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WE: N T35 H ki (Megalobrama amblycephala) . ¥8W 8 (Culter alburnus) N H:22%2 F, . FIZE F, BRI TAE, XF
PRI By —FP258 Fy RWIFPIRAGSEARIL 5 D HEIRIY IR AL S50 S AE KRB AT OY . S5 R R M, HISkBi(MA).
FAWEAA(CA) . 3k 5 Qx5HME 1 S 24438 Fo(MC-F,) . 3k QxMCA BIZZ Fy(BC1-F,) . #ME il @ xMCJ AL F, (BC2-F,)
B S 3 S5 L DBV, 3591 9 4.50, 4.40, 4.75. 4.85. 5.10, FEXWLINZ& B (H,)43 50 0.7683 . 0.5550. 0.7967.
0.8317. 0.6200, ¥ HIEEZA BE(H,) 510 0.6671., 0.6308. 0.6995. 0.7240. 0.6949, I Z /58 5 & (PIC)Sr
124 0.6046. 0.5717. 0.6406. 0.6676. 0.6339, BCI1-F, #fAA 1814 Z M i 15 (P<0.05). MA. MC-F, fil BCI-F, #f
K ZH #1% Hardy-Weinberg P15t % i 25 18 80 /R 22 & 73 B (D>0), CA. BC2-F, FEAR I L T 444 Tl 3L
%.(D<0), A4 B8 CA 5 BC2-F, B 5, MA 5 BCI-F, BB E K5 MC-F, 2%, a2 KEB N —X,
454 Nei’s IEHEFBREARDIE ST, HAusd 5 BRI A A . 514 Me.Am._15, Me.Am._1., TTFO1,
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R BT IR AR 2 R AL o AT DL i 232 52
[0 52 7 ZAR L LRGSR A N AT X G, R H kAT
ARVERELEL, JFEd M T2, o 5 i
AR B 38 P 24 i ) R IX 025 AR A A e S5 1 2
TARIC, DU 5 R A A S E | R BT U OR AP
IS A bR EL 38 AR PR ARRE 194 8 80 245 S i
R BLELRRGORE

1 MR57FE

1.1 SEIg#r

S50 £ A B AR S 7 Sk B (A, A2 A R Ll
BB (CA), KRR 3 8, HERBERT
RLUF 2014 4F 6 J 25 S 1 I Sk 87 Q)< M F1 ()
ZRACARIF 4T MC-F; 2201646 H, Z4Fl MC-F,
R R, FER Sk 095(Q) 5 Z¢Fh MC-F,(3)3#
H7 161 58 3R A5 1] 52 W8 (BC 1-F)), FHBME i71( )5 24

Filt MC-F (347 I A8 4RA5 1 5 i (BC2-F1 ), 2018
6 H, 54 MC-F,. BC1-F,. BC2-F, #f{4&[A]
B bV VA R AR Ml S AT Sk B 38 A2 5 b0
FHZ=Ah MC-F (@ xR . I 22 5 it BC1-F (2 x3)
BEAR . [al 52 @i BC2-F (Qx ) B [ 28 3Kk45, TR
b 28— [ % 1 A Sk 5 B SS BER MA@ xS Al
KU B0 [ S BEAR CA(QxS)HIVEXT IRZL(E 1),
1.2 FEZWMAKMERE

2018 4F 6 H, % 3 MMRIFER/INZKYEHL(6 mx
4 mx1.2 m), FPKIEHALA 5 FAHRAERS . A%
I (MA, CA. MC-F,, BCI-F,, BC2-F,)% 50
BT AR S, B AR5 S 0 49 K i e
BRI RAL A R (R & i 33%), A IRIE
KT, K UEHAR I 1 0K, 90 d FRAEXT L . 37
FEIRIAE 30 d HEAT 1 R, MRS PR 4
Xf 1 T F(AGR,, g/d)=(FW—IW)/Fi5l KE, e

M EA(CA)S

#Wi#HF1(MC-F1)

®r

#Wi%HF1(MC-F1)3

HEBOMAYQ |

Wi F2(MC-F2)

'

W EAF1(MC-F1)3

X

FALEAA(CA)R

BC2-F2

K1 SEE R AR I
MA: W3k, CA: M1, BC1-Fa: A1k Q< (M1 3% 5 QI i1 ) I
BC2-Fy: M6 Q< (1 3k 5 M 1 0) 5 MC-Fa: P13kt @l 115
Fig.1 Reproductive process of experimental fishes

MA: Megalobrama amblycephala; CA: Culter alburnus; BC1-Fo: M. amblephala Q% (M. amblycephala®@xC. alburnus3) &,
BC2-Fy: C. alburnus Q% (M. amblycephalaQxC. alburnus?) &; MC-Fa: M. amblycephalaQ*C. alburnus?
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K (SGR, %/d)=(InFW—InIW)x 100%/F5 58 K5 ;
SR 10 1A B g 2 A AT e A0 TW
WG R E, FW R IR,

1.3 HMIESH

1.3.1 EFEZ DNA WIRE A HHAREHLBR
30 BN B IEE LT 95%KE h—20 C {77,
FEdh DNA RY4REUS % KR A YR A A A A4
72 R T 2 20 4 3 TR 2 ) A (O kR R 156 A

B, PEECGERUG AT, IR T 20 CHEH.
132 WIDESIMMIRSFRIE A5k
20 XAk 53 TR ST 5 BRI 8L 4544
GyAT, EHLIREY 3G AR LG M &5y, Hbg
2 Xk AARSLER 2 A AT & A A Skt ik T 514,
oAt 18 XF 5 [ AR T SCHR[17-19] ABF5E it F 5
Y&t AR TAEY) TR () A BRZA Wl A . SSR
PLE G MERIE 1,

F1 ARG IESIYEHE

Tab. 1 Characteristics of microsatellite primers of Megalobrama amblycephala
R Rk WA HROEEOMEEL I SIS (5-3)
no locus repeat motif number of alleles T primer sequence (5'—3")
1 TTF1 (CA)y 243-335 55.9 F: GGAGATGAAAGCTGAAGGAA
R: ATGCACGAACTGCCACATAA
2 TTF2 (CA)s(CT)y 196228 55.9 F: AAACAGCTGCTACCCTTGGA
R: TTTGCCAGAAGAGCAAATCA
3 TTF3 (TC)»7 224-279 56.4 F: AAGACGCCACGGAAACTTTA
R: CTGACCGGATAGCAAAGTGA
4 TTF4 (CA)14 157-282 60.5 F: GACTGGAGTCGTCAGGCTTC
R: TGCCCCACATTGTTAGACTG
5 TTF5 (CA);s 150-222 60.5 F: CTAGTGGGTAGGTGGCAGGT
R: GACTGGGAGAGACAGAGGAG
6 TTF6 (GA)13 182-218 60.5 F: GGCAGGTCAGGCACATTTAT
R: TCTCTACCTCACATCTCTCATTCT
7 TTF7 (GT)13 279-335 60.5 F: ATGGGTAAGCCGATGGATTC
R: GTGTCAGCATTCCAGCTCCT
8 TTFS (GT)s 162-224 60.5 F: GGGGAAATAAAGGGAGAAAGTG
R: TTTCTCCTGATCCGTTGACC
9 TTF9 (TC)19 269-319 56.9 F: AAGACGCCACGGAAACTTTA
R: GAGGTGGGACTGTGTGGAAT
10 TTF10 (TC)s(TG)s 255-308 55.9 F: AAACAGGCTCGCCAATTTC
R: TCACCCACACACTCTTATTCTCTC
11 Mam02 (TG)13 198-246 65.0 F: TTCGGTTCTGCCTTCACTCT
R: AAGACGCATGCTCAACAACA
12 Mam03 (CA)s 231-324 60.0 F: TTGCAGGTACTGTGGGAAAA
R: AGCAACATGCAAACATCAAA
13 Mam25 (AC)s(AC)14 166-252 62.0 F: TCACACCAACAACACCGAAT
R: CCTTGTTTTCTCCAGGCATC
14 ESTI3 (AC)14 209-266 55.5 F: TCTTTCACAAACAAACCCTT
R: GGATTATCAAACGCGGACT
15 EST23 (AC)2 265-352 57.5 F: GCGATCATCAAGGCAACG
R: AGATTCATCAGCTCCTGTAGTGT
16 EST37 (TG)s 147-216 54.0 F: CACAAACCATAAACACAG
R: AATGCCCATAAAACACAC
17 EST43 (CA)1s 323-437 58.0 F: CGTAACCCAACTGTATCCG
R: GTTCACTCGTGCCCATCC
18 EST66 (CA)2 290-349 50.0 F: TCAATCAGGCATAAACAT
R: AACTAACTAGCACGCAAA
19 Me.Am._1 (AGAAG)s 210-275 52 F: AGCGTGAGGATTCCAATT
R: AGAGGCAGAAACAACAGA
20 Me.Am. 15 (CATT)s 175-200 56 F: TGTGGATGCCCTGAGTGAA
R: AATGTGTTCGTGTGGAGAG

W FOMIEMSIF S, R N 51 4))F5); TTF1-TTF10, Mam02—Mam25, EST13—EST66 43 %13 U5 T SCrk[11-13].
Note: F is the forward primer sequence and R is the reverse primer sequence; TTF1-TTF10, Mam02—Mam?25, and EST13—-EST66 are re-

spectively from literatures[11-13].
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1.3.3 PCRRNEFR., Fi&ERF. Wil SH
\HIT LA ZR N 10 pl: 5 pL Y 2xTaq PCR
MasterMix (Taq DNA Polymerase: 0.1 U/uL;
MgCI2: 4 mmol/L; dNTPs: 4% 0.4 mmol/L), I}
W51 ¥ (10 pmol/L) K £ k. DNA(30~50 ng) 7%
0.5uL, 3.5 pL ddH,0. W fE/F: 94 CHiAsE
5min, 94 C 30 s, 50~65 C (% 1 #17H%%)
30,72 °C 1 min, 30 PMEIF, 72 °CHEfH 10 min,
BU 1 L B ITE 8% I Al AR 4 2R T A4 Tk fe 6 G
(PAGE) A7k, MRS,

TR EPE R H PopGene (Version3.2)# {44
11, #R4E Botstein 270114 Hardy-Weinberg j5t % i =5
FERU(D), FFARYEHEAR ] 5L B B AL UPGMA B

2 HRE5SH

2.1 HEKMERESH

Ze3 90 d (SR, 5 AU A 1 BE R DU
ok, HAKEERZEFMYELZELENER 2
Bz, 5 ABEAROE- YR ER | o 0 16 s R R e A K
i & FURAK Y BC1-F, . MC-F, . MA . BC2-F, .
CA. 2 J& 5 MR AR MR E I 22 001 & . /e
K] LA 1, BC1-F, il MC-F, $4 0 TFAE, Hft 3 4>
FEVIA TUE, SRS PIRE | 24X 3 SR A
FEE A KRS 2T e R A —2, Uil 5 AR
TR IE] 17 7 B A K 22 5%, M L T Al R 1A
BC1-F, A 4 3 B e b

R2 REE S PRRREKMRE

Tab.2 The growth performance comparison among 5 fish groups

n=30; X +SD
REHE group g body weight YA/ @d) AGR, /L KR/(%/d) SGR
2018-08-13 2018-09-13 2018-10-13  2018-11-13
MA 5.52+0.02 16.93+3.91° 26.83+£3.73"  28.20+3.53° 0.25+0.01° 1.80+0.03¢
CA 5.50+0.01 9.16+1.32° 13.81£1.14°  15.07+0.85° 0.10+0.01° 1.1240.02°
MC-F, 5.50+0.03 23.1543.25°  34.99+3.49°  38.67+5.33° 0.37+0.02¢ 2.16+0.03¢
BCI-F, 5.48+0.01 29.70£1.91¢ 43.17£2.33¢  45.70+3.42¢ 0.45+0.02¢ 2.35+0.03¢
BC2-F, 5.52+0.01 10.92+0.94° 18.44£2.05*  20.01+2.04° 0.16+0.01° 1.43+0.01°

T FFUA bR T Bl 2R 25 B 1R 8] 22 57 .35 (P<0.05); MA Jy 1385, CA WA, MC-F, 1Sk 5 Q< BE 81 3, BC1-F, J 141 3k )y
Qx(M1k 8 QM B 3) &3 BC2-F, M A Q< (11 2k 5 Q<M i1 ) 3.
Note: In the same column, different superscript letters show significant difference (P<0.05); MA represents Megalobrama amblycephala; CA

represents Culter alburnus; MC-F, represents M. amblycephalaQ*C. alburnusd; BC1-F, represents M. amblephalaQ (M. amblycephalaQ xC.
alburnus3) &'; BC2-F, represents C. alburnus 9% (M. amblycephala@xC. alburnus3) J.

?(5) I BCI-F2 22 WMIEPCRYMEER
= 10l Mc P2 ACBFE 015 16 Hh A T G | R B A LA
5 sl f9 20 BT 4, IR T 0T K 4 5 A REFR
;fﬂ 0= ) 4 MEESPES Y Me.Am._15 Me.Am._1 . TTFO01
K_;Z: " Fl Mam25 WP 3 fis .

15l BC2 F2 AWEFEH 20 XF51Y7E 5 A EEA T A T

—200 . 487 MNENFEN, Hiff MA | CA ., MC-F,, BCI-F,,
B#{K population

” S B o T 25 BC2-F, 4r #1914 105, 88, 95, 97 #1102 /M5§

2 ST ; 2 N UGN it g T

MA: PS8 CA: WS MC-Fy: 13k 850 x A 1 B, S OURNE 2-8 TRUEFR, P

BC1-Fa: [ 3k 8 O (P 3k 5 0 < e 1 3 & S S R (VL) R BRI R - BC2-F2(5.10)

BC2-Fy: S ] (11 3k 5 Q < S 1 ) 3. BC1-F5(4.85) .MC-F»(4.75) . MA(4.50) . CA(4.40); -

Fig. 2 Analysis chart of end mass dispersion of 5 fish groups i/j;%{mjb/a\g([{) ‘T‘ﬂﬁﬁé@ J—'—(H) _Tizi/jg

BAF B & & (PIC)3 A2 8y A8 4k v [l 43 0

MA: Megalobrama amblycephala; CA: Culter alburnus; MC-F;:
M. amblycephalaQ*C. alburnusd; BC1-Fy: M. amblephala 9 x
0.5550~0.8317, 0.6308~0.7240, 0.5717~0.6676, 5

(M. amblycephalaQxC. alburnus3) 3; BC2-F,: C. alburnus Q%
(M. amblycephalaQxC. alburnus3) J.



%5 6 3]

BSOS B BAAR A2 K M52 Fo REVR 1 T2 A 5 S B K P RE 23 B

617

TR A 5 9 2 8P (PIC>0.5000) , X 2
WESHOR A LIS BCI-F, Wi 2R i s,

12345 67 8M9 1011121314151617181920M

1 234567 8M9 1011121314151617181920M

bp 1234567 8 910111213141516M17181920M

> 250
200
150

150
100

bp 12345678

9 1011121314151617181920 M

CA {8 1% SRR PR IR o 3 A% S vl e B AR
4 BC1-F,, MC-F,, BC2-F,. MA, CA(% 3, £ 4).

bp
300

250
200

B3 5 A TRAKTE 4 MESES Y Me.Am-15(a). Mam25(b). Me.Am._1(c)Fl TTFO1(d)H (% PAGE &
M: 50 bp DNA marker, 1-4: [ 3k; 5-8: SHBEHA; 9-12: F1 k7 QM50 35 13-16: F13k 7 Q x (A k7 Q <M 11 ) 3

17-20: B A Q< (F 3K 5 @ @I i1 3) 3.

Fig. 3 PAGE diagrams of 5 fish groups amplified by primer Me.Am-15 (a), primer Mam25 (b), primer Me.Am._1 (c¢) and primer

TTFO1 (d)

M: 50 bp DNA marker; 1-4: Megalobrama amblycephala; 5-8: Culter alburnus; 9—12: M. amblycephalaQ xC. alburnus3; 13—16:
M. amblephala Qx(M. amblycephalaQ*C. alburnus3) 3; 17-20: C. alburnusQ@*(M. amblycephala?*C. alburnus3) 3.

£33 SANERE20NMUIEMNSPHEMERBINE

Tab.3 Number of alleles (N,) and the polymorphism information content (PIC) of 20 microsatellite loci

= DB
?‘l‘f\ EE\EE

(41 Tocus LB N, Z&fEE & HE PIC
MA CA MC-F, BCI1-F, BC2-F, MA CA MC-F, BCI1-F, BC2-F,
Me.Am. 1 3 5 4 3 4 0.2141 0.6818 0.4746 0.5094 0.5217
Me.Am. 15 5 3 4 2 6 0.5073 0.4064 0.4019 0.2044 0.4708
Mam25 4 3 3 4 4 0.6829 0.4604 0.5478 0.6981 0.5861
Mam03 4 5 5 2 7 0.4767 0.7220 0.6238 0.3750 0.7668
Mam02 4 6 4 4 6 0.7031 0.7663 0.6931 0.6713 0.7917
TTFO01 7 6 4 6 6 0.4193 0.7369 0.5569 0.7654 0.7581
EST43 4 5 4 5 4 0.6746 0.4868 0.6950 0.6582 0.4996
EST23 6 4 6 5 7 0.6244 0.6840 0.7331 0.7413 0.7749
TTF03 6 5 7 6 5 0.6604 0.7039 0.7783 0.7282 0.7356
EST66 6 5 5 6 5 0.7578 0.4534 0.7446 0.7680 0.6841
TTF04 6 7 7 6 7 0.7467 0.7621 0.8231 0.8031 0.7405
TTF06 6 5 6 6 6 0.5823 0.5106 0.6255 0.7333 0.7271
TTF09 6 4 5 6 4 0.7419 0.5975 0.6691 0.7754 0.6563
ESTI3 6 5 4 6 8 0.7202 0.5477 0.7031 0.7643 0.7455
TTF05 5 4 5 5 5 0.6071 0.5545 0.7455 0.7364 0.6204
TTF02 5 5 3 5 6 0.6802 0.6753 0.5526 0.6946 0.6998
TTFO7 5 3 6 4 3 0.5314 0.4956 0.5672 0.6502 0.4894
TTF08 7 2 4 7 3 0.6076 0.3610 0.5803 0.8055 0.4612
TTF10 7 4 4 6 4 0.7867 0.5586 0.5775 0.7529 0.6545
EST37 3 2 5 3 2 0.3680 0.2688 0.7182 0.5169 0.2938
44 mean 4.50 4.40 4.75 4.85 5.10 0.6046 0.5717 0.6406 0.6676 0.6339

TE: MA 13k 87, CA D985 6 MC-F, 1413k 57 Qe 61 8 BC1-F, D A1 3k 7 @ < (M1 Sk 75 Q<M #1 3) &5 BC2-F, Sy el i1 @ x (141 3k )7

@ EMEE D) O

Note: MA represents Megalobrama amblycephala; CA represents Culter alburnus; MC-F, represents M. amblycephalaQxC. alburnusd;
BCI1-F, represents M. amblephala @x(M. amblycephalaQxC. alburnus3) 3; BC2-F, represents C. alburnus @*x(M. amblycephalaQ*C. al-

burnus3) 3.
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Tab. 4 Observed heterozygosity (H,) and expected heterozygosity (H.) of 20 microsatellite loci in 5 fish groups
- NI 2 BE H, WA R
MA CA MC-F, BCl1-F, BC2-F, MA CA MC-F, BCI1-F, BC2-F,
Me.Am. 1 0.0333 0.7000 0.5333 0.2667 0.1000 0.2390 0.7362 0.5537 0.5966 0.5746
Me.Am._15 0.3000 0.0333 0.4000 0.0000 0.6333 0.6028 0.4932 0.4407 0.2350 0.5096
Mam25 1.0000 0.7000 1.0000 1.0000 0.9000 0.7446 0.5237 0.6305 0.7582 0.6638
Mam03 1.0000 0.7333 0.4667 1.0000 1.0000 0.5791 0.7740 0.6876 0.5085 0.8062
Mam02 1.0000 1.0000 0.8667 1.0000 1.0000 0.7627 0.8102 0.7537 0.7345 0.8316
TTF01 0.5333 1.0000 1.0000 1.0000 0.9333 0.4723 0.7802 0.6395 0.8096 0.8028
EST43 1.0000 0.4000 1.0000 1.0000 0.4000 0.7373 0.5379 0.7554 0.7164 0.5537
EST23 0.9333 0.7667 1.0000 0.9333 0.8000 0.6910 0.7452 0.7819 0.7898 0.8175
TTF03 0.9333 0.5667 1.0000 1.0000 0.5000 0.7232 0.7599 0.8203 0.7751 0.7859
EST66 1.0000 0.2000 1.0000 1.0000 0.4667 0.7960 0.4898 0.7932 0.8113 0.7350
TTF04 1.0000 1.0000 1.0000 1.0000 1.0000 0.7921 0.8068 0.8576 0.8412 0.7881
TTF06 0.4333 0.1000 0.6000 0.4333 0.4333 0.6249 0.5915 0.6757 0.7808 0.7768
TTF09 0.7333 0.4333 1.0000 1.0000 0.4333 0.7859 0.6684 0.7299 0.8181 0.7164
ESTI3 1.0000 0.5000 1.0000 1.0000 0.6333 0.7734 0.5893 0.7627 0.8090 0.7893
TTF05 1.0000 0.7667 1.0000 1.0000 0.7333 0.6791 0.6260 0.7938 0.7870 0.6881
TTF02 0.9000 0.4000 0.6333 1.0000 0.6667 0.7384 0.7350 0.6367 0.7475 0.7537
TTF07 0.4000 0.6667 0.3667 0.4667 0.4333 0.6119 0.5672 0.6085 0.7119 0.5859
TTF08 0.8300 0.6333 0.6333 0.9333 0.6000 0.6689 0.4808 0.6503 0.8418 0.5695
TTF10 0.5000 0.5000 0.7333 0.6000 0.7333 0.8254 0.6175 0.6486 0.8000 0.7169
EST37 0.8300 0.0000 0.7000 1.0000 0.0000 0.4944 0.3254 0.7701 0.6079 0.4316
-3 mean 0.7683 0.5550 0.7967 0.8317 0.6200 0.6671 0.6308 0.6995 0.7240 0.6949

H: MA g W Sk CA g M 61, MC-F, I 3k 5 Q < S 611 33 BC1-F, S 13k 1) Q x (41 3k 5 Q< S 611 ) &5 BC2-F, Sy 5B fif] @ x (141 3k 1l

QNS 3.

Note: MA represents Megalobrama amblycephala; CA represents Culter alburnus; MC-F, represents M. amblycephalaQxC. alburnusd;
BCI1-F, represents M. amblephala @ x(M. amblycephala®xC. alburnus3) &; BC2-F, represents C. alburnus Qx(M. amblycephala?xC. al-

burnus3) 3.

2.3 Hardy-Weinberg F# =& 1R B 54

5 ANRERAS AL S D {EAE—1.0000~0.9666, 5%

37 45, 249 35 A% i 5

RN —0.1639~0.1269, 235

JEIERIE, Il —IEAAR T R R 25 R s 54

it MC-F, =2 [a] )38t 4% 1 25 5 K (0.5499),
IPE R E /1N 0.5770),

e, LA SRR B A S (R 6).

i A5 A

PN S S

M 5 ANEER A AL IR B A 2 UPGMA B 2%

BEIARL AL S B B T I 25 - MA . MC-F, il BC1-F,
3 BRI ZHA ST A T ad B4
(D>0), T1fii CA FI BC2-F, ™ HE A 1) 2285 o7 a5 113 B
ZRA TG (D<0)(FE 5).

24 SAEEEMNREXLRFABESHT

5 ASBEIAR] AL AL R EAE 0.5770~0.8841
Z ], BALIRESTE 0.1232~0.5499 ZJa], 5 A
[B)FEAE—E IR A5 A2 55 . CA FIRIAEFh Bcz-F2 é@
FG KRR, BATZ MM 5L
(0.1232), iBALAHIYE R £ K (0.8841); CA %n*

KR, NEEEHFALIEH CA #1 BC2-F, eR A
—, MA Fll BCI-F, B h—3ZF5 MC-F, £,

PR FTR e 4).
3 e

30 EXERMEKRBSH
ZeAEWE )z TR S R A 1 A A R R
HAZ B RPN, e a2 Ak & PR K RE
5%%Egmﬂﬁﬂhoiwmﬁﬁ brg il e
G ARG T e e, ISR —Fh DL A R
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Tab. 5 Hardy-Weinberg equilibrium genetic deriation index (D) of 5 fish groups
41 Tocus BE RS R4 D A A B IR AR P Y M P
MA CA MC-F, BCI-F, BC2-F, MA CA MC-F, BCI-F, BC2-F,
Me.Am.1 -0.8607  —0.0492  —0.0368  —0.5530  —0.8260  0.0000°  0.0032"  0.0025°  0.0000" 0.0000"
MeAm. 15  —0.5023  —0.9325  —0.0924  —1.0000 0.2427  0.0003"  0.0000"  0.0405 0.0050° 0.9789
Mam25 0.3430 0.3366 0.5860 0.3189 0.3558  0.0000°  0.0417 0.0007"  0.0001" 0.0084"
Mam03 0.7268  —0.0526  —0.3213 0.9666 0.2404  0.0130  0.0000°  0.0000°  0.0000" 0.0000
Mam02 0.3111 0.2343 0.1499 0.3615 0.2025  0.0062°  0.0002"  0.0007°  0.0017" 0.0016"
TTFOI 0.1292 0.2817 0.5637 0.2352 0.1626  0.0136 0.0029°  0.0031"  0.0000" 0.0000"
EST43 03563  —0.2564 0.3238 03959  —0.2776  0.0000"  0.0009°  0.0003"  0.0004" 0.0011"
EST23 0.3507 0.0289 0.2789 0.1817  —0.0214  0.0000"  0.0004"  0.0000°  0.0013" 0.0009"
TTF03 0.2905  —0.2542 0.2191 02902  -0.3638  0.0174  0.0000°  0.0001"  0.0000" 0.0000"
EST66 0.2563  —0.5917 0.2607 0.2326  —0.3650  0.0000"  0.0006°  0.0000"  0.0031" 0.0000"
TTF04 0.2625 0.2395 0.1660 0.1888 0.2689  0.0001°  0.0005"  0.0005"  0.0021" 0.0003"
TTF06 -0.3066  —0.8309  —0.1120  —0.4451  —0.4422  0.0003"  0.0000°  0.0754 0.0000" 0.0000"
TTF09 -0.0669  —0.3517 0.3701 02223  -0.3952  0.0271 0.0000°  0.0000"  0.0000" 0.0004"
ESTI3 02930  —0.1515 0.3111 02361  —0.1976  0.0049"  0.0012°  0.0048"  0.0009 0.0013"
TTF05 0.4725 0.2248 0.2598 0.2706 0.0657  0.0000°  0.0127 0.0000°  0.0000" 0.2926
TTF02 0.2189  —0.4558  —0.0053 0.3378  —0.1154  0.0005"  0.0000°  0.0063"  0.0001" 0.0005"
TTF07 —0.3463 0.1754  —0.3974  —0.3444  —-0.2605  0.0077°  0.0827 0.0071°  0.0000" 0.0036"
TTF08 0.2408 0.3172  -0.0261 0.1087 0.0536  0.0000°  0.0765 0.0003"  0.0027" 0.0587"
TTF10 -0.3942  —0.1903 0.1306  —0.2500 0.0229  0.0301 0.0743 0.0000°  0.0000" 0.0000"
EST37 0.6788  —1.0000  —0.0910 0.6450  —1.0000  0.0001"  0.0000°  0.0000°  0.0000" 0.0006"
-2 mean 0.1227  —0.1639 0.1269 0.1120  —0.1325

TE: MA SR8, CA Syl 6 MC-F, A1k 85 Q<@ 61 ' BC1-Fy J [ 3k 6l Q< (1 3k ] Qo GRME B 3) &5 BC2-F, A3 B Q x (1A 3K )
QGBMEN3) &5 * Fox B I MR AR IE 5 i 15 WA I —TRAA RS P15 (P<0.01).
Note: MA represents Megalobrama amblycephala; CA represents Culter alburnus; MC-F, represents M. amblycephalaQxC. alburnusd;
BC1-F, represents M. amblephala Q% (M. amblycephala®xC. alburnus?) &; BC2-F, represents C. alburnus @x (M. amblycephalaQxC.
alburnus3) &'; * indicates significant departure from Hardy-Weinberg equilibrium after Bonferroni correction (P<0.01).

% 6 A EIEHKRET Nei’s iBEHEBIEGT AL EH)
BB AL T )
Tab. 6 Nei’s genetic identity (above diagonal) and
genetic distance (below diagonal)

BEIAR group MA CA MC-F, BCI-F, BC2-F,
MA Hokkx 0.6347  0.7126  0.7928  0.6705
CA 0.4547 HAAHK 0.5770  0.6814  0.8841

MC-F, 0.3388 0.5499 kK 0.6637  0.6122
BCI1-F, 0.2321 0.3836  0.4099 kK 0.7460
BC2-F, 0.3998 0.1232  0.4907  0.2930 HoA kK

5

[ ——

BCl1-F2
MC-F2

CA

L BC2-R2

Kl 4 5 A4S ARR UPGMA RKE
MA: W3k tifi; CA: M1, MC-Fy: [ 3k 5 QM i1 3

TE: MA k5 CA SHRMEEH, MC-F, Sy W13k ) @ <58l A 3,
BC1-F, by [ 3 8 @ x (141 5k 5 Q<M 81 3) 35 BC2-F, el B
Qx(MA1 k5 QMg i1 2) 3.

Note: MA represents Megalobrama amblycephala; CA represents
Culter alburnus; MC-F, represents M. amblycephala®=C. albur-

nusd'; BC1-F, represents M. amblephala Qx(M. amblycephalaQxC.

alburnus3) &; BC2-F, represents C. alburnus 9x(M. ambly-
cephala@xC. alburnus3) 3.

BC1-Fa: 3k M5 Q< (A1 3k 5 Q <M il 3) &5 BC2-F,: FHAME
Px(F %85 Q<M1 3) 3.
Fig. 4 UPGMA cluster diagram of 5 groups of
experimental fishes
MA: Megalobrama amblycephala; CA: Culter alburnus; MC-F:
M. amblycephalaQ*C. alburnus3; BC1-Fy: M. amblephala Q%
(M. amblycephalaQ*C. alburnus3) &; BC2-Fa: C. alburnus Qx
(M. amblycephalaQ*C. alburnus3) J&.
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Analysis of microsatellite markers and growth performance of hybrid
F, and two backcross F, populations of Megalobrama amblycephala?
and Culter alburnusd
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Abstract: To guide the breeding of Megalobrama amblycephala (MA) and Culter alburnus (CA), one hybrid F, [M.
mblycephala QxC. alburnus® (MC-F,)], two backcross F, [M. amblephala Qx(M. amblycephala?xC. alburnus3)
3(BC1-F,) and C. alburnus@x(M. amblycephala?xC. alburnus3) 3 (BC2-F,)] and their parents were analyzed
using twenty microsatellite markers. The mean number of alleles (,) for MA, CA, MC-F,, BC1-F,, and BC2-F,
were 4.50, 4.40, 4.75, 4.85, and 5.10, respectively. The mean values of observed heterozygosity (H,) were 0.7683,
0.5550, 0.7967, 0.8317, and 0.6200, respectively. The mean values of expected heterozygosity (H.) were 0.6671,
0.6308, 0.6995, 0.7240, and 0.6949, respectively, and the average polymorphism information contents (PIC) were
0.6046, 0.5717, 0.6406, 0.6676, and 0.6339, respectively. The mean Hardy-Weinberg indices of MA, MC-F,,
BC1-F, displayed a heterozygote excess, whereas the gynogenetic populations (CA and BC2-F,) showed a het-
erozygote deficit. The unweighted pair-group method with arithmetic means (UPGMA) showed that the CA and
BC2-F, populations first grouped together, and then MA and BC2-F, grouped together, and then they clustered
with MC-F,. According to the genetic identity analysis, F, hybrids and backcross F, groups showed maternal ef-
fects. Particularly, the microsatellite primers Me.Am. 15, Me.Am. 1, TTF01, and Mam25 identified five groups.
Growth performances of the five groups were analyzed further, and BC1-F, groups were found to have the most
significant growth advantage. Our results provide important information for the breeding, germplasm resources
preservation, and germplasm identification of hybrid F, (M. mblycephala@xC. alburnus3), two backcross F, [M.
amblephalaQ@*x(M. amblycephalaQxC. alburnus3) &, and C. alburnusQ*(M. mblycephala@xC. alburnus3) 3.
To cultivate hybrid strains with fast growth characteristics without adversely affecting the genetic background of
the same or similar fish species in natural waters, backcrossing is a feasible method. This paper found that back-
crossing could not only improve the superiority of varieties and facilitate correct selection, but also accelerate the
stability of the heritability of hybrid offspring, reduce the separation of offspring, and make the heritability of hy-
brid offspring similar to that of the parent. Therefore, the backcross method lays a genetic foundation for artificial
gynogenetic transgenic fish.
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