 1,
fR S S 21 A BN AE AT 45 6 Ao #5 a5 DL K
IR L 3, o A + T S (64.82% ) 1
T G+C HH(35.18%) , EHMH R G k'™ .

& 2 KMO 71 Bartlett #; 38
Tab.2 KMO and Bartlett’ s Test using SPSS program

KMO Z & 0.964
Kaiser-Meyer-Olkin Measure of sampling adequacy ’
Bartlett BRI 5 46 56 +J7{& value of Chi-Square 4 235.260
Bartlett’ s Test of H 1 J¥ degrees of freedom 406
Sphericity 2 K significant level 0.000
®3 HEAWEARLE
Tab.3 The nucleotide frequencies in three populations
HEIK population T C A G
¥y FK 32.549 20.799 32.294 14.359
H L FW 32.537 20.823 32.316 14.325
Il LQ 32.498 20. 864 32.278 14.359

1Y average 32.528 20.829 32.295 14.349

5 9 RHRAE B 81 ASFEAR 9 NI B, ] ok
A 3 At B A 09 A R G R R TR O R SR 4R
PSS o ] DnaSP 5. 10 7347 1 3 i
TR B AR, 3R AT T3S A AR AL (E6) |, A

FW23
Qo2
1 Q12 0- Lzd FKIFW24
Lo *o10
FiA 0.000 5+ KL
FKO04, FK12
LQ13 0.001 0+ Fvas
LQo3 FKO1
LQ2) 0.0015 Wi
FK13, 0.002 0- LQ28
LQI5 LQ09
FKO6. 0.002 5+ FK22
FWI2
0.003 01 Fwz1
FW20 FK26
FK28 FKOS
LQ30 FK16
FK24 LQ03
FW17- FKO3
Fwo9 FWI5
LQO6 LQ20
FWO03 FR23
FWO06 Fw
FW19 FW10
FW14 LQO7
FW07 FW04
FK20 FWOS
FKO7 Lol
FK18 FW16
LQ25 FK19
FW09 Lo
FK25 Qo4
FK10 Qo8
LQl4 FWO1
FW02 /. — 1Q29
FWL e <71 FKO8
FKO2 L FK15 1QO1L o fK 1]
LQI7 ¥R 14 LQI6 LQI8
5 ETLHME D-loop 1T B M KREH 81 MEAR NJ &

Fig.5 Phylogenetic tree( NJ) based on D-loop sequences of 81 S. macrops samples
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[ 011111222334555555667788889]
[ 102469235884023366124736790]
[ 681210343678321314015274686]
Hap_ 1  GCATTCGCGCCGCGGTTATAGAAAGAA
Hap 2 ..... TieBivsaannnnnsannas A..
Hap_3 T A..
Hap 4 ..C...T.AT......... A.G.A..
HaP 5  veChvennerrnncnnccsrannnaes
Hap_6 PR o S - S G..A..
Hap_7 A..C.T..A....A. A...A..
Hap_8& Y o PR T....GC..... A..
Hap 9 ...C.T..A....cciuinnnnns A.G
Hap 10 ...C.T..A...iiuennen A...A..
Hap_ 11l ..ceivenecnccnccnncnanns A..
Hap_12 ....... TA..... ACC.vvannn A..
Hap_13 ..... TeBieeinonans G....A..
Hap_ 14 A..cciceveevnncnnans G....A..
Hap_ 15 ...C.T..A.......... GA...A..
Hap 16 CCiverennnannns C.uvns A..
Hap_17 T.C.T..A. A ..A..
Hap_18 ....... S A..
Hap 19 ...C.T..A.......ccccuunnn A..
Hap_20 «.CCouuunn Teenen Civunn A..
Hap_21 ...C.T..A........... A..TA..
Hap_22 ...C..A...ccieeecccncnns A..
Hap_ 23 ...Civivncnncncnnnnnanns AG.
Hap_ 24 ...C.T..A....A...ccvenns A..
Hap 25 ...C...TA..A........ A...A..
Hap 26 ...C...cevvviennnnnn A......
Hap_ 27 cevveevnincrnnacnnns G....A..
Hap_ 28 ...CeceiBivuinecnnnnnnnns A..
Hap 29 ....... Teaesne ACC.ccacne A..
Hap_ 30 .T.C.ueuverrnnnnccrrannnaes
Hap_31 ....... b G....A..
Hap 32 ...C...TA........... A...A..
Hap_33 ...C...TA...... Civenennn A..
Hap_34 ..T.ceeeeencnncnnnn GA...A..
Hap 35 A..C.iviecreerecnnnnsancnnns
B 6 THMAMREL D-loop BFRTRM I

Fig. 6 Mutation sites of

D-loop sequences in S. macrops
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T LIS DX A0 2 22 R (T 7)

FI ] DnaSP 5.10 A5 1 5 i) 3 A HEAA A 5
R RERE () AR IR 2 RERE (), R Bk A1 U
IR At 1 22 P PR IR O 8 IR IBOR 2 8 SO
Mo 3 AU /st e 5 0 2 A AR
MR REVERRE G (3R 4) o HRIAIR] RO v st e B G L33t
e AL AR O B PR D4 5 , T PR U i 2
BRI, Hor A 28 o U FRIES SCRZ ] A 2 PR
B
3 dhe

T 25 B B S B T A Sk ) Rl I 22 5 A e J) —
PRI ) B ) AL 22 S AR Y
ABRGE i A 3 A X T 8 3 A A
SEZRAAT T H R R 3 AR IF A AT A
FHGA 2. B BB X B0 & R i
BEFTAR AL, MR A5 R 85 SRR 45t 3
R Z 132 A5 53 Ak, T REAT) S A1 38 T A 1A

D-loop [X. J& LKL (A H (19 3 25 15 )7 31, A5 B A
— LB Rl R A — S B A R A A S A
10 T 3 AR 81 ANy D-loop 1751 43 7
AR AT A RS A S P A A B R A 5
TABR 2 BT 189 22 5 AN DK, R WA 3 48 A4 e ] 7 3k
e ERYBEESARAT . BREALRAT & G i Bs , X 5
A A e 3 W SR BT R BLAG — E

HAP21
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I s (FwW)
I 10 (LQ)
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Fig.7

Network of all D-loop sequences haplotypes in three S. macrops populations
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Tab.4 Haplotypic(%) ,nucleotide diversity ( 77) for the populations of S. macrops
AR EREEE B S L AR L R KH R Z Bt
I ) _ o
. number of number of polymorphic haplotype diversity nucleotide diversity
population o .
individuals haplotypes sites (h) ()
% 1 FK 28 19 22 0.968 £0.018 0.004 76 +0.000 49
il LQ 28 19 18 0.968 £0.017 0.004 53 +0.000 41
X FW 25 17 16 0.937 £0.037 0.003 30 +0.000 35
RS THHINBHEENSEEES, EEIUERTERR (ns: TEE)
Tab.5 Net genetic distance(D, ) ,pairwise fixation indices( F ) and pairwise gene flow (N )
between populations of S. macrops( ns = not significant,P >0.05)
) it {2 B B Sud LA RS SR
Rt 1 figt 2 o TR —
. . net genetic distance pairwise fixation indices pairwise gene flow
populationl population2 (D) (F) (N.)
¥ b FK & FW -0.000 08 0.006 30 ns 27.40
¥ M FK I i LQ ~0.000 03 ~0.008 08 ns 16.72
W FW il LQ 0.000 04 -0.002 77 ns 10.30

S Al S NT R, S B4 Hl BERE A A A 1A
R IR B — B 2 R WA 1AM RS 42 T2 TR
Zi M 4 A TEREAS NI REep i 45 43 32 1 B o
o4 ]l 12 B o T 6 5 4% B AR O R Hh BRAS 1K
O T 2 B S (AT R, BRI
AR 5 M T A AR WA B AR AE  1E R 7 A
T30 35 A BARE TR g o] 2% PR L 0 A IR T L
HAPO3 F1 HAP19 4 #% .0 (19 W AN &8 43, 1 3% £ X
AN X, 0 — e 5 8, T 6 5 0 % T g
T 3o TR A WA B B 0 T 4k O A AL X T
e th TR RES 2 2 i i 4T i e 2 7 —# 4y
A A1 25 25 37 5 PR Ay 45 0

X 3 A5 LR I L R W T B R
B U, B SR AR T RSk [ WA
AF A3 B RE i, % 5 7 T A 1] K MR A i ol B0 A 5 A
76— 5 WG B 1 2 2548k, DAL T g B B0 A £
REPE R AN S I 5 o 3 D BER B AR UL S A
PUAR L 5 b RS o B0 A X S VPR s 4
S AR AR VT T 25 () B 55 485 SR — B, 3 A R A
SRR FRATT T 52 980 MR A B 1T i 28 3 o 30 391 194 i
Bk,

I PRI 2 4 — e TR — D BT R 5 5 —
A TRE VA I 2 0 5 5 DR A 00 0 R A, BT 7 A
DRI 3y, i DR 2 582 WAL RO S A 38 R A 2 ol 32t %
ARMEEREY &N, AT 1, RUIF
S PR AR R A TR AT s N, KT 4,
S WA 22 ) 2 — B AL S B F A s i AR

INCN,, < 1) WA AT BE TR B W s 7 o
FL kit D-loop J 51 1 K MR 48 i 3 A B 4 7
I6] f) 35 P50 40 BF SR L N, BT 4, W 1 3
BRI AFAE L T 2 W R 0, M R T — A Bl AL
AEECRER . Horh W 5 R S0 A T B, B
SC55 I I 22 ) 4 52 I e 58, 445 4 22 RE R B S AT 4
SR I B SC Y K HR A B T RE B T AR A 7 1 BR
B0t B W 101 D7 1) B8 3l B 58 3 B K. Wright
NG AL REC(F,) F T VR0 B A st % 43
TR IE AE O ~ 1 (T IR, F K, R RE (] £
AR BB, — PP AR ME R F, <0.05 f{ERER
JiE 43K ,0.05 < F, <0. 15 fe 4434k 0. 15 <
F,<0.25 f0FEEn4k,0.25 < F, <1.00 fb3%
WAL L 3 4y F 5/ T 0.05 HAME
WAL (P >0.05), 540 3 A B0 A 9 ¥l
2 B L ARAR , DA TR AT TN, 3 AN M TR A 22—
A BEHLAS BRI, R & Ak 2 oAk o

252 M5 T A2 i 45 R S i A s 36 3 4
TR B AL S i B 1A EL A & A i % a0 A, 3 TR
(58 LA T /NFR BT IR o /NI o T i AL
SRV | B VA A KU S I Bh DA S
B AR BR R KCE, A EE R Bl ORE T 2 5 K
a2 PR, T T W0 4 H B R A T — Fob
AEFETIRAS , PR T RE % 11 4 1 316 760 BR 555 45 SF 19 IR
B, O HAORFFE FaEnystfe 2. TR X
— T U, AR SR T K A
Bl 140 2 R K SR, A 95 e HE i K RN
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population differentiation with miscrosatellite markers

Morphology and D-loop sequence analysis of
Sinibrama macrops from Qiandaohu Lake

ZHAO Liangjie' , HE Guangxi’, ZHOU Xiaoyu', JIA Peiqiao',
WU Zhen', SONG Gu', ZHANG Hong', LIU Qigen'”
(1. Key Laboratory of Aquatic Genetic Resources and Utilization of Ministry of Agriculture
Shanghai Ocean University , Shanghai 201306, China;
2. Hangzhou Qiandaohu Exploitation Co. Ltd. ,Chun’ an 311700, China)

Abstract: Morphological and genetic differences of three Sinibrama macrops populations from Qiandaohu
Lake were compared by traditional morphological method and mitochondrial D-loop region sequence
analysis. Based on the results of principal component analysis, specimens clustered together by scatter plots of
scores could not be divided. It indicated that there is no morphological differentiation among all samples from
Qiandaohu Lake. 27 polymorphic sites were detected yielding 72 haplotypes. NJ tree and network showed
that the geographic distribution was ambiguous. There were similar base composition among the three
populations, and the content of A + T (64. 82% ) was higher than the content of G + C (35. 18% ). High
genetic variation ( 2 ) and low nucleotide diversity ( 77 ) were found in the three populations analyzed for D-
loop,and the diversity of Fenkou(h =0.968 +0.018,7 =0.004 76 £0.000 49 ) was the highest, Linqi( & =
0.968 £0.017,7 =0.004 53 +0.000 41) was the second, Fuwen (4 =0.937 +0. 037, 7 =0.003 30 =
0.000 35) was the lowest. The values of genetic differentiation index ( F, ) were lower than 0. 05 and not
significant( P > 0. 05). A strong gene flow among the populations was observed (N, >4 ), and the N
between Fenkou and Fuwen was highest (N, = 27.40). The results showed that the three geographical
populations belong to a randomly mating population. Consequently , we suggest keeping the pattern of gene
flow of S. macrops,and reducing the influence of human activities so as to protect this important species in
fishery resources.
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