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FRE, RaR™,

FRE, A%

(Bl R AT MR AR SR ERTHERE, ki 201306)

R R AFLP AR R KR A (L 49 P E R R R RILBEE N AYE L
FREMENBERE(SHT FEARTDEABART TR B AHEA LT EE NS
MAERA . ERZH, TP AT FRIT  RRITAAW Nei KEFAEFHE(H) 55 % 0.0481 =
0.1151.0.065 9 £0.133 3,0.051 0 £0.115 5 1 0. 066 1 £0. 136 4, % 3 37 , 5 ¥ % W 37T B K
AR H0.0576+0.125 0 0.054 0+£0. 122 1, P E L FH L AREZEH(0.0729
0.1295) & T B EHh. AMOVAR TR A BAAZAAHRRALEFATRESY
8.14% W MEANE RN TIMEN O1.86%, KILB H 5 WILHEE BRI FerlE N
0.070 1(P <0.01) , ¥ IL BRIL R R LB R 8y For {829 0.070 4(P <0.01) , o [ L HF A5
KB R Fafd 5 0.042 4(P <0.01) 880 B L BN L HBE S W40 8 BRI
El &I F FREER G —F EREN I BRI EMRT R RS IR
RER BB FE T B BRRES AN, EREBEHE

hE4Y S .Q 346" .5;8 917

i ( Hypophthalmichihys molitrin) BT H .
ot BT AL R 70 LR RN, h e R
VAl ] AT BRI VL B T BR VL, 7 2 21371 4R
A, B (Aristichthys nobilis) | B
( Ctenopharyngodon idellus ) . 5 Hf|
( Mylopharyngodon piceus) — G W RH A",
2y oy Rk B R A 75% T, ok
B, BERSERE L0 H R FAO git,
2007 AF &5 £k 360 J g, 2 1R - B RE E
%,

TERIEFHE AP E, e 8RR RIR
+aEE™, Hb, KT R E S AR A
F— KX, R, BRILR 2™, fH A 20
B4R 60 SEACLK, 0 I K RIT S N
KE W, RESECRGE SA ]HIES
R Ras , R B R0,

20 14 80 AFAR, VL HE A ET & A 22 50
FEAE 172, B R A R 60 408 174 3R
BT IR O B =R, TR T 6 B R B
B0, R I i B 3 Ml A 2 YR, 1997 -

{8 B #5 : 2009- 10-27

1&E 5 :2009-12-16

MREERIRAS A

1999 4E  PU Rk # M 8EH 21. 54 ~35. 87 {LRE,
1981 AFE W HIE Y 32.15% ~53.53% , 81 Ao L
Bk e 8 2T el kR RE,
2003 - 2006 A VL i 10 K 226 B 7= P 8 1%
2002 £ 56. 88% , Y 1997 — 2002 4 FH
) 42.82% ",

HikFE e, 20 Hh4E 60 FCLICK, S 28
FZET ML E FMFEEFHMX, T
SRR EAG TR, K, — SRR RE
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R & BT f 4%, 1973 4 5 WAL £ 55T & TR
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W M, R T R IE K AL 2, 1983 SFHES) A
Mallard %, F T B K B, A E B0 AL 22
PHITIT PG 05 T, B T S M YRA 5 2 TE R Y
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SRR, X LKA RE T &
IR,

B ER YRR R R R
REENEM. MESREAEE(RE) B85
R SRR IR TER R BB  (LE B R4
IR TE AR TE T I 3R R LS
A RRAE , A AT BR VL PR O VI AR A4 ]
A —-EMBhER. BRETRESTERE
ZETRILHIRHN, BE RS ELR THER
ST TR T R R R S, 9 2 R
B[R] J& T — 1~ K Fp B s T mt-RFLP, RAPD . 3 T
EomRAKTIARITRESEREEFE TN
BAMEN T BT RENREEME—$
SRR, Rol 3 I o B AR BRI R A R AE A5 #
INRIEA 7257, BRSNS B R B9 B4 B
BRI EH .

AFLP(amplified fragment length polymorphism )
BAREFHLEE . E2SHRGREBC. BEMSE
5, o — g B 2 TARIEY Y I AR

SRR TR T, A TR
T &AL E WA R R A BR, &
WSEFI A AFLP S AR N BRI BRI SR B
RARBEUR, LA B S U 5 74 1 L 19 5P K 2838 T 3
SMETE R R BT LB AT, LA — 2
THP RSB R R E LR EIR, BHE
SRR S T E R E RN A ER TR
o R REER B RO, Bl
Wi SRR B AL B BB RIOB, N
BB AR A R E R AIE .

1 Sk

1.1 BE#E

BEREARST T 2005 — 2007 FHE REKIT
(HVCE R EL) JBRVL . B VL B W (&) F
F) \EEE R ¢GRI, BT & T 100% B4
FEFE(FR D). EHM K.2 x Tag mix 1§ § X8
SR (ER) BRAR, T, HHEM. EoR 1 .
Mse | ) B 3EH NEB 247,

F1 BREREGSE

Tab.1 The information of the samples of silver carp populations

FH{E populations 425 abbreviation M sampling site FE# sample size
FEILTRYL Yangtze River-Hanjiang YZ-HJ YT #& THYTIT B Hanjiang section, Jiangsu Province 20
H¥L:E7 Yangtze River-Lache YZ-LH Wdt4 4 B L Shishon section, Hubei Province 20
YT Pearl River PR IR 5 PEYT R Zhaoging section, Guangdong Province 20
SEIT. Amur River AMUR BT A P B Fuyvan section, Heilongjiang Province 20
£ B4 Damube River DAL 4 5 #| Faks YT B Faks section, Hungary 20
BP0 Y 3 Mississippi River MIS £ [® Sioux river B Sioux river section, America 18
1.2 XWH&E [0.25 wL,20 pmol/pL B9 DNA(#AR) 1 pL, &

EDNARR  RFETIEREE DNA,
B 1% FISEARTREE R FE UK AN & A ot BT
] DNA Btk

Sl HeR BRQSM KR
A R IY 5| W o4 TR T ¥,
g )e, IRkl 9 X5 T ARLP IEX
SLhy | 4% B2 B-AGC/M-CAC . E-AGC/M-CAG.,
E-AGC/M-CTA, E-AGC/M-CAT. E-AGC/M-
CTG. E-ACT/M-CAC, E-ACT/M-CAG. E-ACT/
M-CTA E-ACT/M-CTG, fiT 5| #13 th 1 ¥4E %
M THRARARER

Bty s i 42 BB TE 10 L R &
HE#7:10 x NE Buffer2 1. 25 pL, 100 x BSA 0. 1
wL,20 U/l # EcoR 10.25 wL, 10U/ pL Y Mse

BT KEANEF 10 uL ,37 THYI4.5 0,75
T 15 min BEEH:,

RN AE 20 pL & & PHEFT:5 pmol/pL
EcoR 1 #3k 1 pL,50 pmol/pL Mse | 23K 1 pL,
10 x T, ##E#s Buffer( % 10 mmol/L ATP)1 pL,
T, EHERF(400 U/pL) 0.5 L, B4 10 wL,
ERTREAHLEE20 pL,16 THEHEEL6 b,

£ FEEW 0.5 pL,EcoR 1 Ty 1
2|47 (20 pmol/nL)0.6 wL,Mse 1 TH 15| 47(20
pmol/pL)0.6 pL,2 x Tag mix 10 pL( & Tag B
0.5 U), B FKHE KM 2 20 pL, PCR R4
% :94 C AR 2 min; 94 TAH4: 30 5,56 TR
k 30 §,72 CIE{H 80 5,25 HEFF; 72 CIE4ih 10
min;4 CHRFF, WY #7™Y#H# 100 £F, -20 T
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TrFFo

#¥H 2 xTeg mix 12.5 pL,EeoR [ %
P35 #7(20 pmol/pwl)0.5 pL, Mse T 35438 5]
¥1(20 pmol/uL)0.5 pL, F§ HHBE~H 1 wL,
BEEFXEAK#2E 25 pL, PCR RHHM
O CHIAFH: 2 min; 94 T30 5,65 TILIGE
RIS 1 T )ik 30 5,72 THEH 80 5,10 F
38594 € 305,55 T 30 .72 T 605,23 4
g% ;72 THEM 10 mingd TREF,

ERRABEERREE RN 6%
T RNEE SN, /2 000 V EHEETHEH
JbE A Y31 DYY-10C H k{1 DYCZ-
20C EE IR Bk, RAMBRELRE. S48k
Bt B aR™  ERRARN,
1.3 HESH

MR AFLP 5537, L) 0,1 3 Bl w45
WHIE T, K AFLP KB40 0,1 fFE. FIH
Popgene( Version 1. 31) BT BB R EF A E R
H(N,) Nei [REF LM H(H) . Shannon {F
EEH(T) LB Nei [RIRREER (D) Figife— B
B (D) %t 340, PR MEGAS. 1 fEE#¥ a3
HXRAR NI, FIF Arlequin 3. 1 3T H A
[l % 7 48 B (Fer ), 52 F & 50 87
(AMOVA) i+ & B 8 1% 20 57K Vo

2 HiR

2.1 WREEASHM

9 X} AFLP 5| #75 H3LIRk1F 350 A~ 15 M 45417
(K1), Eb, Z28MEAH 160 4, 8513 YF
P 38 A, TS 45. 1% (R
2),

A RAEBER G A0 5 B 3
HFH Nei [REEZL PR Shannon {5 B3 &
&3, Ll Nei [(REBEEZFHM IO, KILEVLEF
R Z R B, 25 0.048 1 £0. 115 1; B JEIT
ML AP B2 B8 0.066 1 0. 136 4,
0.065 9 +0. 133 3, & THAWRE & ; £ S HEAE
FTIV LR R, 4824 0. 057 6 £0.125 0,
0.054 0+0.122 1,

BER SRR RS I K II# R, K
VL BRTL BRI A Nei [CEEH LR34
0.065 6 +0.131 4.0.051 0 +0.115 5.0.066 1 +
0.136 4, BIITEH KGR THRICHE, R E

Bk,

BRI BRI B RILHES AP E L
i, o [ 1 ERESRY Ned [GEEHEFHE(0.072 9
0.129 5) & TBAM B RHE.

DAL AlK | PR

NZ HINEH

1§ E-ACT/M-CTA 3|$p¥ & HE
MIS. @75 7 Hs s DAU. £ B4 ; AMUR. 8 JE 71, PR. 3R VL,
YZ-LH. H{LEN ; YZ-HI. FIL T,
Fig.1 The amplified bands of silver carp by
E-ACT/M-CTA primer

MIS. Misissippi River; DAU. Danube River; AMUR. Amu
River; PR. Pearl River; YZ-LH. LaoHe Section; YZ-HJ.
Hanjiang Section.

F2 B9 AFLP 3|45 HEKHEE
Tab.2 The amplified bands of silver carp by
9 AFLP primers

SAE &R EEFHH
ptimer combinations number of gite mmber of polymorphic site

E-AGC/M-CAC 33 15
E-AGC/M-CAG 25 20
E-AGC/M-CTA 35 20
E-AGC/M-CAT 33 15
E-AGC/M-CTG 45 8
E-ACT/ M-CAC 54 19
E-ACT/M-CAG 39 17
E-ACT/M-CTA 45 25
E-ACT/M-CTG 40 21

total 350 160

2.2 EEEMEEER{TEER

i 2% K R AR A IR 1) 332 72 4 100 E 1 38 2 B 8
W3R 4, BEAR R SR HE RS O 0.006 5 ~0.009 5,
Hh ] T R Y, VTR SRRV A KT RS
P BB TR BRI IR S SR R Y R R Y a1
BE B35 0.007 1.0.006 9.0.008 5, T Bk
55 A LR (4 FE RS BRI, BRTL AR (A 5 18 7T
AR .
2.3 @EEMEEES U

AMOVA 38 29, LB KM S TR B
H BRI 2 R TRy 8. 14% , T BE (A Y
AR 2R TR F1L 91.86% , BRI
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FOBE i e S AL TR 0AE 0. 043 4 ~0.106 7(P <
0.01) ,HABIZERBH(FS). Kb, KITER
VLR R 4k o B8 0.070 1(P <
0.01) , KILEHHN L B3 B NI BRI,

IR T REK JB] B For {29 0. 0704 (P <0.01),
HE L ERAR SR E, E S
BEBRN B Fo fEN0.042 4(P <0.01) , 1 H
+E BRGNS BB L

&3 ERENBEEEEE
Tab.3 Genetic diversities of silver carp populations

Bk EEMER  SERAHA(%) ARFOEBE N KEESHE  Shawon (FAMKE
populations polymorphic sites PPL N, " I

YZ-HJ 78 22.29 1.073820.1950 0.048 120.115 1 0.0784 20,173 8
YZ-LH 97 27.71 1.102 6 £0.228 2 0.0659+0.1333 0.1055+0.199 8

PR 84 24.00 1.076 9 £0.193 4 0.0510+0.1155 0.0837+0.1759
AMUR 97 211 1.1050+0.237 9 0.066 1x£0.136 4 0.1051x0.202 4
DAU 90 25.71 1.0893 +0.2157 0.0576+0.1250 0.0933+0.187 6
MIS 87 24.86 1.0836 £0.208 4 0.054 0x0.122 1 0.087 50,183 2

F4 HEEHEEHENE(NRE L) NECET (NBETH)
Tab.4 Genetic similarity and genetic distance among silver carp populations

B4 populations RiIL YZ BT PR ERIT AMUR ZT DAU LT MIS
KT YZ 0.692 6 0.993 1 0.9935 0.9910
¥RIT PR 0.0071 0.991 5 0.9928 0.9912
BT AMUR 0.006 9 0.008 5 0.991 9 0.990 5
LZTH DAU 0.006 5 0.007 2 0.008 1 0.9917
S H i MIS 0.0090 0.008 8 0.009 5 0.008 3
x5 HEBEMEEAAEAESLEY i
Tab.5 Genetic divergence index 3 s
among silver carp populations R K P
i KT RI BRI SEW 5 AR 7= IR IR RE
populations Yz PR AMUR DAU M B HBREERRARRIETES.
R o oo FBFITE YR AFLP BRI RHRP 1T
ol e s SRUT I YT B ] o I 3 A 1S

EEFEEAIMIS  0.0943*  0.1067* 0.0764* 0.0436*

.« FR P<0.01,
Notes: » show P <0.01.
2.4 BEEEEOREXR

RIGHEREIR AFLP SIS0, 14 & T G5 [
KA NT R0 R (I 2), H, KiT
HESRETRERTEE RESHIBEER
K. BESEZBITEE P0G LR RS,

YZ
’_{ AMUR
PR
‘ DAL
MTS
0. 001

B2 EREERN NI REXER
Fig.2 Genetic relationship of
silver carp populations by NJ

BN = TAMHEmN L BEREHMTR T B &
EEER SR, S REH AR RKI . B
VT BT = R, BB IT B Y Nei K {5
ZREMEE(0.066 1 £0.136 4) , B5 T FRIT#
#£(0.065 6 £0. 131 4) X 5B RS w447
GRBEA—H, —BAR, BIEZHESHEX
NE—ERIEHR, EREE L EREP, KT
HARER A HEIT BT BT R e B R
e/ R BEEER A/ IR, TR U Be 4
AETKESENEANTPEEEEREEFS
MEF|BUBER . X—BR H A EmE, =N
S U W) T g5 M T R SRR T B
VIBEE AR, TERILEEEN, WILAEA R Nei
i fe ZAE#E(0.048 1 £0. 115 1) A BT EM
BEAR(0.0659 £0.133 3) . XM ER AR SKIL
TR AREREER P iR 8N K,
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WA ¥ AhF% TR BE AR B0 Nei KR 15 B R
(0.057 6 £0.125 0,0.054 0 +0. 122 1) BT+
B+ (0.072 9 £0.129 5) , REHATEWN
TERAEE PR, HESE, N TR L E
BRI S A TPRENCR K, 1R 15 SR ) B s 1y
TEEL AT s YA A B AR 20 L 4R il i
L HERIE T —E B AE, Bh T EmY
HER 2 BB R IR B A — BER B R D, 8
B R B K

B A K VTR S BT B T R S B
VLR BT A 5 BB YT PR 13 A B S 23 )
% 0.007 1.0.006 9.0.008 5,KIT BFiL . 2T
TR AR LT B (For) N 0. 070 4(P <
0.01), X 5ZFB &% YN EIT BT BT
B BB LA — 8. B thanp)
KT =050k S AL TE B i JR Ak
N KIT BN BRITARARSER, 5K
SRR R, BTk RAX IS, R 8 R 5
B, A R HIEA X =47k & M SERHA A R IR 4
AT ORI S HE AL, 2 B 0 R IR BEAL AR
B, EBBHAR B85k, BT E T ERE
g SE R THA MR A A MEAE B Por ) 2 0.042 4
(P<0.01) e LB %, BhEITE/HES
AR AL 43 1k 9 JE B T BER B W T
(1) BERRE L EWH, FRT R 8K, ZHE
FEFIET e TERERER
Ab R — LR EEE /DN, R EAER
FERN BN T LA, B i SRR S A R
ERHAR A b R REE ; (2) L4,
TERE G BIERERE T ARR M ESHT
BRI, EA LSRR T S
T TGRS e S RS EIRT , R0
YRR ; T Y A1 88 JE AR AL TR E5IE S /N, B
IRAEFSIFEE T, BEA SR ) B R EY K, R
ERFEREAT US| R EEEERTERRA
A5 SR S ERHR R LR

EE TP HIEET 1973 FR RS 3, Ak
XEAH, ZRIHEEEE, REF2RKE
Fo WAERGT, B F e R E R 2
BISRIE, o Al 3 B A5 A R BR3¢, 069 5 A1 %5,
BEAL , BRI [ 50 B i A o S B 5%, R & B
PEEE. DRI, BT T A 5 2 ol R0 1 R
3 BERENRIR S HE R, AL Tk . WM

FH L E T EEHARERE, RESEHEN
FIGEPGPY LT BRI R 26, MBAX A HBERE
He iR AT HE A B AR s A RS
KEUE R , B8z A JE LA TR B (2] 205 23 A1)
B AR FEAHRE R BT T K R R
BETRNERE, L L -HRTETY
FWFRAKEN RO ERI . LA
TR ZRE &2 P RS & A Tolk 3L g
KA, RRTEL T2 REE T RERI]
wE WA T (Gl 32 ) ORE FFAE SR P EED
TR NG — RPVMILAE LM, TR KT R
SRR A LRI S — BRI RR R 2
i HARR AR AR A o] 1 S AR P BE R AR R I
BRI, W5 HHLANHERTBE
WAL B A R SR, TS 7E S HUIE AR 1
R RER B O P B M SR A L, T R
R, AL, RATE T EE— LRI AR
PRIFITHE, WA AT AR B B R AR AR
REGRM R H AR T RRT SAORM B S
RERPESEX, A BN ARARIF RIS
PR TR, 4 AR E I FME R TR

BER:

(1] ZE &, 5. 8% F. EamBEHHesE
[T]. shir44R ,1990,36(3) ;244 - 250.

[2] Z=R%.2BH4 TR, % KT RT.BRTE,
o EafEFRMAIM]. L EHREEAR
HREH:,1990.

[3] HERKFASE RS PEHRKALEFEE
[M]. R Jbat Rl R, 1973,

(4] HERERAKEEHTT KTAX[M]. 4t
B R, 1976,

[5]1 Z&H, KEBR HHE, 5 SHBAKFIRASE
EME BB B A S S T]. KA
A2 ,1986,10(4) 1353 - 364.

[6] ITMKE AP NGEE . B KA T
BERGEILN XE ARG EEI]. K%
18,1982 ,6(4) ;287 -305.

(7]  BEMNRR,XUZEF, A, % I L BRI AR
AFREET]. K4 ¥4 )R,2002,26(6) ;716
-718.

(8] Bmd MRk, ZFEE %4 =oKEEARKIT
TR R B AR=REIR(I]. FEKE
Bl ,2008,15(4) ;523 -532.

[9] Karoly P. Exotic fishes in Hungarian waters; their



678

v S ¢

34 %

(10]

(11]

(12]

[13]

[14]

[15]

[16]

importance in fishery utilization of natural water
bodies and fish farming [ J]. Aquaculture Res,
2008, 11(4): 163 - 167.

Cynthia § K,David M L. Ecological predictions and
risk assessment for alien fishes in MNorth America
[J]. Science, 2002, 298(5592) . 1233 —1236.
Conover (G, Simmonds R, Whalen M. Management
and comtrol plan for bighead, black, grass, and
silver carps in the United States [ C]. Agquatic
Nuisance Species Task Force, 2007, 29 - 30.
FRE, LR, BACK. RILBRTL BRI =K R
BOBE G A RF RN LRGSR SRR
[J]. ZKFP=2:41,1986,10(4) :351 -372.

e R FRE KITH T I ., 565 A
B lE LB AT [ T]. AG™#4]R,1996,20(2) .
104 -110.

Lu G Q,Li § F, Bernatchez 1.. Mitochondrial DNA
diversity, population structure, and conservation
genetics of four native carps within the Yangtze
River, China[ J]. Can J Fish Aquat Sci, 1997, 54:
47 -58.

TR0, IR BN, . KT8k & 2R
BENLY 3 2 DNA 547 [J]. KF=2£38,1999,23;
7-13.

TR PUBYEBE R, . I ek R S R A
A mDNA REERWIBIFE[T]. KEAYF
1§ ,2002,26(2) ;142 - 126.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

RBEA KB, R, S AR 30 MR PR AR T A
P T i SRR AR Z R ()], 1%,
2007 ,29(6) 705 - 713,

E&B REMS,SMER, F KILH L EER- SR
HEEERNWHTE ST (T]. #4%,2008,30
(10) 1341 - 1348.

Vos P, Hodgers R, Bleeker M, et al. AFLP, a
new technique for DNA fingerprinting [ J]. Nucleic
Acids Res, 1995, 23(4): 407 -414.

EER, EELR AR, % A AFLP f88(dE A
BroE v R SR AR B AR AR T]. K
PR ,2001,25(4 ) 1289 - 293,

B BT, FLBETA, ) T4, 5F. AFLP fAR7EKAE S
rits e ST R R AR R [T]. w508
,2003,13(4) .95 -98.

AR, BEXM, ELER 5 A ARG e
P AFLP 3 [ ) ]. K P24, 2006,30(5) :640
—-646.

DUt , Bepak, Bk, 55 FRE 5 | HE AR I BRRF
Heiti 2 2 FEPE T AFLD 434 [T]. K P52 4], 2008,
32(3).321 -326.

Qi X, Lindhout R. Devlopment of AFLP markers in
barley[ J ]. Mol General Genet, 1997, 254, 330 -
336.

RESR KB, FH,% RAMBIEEERRHE .,
ARG ik ar [T]. M 45,2008,30(10),
1379 - 1382.



5 FERREE S 0P E T E A S AL ZAE ) AFLP S 679

Genetic diversity of Chinese native populations and overseas
transplanted populations of silver carp by AFLP

YAN Jun-cong, ZHAQ Jin-liang* , LI Si-fa, ZHENG De-feng
(Key Laboratory of Aquatic Genetic Resources and Utilization of Minisiry of Agriculture ,
Shanghai Ocean University, Shanghai 201306, China)

Abstract; The genetic diversity of silver carp ( Hypophthalmichthys molitriz) populations around the world
was thoroughly evaluated by AFLP at three different levels; populations within Yangtze River ( Hanjiang-
section, YZ-HJ and Lache-section, YZ-LH), among Chinese native populations ( Yangtze River, YZ,
Pearl River, PR overseas Amur River, AMU) and between Chinese native populations and overseas
transplanted populations { Danube River, DAU and Mississippi River, MIS). The results showed Nei’ s
genetic diversity( H) of native populations was 0. 048 1 £0.1151, 0.0659+0.133 3, 0.051 0 +0.115 5,
0.066 1 +£0.136 4 for YZ-HJ, YZ-LH, PR, AMU, respectively; while it was 0.057 6 £0.125 0, 0.054 0 =
0.122 1 for the transplanted populations of DAU and MIS, respectively. The whole genetic diversity of the
Chinese native populations (0. 072 9 +0. 129 5) was higher than that of the transplanted populations.
AMOVA showed the variance within population (91. 86% ) was larger than that of interpopulation
(8.14% ). The genteic divergence index within Yangtze River group, Chinese native groups, Chinese
native groups and overseas groups was 0.070 1{ P <0.01), 0.070 4(P <0.01) and 0.042 4(P <0.01),
respectively, which showed there are significant differences in three different group levels. These results
would lay a basis for long observation on trend of genetic variation of silver carp native populations and
transplanted populations.

Key words: Hypophthalmichihys molitric; genetic diversity; amplified fragment length polymorphism
( AFLP) ; native and transplanted populations

Corresponding author ; ZHAQ Jin-liang. E-mail ; jlzhao @ shou. edu. cn



