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FE: L, M 294 5 10 MESERENLE 1, THiEH 32 K2 &MY, W ERT. B, ERRARNAHT S 4
ANRATLEyih (Trachidermus fasciatus) T AERFASL 120 BANMARET RAPD 707, 45 R0, FATTfyif I A= A4 st
L PR, HFEERIA: O AP AR 591 AMMLEH, A 515 ANE87.14%) 07 5 B2 &M, Bk £
B R P KANIYT Hy : & B LLFEAK 89.17% > BEIA 87.99%>MY SRV LA 86.63% > FE1A 83.25%.@) F2a
VLB 4 FEAATR] Y] Shannon 5 BARE(Ir)F Nei's 1L 2 FEEFE80(Hr) 73 #I1E 0.3393~0.3566 1 0.2157~0.2279 [, 2
TR OB B A 3 BEAARYAR,; 1 — N34k, MK Shannon {5 BFEEU) AT Nei’s 4% 2 HEMEFE S (H) 23 5l
9 0.3710£0.2153 1 0.2336+0.1643. @ HARFEAAN L RIIAL (V) 7E 5.76103~19.84497 [7], 57~ 44 b R (A [F] 47
FERREARTFERAT I, H5 T 7 2253 BT (AMOVA)SE JE R, S REAR (8] 72 4E B 35 (P<0.05) L A B 25 (P<0.01) 1)
BifE . @ WA HTRM, MEETTHA 58 S BB — 3, BB RILE S, 5ot e —3 e
TIREATRIS, RIMGLRIT, T EFRVLAE 3 BEARIA) (VI 44 BE 25 55 100 b ) (1 B 20 320 30 35 DIAH G, Tl A A
eI AL P B . HR, MSRIFI S1205° 2 PPy S1pps™ P S15ps™ 1 P 815455901 8,345"2 P 25 5 ANEE R RAPD
Zatrrh, I S1p5% PP S00s™H PP 45 A Bl AL Y SCAROIP PP, SCAR02* ™[] SCAR i, XMAMRICIN
WMBTR, M ST RMASR 5(96.67%K1 93.33%) & FRILAMATLIR(83.33%F1 90%). i HHA TR IR (56.67%F0
66.67%) EEHEARIAR(13.33%H1 20%). Kk, SCAROI™O™ ., SCARO2* P 1] {: Sk e 5| A T iy -£0 YA 156 A2 b5 Al
3 BRI TR
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Analysis of genetic diversity in wild populations of Trachidermus
fasciatus by RAPD and the transformation of two SCAR markers

ZENG Zhen, LIU Zhi-Zhi', PAN Lian-De", TANG Wen-Qiao, WANG Qian”, GENG Yun-Hao"

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources Certificated by Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China)

Abstract: Firstly, RAPD was conducted to analyze genetic diversity of Trachidermus fasciatus in the Fuchun River
population (FR), Yellow River population (YR), Luan River population (LR), and Yalu River population (YL), with 32
polymorphic 10-bp random primers selected from 294 ones. Thirty wild individuals were detected in each population.
The results indicated that the genetic diversity of T . fasciatus was relatively rich. The major results were as the following:
1) Altogether, 591 bands were detected and 515 of them were polymorphic, accounted for 87.14%. The range of
proportion of polymorphic loci (P) was: FR(89.17%)>YR(87.99%)>YL(86.63%)>LR(83.25%). 2) The Shannon’s
information index(/t) and Nei’s genetic diversity(Hr) among populations were 0.3393—0.3566 and 0.2157-0.2279,
respectively. Compare to other three populations, LR population had relative lower values. If took the populations as a
whole, the total Nei’s genetic diversity(Hr) and Shannon’s information index(/t) was 0.2336+0.1643 and 0.3710+0.2153,
respectively. 3) The value of gene flow (N, ) (5.76103—19.84497) were high, indicating certain gene exchange existed
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among the four populations. But the AMOVA results exhibited significantly differentiation (P<0.05 or P<0.01) among
the populations. 4) In the UPGMA tree constructed according to genetic distance, YL and YR populations clustered
firstly, then with FR population, and finally they joined to LR population. Obviously, the YL, YR and FR populations
had relatively close relationship according to their geographic distance, whereas LR population showed clear divergence

to the other three populations. Secondly, out of the five special RAPD bands (S1225°> %, S1225°° %, S1205°* %, S 345

695 bp

and Sy345°2 ), SCAR maker SCAR01°°°* and SCAR02*** were successfully transformed from S;,s5°° *P and Syp555*! P,
respectively. After large samples examination of the two markers, we found the highest frequency (96.67% and 93.33%)
in the YL population, higher frequency (83.33% and 90%) in the FR population, high frequency (56.67% and 66.67%) in
the YR population, and the lowest frequency (13.33% and 20 %) in the LR population. Therefore, SCAR01°® *P and
SCAR02** ™ can be used as special molecular markers for the population identification between LR and other three

populations.

Key words: Trachidermus fasciatus; Genetic diversity; RAPD; SCAR marker

FAVLSfith (Trachidermus fasciatus, Heckel)sR J&
Tl J& H (Scorpaeniformes) #1: 5 1 £} (Cottidae) KA V1.
fifi {61 J& (Trachidermus), {&FK “ VUBEET” 45 J&—Fh
F% g W veT 3l i PR A 2K (Hubei  Institute  of
Hydrobiology Laboratory of Ichthyology, 1976). ‘&4
AR, B R AR, A S AR
BT RV 35 K 435 K% B 3B /)N i)+ (Hubei - Institute
of Hydrobiology Laboratory of Ichthyology, 1976);
A, HII Wang (2006)38, %M HAR L, ]
M5 7Y g 0 ) o ] A P Ui R AR K K A O3
Mo fETPE, BELFRIREE, PR, 5
T G SRR Bt G (A5 1 22 DRI 3R B S ), R YLy
B A FOREMUE, ©T 1988 SEHA N [H
KBRS (Wang & Liang,2008). #HEA 21 il
ALK, SEEAUIRE NES. 2] 71K
SRRV K R BB EAT T 0BT (Liu et al,
2010; Wang et al, 2001, 2002; Wang & Liang, 2008;
Xu et al, 2008, 2009), {HIZXLEHR & 57 T B LAk
HME A5 S AL, BIFFE S A R HE LA T L 2 0 s i e
V| A VI 0 B A e FR A% 2 VR IIR o —
JIT, R RA Tyt R e o AL T, 5T AU A
WAL —E(Liu et al, 2010; Wang et al, 2001, 2002;
Wang & Liang,2008; Xu et al, 2008, 2009). [Ft, X
A7 AR T8, WA 2 — 2D R 1 ik 4t
(15315 s VA

B WL 9 3% £ & & DNA(random amplified
polymorphic DNA, RAPD)#; K j& i Wiliams et
al(1990)11 Welsh et al(1990)F H iy —Fh H A7 i .,
PR AR R TR, O 2 N T
EVIRIREG R AR AR ZAENE . AL . FlTTsE
SESEZ 7 ST (Barman et al, 2003; Gao et al,
2007; Yan et al, 2005). 5545 P88 X bR id

(sequence characterized applied region, SCAR)/&7E
RAPD BOAREEA F R AR — M 5. g, W]
KPR pRdBoR, PRILRA TR EMLr . EHLE
AR R O E AT TV N T R T v
(Salmo salar) WL1#%(Oncorhynchus mykiss)(Zhang et
al, 2007). 3k 5(Megalobrama amblycephala) (Zou
et al, 2005). “¥r 7 & ”Jé ¥ ¥ JE 1 (Oreochromis
niloticus)(Li et al, 2010). BRYIEHE(Cyprinus carpio
var. color)(Lu et al, 2011) . B R ¥ %' qF f1
(Oreochromis aureus)(Gao et al, 2008)%5:1F % /K = 4))
Yy HER AR S 2 hm id B RS . ABFTUR
1} RAPD-SCAR 73 #1771, BEMAZEE K41 B 73 #r
FATL S A0 AL 2K, SO SRS R B A
() ) 23 b, Ok R YL B £ 0 5T 08 s ) O 97 5 )
FI < e S SR SRl BTk o

1 #MR57%

1.1 ##

TR0 T BB AR RA TS fRE AR, 43 5K B L
BATL(RIFR & BTLRA, H FR R7R) IR B
(IR BT REAR, ) YR HoR) VaTdbssim (i #x
TR, F LR oR) 10T M SRV L (R AR SRV L1
&, M YL FoR). BEARHARIRAR IS M1 30~40 2,
BIHNZ) 0.2 g A7 Mt JN 1.5 mL 20T, SeH
95%IAE ORAF 48 h J5, 4t T5% ks IR ArT- 4 CUK
.

1.2 A&

1.2.1  JE[RZ DNA FEEC SR & B« -5 05
Wk, ZMOCER(Liu et al, 2009)/ 7753 T . SRELK
DNA T-20 CUKFRA7%

122 RAPD-PCR ¥'# 10 BSEFEHLT Y 294 4%
(51455 4 S11-S40.S122-S185.S1210-S1409), i



‘i

2.

S8 RN B AR RAPD 20T IR 384% 2 FEEAT SCAR ARiC IS {L 205

H Bl TAY TREARIRSHRAF . SR
PRCEWRSE 5 umol/L, —20 CUKAifRA7% . PCR
SNVAKZR 25 uL: 357 2.5 uL buffer. 1 pL ANTPs
(2.5 umol/L), 54 2 uL. 2uL FEH 4] DNA. 0.6 pL
Tag DNA G ML ER AR A R A, 5
U/uL). 169 pL LB FKRRANRARA ). &
NN 94 CHIAEE 3 min, 94 CAEE 455, 36
CIE“K 45, 72 CHEAH 90 s, 45 MG )5, 72 CLE
fif 10 min. i PCR K MNIJE Mastercycler ep
gradient S (Eppendorf)’i! PCR 1% _Fi#47. H{ 10 pL
PCR #4724, LB (% EB 0.5 pg/mL)HLIK(S
V/em)1.5 h J&, H BIO-RAD Gel Doc XR #EiZ 5
R EAIIHT

123 HiEat  “4mIkik#3n RAPD K, 1k
[ — BT E L, 5 RAPD ¥ 410
1, AWK 0, ¥ REREAR BT A AR A AT £
LR R A “0 Bk 17 MERE. fERE
Hardy-Weinberg *F-f7 I, H} POPGENE 32 #1347
AT, TR ZSAL R 2540 R BI(P) Nei's 13
1 2 FEVESR$(Hr)+ Shannon 15 BG4 (Ir). FEAAIH]
TEAEAFBLRE AR R TR 54 2 2 25 o MR R A ) 110 3
fEEEES, H] MEGA4.0 (Tamura et al, 2007)% {41,
1) “UPGMA” 27X 4 ANBEARIEAT R K041, H
Arlequin 3.0(Excoffier et al, 2005) #4777

=43 #T(analysis of molecular variance, AMOVA), il
AL IR By -
124 RAPD ¥ wifE  FIH DNA Puid[alil
PG AL SR A R AR, M 1.8%55
WAL [ED 24k RAPD 5 5 Fr B B 4lifh fr BOE
$%% pMD19-T Vector #f&(TaKaRa A ), K54k
A TOP10 32341 ORMR A A BR A D)o Hi 4 i
IR B, Pk AT, H MI13+-514)
R TE PCR. i % B e b, B MAMAIE 3 A4
BH P o B R4 700 (L 5 S AR IR 2 IR A WD)
1.2.5 SCARPRidIFiiL 4 RAPD #1494 K¢
S A FIOT B M. AR AR, A
Primer Premier3.0(Rozen & Skaletsky, 2000)% 115
T 19~25 bp WIEX 51V, SE&/MFEARERAA 8 4
)PCR ik, *HIRES 38 th H 0415 10 5 |9 73 1k
AT RFEAR(REREAR 30 AMA)SAIE. PCR #H9S505E
A5 RAPD A:#ifRde—2, HIB kiR MR 5)
(1) PEXEIEN 35 4>
2 # R
2.1 RAPD ¥ B4R

AT 294 4% 10 BRIAEREHLS 1), Gk

32 FyaUREE . AN SIIE 1), X4
A RATL St FEARIEAT RAPD 237 o 3RAG AT 52K

F 1 SCARRICHISIMFS]. BAXBERTEREX/N

Tab.1 Primer sequence, annealing temperature and size of PCR band of SCAR markers

RAPD 5|4 RAPD Friciff GlL ]l IR K i VN SCAR #rid
RAPD primer RAPD marker Primer sequence(5'-3') Annealing temperature ('C) Size of PCR Band (bp) SCAR marker
S1255 605 F: CAAGTCCGCTACCTGTAATGTCCG 64 560 SCAROI>™P
R: CGTTATGCTGATGTTCTCCTCCCTC
F: CATCCTAACCATCAACAGCCAATC
841 R: CTACCCACGGCACCTTTCCA 64.4 443 SCAR02* P

24 23 22 21 20 19 18 17 16

24 23 22

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1

BI 1 519 S1ass(A)HT S 345(B) I 17 45
Fig. 1 The amplification results of primer S;,s5s (A) and S;345(B)
M:Marker;1 ~6:FR f#f{£(FR population); 7~12:YR #f£A(YR population); 13~18:LR Hf{A(LR population); 19~24:YL #{£(YL population);
i Sk BT ¥R M4 5 PE 4 7 (Arrows directed the specific bands).
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HS91AS, ot Z AL RE515 /N(87.14%), T35
51574 18.46 AMLS, Y A BOR/NE R e
200~2 500 bp [7] o #2 VLA HEAARIA] 1) 2 A PEAL LG
BIPYTR/NIT s & AR LR (FR)89.17%> 1]
FEAR (YR)87.99%> 5 43 YT HE AR (YL)86.63 %>V ] FE
1A(LR)83.25%.

75 4 BEpRIN), JL3RAT 5 451 RAPD ¥ 34y
(B 1A, B, §iskPriR). Hrh, 519 Siss A 3 &4F
SR 47 Spass s P AE FRL YL WREAA I IR 2%
IRIK, 1Y 6.67%, B 2 ANMAK IR AT 55, TifE
YR. LR #EAEEIR R, 73004 23.33%. 76.67%; 5
AR, 457 S12ss°® P 7E FR. YL WEHAATR H L%
(90%- 93.33%)i5 1w, 1M7L YR BN 73.33%. &
LR BEIRIL 13.33%; 445 Siass™ P 7E 4 BEGRIT 1
B R 5 S1pss™ P 2K, K/NIE A YL
(96.67%)>FR (90%)>YR (83.33%)>LR (13.33%) . 7|
W) Sizas H 2 S TVEN : Spzas™ P A Spzuss P, I
HILRAE YL BRI N 100%, 76 FR Al YR PR
%174 93.33%, TMfE LR BEAATHIHA 16.67%.
22 BRBREZHMESEES L

4 ASFATT 5 An BEAATH] () Shannon 15 S5 5L(Ir)
Nei’s 144 Z AR E(Hr) 70 AIAE 0.3393~0.3566 Al
0.2157~0.2279 IA)($£ 2). WIS, LR BERRME R
How 3 BEARAR. 206 4 BHAE — ANk, s

T2 HAI&56 BEAAY Shannon {5 235870 Nei’ s 15 1E
EZEAR R (070)
Tab. 2 Shannon’s information index (/1)and the Nei’ s
genetic diversity (Hp) in the populations of
Trachidermus fasciatus

Pf;ulaﬁ)n fr Hr
FR 0.3560+0.2308 0.225940.171
YR 0.3566+0.2380 0.2279+0.1768
LR 0.33934+0.2382 0.2157+0.1727
YL 0.3438+0.2365 0.2183+0.1743

FEAATY) Shannon 15 S 46 %50(Ir). Nei’s itk ZAEMESR
Br(Hr) 55 0.3710£0.2153 0.2336+0.1643, AJ ILL,
FAVT Ao A (1) DR 2 PR

Oy YT 25 HT(AMOVA)Z SR W] (R 3), fEis
FEAR S (R R TT 25, AN 4.63% 1 2 50 [ BEAAR A,
1M 95.37%0 2 SEAELE T REAR N /M4 TH] o 4 FEAR 5
TR B (Fo) 0.0463, 1% 4 AT 40, BEAATEN
Fy {H7E 0.02458~0.07986 [H], I LR #{A5 FR.
YL. YR BHA Fo HEEOR, YR YL BEAKIAN ) Fy
{H #5715 (0.02458), HEAK[A] A7 7E i 25 (P<0.05) BL A %k
F(P<0.0)M AL /. AT, HSERITAE (Vm) K
/TG, 5 L BHRRE AR ) 350 A R ) DRI AT
Horb YR. YL BEAKIAI) Ny 5503(19.84497), 1M1 FR.
LR B N 5255(5.76103)(3K 4).

R3 WItFBRKEEEERR AMOVA 247
Tab.3 AMOVA analyses in the populations of Trachidermus fasciatus

AR AU H & ISR Y SIS
Source of variation Degree of freedom Sum of squares Variance components  Percentage of variance (%)
HEORT . 3 481.200 3.1693 4.63
Among populations
. 'ﬁ%‘W . 116 7577.333 65.3218 95.37
Within population
& Total 119 8058.533 68.4911 100

R4 WIS ERHARERE R ENV. MALERDSERIUELY (F, XHBETH)

Tab. 4 The value of gene flow (/V,,above diagonal) and Genetic differentiation index (F,below diagonal) among the

four populations of Trachidermus fasciatus

S

Population FR LR YL
FR 12.38578 5.76103 16.27473
YR 0.03880(P<0.01) 10.98051 19.84497
LR 0.07986(P<0.01) 0.04355(P<0.01) 7.97009
YL 0.02981(P<0.01) 0.02458(0.01<P<0.05) 0.05903(P<0.01)

2.3 RES
YR A1 YL fEAATA] A I8 ADLE S K i a4 B

BN, 4r 1k 0.9919 FiT 0.0082; AH&, FR 1 LR
FREAA 18] ()38 A FEABURE B/ T A B 2 Bk, 2050



234 A ML B A REMR RAPD 20T IR 384% 2 FEPEAT SCAR AL IS 1L 207

0.9757 F1 0.0246(3% 5). MR B AL S B EAT ZR 04
KU, YL BHAS YR BEA S LSRN —3, /)55 FR
BERSRIE, m)a 5y —32 1) LR B R (K
2). AR, LR BEAARS Al 3 ANEEAR IR (13544 B 25 45
I, 1M YL YR, FR BEAR[EIRISRE 00 2R S5 0%tk a)
P B P38 3T S DI AR O o

R5 BERERBEEMNE ML E)MEEESR
(HBLETH)
Tab.5 Genetic identity (above diagonal) and genetic
distance (below diagonal) within or among
populations of Trachidermus fasciatus

ﬁw. FR YR LR YL
Population
FR 0.9862 0.9757 0.9886
YR 0.0139 0.9850 0.9919
LR 0.0246 0.0151 0.9814
YL 0.0115 0.0082 0.0188
0.6254
0.3826 | 04185 R
0.2069 0.4185 YR
— - YL
1.0080 LR
0.2
Kl 2 BETasL IR B9 4 ASFATL S B[R] 1K) UPGMA
BT

Fig. 2 Dendrogram o f the four populations of Trachidermus
fasciatus by UPGMA based on genetic distance

24 55 RAPD £ HI5EfE. MIF K SCAR #R
ICRYE L 5184

Xt 5 AR RAPD 40 AT Ja KRB, ‘&
IR NG B4 520, 600, 840, 690 Al 820 bp /A
#i, 5 RAPD 93 ) 4 aly K/NEEAR— BB 1), KB
PRENF S H B B 7RI 5 AR &%
i FRIhEE T 5% SCARBRICH W, (HL/NEA
PCR B iE 5 KB, KA Spss® P Fl Spsst P
(GenBank J¥41%5: IN714551. IN714552){/3REd 1
R H A BEGR 1, E3), HA 3 Mrid(rsl
KA EER K. XN ES I Gy C iRk
f &, FrmtEs i by R E R TR P
g F4f, T W) TP A R R A, WO R
SCAR #5ict SCAR01°%°™ SCAR02** P K- & 43 i
FELEXT VK RAPD brid (G 1, Bl 3). 4, it
— KL SCAR Aric A R, TEfavifyifn 4 B4k
120 BAMETR AT KEEARRUE . 450K,
SCARO1°® *P FRic#E FR. YR F YL B[ H AT
K5 15 83.33%(25/30).56.67%(17/30) % 96.67%

(29/30); TM7E LR BT 30 AMAH, 1L 4 REA I
FRid, HBURRIRAT(13.33%). [FFE, SCAR02* *
PRICAE FR. YL PIBEAAH IR AR =, 430K
90%(27/30)H1 93.33%(28/30); 7E YR HEAA K] i B
R, h 66.67%(20/30); 1H7E LR FEAA L BRI
P LLIRAR, X 20%(6/30). AJ W, SCARO1>® °P Al
SCARO2*3 ™ T 41 g S KATT fifi f1 LR AEAA 5 Hofh 3
FEARTRE S 4 FhRid
M1615 14 13 12 11 10 9 8 7 6 5 4 3 2 1

1200 bp

900 bp

700 bp

500 bp
300 bp

M16 15 14 13 1211 10 9 87 6 5 4 3 2 1
1200 bp
900 bp
700 bp
500 bp
300 bp

3 Spss™ A S 555 P T BLIN SCAR #1k
Fig. 3 SCAR bands from S;,5s°" P and S;5s5>*! ® markers
A: SCARO1®® *P; B: SCAR02*® ",  M:Marker;1 ~ 4:FR Ff & (FR
population); 5~8:YR #EA&(YR population); 9~12:LR F£4A(LR population);
13~16:YL Bf4K(YL population).

31 it

3.1 ISR EES S BREEN
IRAREAL 22 I RN R, Jot Ak ZRETE R kS
—/NIFRREN R ) AEAERE ) ST RE R V) AR
Ko BHLZFEVER T FE, nlRe TR A BT I
fi& 1 1Y F{% (Liu et al, 2009; Vrijenhoek,1994). Xt
T REWSE M IR IR Z A, R 54 B
WS e A B o KT RAVL S AR AR
ZFEM, SERA e fife . AR T
PIFRTE o [F] TR AT 4 SRR B, PSSR AUEOR AR
TR IR 22 257 55 EE A1) (10%) RS2 2445 F2(0.03), 45
fr R TP K T (Wang et al, 2002); Xu et al
(2009)id# 1t ISSR HiAR, KIAATLE PR, ZREE
TR 2 25400 13 LU (44%) SF AL R PRI BAK . 1M
Liu et al (2010)id ik Ze b pAda 6l X 771 2 25 5
MBIk, FATUSAf0 PEAR . A8, 28 52 BEAR I A
R ZFEAREU(H) AR — MR 7K (0.989~1.00)
XL A3, W RE SR BT R) T 22 244
M2 ) ISSR ZA1ES W E (4 ) RABHAFEA
Hme~15 BN MDA K. Aut5ifEE) RAPD
FAR, Ml 32 N2 10 TIERNLT 19, MFEA
BEPRIA K b, X543 An TR BR T [ L) 4 AN
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Iy fe B AR R IL 120 MAR(EEIEAR 30 BB FEA)EAT
3T, AR, WSSV LREAR(YL) S B BEA(YR)-
B AR LEEAR(FR) Y 2 AL AU L (P)TE 86.63% ~
89.17%IH], H A HHALR)ISE (83.25%). IXLL(H
HART B4 K3 YR . (Boleophthalmus pectinirostris,
93.02%~96.35%, Liu et al, 2009). % & /3 £
(Larimichthys polyactis, 91.03%, Han et al, 2007), {H
T 2F W & 5 (Cynoglossus  semilaevis  Giintuer,
76%~80%, Han et al, 2007). #tt, FRATIA N B A
TS0 AL 2 FEE R F .

FRHEIBAL S h R FR 1B AL Z FEVELERE N . BRI
I3AT, BRIk o BTG A% S50 W] S BORE /)N
BH ARG W FEERITAERS R = sh#&.
JE BRI 2 3% R SE BT 48 5 (AL RS, ek T Fh
TR IAL IS 2 S (R R/ ISR B8 IRz i o BRBE A R 2
et T HRE e 5 B, B SR AT A A A3 DL B
(Tang et al, 2011). K& TAATLE EMRE 340 1) 8, 4%
A EEFRERE. WRTER EF, Wang et al
(2008) K I, FAVT B A IS ERYT . T I A & #1155 3
AR AL B IR B R KT, (HRS ST R AL
FE MR 22 8K 76 T 7K |, AFLP
ISSR(Xu et al, 2008; 2009)(1) 5 #7145 F R 11, FAVT
PRI 28 5L R BRI R A AN S o A, 28
Fifg D-Loop XIRIFFHI 53 # 45 KN SR, X WM
P TR A7 AE S 35 (R84 23 U (F=0.1422, P<0.05), 1
B S AR A AR E(P>0.01) (Liu et
al, 2010). FRM AR5 N SBF0E BrR A
DRI RBUE A — FEARERE 2 DAE KCRFE
AR b A7 F5 ()8 T 55 25 O

AHFFE I, BARFATLSifa 4 AN PR ] (1)
Fy f(0.02~0.08 [H))AJEIR K, {HIX LEHE A4 ] #1468
AEAE 2 (P<0.05) 8l W 5 (P<0.01) st AL 404k,
5 LR 55 YL. LR 55 FR BEAA[AIK) Fy {4(0.05903
F10.07986)50 K, HE/RTRIMTHEASIYZRIT. AR
FEARTA] K 23 AL CL 5 3] Wright (1978)AR¥EE (1) Hh 45 F2
J¥. X455 Wang et al (2008)[1TE AW 4:
AFF, 5 Liu et al (2010)RIE KLkiA > Hr 45
T —3. A THEIRH I, AN 4
AR 8] ) 3 AT P (V=5 ~20>4) FB LK, 45 )2
YL+ YR FR B[] (1) 25 R AT A B K (12~20), %
B AT R) R RS DR AT IS O A, X n e s T 454
A R] [ (0508 43 a2 e, AT SR T 8¢ A ) 26 £
IR ELRI RN o ALy £ SR ) e L4yt e 3l

WK B, BT MR U A s n T AN A b 2
PR R (VR 2 5 JE AT R L2, R ol A L B A
A )8 T S0 IX 1) YR A YL BEA, X

7 UPGMA EREH(E 2), YL YR, FR Bk
[B) 1) D0 R 55 0% e M BEA B () s i AH — 2, LA
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H14RF L) RAPD 25l e AT >k (1) SCAR #rid,
R T RAPD AR M RAMSS A, Ol 2N T
S FRRCE B E R RO % e S5 5 (L et al, 2010,
Lu et al, 2011; Zou et al, 2005). ASHFFLH Siass™ P
F Spasss P P4 RAPD 5 Stk 4% 1 Th Ak
SCARO1°® *P fil SCAR02*" " [{] SCAR #7ic. KFE
ARG, AT HIAERLE YL, FR BEAHR
H1(83%~97%), 1t YR FEAKLLALH1(56%~67%), 1
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AN IR AT JLFIR 2] 100%. LR BEAR 1) F75H
PEBER HABYFIX ) % (Pan et al, 2010), 7 4 FEiAH
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(1R R 5, HHE xR B A 5 stk 451
R A, DU )M I DX PN T BEAEAERAYL i £ (1) ST
FEEEYg, HARRAN A .
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13k (Zou et al, 2005). HFE P 11 (Gao et al,
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ST 9~15 MG, TEARRE R ER AL T 2
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F S5 A RS 5 9 R (Gao et al, 2007; Xu et al,
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(Gao et al, 2007).
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