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R30S L M i I 1 o AR 30 R HEAT AR 32 IR 1S
Al QM B 3 A MR . 2N AP
M HORARBRAT T LI KK =itk g
Pty 3ANSRARTEAR S 2 F A8 BE AR - B AL BY X
30 MEE, 1508, MAIS% IR, R17ET
—20°C & M.

1.2 D25

AT 5T N 60XT SSR 5| 4 Hh i a2k H 16 X6F 25 4%
RIS, Ha10%FSSR ] 42 Hi Tang 2! i i
55 SE PCRIG AR BRAG, 20 Lidk! s i ik w5 4 10
FORIF R BT HISSREIY, F14MRTEST-SSR 5|42
Gao5 it B I /W T 3545 . SSRAT A1 %
SIMfE R 1.

1.3 E[FEDNARHI &

A8 FH AL 3 RAR AR PR A R ] AR 72 IR i
A LI R ZH DN ASR BUR 1 B (B O AR Y, 1
HYLW BN A0 7 U R 4IDNA, R A
DNAHRETE 5, FH0.8% FO B fig b vt e Fi kRN 4y
eI FE TS MIDNA T & AR E, 20 CLRA7 %
14 PCRENARSY EIEF

SRk " R R R 10 pL, B85 uLfr
Wkl )2xTag PCR MasterMix (Tag DNA Poly-
merase: 0.1 U/uL; MgCl,: 4 mmol/L; dNTPs each:

®1 WIESIHHE

Tab. 1 Characteristics of microsatellite primers

B HETFH 15 1B KRS SR BRI /NE
Locus Repeat motif Primer sequence (5'—3") T, (C) Size range (bp)
wo mo
s e
TTFO3 (O CTGACCGGATAGCAAAGTGA 6.4 214266
w0 e
s e
TTF06 (A TCTCTACCTCACATTCTCTCATTCT 0.3 186218
0 mes
as e
e o, Aceccsmacr )
TIFIO (TOTGs  CACCCACACACTCITATICTCTC 59 255291
s oo, LCTCMAGAcn 0
EST3 (A AGATTCATCAGCTCCTGTAGTGT 55 265352
ESTS? TGy AATGOCCATAAAACACAC 2 147216
@ mew
Mam03 (A AGCAACATGCAAACATCAAA 60 21324
wnzs oo, IACACCAACCACcGT ; P

¥: TTF1—TTF10. Mam03—Mam25FIEST13—667 H KT SCHk[11]. [12]+ [13]
Note: TTF1—TTF10, Mam03—Mam?25 and EST13—EST66 are microsatellite primers and are respectively from reference [11], [12]

and [13]
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0.4 mmol/L), b Fi#E5[##0.5 uL (10 pmol/L),
0.5 uL# K DNA (30—50 ng), 3.5 pL ddH,0.
PCR /% . Eppendorf Master cycler ep gradients’
PCRAY BT, [ BFEFF 94 °C A P 5min, 94°C
30s, 50—65°C (R KIRZEZ ML 1 15115 Bt
TR %) 30s, 72°C 30s, 30 NMEIR, &5 72°C ZEAH
10min.
1.5  PCR=4ERS BRIk A

PCR ™ 4 FL UK AT 8 %o P I A8 14 508 TR s T e v i
AT, B A A 195 mm (£K)* 120 mm (i)
1 mm (JF). HIKZAE: BHIKZ M N1TBE, &
200 V, H1JK1.5—2h. ¥ EFEEIINT ul, DNA
Marker (50 bp DNA Ladder) EAE R ~0.5 pL. Hk
52 HJE P RRAR et 18 i R Yt 77 0
FAEIMES . SRR BT, AT AR A .

2 R

21 FEANEHARISSRY HELEER

AT 2 S R AT R 16Xt i A 514,
BIREY 16 A5 i i b . ASUE PCR™ ), H IR
RNED. FEIREH 75 TTF3. TTF4. TTF10LL
JeMam25, 4% 7] LAX 73 SRR R e 5 1 9. 6 1
RGITTEILESANFEAAR 14 4 s vk B, ] 228
S PIMam257ESA FEA 14 3G H vk B . G A
MZ2EBEEEE. SR REUR 44 A R &1k
PRI RI 2 A, 7 BRI U SR 2
&SRR REREESE . FIFX 165 5] X s
HEARIL1S0NFEATY 3G 2 #r, 13k = At .
UM Sk QMR GRS . = A Q xR M fif)
OSBRI HIP W H57. 58, 55, 64. 69M2EAT
LR, BFAML SR I 3 1—5 > AN 28 1 25 7 L PR3
IR R BN, 73 N3.56. 3.63. 3.44.
4.00f14.31, P M0 0 24 & BE(H,) 53 931 280.3510,
0.3757. 0.3175. 0.3818%10.4079, “FIJHIE J A B
(H)5r 5 80.6182. 0.6290. 0.5921. 0.6490F!
0.6825, WL HE RS EWPIC) ) N0.5354,
0.5367. 0.5258. 0.5785F10.6067. HAH=HZ
AYE(PIC>0.5000), BEWETE 73 T2 1 E B H %A
BRI AL 2 R (K 2. R 3). MIXEEIBRIES ¥
HHRT 1, AR 2R I R R AR IR = A QR v
fif} 3> [ Sk iy Q < RRI 60 &> = £ 157> [4] Sk fi7 > el W i
B = A 75 Q < LI 1 3 1) e v, 7B 1 1) B M1 o
22 BEEZHMS

SANTE AR 1] F 1824 B B8 A Nei” it A% AHALL I (3R
4)F| FHHPopgene (Version1.32)3 4115, SANHEAA 1]

[ Nei’sigt f5 AL R 200.4207—0.9183, 8t H 25
90.0853—0.5204 . o [ Sk 77 R = £ i AR ALLE 2R
B, N0.9183; [ Sk fi A1 56l s 1 AH AL 14 R 0 i
ik, 290.4207. 18 3295 MHHAIA I UPGMA R 2%
£, FIFIMEGAS. 1R 95 5 REAA A Nei” 8 4% BE 2 BT
Fa i, 45 R mos B Skt 5 = M 5w e IR, Bk
QxR i 3 5 = A 5 Q<RI i O R B2, AR A
RERN—3C, )a HHMEER IOy — 3. Hp,
Sty A0 = f f 398 4% BB B BT, ©90.0853; Skt 5
ERLEES P 358 A P B8 BT, 4905204
3 itig

A T S AN [R] #8128 Je () A 8] R SR AR 28 58, ]
BEHAEAR B ER 2R TR 1EH TS
T, A RHE k7. = A5 DL AGHBE A 2 A A
B B 3k M (Megalobrama amblycephala)( Q)
(Siniperca chuatsi)(@)[lg]\ fi# (Aristichthy nobilis)
()= B3k 55 (3) B e e 521 Bt (Crenopharyn-
godon idellus)(?)x%%(@)po,zl]x FLAR(Q)x =]
fijj (M. terminalis)(3)"> >, i (Hypophthalmichthys
molitrix)(9)x B3k i (3) K H 2™ 2 8 (Cyp-
rinus carpio)(Q)xA 3 wi(2) . KA i(Parab-
ramis pekinensis)(Q)x =5 HFkH(Q)x K
HH(S) L LLEESH(Culter erythropterus)(Q)x 2]k
5(3)" . |4 (Megalobrama hoffmanni )(Q)x
Kigi( )" ()< B ki () e H A
R 2L (E. pseudobrevicauda)(3) >0 Wg 21 i1
(L FAMEEA(Q)xF k57 13kt (Q)x
A (Xenocypris daviodi)(@)[”]\ B3k 5 ()< T 5%

M1234567891011121314151617181920
242 bp» :

K1 TTE3{ES M REAH [PAGEE
Fig. 1 PAGE analysis by primers TTF3 in Sgroups

M. PBR322 DNA/Mspl; 1 —4. [F3kfif; 5—8. = fifi; 9—12.
WA, 13—16. H1k 5 Gl EAS; 17—20. =55 QlBEEA5;
T

M. PBR322 DNA/Mspl; 1 —4. Megalobrama amblycephala,
5—38. Megalobrama terminalis; 9—12. Erythroculter ilishae-
formis; 13—16. Megalobrama amblycephalaQ xErythroculter
ilishaeformis3; 17—20. Megalobrama terminalis QxErythro-
culter ilishaeformis?3; the same applies below

M1234567891011121314151617181920

217bp—>g— y B

2 Mam25/E5REMRH FIPAGE E
Fig. 2 PAGE analysis by primers Mam?25 in 5 groups
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®2 AMEFHNHIENCSHFUNERY. ZTEESE
Tab.2 Number of alleles (V,) and the polymorphism information content (P/C) of microsatellite loci

fir 4 SR N, LB AR PIC

Locus A B C D E A B C D E
TTFOI 400 300 300 500  5.00 05717 0.5269 0.5269 0.7056 0.7101
TTFO2  3.00 400 400 400 5.0 0.4822 0.6075 0.5973 0.6594 0.5714
TTFO3 400 500 300 300  4.00 0.6387 0.5544 0.5424 0.5713 0.5786
TTFO4 400 500 500 500 5.0 0.4848 0.7185 0.7220 0.7154 0.6357
TTFOS 300 400 400 500  4.00 0.4918 0.5637 0.5739 0.6345 0.6799
TTFO6  3.00 400  3.00 400  4.00 0.5599 0.4213 0.4414 0.4848 0.6528
TTFO7  3.00 500 400 400  5.00 0.4781 0.6216 0.5039 0.5048 0.5954
TTFO$  3.00  1.00  1.00 400 5.0 0.4414 03750 04211 0.4021 0.6765
TTFO9 400  3.00 300 400  4.00 0.6038 0.4918 0.4600 0.5882 0.6569
TTFI0  3.00  3.00 500 400 5.0 0.4918 0.4778 0.6254 0.5958 0.6816
ESTI3 400 400 400 400  4.00 0.5747 0.6819 0.6707 0.5945 0.5809
EST23 300 500 400 400  3.00 0.5150 0.7185 0.5418 0.5424 0.6207
EST37 500  3.00 300 400  4.00 0.5580 0.5478 0.4414 0.5973 0.5718
EST66 500  3.00  3.00 500  5.00 0.7427 03976 0.4202 0.6454 0.6989
Mam03  3.00  3.00  3.00  3.00  4.00 0.4211 0.4415 0.4414 0.5052 0.4211
Mam25  3.00  3.00 400 200  3.00 05111 0.4414 0.4842 0.5098 0.3750

S 356 3.63 344 400 431 0.5354 0.5367 0.5258 0.5785 0.6067

F3 AMEANHMIEMSVNREE. BHEREE
Tab.3 Observed heterozygosity (H,) and expected heterozygosity (H,) of microsatellite loci

7 WA FEH, WG,

Locus A B C D E A B C D E
TTFO1 0.2384 0.3503 0.2328 0.3847 0.3847 0.6153 0.6497 0.6153 0.7616 0.7672
TTF02 0.2740 0.4164 0.3463 0.3294 0.3153 0.6706 0.5836 0.6847 0.7260 0.6537
TTF03 0.3463 0.2989 0.3362 0.3734 0.3638 0.6266 0.7011 0.6362 0.6537 0.6638
TTF04 0.2294 0.4141 0.2972 0.2249 0.2266 0.7751 0.5859 0.7734 0.7706 0.7028
TTF05 0.2972 0.4102 0.2655 0.3486 0.3734 0.6514 0.5898 0.6266 0.7028 0.7345
TTF06 0.4141 0.3576 0.2842 0.4458 0.4610 0.5542 0.6424 0.5390 0.5859 0.7158
TTF07 0.4435 0.4186 0.3294 0.4000 0.3090 0.6000 0.5814 0.6910 0.5565 0.6706
TTF08 0.5175 0.4458 0.2616 0.4599 1.0000 0.5401 0.5542 0.0000 0.4825 0.7384
TTF09 0.3441 0.3181 0.2780 0.4328 0.4102 0.5672 0.6819 0.5898 0.6559 0.7220
TTF10 0.3429 0.4102 0.2565 0.4328 0.4328 0.6944 0.5898 0.5672 0.6571 0.7435
EST13 0.3435 0.3469 0.3407 0.2661 0.2559 0.7339 0.6531 0.7441 0.6565 0.6593
EST23 0.3734 0.3949 0.3023 0.3695 0.2277 0.6305 0.6051 0.7723 0.6266 0.6977
EST33 0.3379 0.3633 0.3503 0.4458 0.3695 0.5542 0.6367 0.6305 0.6621 0.6497
EST66 0.2949 0.2090 0.2480 0.4616 0.5045 0.5384 0.7910 0.4955 0.7051 0.7520
Mam03 0.4006 0.4599 0.4599 0.4458 0.4458 0.5542 0.5401 0.5542 0.5994 0.5401
Mam25 0.4175 0.3972 0.4915 0.4153 0.4458 0.5847 0.6028 0.5542 0.5825 0.5085

P 0.3510 0.3757 0.3175 0.3818 0.4079 0.6182 0.6290 0.5921 0.6490 0.6825

AL B3k, B.= M5 C.ORMESR; D. [F1Sk i QoolMEIN S E. = i Qg i &
Note: A. Megalobrama amblycephala; B. Megalobrama terminalis; C. Erythroculter ilishaeformis; D. Megalobrama amblycephala
QxErythroculter ilishaeformis3'; E. Megalobrama terminalis Q@ % Erythroculter ilishaeformisd

(Tinca tinca)(3) " B R A5 4% . iX e 2 38 4 451 T, Rk, ARREG R EA RIFHRRE
A]SZRE SR AR, (H AR AT B M LR S R A, A AR 3 2 1 8 A Tim 25 4 32, 3R1G
FrER. B2, A HMNE JmE g, R Z HA MR R
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* 4 TREIBFENesIEERINECT A% R B RERSGT
BETH)

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

(below diagonal)
Pofﬂﬁion A B C D E
A HoAAk 0.9183  0.4207 0.7653  0.6661
B 0.0853 ok 0.5984 07117  0.7224
C 0.5204  0.5135 HokAE 0.6566  0.6213
D 0.3252  0.3401  0.4063 kR 0.8784
E 0.3266  0.2676  0.4207  0.1296 HokAk

AL F3kEE; B, =Mt C. FMMEEN; D. 313k 65 Q< B
Js E. =l QM iH S

Note: A. Megalobrama amblycephala; B. Megalobrama
terminalis; C. Erythroculter ilishaeformis; D. Megalobrama ambly-
cephalaQxErythroculter ilishaeformis?; E. Megalobrama termi-
nalisQxErythroculter ilishaeformis?

—
=t

1k t5 @ e b S
T =St QA% &
B
5

3 REFAIUPGMA R KK
Fig. 3 Dendrogram of among various populations using UPGMA
clustering method
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% 315 B & E(PIC) 37 M80.5354. 0.5367. 0.5258.
0.5785%10.6067. A ZHHAAR P ZHE B &=
KENSEARTE, X Re 2R T RETFREST
FAMERA., BXHR TP EZEGESE
(PIC)>0.5000. fEMFIHHL T, PIC>0.50004 % FE
2735, 0.2500<PIC<0.5000 47 fF £ 25, PIC<0.2500
ML LS, GERAABESHOT S, 258
A BB s 2 .
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MICROSATELLITE MARKERS ANALYSIS OF TWO HYBIRDS OF
MEGALOBRAMA TERMINALIS xERYTHROCULTER ILISHAE-
FORMIS, MEGALOBRAMA AMBLYCEPHALAX
ERYTHROCULTER ILISHAEFORMIS

SU Xiao-Lei, ZHENG Guo-Dong, JIANG Xia-Yun and ZOU Shu-Ming

(Genetics and Breeding Center for Blunt Snout Bream, Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of
Agriculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To guide breeding of Megalobrama terminalis, Megalobrama amblycephala and Erythroculter ilishaeformis,
two hybrids Megalobrama amblycephalax Erythroculter ilishaeformis, Megalobrama terminalisxErythroculter ilishae-
formis and their parents were analyzed using sixteen microsatellite markers. The mean value of number of alleles (VV,)
were 3.56, 3.63, 3.44, 4.00 and 4.31, respectively. The mean value of observed heterozygosity (H,) were 0.3510,
0.3757, 0.3175, 0.3818, and 0.4079, respectively. The mean value of expected heterozygosity (H,) were 0.6182, 0.6290,
0.5921, 0.6490 and 0.6825, respectively. And the average value of polymorphism information content (P/C) were
0.5354, 0.5367, 0.5258, 0.5785, and 0.6067, respectively. The average value of polymorphism information content
(PIC) of two hybrid population were higher than their parent Megalobrama amblycephala, Megalobrama terminalis
and Erythroculter ilishaeformis, indicating a high genetic diversity. The unweighted pair-group method with arithmetic
means (UPGMA) showed that populations of the Megalobrama amblycephala and Megalobrama terminalis first
grouped together, and that Megalobrama amblycephalaQ*Erythroculter ilishaeformis3 and Megalobrama
terminalis @ x Erythroculter ilishaeformis3 first grouped together, and then they clustered with the Erythroculter ilishae-
formis. In addition, the farthest genetic distance (0.5204) was between Megalobrama amblycephala and Erythroculter
ilishaeformis, and the nearest genetic distance (0.0853) was between Megalobrama amblycephala and Megalobrama
terminalis. According to the genetic identity analysis, two hybirds groups showed the maternal effect. The alleles of
two hybirds were from their parents based on genetic analysis. Particularly, microsatellite primers TTF3, TTF4, TTF10,
and Mam?25 identified 5 groups. Our results provide important value in breeding, germplasm resources preservation,
and germplasm identification of Megalobrama terminalisxErythroculter ilishaeformis and Megalobrama amblyce-
phalaxErythroculter ilishaeformis.

Key words: Megalobrama amblycephala; Megalobrama terminalis; Erythroculter ilishaeformis; Genetic structure;
Microsatellite



