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 E.: HEFEYP 25 (sequence-related amplified polymorphism,
SRAP) BET PCR H AR —FHT RS- FAriCHE AR, 2 SRAP 245
ICEEARN L @) x HK85 (3 ) Zft F, RHLANBEEESR
BT T 247, M 24 A SRAP 5|94 & i £ 2] 21 2514
&, 3152 136 KEMIRERNT WAL, HP 12U M ENIEREE
H, FHEANSIWHGTE6. BN EBHRW, BR TRENESEL
., ZFF, 1Y) SRAP 5 BEFE R A DR B, R R A F, 47
SN, BB 2Rl Fy B 2 5CR . SRR L 80 | B Sk 8 I L el
F, ) Nei’ s ZAEPEIS 0 (H) 418124 0.194 5.0.172 2.0. 198 4, Shannon’ s
B BBE(I) 43514 0.289 1,0.254 7.0.290 5, REAZF F, LEXH
ARER NS EZ TR BSOS HE k8RR EER N
0.420 6, FiE BEHA B RRAMUE, ZeF0 F, 5N 800 B K &5
T By 38 A AR B 43 310 0. 767 1.0. 751 2, I E fHEE AR, B Zft F,
EXRIAR R B A B B AT 1, SRR M4 Rh F, 25 T RBa
BFE KB HRAEE B . PFRE R UKV SRAP S FARID AR R K
REFTENRICRRE, TRMATARRHE S HNEENREER

R I SRAP 3 R
FABZTaN( Q) xHI L84 )
BIZF F, REEAMBE X
R T AN AT AR F
N Nei’ s 18 12 2 B,
Shannon’ s {5 B8 S R B G 1R
BEREEZH METAE
LR B e B R R
itk 2k F, p9RELE TR
RIBRE L T A4l &
REBEWHESER, AX AR
BEESGaARNACHAAR
RO T ELRBERL,

XEH: A n; Hke,
ZF F, ; SRAP fritt
HESHEE. 5917
NEERIRAS: A
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SHME L1 80 ( Erythroculter ilishaeformis) 5 @l 3k
5 ( Megalobrama amblycephala ) Yy 3 J& T 40 W #}
RGBT MERETFAR, WEEEHA,
EREARKER, HRAETHHEY . KR,
EEALEHEF, RAITTF 2006 FHET XFFHE
HIB IR 238, RS T 2 F R W
L BA RIFHRA , SRR R
o X TREEMHRFRI b IR BY, fwi 2%
P MRS, DL HER , R KRR, K88’
AR LLBANE T 19. 2% , R B A B B0

HXFFY 25 MR T 2001 4E i LI 0
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1 MESHE
1.1 KW

il AN S QSR N D S i B i S
WM T RIS A, 2006 4E, DL 160
A BB A, RAALREN T ERT T
AL Q) x BISkE5 (8 ) 2 Fio AER

FIBEBCHAE 180 (5 B) (B k85 (5 B) XZ4F F,
(6 B) FiT SRAP tRic 71T o

Tag DNA T 4 . Buffer, Mg’* . dNTPs,
Marker & SRAP 5| Y1553 B L1585 B A H
ARHBMRATF . SRAP | ¥ 4K #% LI 1 QUIROS™
WITHRES |9, EBUE M 51 4 4 ZF M54
6 &(FE1),

x1 SIHRSEEFT
Tab.1 SRAP primers and their sequences

ERGIY (5" -3") BRA5e F31(5"-3")
ME, TGAGTCCAAACCGGATA EM, GACTGCGTACGAATTAAT
ME, TGAGTCCAAACCGGAGC EM, GACTGCGTACGAATITGC
ME, TGAGTCCAAACCGGAAT EM, GACTGCGTACGAATTGAC
ME, TGAGTCCAAACCGGACC EM, GACTGCGTACGAATITGA
- - EM; GACTGCGTACGAATTAAC
- - EM, GACTGCGTACGAATTGCA

1.2 E[F£ DNA &

RERE-F 5k R H 4 DNA, FH g fE
Bk, B 50 pL 20, fK¥m A 450 wL SET,
12.5 pL Ky SDS(200 mg/mL) #1 10 uL FEHEE K
(20 mg/mL) RS JGE 55 CARBMAFIHALIE,
ZIE SRR AN B S5 (1: 1) F &
R 1 ~2 K, 2 f5EH -20 CTHAKITKZE
ULUE DNA,70% Z. B2 75 Ve, T4 EVE T 50 pL TE
FWP,HET -20 CRHFES M. A Bio-
Photometer A= 443 3% 't FE 1T # ] DNA #£ 5 B9 ¥k
FEFSEEE 0. 8% HIBEARWEBE L . Uk R U] DNA K
BN,
1.3 SRAP § i

SRAP-PCR Nk REIER AL IE T 44
F, I EARD SRAP 3, RN AN 20
uL,£34E PCR Buffer 2.5 pL Mg>* 2.5 mmol/L,
4 DNA 40 ng.Taq f§ 1.5 U,dNTPs 0.2 mmol/
L2 # 5. 0 pmol/L %& ddH,0, % M LI 0
QUIROS'™ fy 3 2 J¥, B 5 MEFF 94 CAH:
1 min,35 CHE ¥ 1 min,72 CIEM 1 min; )5 35 4
EFHEEERE AN 50 C5&J5 72 CEMf 7
min, ¥ W 7E Gene Amp PCR Sysetem 9 700
FEY WAL 1T, PCR =Y 2. 0% BrighisE
BEE Ik, GoldVeiw ¥t ff,, Bio-Rad &E: B4R 245 W
G 5N
1.4 BIRSH

VERRER B AT HAS RE Y 3 &40 BE1T 4T,
BEKW A TEE KBNS 1.2 EkE,

FEMRRESRE AHFRIEN 1, U RIEN 2,
XHBIA T8 B BRER SRS B9 00 ARJE LA
Tipga 1. 31 M3 HIE T ZBALA LR (P) B
PRI AU (S) RIZHERS (D) (SR
BEE(N,) A RF A EEE(N,) Nei’ s BEL
FEtEAE B (H) | Shannon” s {5 B8 %(]) T2,
HRBE BRI ST UPCGMA R
Koo

2 SRS

2.1 SRAP jj iz

M 24 A FI A EESY 21 NMEFEET
RIS A, I 0 X S| H 4H A X 4T
#1 F Skf5 S AR Fy 3617 T4 3%, SRAP ¥ 34k
HEIR/ME 100 ~1 500 bp Z 6], 21 5| HH &
=4 136 RIFWRE WY W, B3I WAHE
BT WAL 3 B 14 NRE, R 6. 48 4,
136 ML EHA 124 MiSEFEENE, £
SN LR EE 1. 18% , Hrp M A 80 2754
MEL68 A, BN ) 50. 0% , B3k 45 27
HE63 AN, BN 46.32 % , 3P F, 238
L EE T4 A, BARALE HH) 54.41 % , BN SRAP
PRCEABREN SR, R F, P8
T 105 A7 85, Hop, ok B B8 A3 W 41 80 109 ¢
SR 24 4N AE T 22.86% M LT EAT A
58Tk B BKB A RO N 234N, B8EFT
21.90% MR L HRA R R = HE LA WASE
58 AN ALEH 55. 24% 5AME 4180 A E L g LA 15
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Bo HGREW, BREIZHF, BE TG
KETHIRIE TR B
2.2 SRAP §iBEESHT

& F, RHRAK) SRAP 3 3 R A7 7
B2, AR5 YH SRR TS F,
B AR WA E SR, EERINEAR
B2 F SRCRICE , URAF F, SRA—T
R, WS —T5 PSRRI, 7
PRy EEERREZBARF P AN B
l-a.b.c.d ﬁfrﬂ?ﬂ%‘l%ﬁﬂ% ME,/EM, \ME,/EM;
ME,/EM, F ME,/EM, fj SRAP ¥ 3 &%, ¥
FRERRAMAER TR I WHE ME,/
EM, B9 383+ , ME,/EM, 500 47 5 2 7% 41
sRAIZAE F, BTARR , B3k PR 8L ME, /EM,

600 £i7 i B KA FIZ Fy 306, BB 4180 ok
3 ; ME,/EM, 300 £ &y B8 £ 86, B 3K 5 7
e BT (8 1-d, 853k ) o« EFIMA S
ME,/EM, K9 3§EE+ , ME,/EM, 500 £ 5y
K85 TR, B AL BRI ok F P 3R B
ME,/EM, 1300 Sy Bk g5 ZeF F, Fr3th , @k
LLgaP R M B (I L-a, kBT R) o I PAH A
ME,/EM; K 3§ 3 b , ME,/EM; 750 i 558
WELLERFZAE By BT, B K85 R H B ME,/
EM; 600 iz 5 WS L 80 B A A, B Sk 5 A 2 A
Fop Xk Bl. RMUEN, WEBETIWAHS
ME,/EM, ¥ 3gEHE DB, A B R ET
BT DGR R B R AR A T
T

a.MEL/EM29 S4B (114 F1Lt;, 1625 ZF)

b. ME2/EM5%™ 14 &3

c. ME2/EM13 34 &%

d. ME1/EM43™ 18 ] it

E1 FESIMAEBEL. FkimRF3EF— AR SRAP 4R
Fig.1 SRAP patterns of E. ilishaeformis @ x M. amblycephal 3 hybrids and their parents generated with
different primer combinations
a; 1 ~5. B 40 (E. ilishaeformis) ; 6 ~10,16. Z2Fh Ty 5 11 ~15. FIk 85 ( M. amblycephal) ,
bic.d: 1 ~5. BHELT 6| (E. ilishaeformis) ; 6 ~11. Z&%h Fy 5 12 ~ 16. FIk & ( M. amblycephal) ,

2.3 AW F, RERFHEFESHESH

R L8R B SR 5 B AR T R SR
SRR 2, B3R 2 WA, RELI8H | BG4 R
ZFh Fy BB P Nei” s BIGBHMIEE(H) 5
$1%90.194 5,0. 172 2 71 0. 198 4; Shannon’ s {5
BA8%(D 4 51240.289 1,0.254 7 F10.290 5,3
B F HBREEHEET R, RARMF, B

HEZ AR,
2.4 ZWF, 5RXEMEERR

RRYELLBA 3K A T [RIE R AR 1)
Pt B SR A BE B 32 3, SR 3 WTLIE
H, TR LT 605 B K i A B 38 AR BE B 0 0. 420 6,
/NF0.54, BB SR A BRI AL, F%
i F, SEASEYE LA R ML 9 0.767 1,
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AR k85 8 B AL 0. 751 2, B & A
ZEB, B F, SICRIAERERA W

At o B, IR Rl 43R W] BB RS A R
7 LS L0 R A K 45 0 e B R B BT

R2 MREOHA( Q) xHkE(S ) 1™ F, REXEHEESH

Tab.2 Genetic parameters of E. ilishaeformis ( ¢ ) x M. amblycephala ( 3 ) hybrids and their parents
PHURE SEMARE  WRSNERK AREFNERY BIE LR Shannon” s 384
Ni P N, N, H 1
bl AN ] 68 50.00% 1.500 0 +£0.501 8 1.334 6 £0.418 7 0.194 5 +0.217 5 0.2801+0.3070
Z&F T, 74 54.41% 1.544 110.499 9 1.3593+0.378 4 0.198 4 £0.202 0 0.290 5 +0.288 7
A 3k &h 63 46.32% 1.463 2 +£0.500 5 1.304 4 £0.393 8 0.1722 £0.206 2 0.2547+0.293 5
B 124 91.18% 1.911 8 £0.284 7 1.586 7+0.343 6 0.334910.164 9 0.4952+0.218 1

£3 WA Q) xBALE (S ) FMF, ZHFEERN
BERME (A LR) MREER(ETA)
Tab.3 Genetic identity and genetic distance between
E. ilishaeformis ( @ ), M. amblycephala (5 ) and
their hybrids F,

pl 2N ] P T, B3k 5
FAMELT ) - 0.767 1 0.656 6
Fey i 0.265 1 - 0.7512
H 3k &5 0.420 6 0.286 0 -

E: BREHLECE LA BEER(ETA) .

¥ SRAP ¥ 3 T3 £ BRI HTRE, B
B4 F, RHFEAR SRAP FRi0 R G B ERR
B(E2), Bl 2 arm, BuE LI | B ka5 R4
Fy AMEE a0 M 3R, T O ME 4160 | 1 3k 45 &
b F, B RSN 5250 T, BERSR L,
BRI SR EREARRE, BRAF Fy R T4
R LI

0.600 0.450 0.300 0.150 0.000

BNER

O = 00 ~J DD = O WO

ST

oyt

B2 MEasn( Q). Fke(s ) RFEFF, BN
UMPG R&X REHRE
Fig.2 UPGMA dendrogram between
E. ilishaeformis ( @ ), M. amblycephala ( 5 )
and their F,

3 i

RRREBRLGRBRH T EZ ", FR%
IR RABAT RS, TR R EFHHE H
KEFERRZENR. B, SAEAHE XK
MBS, N x B
( Erythroculter pseudobrevicauda ) "' ) Fl ] Z¢ 3¢ F1
B ( Ctenopharyngodon idellus) ( @ ) x 3HME 41 81
(8 )" HTRHAZR, 5 E L 8A X238
MERZ, HP WA E&ZHE 8 A, A1 H
(Aristichthys nobilis) ( @ ) x BIk#5( 8 ) RH R
4] B ( Crenopharyngodon idellus) ( Q) x B
SLa(s) "M g ( Hypophthalmichthys molitrix )
(9) xBIk#i(8)RERR"™ 8 ( Cyprinus
carpio) ( Q) x BIk#i( 6 )" BIk#H( Q) x &
BBl ( Xenocypris daviodi) (& ) R A" .4
#( Carassius auratus red variety) ( @ ) x Hl3k#5
(&) B 2 A # ( Carassius Curatus Cuvieri)
() x BB (8)" AKB () x T
(Tinca tinca) (& ) RER A" % BM A5 H 1
ALK (2) x K F R (Parabramis
pekinensis) (& )" s FhIRZ3EA 2 A, AHE) R
( Magalobrame hoffmanni ) ( @) x Bk &5
()™ =i ( Magalobrame tarminalis) ( @ )
x Bk (8 ) RERE"%, ERimgiaa
BHRRFF RGN, BR S RZHETH AT
EEMEREER™ . ERENARERT, 25
AR R R M R TS AME, 10
B x BIL g R R PR A T A =51,
AL 8 x TH 2B R R T =AY
RN, A8 2) x Bk . Bk () x
K& (S ) FEABLLEN x R HF AT A2
eI, BRI
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M 418070 B 3K 5 SR T IR — TR )
JRANGR , e kgt (2n) ¥k 48, Atk Tl
AR, LA 3 E 2 S ek
FEEREE 2 ARk, B Gk B
TEVHERE 2 Sk, BEau(Q) 5@
Sl (6 ) ZRFREERRT, LEBR BN ZHE
RARIER, X—RE R E R BA BT
RS, RTFRETGRTHFMM:, THAE
21200 g 42 s Y e PACOH AR D | A L R 4 22
BUNORNE SRR SB R, ALK
IS i} SRAP FRiTA SR A i 8 678 S v i 2 0,
WE T 5 B SK A KRR R BN 0. 66, K T-REpks
He— 55 AL RS 0.54, YLRA M 21 6
R Sk 0 2 B 2 B B AR (R, A AX KR
FRBTHERXBEBREFMEREREE, A
PIEREE , 25 F, 07 AR E A
B, Hoohoke |84 4T 80 1 4 0 5 24
A, 3 B B Sk 8 S0 4R 23 A, BRI XGE Y
WS ERE T R TR, IELZR
ZRIEFKFMZS, HER T8 &5 KT8,
A FER RIHER B 2638 S B B o, RATT B B
Zfh F, (AR E B TR A, BhAsme—3,
RABIRTE T RA X 2 R A X TR S e
IAEE X%, B, BAME EE ERER
PR R, B E R — MO /AR DNA & &
FEHIAEE

M AT RBH R TFROBESERR
KU H R TSR AR — 7, B R T o ]
B, BRCEHINH, 3K T R T 4 2 30 WU i 15t
YRR FRB TR A X S g S, B
TR B ( Q) x BIL#(3 ) Z:Fh F, 1Y
ZRFERMRFI L, I SRAP 40745
RRF 24 F, SRABE LT 68 8 AR L
0.767 1, 554 Bl 3k 8 i) AL HE B 1 590. 751 2,
PiH BN, BARZFS F, 5 0GR AR IR R B
AU BT , BN AFI AT 24 F, B
REBELR EMTFROEKEETRZRA
XU B B LR VR, X g b F, IR ELE T o
BEEHREE T 2 TR B, BIR%RH5RIIHH
i RAPD 43r&s R A —3 1™, RAPD 4} 3:HA,
S 2T 80 70 ) 3k 76 2432 S5 AR TR 4 o A o5 B
WA RARSE R AR ki —T . RIA
—FATRE R F SRAP ARIE F BER A xR E AR

FFHBSERE (ORF) HEATY 3, P IR 45 R SR UA
HIRE R M E R, T RE S R EIG AH&
BAEEAR AR, MiFE— 2.
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Analysis on genetic variations of Erythroculter ilishaeformis ( Q@ ) x
Megalobrama amblycephala ( 5 ) Hybrids F, by SRAP markers

JIA Yong-yi', GU Zhi-min', YE Jin-yun’, YANG Yuan-jie', ZHU Jun-jie', HUANG Xian-ming'
(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Huzhou Normal University, Huzhou 313001,
China)

Abstract: SRAP (sequence-related amplified polymorphism) is a new molecular marker based on Polymerase
Chain Reaction. SRAP markers were used to detect genetic variations of two parents E. ilishaeformis @ , M.
amblycephala & and the F, in this paper. 21 polymorphic primer combinations were selected from 24 pairs of
primer combinations. 136 loci were amplified and 124 loci were polymorphic. Each primer combination
generated 6. 48 polymorphic loci, which showed comparatively high polymorphism on average. The results
showed that the differentiations between parents were remarkable, and all the loci of F,; came from their
parents, and no hybrid-specific locus was found. Among E. ilishaeformis @ , M. amblycephala & and F,, the
values of Nei’ s genetic diversity ( H) were 0. 194 5, 0. 172 2, 0. 198 4, respectively; the values of
Shannon’ s information index (I) were 0.289 1, 0.254 7, 0.290 5 respectively. All the parameters indicated
that hybrids F; showed a greater genetic diversity than their parents. Furthermore, the genetic distance
between E. ilishaeformis @ and M. amblycephala & was 0.420 6. The genetic identity between F, and E.
ilishaeformis @ was 0.767 1, and the genetic identity between F, and M. amblycephala & was 0.751 2, the
differentiation was insignificant. This indicated that the hybrid F, has an equal heredity similarity to their
parents, and this also showed that F, combined genetic information from both of their parents. The resulis also
demonstrated that SRAP molecular marker technology can be applied to the hybrids tested and genetic analysis
of fish breeding effectively and reliably.

Key words: Erythroculter ilishaeformis; Megalobrama amblycephala ; hybrids F, ; sequence related amplified
polymorphism



