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x1 BEIHOXBALG@HOREZTEHEER
Tab.1 The data of hybridization between E. ilishaeformis( %) and M. amblycephala({ )

A ] rrERA ZRED BAEE D WETE 3R (%) HE R (X10* ind)
time broodstock fertilization rate hatchability malformation rate number of seedling
2006 - 05 B S R, EXE 2R 94.7 89.5 4.1 20
2007 - 06 BuRarsn 23 2. Fk4i 8 B 95.1 90. 1 5.7 215
E-#J mean 94. 9 89. 8 4.9 —

2.2 BB XA (O M FHES
$F1E MR8 (%) X FSk i (8 ) ZM F )k
HRXBANWFTELSHFERRLE 1~4, %
FFREK. R, SRR ERE. KEH
BN LB AR AN R K EE IR B R, L
K/ RK BB BN B Bz, O AR, THES
KFLH:RPERMERRLE, AR T AMK

30mm ‘

a. SME LT 80 (E. ilishaeformis)

b. 4% F. (hybrids)

HER, SEEAHEML AR B R E W B AT s (R
A MR KA, EERAR A6, 54
1oL s RO 8% 5 3 K, 5 XA {EL 88 B B AR L, 1A
Mk h oA ERBOER S S KA, KRN
NgKRBEAED, EESAA, FLERAE
HEA3BRAFHLIA):BEREWATH,. YN
K 1.6 5, 5EAMEM GABIMHAN 1.2 £,

30mm

c. k85 (M. amblycephala)

M1 B X AL (QHORM P RARGER
Fig.1 The hybrid between E. ilishaeformis and M. amblycephala

a. AMBLIEA (E. ilishaeformis)

b. ZF¥ F, (hybrids)

c. B3kE5 (M. amblycephala)

B2 Zefh o RN L 80 A0 A 3K 8 ST U SE — B S Eh R
Fig.2 First gill arches of the hybrid, E. ilishaeformis and M. amblycephala

Basic differences are shown by the arrows



a. PME L0 (E. ilishaeformis)

b. 4% F, (hybrids)

c. B35 (M. amblycephala)

B3 ZFh Fu .M 2r 0 A Sk 857 10 g 18 LL 3R
Fig.3 Intestinal tract of the hybrid, E. ilishaeformis and M. amblycephala

Basic differences are shown by the arrows

ol RN |
(E. ilishaeformis)

B4 Zefh Fo NS LT 80 A Sk 8 1 TS TE S L 3
Fig.4 Pharyngeal teeth of the hybrids Fi, E. ilishaeformis and M. amblycephala
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WHAPIR BRI S XAMHME 0, 83 =,
HERK,FER/ND. FHEESIHERMEM, K
4+38~40, JLFDRIE AL 80/,
2.3 BEOA(P) XA ()R FKATE
R0 E AT R R

THRBK R FEXFARE 10 A0
BHERGLHE . EMEENSERNZRE
EMNE 2, HETH, W R, Jh
FiRyEeE4&(3,7)  JH 8 % (1,8) I jig 88 %& (1,
13~15) ¥ 5 A —H; M FL B E &
(3,20~23) 5 £ 7 38 W& 41 #1 1Y 88 4% (3,20 ~
23) M oL, T 5 A A H Sk 5 19 B 4 4 (3,24~

FFh F,
(hybrids)

1 3kt
(M. amblycephala)

SDERKZER(P<0.05); 3« f F, 1Y M 48 %
(61~69) M4k | #% (13~15) 4 T4 B
L1481 (80~ 91,16 ~20) f1 A & H 3k &5 (54 ~
58,11~12)Z M , W E5XBA LR B F (P
0.05), H H 2% f 48 ¥ K F 50, i F X &
Bk, 2 F REEAEHCH 19~21, 4 F&
A (25~28) MR A (14~15)ZH , 5 A 2
R B EP<0.05), MK 49. 74, 8 F
HRI{E . TR OIR Y F ¥ 2 P48 R 54. 56,
BN M Fo Y ] B0CH R 0 3 AR P A AE, B
i 7] F A A,

FRTEER R F AR 174
B AT B MR A X8 L AR T8 BOR &R g 2
REEWI TR, AR, E 17 MEG LA
MR, 240 FL 5B ARERK/ BB/ &
B K/ AR GEK/BWRK LK/ AR, E 4



KRR BEK/BR.BWREK/BWE . EK/E %
KoM MREREE(P<0.05), Hrp,
FL B9k /&5 (HI = 58.78) . fk & /{& B (HI =
71. 85) .3k /BR M BE (HI = 55. 39) . B#i K/ B
B (HI=53. 29) ¥R [0 AL 4, i 44 FL B K/
LK (HI=30. 10) .k &/ B H+ (HI= 36. 21) &
&/ (HI= 37. 83) $3fhi In] FRE 4 s Z4 b Fo 944

£ /3K (HI = 492. 36) @ X AW B , WK K / I 48
K (HI= - 217. D WBFARMmE . Wb, Z%F F
BkK/AEE5RAEREZE(P<0.05, M54
AERABE;MELK/MEKE5BAELRRE
Z.ME5XAZLRBEP<0.05, 44X 174
WAL B, KO 2 M8 4 HI 25 49.59, 8
RZER Fo B8 BRI B R R TR A R .

F2 BEAH(PHXEALGEOEM L RXSRHTHER
Tab. 2 Meristic characters of E. ilishaeformis($)X M. amblycephala(£ ) hybrids and their parents

YR LB (n=35)

Hl sk @5 (n=232) Z# F1(n=35)

E. illshae formis M. amblycephala hybrids
T3 i @ FIE i @ FIE i @
cv cv CvV HI
meanz S, E, range mean= S, E. range meanz S, E, range
LR it
3.00=x0.00 3 0.00 3.00=x0.00 3 0.00 3.00%£0.00 3 0. 00 -
dorsal-fins spine number
L F3o
7.00£0.00 7 0.00 7.00=x0.00 7 0.00 7.00%£0.00 7 0. 00 -
dorsal-fins ray number
il Jiti
1.00£0.00 1 0.00 1.00=x0.00 1 0.00 1.00%£0.00 1 0. 00 -
pectoral-fins spine number
il P34
13.60+0.35 12~16 0.10 14.10*0.10 14~15 0.02 14.00 =00 13~15 0.05 80
pectoral-fins ray number
448 o
1.00£0.00 1 0.00 1.00=x0.00 1 0.00 1. 00%£0.00 1 0. 00 -
pelvic-fins spine number
B &R
8.00£0.00 8 0.00 8.00=x0.00 8 0.00 8.00%£0.00 8 0 -
pelvic-fins ray number
B R
3.00=x0.00 3 0.00 3.00=x0.00 3 0.00 3.00%£0.00 3 0 -
anal-fin spine number
-2 P30
21.27%£0.28 20~23 0.05 27.30x0.67 24~31 0.08 22.54%0.19 20~23 0.04 24.59
anal-fin ray number
Pk g%
85.93+0.76> 80~91 0.03 55.50+0.43> 54~58 0.02 65.63%+0.47¢ 61~69 0.04 66.73
scales number on lateral line
W | 853
18.00£0.30* 16~20 0.06 11.70+0.15> 11~12 0.04 13.92%0.12¢ 13~15 0.04 64.81
transversal scales(upper) number
R %
6.87=x0.09* 6~7 0.05 9.80%0,42b 8~12 0.13 8.08%0.10° 7~9 0.06 41.48
transversal scales(lower) number
F—EA%K
26.60%0.24* 25~28 0.03 14.25+0.12> 14~15 0.01 20.33%0.16° 19~21 0.03 49.74
first gill raker number
E-HJ{E mean 0.03 0.02 0.02 54.56

E: CVABRRFGHIAZRMHEK. I—FREENTEARESA B EEER(P<0.05

Notes; CV, coefficient of variation; HI, hybrid index. Means in the same column followed by different letters are significantly

different (P<Z0. 05). The same as follows



®3 BEAMCOXBALGEQHOEMFRXBANENTEER
Tab.3 Proportional values of traditional metric characters of
E. ilishaeformis( %) X M. amblycephala(2 ) hybrids and their parents

FBL 1 (n=35) Bk #7(n=32) Z&#h F1(n=35)
E. illshaeformis M. amblycephala hybrids
FIE i @ W3 E i @ W E i @
mean* S, E. range v meanz S, E, range v meantS§, E, range v HI

TL/SL 1.19£0.02 1.17~1.24 1.36 1.20%0.02 1

SL/BD 4.00%0.13 3.74~4.2 33.30 2.09%0.11% 1.

SL/BW 10.04%0.62* 8.69~11.53 6.13 7.58%0.65" 6.

SL/HL 5.06+0.222 4.55~5.47 4.38 5.13£0.22% 4.

HL/Snl. 5.68+0.52 4.69~7.60 9.19 5.63%0.47 4.

HL/ED  4.21%0.40* 3.56~5. 06 9.57 4.54%0.47% 3.

HL/IW  2.25+0.26* 1.74~2.68 11.55 1.65+0.14% 1.

SL/CL 9.41+0.83* 7.60~11.64 8.77 13.19+2.36° 3.

CL/CD 1.17£0.11* 0.92~1. 42 9.64 0.56%0.08> 0.

DL /HL 0.82%0.04 0.75~0.93 5.01 1.13+0.22% 0.

HL/JW  2.17+0.29* 1.89~2.90 13.25 2.72+0.50% 2.

HL/JD 2.04£0.20* 1.83~2.57 9.95 2.77%0.61% 2.

SL/PtL  5.37+0.27* 4.88~5.93 4.94 4,79%0.40% 3.

SL/PvL  6.36%0.29* 5.90~6.93 4,62 6.57+0.73b 5,

SL/AL 7.39%0.42* 6.96~8.40 5.73 8.11%0.75> 6.

HL/Gal 1.38%0.18* 1.19~1.90 12.98 1.89%0.64> 1.

SL/ IL 0.81£0.07* 0.70~0.90 8.61 0.33%0.05> 0.

FHE

mean

7.59

.16~1.24 1.45 1.20%0.02

—

.16~1.23 1. 62 81.38

88~2.34 5.42 2.88%0.16° 2.56~3.22 5. 49 58.78

48~9.26 8.58 8.27%0.59°

=N

40~9. 44 7.14 71.85

68~5. 74 4.34 5.3710.32° 4.62~6.00 5.97 492.36

54~6. 63 8.37 5.7510.40 4.99~6.67 6.89 —128.70

51~5.77 10.43 4.36%0.43* 3.51~5.57 9.92 46. 48

37~1.90 8.51 1.92%£0.17°

—

.40~2.21 8. 68 55.39

30~15.98 17.86 10.78=*1.60°

oo

. 73~16. 68 14. 87 36.21

44~0.75 14.34 0.84%0.13°

o

.50~1.15 15.06 53.29

11~1.34 19.24 0.92+0.15¢ 0.28~1.10 15.96 30.10

03~3.56 18.58 2.57+0.53* 1.92~3.52 20.55 73.08

16~3.78 21.90 2,53%0.40> 1.94~3.08 15.69 67.15

88~5.22 8.37 5.15+0.50% 4.49~6.63 9. 66 37.90

19~7.62 11.05 5.90%0.64° 4.37~7.02 10.93 -217.97

44~9.16 9.27 7.62%0.80% 5.69~8.95 10.44 32.65

28~3.13 34.11 1.46=%0.46* 1.01~2.36 31.47 15.25

26~0.41 15.58 0.63£0.06° 0.55~0.72 9.25 37.83

12. 63 11.74 49.59

#: 1—- 42K (Total length, TL) ;2 — {4 (Standard length, SL); 3 — &% (Body depth, BD) ;4 — 3k 4 (Head length, HL);5- k&

(Head depth, HD) ;6 — ) (Snout length, SnL);7 — 42 ( Eye

diameter, ED) ;8 — B i (Caudal peduncle length, CL);9 - B &

(Caudal peduncle depth, CD) ;10 — & # 4 (Dorsalfin length, DL) ;11 — }fg## & (Pectoral-fin length, PtL) ;12 — Ji§ # }< (Pelvic-fin length,
PvL);13 — B #{ (Anal-fin length, AL) ;14 — i3 [&]BH (Interorbital width, TW) ;15— O % (Jaw width,JW);16 — O /& (Jaw depth,JD);
17 — & & (Body width,BW) ;18 — %5 — i 5 ¥ (First gill-arche length,Gal.) ; 19 — i { (Intestine length,IL)

2.4 BB XEALE ()R FHIESR
BH  RESMN LR FRCEARR 20 A
RIEMERSHHITRES (B 5. WBESITH
GERRF ZF B AR S 2080 R B Sk A

B S BIR KT A SR | SR 41 0 R A A K
B AR E AR S LT SRR R K, B S5
SRR SRAME . RORM FRERKR SR
FREBRESR , AR AR B,



18— | E ilishaeformis

04 Hybrids F,

a5 M.amblycephala

B5 a3 xALGEHORM FIRXEBFRERSENRESTE
Fig.5 Cluster analysis of truss network parameters of E. ilishaeformis($) X M. amblycephala(4 ) hybrids and their parents
1~33: MM LL A (E. ilishaeformis) ;34~65: Bk (M. amblycephala) ;66~100;Z&F F; (hybrids F;)



R WHEMFRLAEFE 20
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HEE 1002, T—IRF ., 1H R # B & B
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Ao NEHFRTUERME N, 3 B3] 55
AR, HRM FI RSP oMTFRERZ
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« 2
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= 0
o W FEA AL
24 ! group centroids
& -2
i <O Bk
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EME1  Function 1

6 BMELEA(R) X HL 85 (8 ORF Fi RAEAHELR S H A B 41 B

Fig.6 Discriminant analysis of truss network parameters of

E. ilishaeformis( %) X M, amblycephala(4 ) hybrids and their parents

2.3 B X AL (S HORH FHEE

SpEp SRR S e B ik R A 43 A 78
A H g kBN 48 B4 SUAE 5 B A B B
63.2%, B AYHLAAEBEMHNRE
e, b B A S AR B e £ Ak 4 i, AR T R R
TR ESH A RIESB OB BERER
RIS R, SO a0 (SO X B k85 (3O &FM F

BRIk R 2n =48, X 3 A HEAIASRAHB
Gy o (R & Pl BOHE B9 B R A AT, RI R B FL Y
Lufafk A ERE L i ok (m) R E 2
ReafR(sm) MMM EL MR BERGO N E,
BAKM Y G AL I sm 4, K W KA Ak 48
., kgAY 18 m+ 26 sm+ 4 st, NF =92
(B D,

M7 MM XALGEOHERM FHRAEKTHSHENZERE
Fig.7 Metaphase chromosomes and karyotype of E. ilishaeformis( $) X M. amblycephala($ dhybrids



2.4 BMEIH (PO XEALGHGHOEHELH
RAPD % #f

M 20 4~ RAPD BEHL5| 8 o i 1 17 A~
VHEENSI WA TRMFEADGERNBEX
RAW, LB 178 LBEWRENT W, ¥
Bt K /MFE 200~1 500 bp, H A 133 A
PHMNEAERLEANE, EAEMALENR
T4.T2% . P FiREAY HEHHRAEFEE

FRE, ARMORA TRAE 8-A, HEH %
Fim), ARMRATHAE 8B, AEFL
B

MR 3 HH, 3T ARG A A B A R B
BN 0.4327, M 5L A KR EHEE R 0. 2312, 1
BRTEE, RUIRM P 5WERANBEZRA
JEXT R , T2 1 S04 B Sk —J7 . UPGMA
REW W RRIES TX—&8 089,

B
M8 34 FO2 i F11 XM L0802 X Ak 87 (PHOF RERFANY MK
Fig.8 RAPD patterns of E. ilishae formis($) X M. amblycephala($ ) hybrids and their parents generated
with primers F02 (A) and F11 (B)
1~5. Bk (M. amblycephala) ;6~10. Z&Ff Fi(hybrids F1);11~15. BUELE(E. ilishaeformis) ;M. marker

ZiES ] M. amblycephala
ZFh Ry hybrids F;

FAMELLE  E. ilishaeformis

B9 UL X AL (3 OFRM Fi 5G4 1 UPGMA REWN
Fig.9 UPGMA of E. ilishaeformis($) X M. ambiycephala(4 ) hybrids and their parents

x4 BEIHCOXBALG@OEMF SREBFH
&5 BE B A0 IR R R CLUE
Tab.4 Nei’s genetic identity and genetic distance of
E. ilishaeformis( ) X M. amblycephala({ )
hybrids and their parents

il sk &5 ZH F gLl
M. amblycephala hybrids E. ilishaeformis

il sk &5

M. amblycephala
b L O
hybrids
gLl

E. ilishaeformis
. RAETFWREHE R, R L0054 B

Notes: Nei’s genetic identity (above diagonal) and genetic
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Studies on morphological characteristics and genetic analysis of the hybrid
F,, Erythroculter ilishaeformis § X Megalobrama amblycephala %

GU Zhi-min', JIA Yong-yi's; YE Jin-yun', CHEN Li-qiac®, ZHU Jun-jie',
HUANG Xian-ming', YANG Yuan-jie!
(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001,China;
2. School of Life Science,FEast China Normal University,Shanghai 200062 ,China)

Abstract: As a result of a successful work on intergeneric crossing in fish during the years of 2006 and
2007 at Zhejiang Institute of Freshwater Fisheries, a hybrid F, of Erythroculter ilishaeformis $ X
Megalobrama amblycephala § were obtained. Further comparative analysis of morphological
characteristics, karyotypes and gene groups were carried out to clarify the differences of morphological
and genetic traits between the hybrid and its parents. The results are as follows, (1) both fertilizing
rates and hatching rates by crossing of E. ilishaeformis$ X M. amblycephala § were above 90%,
which indicates a good kin ability between female E. ilishaeformis and male M. amblycephala; (2)
most numeric traits of the hybrid F, appeared to be medium. Among ten countable traits, the numbers
of gill rake and lateral scale are within the range of its parents’, the average hybrid index is calculated
to be 54. 56, which interprets that the countable traits approach to the middle values and slightly
incline to its male brood’s. Of seventeen measurable traits, nine traits are significantly different from
its parents’, including four traits incliney to paternity, three to maternity and two deviating from its
parents’. The average hybrid index is calculated to be 49. 59, which indicates the measurable traits are
also close to the middle values. Cluster analysis and discriminant analysis of body frame indexes
denote that the body shape of hybrid F, has obvious differences from its parents, appears to be of mid-
type and be affected more by its maternity; (3) Chromosome numbers (2n) of the hybrid F, are
counted to be 48 and karyotype formula is described as 18 m + 26 sm + 4 st (NF=92), which is similar
to those of its parents. The observations specify that the hybrid F, is a diploid with fertility; (4) Most
RAPD enlargement stripes of the hybrid F; could be found in both parents and some are solely from
either paternity or maternity, which shows a hybrid in nature. The hybrid F, has a relative heredity
distance of 0. 4327 from the maternity and 0. 2312 from its paternity. The former is farther than the
later, which elucidates that the hybrid F, has an unequal heredity difference from its parents and a
genetic inclination to its paternity. This is also supported by UPGMA.
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