5540 % % 2 W KA B Y E Vol. 40, No.2
2016 /3 f ACTA HYDROBIOLOGICA SINICA Mar., 2016

doi: 10.7541/2016.38

SRERF, . F, R EFARAE&RIELE 4

B FAX kA F O F # OESE

(1. WA B AR RIFFE BT AR b B 5 7 M A RREFR AL T 5 S8 4, Y48 YR A K™ 3 A% 77 R i e S 42, 10 313001; 2. 1

IKFERFE G BRSO, 65T 100141)

FOEE: N WHo0HT BY R 2 <8 £ (R LI Ry, SR FH o 000 2 R AR 524 BI85 F | (female Culter alburnus Basilewsky x
male Megalobrama amblycephala Yih). fiffiiiF, (self-crossing of F; hybrid of female C.alburnus x male M. ambly-
cephala) N HAFAFHMERA(C. alburnus) XA SkA55(M. amblycephala) L5 B H « SR AAHATEH 00
e, S5 R0, R S UL B 50 H 4 134—139, P 136.84; F kWi (ML & 2 H H121—129, 3%
12424 SA5F UL 20 H 9 129—134, S22 131,601 SR UL &40 H 45 127—134, 722413014 i)
F . Fy55mean. Bkt 2 M ALE S 2H Z 57 B3 (P<0.05); HEF, &Ll a8 B RZ, AN
0.8024; i F ,d5c /b, 40.7744; FAME A F 141 K55 T 6A 57 F, FIF,.2 8], 390024 0.7953H10.7763 . 4Fh ) &A1
Jes “ MBS Y7oy —unZ B Wit o> X Wbk 2 YOG AR B TR 2SR ILN B, 8 5 /N E Lk 5/
B % HE A AR A P ILI B (050 B AN 58 A0, TR WA 80, (R Hea, HLR)& RS T, T8
A A WEFORAS A F FNF, AR LR S 2 S A RN LIA) i 0 H Rl UNLIR) 5 H B8 BEARA P
WD, BRABTF A0 30 R B s, HLAE— L B & L) gD, R0 K — i R 14 £ F A SORIORS 280 1
B WFFT 4, F A 017 J8 0] Sk A 15 & /D L) & 3 i e it 7 S5 Ah 2 k)

KRR BRWIF,; BAF,, WUAE, TBEY @8R
FE S Q954.6 HEkFRIRAD: A X EHS: 1000-3207(2016)02-0277-10

WLIE] & (Intermuscular bone) AR WLIE] A, EIH przewalskii Kessler)3& AT T 4120 M 52

[1,3—5,9—11]

AR R BT UK AR, A T ME R P AL TA] i b
TN, A AT R A 2 R S
HHIEBAL PR L =28 — R TR RS
=5 /N (Epineural bone); & TR ik =
() ik 55 7NE (Epipleural bone); =& iE4% T-HEA ERY
HE 4 /N (Epicentral bone)” *'. Pattersonil
Johnson'™ A5t 125 8 KU 0 K AR FIEEAT T R
G EERN 53 A7, Ferh iR T e 5 SRR} 0 2 1)
— Rl P ) AR 2R LA B A ST AR T 20T A
S50EAR, HLIIFE A RG22 AT T X, TR ISR
(Carassius auratus Linnaeus)~ fit(Hypophthalmich-
thys molitrix Richardson). H.ff(Ctenopharyngodo
nidellus Valenciennes) 5 AR EL(Gymnocypris

ek Bz 2015-07-17; 83T BLER: 2015-12-19

T A RAI 53 BN AW fa LR B A A, R
St 2B et bt g
ARSI B A BVL B (Cyprinus carpio
var. color Li). JE#f(Hemibarbus labeo Pallas). ‘i
DO SRRE S | R 4] Sk 7 S5 R LI B ITE A 2
R G R T A R LR AT, A
N T P R G s 7T AKKEIER
(1) T B A AR AR

UM R AR, SR, AR, [k 0715 )
WA, — & AT EEE AR aR Y,
AT A Sf ) B75 1 378 2 % AT A I — LU g, O L AR
5P XiaoE P G0t 1 Skt () x S () 2L
i 2R AR RAAE AR 22 S A AR BB AT T REAR,

HLTB: Wiyl & Ao A 5 =R 11(2012C12907-7, 2012C12907-9) % By [Supported by Major Science and Technology
Specific Projects of Zhejiang Province (2012C12907-7, 2012C12907-9)]

fEZ &7 W ICRE(1983—), T, R a T A i1, By EROFST B3, 6 B K R 9t 55 8 S Pl i S 9T

E-mail: jordanping23@gmail.com

BIEIEE: BUSHB(1963—), I, WiiLa s A AR AT FEZAFKFTC B0 58T d Ak B9, E-mail: guzhimin2006@163.com



278 KA E Y R 40 %

Bl 2T B VA ) 3 ) st i % S A
(R JULIE) B R0 UL PR 3 B 2 AT T LEBR AT o ASHIT
FE A AT T 506 611 ( Q)0 B 3k B (3 B s Tl dze 2k
TR, FRAG T B ZASF PR AT B AN, R4 AL
G| E T E IS, . AR R, HRAE
TACR A BT E, AR, AR K, Pridiam, £
W S5 P 2R 3 B0, e o A SR S, LU )
B %, XA LI T 0 35 0 B, BN T ORS IR
WL HIHMERE . ik, AHESTLLBAWIF, .« Fy i B 458
i ] H AL REAS RS0 2, UL 5 H . %
AHA AT BEATIRN R LR A0 BT, LA 9030 3 18 4%
R B R AR T B, S UL 8 22 (30 M B30 4T 5
PO BT RENE, AR B B &80 L) B o
ZenE P BA T X

1 #RERZE

1.1 SEIEdst

SWEGN . Sk, SA5F  AIE, DU RSz a6 £a 3
W H WL VR IKK =50 S 5 R b, JR AR SR AR &
ZAFEFH IR, AR WL B, kiR
WV LA B O A R I R R I R R SR AR,
ARSI G (1) SRR 135 S E P, T [ Sk f 4 S A T
5 F,  Fo AR PR 5, FEAREII N 102, 4R
(FIREAR RSN LI 1R 1
1.2 fliE& R EI R SR

TSI 56 A0 1R A0 30 T A R AR EAT 3 B 12 2
Je, WU 20 A B Ak, AR AN EE AN A 2K
25—30minZc A7, ¥ EI5min)5 % £ 2040, FER ST/
DR B . WLRNE TS 2 A VLA 212380 53
FHEL DI, DAMET N 520 15 I 4y, DA IS 5 2%
K JE WY, XA KT A EUL R
EWL SRTEENRUL, R R4 K,
JEREN BT, AR e A gk . e R . A
RENR L 22 RRENN T, X ARBEAT AR, /N0
SBRIVLIAL, B LIAD 3, 70 e s 1 Sedlds fa frp

(I3 B AKX HES Y, A7 2R TA] . $%Ja ] Canon
EOS 5D Mark TN S AHHUXSHES A (L)1 1A 747
WO HEAT I R AR

2 %R

2.1 AlEEHEMNELR ST

R 2n 50, BEE L E SR H &2, N
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Fig. 1 The morphology of H-F,, H-F, and their parents

1 HHEHF,. F,RERXERIMIE
Tab. 1 The size of H-F;, H-F, and their parents

. A Weight (g) {&+:Standard length (cm)
i FhSpecies — -
Jis FFlRange “FH4{E Average s FElRange V1418 Average
FMEICA 1204.5—1715.3 1531.9+182.50 50.0—53.0 51.4+1.03
A3k iMA 366.2—1086.2 691.34292.07 23.8—34.5 29.6+3.80
fififiF, H-F, 688.5—912.6 744.2467.02 33.8—36.4 34.4+1.01
fifl 5 F, H-F, 406.8—949.9 692.7+180.77 28.7—36.0 33.0+£2.54

T B P AR ZE A R

Note: Data were expressed as Mean+SD and range
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N, RBEIMER NG . 20 BP0 OB &
(R TRR S IR 73 AR, 70 Bkl A A, 3250
W 811 PRI RS 25 /N A A TR R VLR i, R TA
ARG NAYTE . W B — i 22 SO AR
37 e IEIW WL BRIty INE1R 01718 SN S PN = 1

SRR R BB L) B, (H R SR — RS
MARAT3 R, HARBIAN R RE B o 2R 2—3 Bl S A 1)
JULTE) Ry, G rp— i 22 OB 3 22 OB % ;
Sty (R 5 /i BR LR AL, HR IS TR L
1K= SRS S RANE SORSHIE PR ik 5@ A N 1K= g 51
SRRMEIE — MR A AT 42, HRAR
R JE i R 2—3 RS (R JULIR) B, Herp— i 22 OB AN
EECERCVSE=ER 10k SRR
Y R 2 Ah, RIS AT TSR B ILE] T
K 5 /DB A R ROE ILIE b 4 )ik
(7] s dfe 2 9 g 22 SCHE L TR) 7 5 01405 F o (10366 5 /1
TR JILTA] Fr 35 S AT, K 53 /B A B AR A
FEWLIR)E, e rb 5 R R I il 2k — i 22 SO AN
5 2 SOBUAE o &5 LPTIR, AHFFER) 4R ) &
AR TRIE SN &, R Ry A
P g P SO TR AR B A SRR 2 1), LR R AR
TR R 1 8 H Z2 580K Rl 4 A ik s /)

&2 EREHF,. F,RERXEXRIALESHE
Tab.2 The number of IBs of H-F;, H-F, and their parents

WA 4% H Number of IBs

SRR AL ANES

il Species

5 Range F¥41H Average JuHil Range PHMH Average
SHMER CA 134—139 136.8+1.48" 0.7791—0.8081 0.7953+0.0086"
H3L 45 MA 121—129 124.242 78° 0.7500—0.8063 0.7763+0.0174"
i1 F, H-F, 129—134 131.6+1.78" 0.7866—0.8171 0.8024+0.0108"
i1 F, H-F, 127—134 130.142.56° 0.7560—0.7976 0.7744+0.0152°

s 2l LT SRR AN 05 AN A 7 BEOR 2257 2.3 (P<0.05)

Note: Data were expressed as Mean+SE and range; The different letters within the same column indicate significant differences

between groups (P<0.05). IBs, intermuscular bones. AN/ES, Average number of IBs each sarcomere

K2 SAGF, . Fy M HACRERTMIE AL & LA WS
Fig.2 The morphology of the 7 types of intermuscular bone of H-F;, H-F, and their parents
A, FMELLEN; B. B13kWi; C. 185 F ; D. SA85F, 5 1.°TT8; 2. M7TE; 3. <Y TE; 4. — i 2 X¥; 5. Wit #i 2y SUE; 6. Wi 2 ¥, 7. ML TE
A. C. alburnus; B. M. amblycephala; C. H-F; D. H-F,; 1. I type (not-fork type); 2. Ptype (one-end-unequal-bi-fork type); 3. Y type (one-

end-equal-bi-fork type); 4. one-end-multi-fork type; 5. two-end-bi-fork type; 6. two-end-multi-fork type; 7. tree-branch type
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K3 GA85F, . Fy M ILACREARTRIEANUEN 5L H (A)F 5 HL(B)
Fig. 3 The number (A) and proportion (B) of 7 types of intermuscular bones in H-F,, H-F, and their parents
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Bl 4 S5, Fy S ILASCREASFHS AL 15 5L H (A)A 5 EE(B)
Fig. 4 The number (A) and proportion (B) of 3 types of intermuscular bones in H-F,, H-F, and their parents
AR BRER IR 25 57 W35 (P<0.05)
The different letters indicate significant differences between groups (P<0.05)

I

e

7 BASF LA RS EE
Fig. 7 Intermuscular bone morphology of H-F,
5 RAWEEANLIE)E B LEE
Fig. 5 Intermuscular bone morphology of C. alburnus
len. ZEMIEE =5 /N5 lep. ZEMINK = 7 ren. A7 S = /N rep.
A= AN T

LI
len. left epineural bones; ren. right epineural bons; lep. left epi- ‘r ‘ i

pleural bones; rep. right epipeural bones; the same applies below

Loy T
\\ \\ \\‘ \ \ X \\‘ \ \

dad

(I £ SVINETRE giiobIr s i =
Fig. 8 Intermuscular bone morphology of H-F

BRI R DR ) 2 A8 AT LUE AN [ RS %
fib FEPESE AR, AR JE AR AR B AL A 7

6 BB s s AR BSR4 KA 5, AT 6
Fig. 6 Intermuscular bone morphology of M. amblycephala i A A N R A X B 2 s M e o °

FAN T3 3 iy g ) PR Sk A48, BRAS T RA B
2/ By Fi v T AN B A 550 22 AN AL T 141 Sk i g 5 (AT, PRI REINSER, Srvk B Jo e ) ZE AR
FrPE R, HATTDR AR 857 KA 5 i v i i (R BGHME A N30% L B e (R,



282 KE &Y AR 40 &

R3 EAEHF,. F,RERXGAEBLUARMESEBEEH B NG EiEEM)
Tab.3 The number of various types of IBs in the left side of H-F,, H-F, and their parents

FAIEASZANLRE (1% H Amounts of various type of IB

\ e o g % " , i %
Fiispecies LRy ey it i PP TP M aiendy BT Tree- ILIH ¥
I type M type Y type multi-fork fork type multi-fork  branch type Amount of IB
type type

FMEEHCA  ZCHK%H -LTOA 0.9 9 0.5 1.5 32 93 1 25.4
e )% FLTHS 11.8 43 0.6 0.5 0.7 — — 17.9
6 =5 /NEEN 12.7 13.3 1.1 2 3.9 9.3 1 433
A HRE FLTUA 0.7 33 0.7 0.1 3.4 0.6 — 8.8
i JE# FLTHU 11.1 3 1.1 0.4 0.2 0.1 — 15.9
[k 2 /NI EP 11.8 6.3 1.8 0.5 3.6 0.7 — 24.7

BILBIMA - e k% - LTOA 0.4 0.9 0.7 0.9 23 13 3 21.2
e )% FLTHS 9.2 4.1 1.6 1.7 1.8 1.1 — 19.5
%5 /NMTEN 9.6 5 2.3 2.6 4.1 14.1 3 40.7
JEREN FLTUA 0.9 0.5 1.2 0.1 0.1 0.3 — 3.1
i JE# FLTHU 7.4 42 1.6 1.4 22 1.4 — 18.2
Jik = /N EP 8.3 47 2.8 1.5 2.3 1.7 — 21.3

i1 F, H-F, A2 4% - LTOA — 43 0.5 1 4 11.8 2.3 23.9
e )% FLTHS 8.8 6.6 0.6 0.8 1.3 0.4 — 18.5
6 =5 /NEEN 8.8 10.9 1.1 1.8 53 12.2 23 42.4
JEREN FLTUA 0.3 2.9 1.6 0.1 1.6 — — 6.5
i)l FLTHU 8.5 3.7 0.4 1.9 1.7 0.6 — 16.8
Jik = /N EP 8.8 6.6 2 2 3.3 0.6 — 23.3

fifi i F, H-F, 7e43%h_ ELTOA 0.5 2.9 1.6 1.1 5.2 11 1.7 24
e )% FLTHS 9.2 45 1.2 1.5 1.5 0.7 — 18.6
6 =5 /NEEN 9.7 7.4 2.8 2.6 6.7 11.7 1.7 42.6
A iR FLTUA 0.2 1.8 1.6 — 1.8 0.2 — 5.6
i) FLTHU 7.9 4.7 1.9 0.9 1 0.5 — 16.9
Jik = /B EP 8.1 6.5 3.5 0.9 2.8 0.7 — 22.5

=" RIORAEAE LR
Note:.“— indicates no intermuscular bone.; LTOA, left trunk along axis; LTHS, left tail hindquarters shaft; EN, epineural
bone; LTUA, left trunk under axis; LTHU, left tail hindquarters under shaft; EP, epipleural bone
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Z
m
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10 - 88 91

& 56 &7 57
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VAR Loy | R T R0 =118 =8 = T =58 T 1 W <1 [ = 2 o A =9 2 W 1
LTOA LTUA LTHS LTHU RTOA RTUA RTHS RTHU
K19 SAETF . Fy A REARAN[RIFRALIULE] B 1R 53 A
Fig. 9 Distribution of intermuscular bones in H-F, H-F, and their parents in different parts

LTOA. left trunk along axis; LTHS. left tail hindquarters shaft; LTUA. left trunk under axis; LTHU. left tail hindquarters under shaft;
RTOA. right trunk along axis; RTHS. right tail hindquarters shaft; RTUA. right trunk under axis; RTHU. right tail hindquarters under shaft
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COMPARATIVE ANALYSIS OF INTERMUSCULAR BONES IN HYBRID F,, F,
OF (C. ALBURNUS) (?) x (M. AMBLYCEPHALA) (3) AND ITS PARENTS

JIANG Wen-Ping', JIA Yong-Yi', LIU Shi-LI', Li Qian', LI-Ting” and GU Zhi-Min'

(1. Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Freshwater Aquatic Animal Gene-
tic and Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. The Center for Ap-
plied Aquatic Genomics, Chinese Academy of Fishes Sciences, Beijing 100141, China)

Abstract: To study the intermuscular bone (IB) of the new hybrid strain of (female C. alburnus) x (male M. ambly-
cephala), we analyzed the number, morphology, and distribution of IB in four fishes including topmouth culter (C. al-
burnus) (Abbr.CA), blunt nose bream (M. amblycephala) (Abbr.MA), F, hybrid of female C. alburnus) x (male M.
amblycephala ) (Abbr.H-F,) and self-crossing of F hybrid of (female C. alburnus) x (male M. amblycephala) (Abbr.H-
F,). The results indicated that CA had the largest number of IBs ranged from 134 to 139 (X =136.8), and the MA has
the fewest number of IB ranged from 121 to 129 (X =124.2), and the number of IBs in H-F, and F, were at the middle
level, which were ranged from 129 to 134 (X =131.6) and 127 to 134 (X =130.1), respectively. The average number of
IBs in H-F,, F, and CA, MA was significant difference (P<0.05). The average number of IBs were 0.8024 (H-F,),
0.7953 (CA), 0.7763 (MA) and 0.7744 (H-F,). There are seven shape categories of the IBs, including non-forked (1),
one-end-unequal-bi-fork ( ), one-end-equal-bi-fork (Y), one-end-multi-fork, two-end-bi-fork, two-end-multi-fork and
tree-branch types. The number of epineural bone was bigger and more complex than epipleural bone. The number and
shape of IB were similar but not equal between the left and right sides of the body. The morphology of IBs in the ante-
rior was more complexed than that in the posterior of the body. Compared with the maternal, all the four strains signifi-
cantly reduced the total number of IBs, the average number of IBs in each sarcomere and the trunk under the axis
muscle, which greatly improved the eating quality of the fish. These results imply that intergeneric hybridization of CA
and MA would gain new strains with fewer IBs, high eating quality and graceful form.

Key words: Hybrid F; Hybrid F,; Intermuscular bone; Morphology; Distant Hybridization



