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3195k @ Tang %" FIH 5'# % PCR $ARTF K 1
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BEER B 4515 5019 SSR 514, 45 4 40 I 513k 1
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Tab.1 Characteristics of microsatellite primers
B (A= HE T S 55 B B kR C 51YFA(5'—3")
no. locus repeat motif number of alleles annealing temperature primer sequence
F:GGAGATGAAAGCTGAAGGAA
1 TTFI (CA),, 17 55.9
R:ATGCACGAACTGCCACATAA
F:AAACAGCTGCTACCCTTGGA
2 TTE2 (CA)5(CT),, 13 55.9 ’
R:TTTGCCAGAAGAGCAAATCA
F:AAGACGCCACGGAAACTTTA
3 TTF3 (TC),, 11 56.4
R:CTGACCGGATAGCAAAGTGA
F:GACTGGAGTCGTCAGGCTTC
4 TTF4 (CA) 7 60.5
R:TGCCCCACATTGTTAGACTG
F:CTAGTGGGTAGGTGGCAGGT
5 TTFE5 (CA) s 8 60.5
R:GACTGGGAGAGACAGAGGAG
F:GGCAGGTCAGGCACATTTAT
6 TTF6 (GA) 3 6 60.5
R:TCTCTACCTCACAT CTCTCATTCT
F:ATGGGTAAGCCGATGGATTC
7 TTF7 (GT) 5 3 60.5
R:GTGTCAGCATTCCAGCTCCT
F:GGGGAAATAAAGGGAGAAAGTG
8 TTE8 (GT) 4 5 60.5
R:TTTCTCCTGATCCGTTGACC
F:AAGACGCCACGGAAACTTTA
9 TTF9 (TC) o 7 56.9
R:GAGGTGGGACTGTGTGGAAT
F:AAACAGGCTCGCCAATTTC
10 TTF10 (TC)((TG); 3 55.9
R:TCACCCACACACTC TTATTCTCTC
F:TTCGGTTCTGCCTTCACTCT
11 Mam02 (TG) 5 4 65.0
R:AAGACGCATGCTCAACAACA
F:TTGCAGGTACTGTGGGAAAA
12 Mam03 (CA) ;4 4 60.0
R:AGCAACATGCAAACATCAAA
F:TCACACCAACAACACCGAAT
13 Mam25 (AC)5(AC), 2 62.0
R:CCTTGTTTTCTCCAGGCATC
F:TCTTTCACAAACAAACCCTT
14 ESTI3 (AC) 5 55.5
R:GGATTATCAAACGCGGACT
F:GCGATCATCAAGGCAACG
15 EST23 (AC) |, 5 57.5
R:AGATTCATCAGCTCCTGTAGTGT
F:CACAAACCATAAACACAG
16 ES37 (TG), 6 54.0
R:AATGCCCATAAAACACAC
F:CGTAACCCAACTGTATCCG
17 EST43 (CA), 2 58.0
R:GTTCACTCGTGCCCATCC
F:TCAATCAGGCATAAACAT
18 EST66 (CA), 5 50.0

R:AACTAACTAGCACGCAAA

[E:F RIEM 519 R R 514 TTFL ~ TTF10 , Mam02 ~ Mam25 1 EST13 ~ EST66 & [ 3k i s TL&2 514, 43538 U5 F SCHk[9 - 11]
Notes:F. forward primer; R. reverse primer; TTF1 - TTF10, Mam02 - Mam25, and EST13 - EST66 are microsatellite primers and are

respectively from Reference[9],[10]and[ 11 ]
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1.3 E[F 4 DNA fykl &

Z IR RU R A W RHECAT R 2 W) AR 7 1V Bl
PB4 DNA S BG0R) & (B0 AERL) BT 45
M ZAM I IE SRR 3L R 2 DNA . S [F 4] DNA $2
e e 1 0. 8% RYBUISHEEE IS L Uk A2 66 LT
K] DNA Ji s FVREE , —20 CLRAAEA T,

1.4 PCR RNEREYEERF

SRR 10 wL, 615 5 ul % JefHi 2 x Tag
PCR MasterMix ( Tag DNA Polymerase:0. 1 U/uL;
MgCl, :4 mmol/L ;dNTPs each:0.4 mmol/L), I}
W54 0.5 wL(10 wmol/L),0.5 uL gy DNA
(30 ~ 50 ng),3.5 wL ddH, O, PCR f% Jii 7E
Eppendorf Mastercycler ep gradients % PCR {¥ I i
4T, IR N 94 CHiZEPE S min 94 C 30 5,50 ~
65 C(MRHE R 1 25 51 W 38 JCI BE AT 19 )
30 5,72 C 30 5,30 MEH , H& )5 72 TIEfH 10 min,
1.5 PCR =458 i B ik 4 i

PCR W7 8% AL 1M 5 9 M T i BB JC 1 3
ATk, B R/ 195 mm () x 120 mm(53) x
I mm(J&), ¥ LMY 1 pl,DNA Marker
(pBR322 DNA/Mspl) F A0 0.5 pLl, HIK A
P AUk ZE i 1 x TBE, M3 JE 200 V, APk 1.5 ~
2 h( B Rm A AR 45 PCR 779 73 1 F K/NTTZE ) o
LUK S8 U, JEAT fF R B e €0, % €0, 07 T AR A0 5 R
S AT T M R KR T
WU KT A6 B S AHATL B S A7 A H i
1.6 HEHIT5HH

i Quantity One B Ji¢ 15115 73 B A4 23 A 3 12
B R RN AR B A7 AR B 1 AL L A ik
N7, ] Popgene( Version 1.32) #{FBEAT /047, 31
ST JRE S 43 I TE 6 S HE AR o i) S5 Ao ik A
% (number of alleles, N, ) F1H# 2 4 5 & (expected
heterozygosity ,H. ) , -5 R ] Y Nei [Gigt 14 AH
L ¥ ( genetic identity ) 1 &t 1% H5 B ( genetic
distance) , Jf- 3 T+ 1% 35t 1% B 8§ A ] MEGA 5.1 %%
P % 6 A i i £ SRR A (R AR AT
AL 2H S 1 3 (unweighted pair-group method with
arithmetic means, UPGMA ) 1% # R 5% 25 [&] iy 22 4 .
HeJa i Cervus 3.0 A Z B B & & (PIC)

2 4

2.1 6 NMRETEIBAER SSR AR
A S L0 e T WSk W5 T AR S W) 60 X,

Forpr 53 X5 AE S IR 1 6 A FEUR oA R SRR
YT LT F ik 88.3% , Hoh 18 X T AL 5]
YIHA R R AT 2SRRI, A X
18 X fif T8 51 %k il 675 1628 6 AR IL 180 A
A RT3 BT, A A ARG T 3] 1 A 37 3 R 4R
2 ~20 ANSANEE, LRI 221 AR AR, fE 6
At 75 FE A R AR = A K R R AU AR
5 I VT = 6035 R AT Sk i FE AR 17 SF- 359 S 40 5
BN KN 5.17.5.22.3.50.6.56.6. 11 F
522, F I A B (H,) 733l 2 0. 634 2
0.559 7.0.546 2 .0.681 2.0.720 4 f10.675 2,
B BFERE®(PIC) 4350 0.575 6.0.517 0,
0.472 0.0.630 6.0.666 9 F10.606 4(F£ 2)., M
LB SRR T R IX 6 AN BEIR Y 38 15 2 R
P FIRAR U R IEIT = A7 > TR 85 > sk
flj > ZR VL = A 07 > K b > A8, B ERIE VL =
Fr1 8 1Y) 352 1% 20 FF 1 O R, TR OB 1Y) st AR 2 R
3 (i
2.2 6 {MiREHE KB SSR-DNA $55HE KX E
FFH EXCEL fF B 8%, Al 4% i 7 025 6 4>
FERAE 18 N DAL B P25 5% Je ik 1
Hh R TR G5 I R A AR U = A B R IR L = A
fifj AR AR Bl TR A g5 R A Sk 3K 6 AN E A
1) DNA 45 8B (& 1) .
2.3 AAHRGERFENMIELEINIRICHHN
IR TR i B B (B 1) b, FRATT O E 3 9
MR B Arid (TTFL  TTF2 | TTF3 \TTF7 |
TTF10 ,Mam03 .Mam25 .EST37 il EST66) ] | F
fi By 0 R FEAR 1) X 4, B A AR il B A TE o — A4
FEVR v a] DAY 3G 0 200A 19 454, DT A XA~ AR
HHEBERX Ik, Hep, 77 A iR 5 M 400
Mam03-201bp fi1 EST37-123bp 1] ¥ fijj J& F1l fif )@
XAy, B i gt 2R K E R (K 2).
4 ARig TTF3 (EST37 . TTF2/TTF10 .EST66 4
A A T 58 4 DX 03 57 s 2 Y = ff | J5E 60 55 0
ARA5IX 3 A HER . (HJE, i RE 78 B8R 3 VT = A 65 A
VAT 3k B b 1 2 R S s 10 IX 43 3K R A A, 150 9]
XA I 8t AL S5 M e — 3, DA 1 0”7
ORERT IR AT M1 X 9 A4
FF SR R AR IC 7= A 1 22 25 0 5 4% R 3 P R
AN ZINENRAR UHE Y, 857 1 B ALK 9 07 DNA
feor (3 3), Al AR o [ i 5 f0 28 Fl 0T 46 2 19
Z W,
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Tab.2 Number of alleles(V, ) ,expected heterozygosity (H,)and polymorphism information content(PIC)of microsatellite loci

-
Lo AR P EEHAR
fiiid K/Vbp N H, PIC

a e

locus  product

size SJF1 CCB HHF GDF SJF2 TTF  SJF1  CCB HHF  GDF SIF2  TTF SIF1 ~ CCB HHF  GDF SIF2  TTF

TTF1 243-~335 8 5 4 7 10 9 07723 0.7701 0.6729 0.7910 0.8480 0.8158 0.7247 0.7166 0.6129 0.7432 0.8137 0.779 6
TTF2 202~274 5 9 3 5 5 4 0.6842 0.7831 0.4910 0.7429 0.6667 0.7215 0.6256 0.738 8 0.4346 0.6853 0.6191 0.658 4
TTF3 224 ~279 2 3 7 4 0.1554 0.3254 0.6712 0.8186 0.6768 0.6650 0.1411 0.2688 0.5856 0.7773 0.6112 0.5959
TTF4 157 ~282 11 9 7 1 12 8 0.8452 0.8814 0.7503 0.7593 0.8565 0.7802 0.8111 0.8520 0.7032 0.7133 0.8245 0.7339
TTF5 150~222 8 7 3 8 8 7 0.8362 0.8158 0.5695 0.5424 0.8593 0.5582 0.7980 0.7739 0.461 3 0.5132 0.8253 0.524 3
TTF6 182~218 5 8 3 5 5 4 0.7362 0.8395 0.5695 0.5486 0.721 5 0.6650 0.6784 0.8052 0.461 3 0.5065 0.659 0 0.607 5
TTF7 219~335 4 4 3 3 4 305243 0.3938 0.5695 0.5949 0.6531 0.6571 0.4790 0.3575 0.4613 0.5129 0.5747 0.573 4
TTF8 162 ~224 3 1 2 4 5 5 0.5542 0.0000 0.5062 0.6503 0.7921 0.6853 0.4415 0.0000 0.3739 0.5780 0.7441 0.6158
TTF9 269 ~319 2 2 4 6 5 6 0.154 0.5079 0.6424 0.8136 0.5056 0.7441 0.1411 0.3747 0.5805 0.7702 0.463 3 0.686 4
TTF10 255~308 2 4 3 6 3 3 0.5085 0.2678 0.4588 0.7452 0.594 0.6266 0.3750 0.2428 0.3929 0.6903 0.5052 0.534 6
Mam(2 226 ~281 5 5 6 10 6 4 0.7328 0.6288 0.7870 0.8554 0.7825 0.6808 0.678 1 0.5502 0.738 1 0.8227 0.7335 0.610 4
Mam03 231 ~324 6 1 5 16 8 5 0.826 0.0000 0.6944 0.9373 0.8475 0.7311 0.7808 0.0000 0.6299 0.9163 0.8125 0.668 6
Mam25 166 ~252 4 9 2 9 6 2 0.7345 0.816 0.5085 0.8367 0.7384 0.5085 0.6715 0.8296 0.3750 0.8029 0.681 6 0.3750
ESTI3 209~266 11 10 4 3 9 9 0.831 0.821 0.7051 0.5384 0.8463 0.7554 0.8193 0.8292 0.6378 0.4327 0.8125 0.724 3
EST23 265~352 6 8 7 5 4 5 0.8128 0.8706 0.7277 0.7452 0.6876 0.6548 0.7570 0.8392 0.6730 0.6942 0.6238 0.579 6
EST37 147 ~216 4 1 1 2 4 6 0.5441 0.0000 0.0000 0.4723 0.5915 0.6237 0.4827 0.0000 0.0000 0.3566 0.537 8 0.547 4
EST43 401 ~493 2 2 2 1 2 2 0.4881 0.4401 0.5085 0.0000 0.4401 0.5085 0.3648 0.3391 0.3750 0.0000 0.3391 0.3750
EST66 290 ~349 5 7 1 10 9 8 0.6655 0.8260 0.0000 0.8667 0.8548 0.7718 0.5911 0.7887 0.0000 0.8353 0.8229 0.7255

SF-#4 mean 5.17 5.22 3.5 6.56 6.11 5.22 0.6342 0.5597 0.5462 0.6812 0.7204 0.6752 0.5756 0.5170 0.4720 0.630 6 0.6669 0.606 4

T« SIFL 7R V1 = ffi 5 , STF2 . £k Y VL = ff1 ), CCB : (& 5 il , HHF : JE 6 ) , GDF ;. |~ ZR ), TTF . [ 3k ffj . [l
Notes: SIF1 : M. terminalis from Dong River,SIF2:M. terminalis from Qiantang River, CCB: P. pekinensis , HHF: M. pellegrini ,GDF ;M. hoffmanni, TTF;

M. amblycephala. The same as below

SIF1 SIF2 CCB
600 - 600 600
500 - - 500 - 500 -
o (=9 o
= X 400} - = X400t - = 8400t -
< 2 300t Doa.. 1B xZa00f .- = B ZZ300t ... g
& e - L & e - e F
4 200+ gz . == 3 4o 2200+ z 5 4 S 200+ . -
100 100 100 -
0 s 10 I3 20 0 5 10 15 20 0 5 10 15 20
514 primer 514 primer 514 primer
TTF
GDF
450 - 600 - HHF 600 -
4007 ) 500 F . 500 - -
350+ R
= § 4
%gmo-f ) . 5_5400- - §.§400» -
T B 250FE-2 . @s - - : 62300 - . *
S B &= - S 300F — s - 2 F & e 2. s .
géé 200 &2 : . . Q@ 3 el
£ 150} - S e®i,: -- x& g -
i 8150 - 200 is- - i =200 £ Be s - i
100 -
100 i
50t 100
0 . . . , 0 . . . . 0 . , , ,
5 10. 15 20 5 10- 15 20 5 10 15 20
5|4 primer 514 primer 514 primer

R K T E DNA 545X E

Fig.1 Microsatellite DNA fingerprintings of genera Megalobrama and Parabramis
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1 2 3 45 6 7 8 910 11 1213 14 15 M16 17 18 19 20 21 22 2324 2526 27 28 29 30

SE T e
e -

12 345 6 7 89 101112 13 14 15 m 16 17 18 19 20 M 2122 23 24 2526 27 28 29 30

2 Mam03( EE)#0 EST37( THE) S| WELRERE & X84 P PAGE Bif

M :PBR322 DNA/Msp [ #r#fii4>F 4, m:50 bp DNA Ladder; 1 ~5. KIL=4/j; 6 ~10: K FHk; 11 ~ 15, JEMHH; 16 ~20. ] &K
21 ~25 ERIBIL = fA 05 26 ~30: 13k 85, 7 Sk W7 O & A5 i 1 45 5 M A i
Fig.2 PAGE analysis by primers Mam03 ( upper ) and EST37 (lower ) among genus Megalobrama and Parabramis

M:PBR322 DNA/Msp | marker, m:50 bp DNA Ladder; 1 — 5. M. terminalis from Dong River; 6 — 10 P. pekinensis; 11 — 15. M.

pellegrini; 16 —=20:M. hoffmanni; 21 —25 .M. terminalis from Qiantang River; 26 — 30 .M. amblycephala. Specific molecular markers of

P. pekinensis are shown with arrows

®3 TREREGELBFEHEFL DNA Y

Tab.3 The numbered microsatellite DNA fingerprinting of genera Megalobrama and Parabramis

Fric B fedg 8 E3 R
marker numbered fingerprint identification of different populations
SJF1:1110101001000010001 CCB:0110000010011000000
TTF1 HHF:0010000110000000010 GDF:1101100010101000000 SJF1-TTF
SJF2.1101100111001000101 TTF:0000010110111101010
SJF1:110101000010 CCB:000111111111 HHF:010110000000
TTF2 HHF-GDF
GDF:000001111010 SJF2:111100100000 TTF:101101000000
TTES SJF1:1000100000 CCB:1100000000 HHF:0111000000 SJF1-HHF/GDF/SJF2/TTF
GDF.0111011110  SJF2.0011001110 TTF:0001010101 CCB-SJF2/TTF
SJF1:1010100010 CCB:0010101100 HHF:0001010001
TTF7 HHF-SJF1/CCB/SJF2/TTF
GDF:0110010000 SJF2.0110101000 TTF:0010001100
TTFLO SJF1:010000010000 CCB:000011110000 HHF:011000000001 CCB-HHF/TTF
GDF:000111001110  SJF2:110000010001 TTF ;110000000100 GDF-SJF1/HHF/SJF2
SJF1:000000111010110000 CCB :100000000000000000
Mam03 HHF:001001010010100000 GDF.011111011111111111 CCB-SJF1/HHF/GDF/SJF2/TTF
SJF2:000110111010110000 TTF:000110001001100000
Mam25 SJF1:0110001100000 CCB:1010101110111 HHF:0001000010000 TTF-SJF1/CCB
am!
GDF.1011111111000 SJF2.0011100111000 TTF ;0001010000000 SJF1-HHF
EST37 SJF1:001100101  CCB 100000000 HHF ;000000001 CCB-SJF1/HHF/GDF/SJF2/TTF
GDF.010000001 SJF2.:001111100 TTF.001111110 HHF-SJF2/TTF,GDF-SJF2/TTF
SJF:001110010001 CCB:011110110010 HHF ;001000000000
EST66 HHF-TTF

GDF:011110101010 SJF2:011111100111 TTF:100111100111

24 AEREGEXFE BB BEEFMRE
v i

i Popgene ( Version 1.32) {315 s i 1 2%
6 A IR A Nei [R5 f% AR fRLAE i idt £ B 2, 3L
6 B A IA] Y Nei [R5 (2 A LR % 0.172 2 ~
0.570 9,38 AE B 0.560 6 ~1.759 2(F 4), H

R S U = A0 09 A0 1 S 897 1 AL R B L
0.570 9, J5L470 5 A1 I 75 i B 388 £ A6 {0l M A K6,
0.172 2. 3EF AR Bk ) Nei % 52 £ Bi g5 , I
MEGA 5. 1 % fF Ky 2 T 6 > T b i 5 £ 9K 1] g
UPGMA %K% 7 (1 3) . Ui, 0 6k 3 0T = £
G 0 A Sk 095 5 206 58 g — 05 T 3 32 PR O 5 9
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JER WAL = A5 ) 2R 7 JRE a0 2R 2, foe )i 1l )
AR A Bl SRS o L R AT )7 55 A Bl ) 38 A B

Bt , M 1.759 2,

R4 HREABETEEERN Nel REBEBUE(NAKLES)MBEES(NAKTH)

Tab.4 Nei’s genetic identity ( above diagonal) and genetic distance ( below diagonal) in

genera Megalobrama and Parabramis

BEIK populations SJF1 HHF GDF SIF2 TTF CCB
SJF1 0.384 2 0.3757 0.522 2 0.3114 0.379 2
HHF 0.956 5 0.303 8 0.318 2 0.347 0 0.172 2
GDF 0.979 1 1.191 4 0.426 6 0.279 5 0.301 8
SIF2 0.649 6 1.145 1 0.8519 0.570 9 0.320 8
TTF 1.166 7 1.058 4 1.274 8 0.560 6 0.205 7
CCB 0.969 6 1.759 2 1.198 0 1.136 9 1.5815

M. terminalis(SJF1)

M. terminalis(SJF2)
M. amblycephala(TTF)
M. hoffmanni(GDF)

— M. pellegrini(HHF)
P. pekinensis(CCB)

10
—

B3 fhEH&EAERFER UPGMA REE
Fig.3 Dendrogram of relationships among genera
Megalobrama and Parabramis using

UPGMA method of clustering

3 3

3.1 REGHEEAFYDEMRICHFETIEEHY
T T 5 PR PR A7 A A 30 40 o 0 3 ) ) LA —
E B[R] P, al VE D ] FE BT S AR IC . 4n Shi
S USSR S 58 UK a1 ( Pseudogyrincheilus procheilus)
thIF R 280 BRI EE 1 T H Ik G ) Fh s Sk
t4 ( Garra lamta) F1 [ ¥ 1 ( Onychostoma sima) ,
2% B 2 v 1 P )3 P . Chen 28°° 76 /)N 2 £
( Larimichthy polyactis) ¥ JF & H) 35 X i T2 & 5
Y3 T T 2% B K % 4 ( Larimichthy crocea) , B
AT (0 PR TR T ) S 8 0 g
microlepis ) . % A W M
morio ) Ml X B E A H f
( Epinephelus quernus) i1 T2 b5 10 78/ i 4 Fp
FIBEA G RAF . PVROC T R A AR
W R IR 23 BE 1 £8 ( Danio rerio ) 1] SSR 45 ic JF
Ji& T 8 ( Cyprinus carpio) jit 1 &l 3 1) ¥4 £ 1 7]
WAL 25 A AT, X SE B TR AR G AE WA B IS
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Establishment of DNA fingerprinting and analysis on genetic structure of
different Parabramis and Megalobrama populations with microsatellite

ZHANG Qiangian, CHEN Jie, JIANG Xiayun, ZOU Shuming "
(Key Laboratory of Freshwater Aquatic Genetic Resources,Shanghai Ocean University ,Shanghai 201306, China)

Abstract. In the study,18 pairs of primers which could give stable and polymorphic amplification profiles
were screened out from 60 microsatellite loci and used to analyze the genetic structure of Parabramis and
Megalobrama species. Meanwhile, the microsatellite DNA fingerprinting in six populations of genera
Parabramis and Megalobrama was established based on the results of alleles of microsatellite loci by
Popgenl. 32 software package and illustrative patterns were constructed by EXCEL office software,including
two geographic populations of M. terminalis from Dong River ( SJF1) and Qiantang River ( SJF2 ) , M.
hoffmanni( GDF) , M. pellegrini ( HHF ) , M. amblycephala ( TTF) and P. pekinensis (CCB ). The results
showed that a total of 221 alleles were obtained from the six genera Parabramis and Megalobrama
populations, and the alleles ranged from 2 — 20 in each locus. The mean value of number on alleles( N, ) of
SJF1,SJF2 ,HHF, GDF, TTF and CCB was 5.17,6.11,3.5,6.56,5. 22 and 5. 22, the mean value of
expected heterozygosity (H, ) was 0. 634 2,0.720 4,0.546 2,0.681 0,0.675 2 and 0.559 7,and the average
value of polymorphism information content( PIC) was 0.575 6,0.666 9,0.472 0,0. 630 6,0. 606 4 and
0.517 0,respectively. It demonstrated that the genetic diversity of SJF2 was the highest and HHF was the
lowest among the six populations. Using unweighted pair-group method with arithmetic means method
(UPGMA ) based on their genetic distances, the cluster analysis in six populations showed that SJF2 and TTF
first grouped together, genetic distance was 0. 560 6; then they clustered with SJF1, GDF, HHF, CCB in
sequence ; the genetic distance between HHF and CCB was 1. 759 2, which was the farthest. In addition,nine
pairs of specific microsatellite markers ( TTF1, TTF2, TTF3, TTF7, TTF10, Mam03 , Mam25, EST37 and
EST66 ) were screened from microsatellite DNA fingerprinting which could be used to identify most of genera
Parabramis and Megalobrama populations. Particularly , microsatellite primers ( Mam03 or EST37 ) could
differentiate P. pekinensis (CCB) from genus Megalobrama populations and microsatellite markers ( TTF3,
EST37, TTF2/TTF10, EST66 ) combination could completely identify SJF1, HHF and GDF populations
among Megalobrama spp.. However, as a result of the relative consistency of the genetic characteristics,
specific SSR markers, which could distinguish M. terminalis from Qiantang River ( SJF2 ) and M.
amblycephala( TTF) ,were not found. Overall, these results could provide a theoretical basis for germplasm
conservation, species identification and genetic breeding of genera Parabramis and Megalobrama in China.
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