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Embryonic development and growth characteristics of diallel hybrid progeny

of Acrossocheilus wenzhungensis and A.hemispinus

LIU Chao'*, XUE Lingzhan'?, LIAO Mengxiang’, CHEN Duhuang'*, HU Zhenxi*, WU Bin'"
(1.College of Marine Sciences, Fujian Agriculture and Forestry University; 2.Freshwater Fisheries Research Institute

of Fujian Province, Fuzhou, Fujian 350002, China)

Abstract ; [ Objective] The embryonic development and growth characteristics of hybrid offspring of Acrossocheilus wenchowensis( WW )
and A.hemispinus (HH) were explored to provide a basis for the cross-breeding and selection of high-quality varieties of Acrossocheilus.
[ Method ] A.wenchowensis and A.hemispinus were utilized as parental species for diallel hybridization, resulting in the formation of or-
thogonal group (WH) , reciprocal cross group (HW) , and inbred groups (WW and HH). The embryonic development characteristics
of the offsprings were observed, with analyses on the fertilization rate, hatching rate, and larval growth performance across the 4 exper-
imental groups. [ Result]Some surviving orthogonal and reciprocal cross offsprings were obtained, and their embryonic development
showed certain characteristics of maternal inheritance. There were differences in the order of eye lens formation stage and muscular re-
sponse stage between fertilized eggs with different female parents. The fertilization rates of both hybrid combinations were significantly
higher than that of the 2 inbred combinations. The hatching rates of both hybrid combinations did not differ significantly from that of
HH group, yet markedly higher than that of WW group. The early growth rates of hybrid progenies showed biased paternal characteris-
tics, and were lower than that of WW group. After cultured for 120 d, the hybrid offsprings were higher in fatness than those of inbred
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groups, but had no mid-parent heterosis in body weight and full length. [ Conclusion ]A.wenzhungensis and A.hemispinus could be suc-

essfully crossed, and the growth rate of the reciprocal cross group was higher than that of maternal inbred group.

Key words: Acrosscheilus wenchowensis; Acrossocheilus hemispinus ; interspecific hybridization; embryonic development; growth ad-
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TR IS £ ( Acrosscheilus wenchowensis ) F122 5|
JEJ& 4 (A. hemispinus ) ¥ J& T #J& H ( Cyprini-
formes ) £} ( Cyprinidae ) 8 V. £} ( Barbinae ) Y& J& L
J& (Acrosscheilus) " GiFR Gt , EB A TR AL |
WrTLAEHh, P B A W2 R Pk SR 0 S PEAR R, O
RIS 18 Fha Bm A 20 P AR ITR (2
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J5 (fR WV R R S ) R f0 2 Y B SR
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2 3 T ) A 52 1 O U4 B AH 24 2 1900 R 37 8
B, andm 75 [ B E v B AR £ ( Oreochromis mossa-
mbicus) @ x Jé& ¥ X 3k i ( Oreochromis niloticus )
8 11 M L @ < BRI A2 PO AR & ) A
JCH [ JTYLEE ( Cyprinus carpio rubrofuscus) @ x#H [
8. ( Cyprinus pellegrini) & 1'% FEHEZAZ B[ 8 ( Car-
assius auratus auratus ) X F 8 ( Carassius auratus
cuvieri) & A sk B A b R 2L 52 1R O A
A AREURT i RAESME R PERE B M A5 D7 TH R
B 2R

H R BT X6 s i AT E L IR IG5 1 0
RES NTEE™ H8URF FRIEM
X RO R E R R i,
TELISGIS ok 2R AR T JR 10 ] 2 52 B v o DL 4
W, Al 58 OOBIE A (Acrossocheilus mon-
ticolus ) 5 Z2 % 11 /! €61 ( Scaphesthes macrolepis ) #17
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TIZAE SR AW FE LA M OGR R i 2 s
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0.32) cm, PR E (68.95+3.91) o( & 1) ;210
JEJ& S 2R (20,18 £0.26) em, P 2 {4 it £
(103.47+3.46) g( & 2), HEHGEA 40 45 (IRINDG
JE A 24 4% CEREIR 016 45) TESHEFS R (T
WWMER) ), AR AR RO R KUY
(LRH-A,) | H g 1 KR ( DOM ) b 286 R e P i
MR (HCG) , ot 335 1 5, e 10 5 00 T PR i i v
S} LRH-A, 1000 IU \HCG 10 pg Al DOM 5 mg, Hifl
FIEEE =K I 23 °C W AL 18 h, 2R
BB AT, e8] 2 1245 f 2 LA F
505 TEAC2H (WH, iR HDGE i @ <L il & &
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VG 8 ) RIS 0 H 2241 (HH, E S fF 10 @
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Fr S s (e PR ZE 0L s ik, #F LS FFRIFJ-DW -
23-19(HtHEH . 2023 4E5 A3 H),
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B4 AR 1 32 AF I 45 500 KL, & T 80 emx
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Fig.1 A.wenchowensis

2 ¥HERSE

Fig.2 A.hemispinus
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FEK 8.00 F1 1700 FEMEWIUK, B H £ W it AR P i
— RIZEIEHFNY R K SNEOE G, 28 1 h
Ji M BB AR, R IK 1/3 ~ 172, PRFF7K BT, WL
ZANNZ LT GO, BEFR 30 d BEBLETHL 10 2
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EhGE, R AN IR 1/4,
2.1.3 PEM KGR 1.22 h, ZRE IR EE 1
WORZL, 4334k 2 AR /NG 4 248K, BE S R 2
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64 AT, LA 3 4Bk 0 HES 2040 2 B % (B4
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ASZRGHR; BIRSERERS ; C.2 0NN ; D.4 AU E.8 4NN F. 16 A0 G.32 AUNEIYI s H.64 ANNLIY ;12 40 ;
JAEFRRUYT KOG IR P ] s L ARG ML IS 00 5 N B P 4005 O S e300 5 P A 5 QLY B 1L
RRZEN]; S R 2RI S T SRS L UL A0S0 5 V. IR AT R0 W LoD 5 XA 3]

A.Fertilized eggs; B.Embryonic disc elevation; C.2-cell stage; D.4-cell stage; E.8-cell stage; F.16-cell stage; G.32-cell stage; H.64-cell stage;
I.Multicellular stage; J.Early-blastula stage; K.Mid-blastula stage; L.Late-blastula stage; M.Early-gastrulastage stage; N.Mid-gastrulastage stage;
0.Late-gastrulastage stage; P.Neurula stage; Q.Appearance of myomere; R.Optic capsule stage; S.Caudal bud stage; T.Caudal fin fold
appearance ; U.Muscle response stage; V.Eye lens formation stage; W.Heart beating stage; X.Hatching stage.

B3 ZXTFHRERRE

Fig.3 Embryonic development of crossbred
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Table 1 Timing sequence of embryonic development

ZAE G IFTE]/h Postfertilization time

KB BB Developmental stage

WH HW WwW HH

ZHRGIN Fertilized egg 0 0 0 0

B LB Embryonic disc elevation 0.88+0.06b 0.95+0.04a 0.83+0.02b 0.87+0.02b
PRSI Cleavage stage 3.13+0.15b 3.33+£0.22a 2.95+0.12¢ 3.17+£0.23b
Fe[RI] Blastula stage 7.40+0.22h 7.67+0.17a 7.37+0.15b 7.50+0.13b
JEIA Gastrula stage 15.80+0.18a 15.95+0.21a 15.77+0.14a 15.82+0.16a
MZEHEIY Neurula stage 18.18+0.16a 18.28+0.23a 18.07+0.11b 18.22+0.14a
ETEIY Organogenesis stage 43.97+0.56b 44.33+0.74b 42.60+1.05¢ 45.30+0.86a
WAL Hatching stage 47.13+1.13b 61.80+0.89a 47.05+0.75b 62.15+0.66a

[T RO I AN TR <7 B3 SRR AN TR AR ] 22 57 .35 (P<0.05) .

Different letters within the same row indicate significant differences among different samples ( P<0.05).

2.1.4  EIRH ZHKSEY 4.67 h oAk T, T
Uy 1] TOUS 2B fof1 2L ok 110 0 R )22 2 1 RS, IR Ay
JR R s 2 A 0 IR 2 32 i A8 W I 1) R A A R
1o B S RRAIC, LR S ZE AR T A 29 2,70 b 5 SR
JZB WAL A, i A SRR

2.1.5 R ZKEIEZ10.53 h BERR)Z 4R GE A
FEm IR A, N2 A O
1/3 JE BRI, IR Ry SR 0 5 24 1.63 h J5 3 ik
JZYREE T AL, IR A 8 T8 UG, R 2 4

1/2~2/3, BLis R 5B o i 2 05 R )2 T 2 ik
475 kb IRRJEEHEIE BORFL , B R D i i 30

2.1.6 WHEEH ZHEEY 18.18 h, B2 ILF
SEa N RTS8 3
2.1.7 BEBRY SZHIEZ19.80 h, IR
B 4~6 XL ;29 1.37 h J5 , ISR B ANTE 1
WEIEE MIRE  IREEIE I, M M IR 20 29 3.35 h )5,
JAR A 2T 4 B AR GRS , 353 52 44 B9 11%) ) 8 i 5
TR I A= U | it oAy FE 28 100 5 Bt o R 2R R 2,
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Hih gk m S5 Y R EERE ;29 11.40 b J5 | AL
PIREAS AR T BT 1 A B ), I s A L PRI &80
W1;2915.97 h J5, BRZE v [a] [ Ba Ak B0 A obR AR ; 24
24.17 h J5 , WRUAClE 48 3l I T A 4l 3l
SOMUARES i A0 BRI, HW 205 HH 2H 257652
KI5 ST IR A, P SIL R 800 0
2.1.8 B ZHKEE Y 47.13 h, BPIEAR G B EE
PRI R AR /N, WG TE R N T 2L #0 3) , DA Sk R Ek
B TR B, B S04 B, HW 215 HH 4
JEAERT R WH 4L F WW 4L A, 295265 )5 62.00 h,
22 ZiEML

W 2 Frow , IR fo RN~ i) J5L s £ e 41 (1))

R E R B FE WW M WH 4Rk
61.53% ,HH H1 HW W ¥ H 25.00% ., WH.HW .
WW HH 20 11 32 A% 51 £ & 43 0 4 709 .1 801,
6 798,979 Ki, A5 F 43 B A 96.50% , 90. 17%
85.00% .73.45% ,WH Fl HW B ZAE R B F 5 T
WW il HH 410932455 4 A s A7 qe i
225, WH A1 HW 209 5824k 2 5331 o 87.87% Fil
86.64% , o, WH 21 B 7 fL R 8 & & T WW 41
(49.41%) 1 HH #H(85.80%) .

®2 RXMBETHEZHEMBLEL
Table 2 Fertilization and hatching of hybrid and inbred groups

41531 75/ % B2 b SEHE IR L ZHER/ % KAER B R LR %
Group( 2 x &)  Induced labor rate  Number of eggs ~ Number of fertilized eggs  Fertilization rate  Number of juveniles  Hatching rate
WH 61.53+0.17a 4 880+32.09b 4 709+25.68b 96.50+0.23a 4 138+191.77a 87.87+0.41a
HW 25.00+0.08b 1 998+12.56¢ 1 801+17.43¢ 90.17+0.39b 1 564+152.58¢ 86.64+0.26ab
WwW 61.53+0.17a 7 999+90.18a 6 798+77.32a 85.00+0.42¢ 3 360+£47.01b 49.41+0.84c
HH 25.00+0.17b 1 333+155.60d 979+117.17d 73.45+0.58d 840+20.17d 85.80+0.47h

U [ GBI IS AR TR R R AR REAS ) 22 57 .3 (P<0.05)

Different letters behind data within the same column indicate significant differences among different samples ( P<0.05).
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35 1 WH .
g 30 [ g -« 5
< 25 o e
o0 o .t
§ 2.0 I Q.? ......
= 15 } o000
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Fig.4 Regression analysis of larval growth
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4 MR 2 120 d R, FRA KRR H
BT 22 R (3R 3), IR LG KRR N
WW(7.72%) >HW (6.73%) >WH (5.74%) >HH
(5.32%) MR BT A XTI KRR I N WW (3.47%)
>HW (2.90% ) >HH(2.74%) >WH (2.15% ) , I i &

x3

F2 A HW (0.84) >WH (0.72) >HH (0.60) >WW
(0.44), ZE 1, WW 44 K vk BE e 2 %, IW
HIRZ ,WH 4 HH H7E R B MR K B A
N {H WH ZH A3 B o

ZLMBEZF—ROEKEE LR

Table 3 Comparison of growth performance between the 1st generation of hybrid and inbred offsprings

2H 5 AR K/ em RIIR T/ g A K/ em SOV TS V4 28 X KR/ % - " -
(fojljji) i[\l/i?ji{i(nitial !::/gi:eﬁrii; }'A{V;jr?;iinal ﬂ/ivzjj:g: fialg 1$f\(bsﬁ;>|ujteﬁgt:0j;h M:Jﬁiéﬁﬁ‘i&ﬁ Kot/ % B2
(2xd) full length weight full length weight rate of full length Absolute weight growth rate  Fatness
WH 7.44£1.17a 4.36+0.15b 10.06+0.22¢ 11.18+0.36¢ 5.74£0.25¢ 2.15£0.20¢ 0.72+0.04b
HW 7.35£0.69a 4.14£0.10c 10.78+0.32b 12.13+0.62b 6.73+0.34b 2.90+0.22b 0.84+0.03a
WwW 7.55£0.59a 4.63+0.12a 11.73+0.33a 13.91+0.28a 7.72+0.23a 3.47+0.22a 0.44+0.04d
HH 7.29+0.74a 4.42+0.09b 10.48+0.15b 10.77+0.23¢ 5.32+0.30d 2.74+0.29h 0.60+0.05¢

V) [ S HO IS AR TR 3 R A TR AR ] 22 57 .35 (P<0.05)

Different letters behind data within the same column indicate significant differences among different samples ( P<0.05).

3 o SR A AR 2 O B 3 AT LA e 4

L RyamES, N3k 4 s 78 120 d AR SR,
5B, WH 4F HW 413 R 280 H ozt
=4

PFE RO (02 HW 2H A4 K L WH 20
P Tl WU 3 AT -5 FRFE I ] NS A K

ZEF—RPRUBERSBRAB LK

Table 4 Comparison of the rate of mid-parent and super-parent dominance in the hybrid generation

ok FBEI ]/ d H SRR/ % Mid-parent heterosis rate HBHEMFAFE /% Super-parent heterosis rate
PO Trai
rait Breeding time WH HW WH HW
& Full length 30 2.66+0.49a -0.56+0.10b -0.12+0.34b -3.61+0.38b
60 -11.39+1.01a -5.37+0.36b -13.16x1.21a -7.26+0.41b
90 —6.31+1.29a -8.37+£0.35b —-8.16+0.55a -10.17+0.27h
120 -9.40+0.49a -1.70+0.17b -19.63+0.61a -12.8+0.29b
1A Jfi i Weight 30 -2.62+0.67a -5.73+0.51a -6.65+0.68a -9.63+0.38b
60 —8.48+0.87a -5.15+0.41b -14.58+1.21a -11.48+0.29b
90 -14.77«1.11a -4.28+0.24b -23.17£1.82a -13.72+0.32b
120 -9.41+0.66a -2.93+0.14b -14.24+1.29a -8.10+0.19b

D IEAH 3R A E MR FE BN ZAp 3 BB A RSB 3 R TR B R R T4 3 AN R REAR ) 22 57 .3 (P<0.05) .

Positive values imply heterosis in the traits, and the greater the values get, the more remarkable heterosis shows. Different letters behind data

within the same row indicate significant differences among different samples (P<0.05).

3 W54t

3.1 DT

T M S T £ N e o JEE T £ ) B 349 A 55 2 M DT
PEGR, B D5 T A, 5 AR 8 25 5 — 3,
RN IE f AT B2 (2.4+0.1) mm ] BE KT
HHEEM] (1.9£0.2) mm] ., ABFEEH, BINOE
J& fa 5 2 il S Js £ IE sS4 (A BRAR [ (2.3£0.1) mm ]
MR TR [ (1.920.2) mm], fFfLH T
Hh ) B9 FE S Y B ] — i 5 B9 AR A RN 2 TE AR
P AKSeh HH FL HW 9 41470 B 5 2% FE 7
Y 6 d, 1 WW A WH B2 A ] e 7 d, 7
R BTG X — WA

32 MBERE

BT, 223 AU IR IR Y AT IE W R F, H
RE RS HBA A 322 A — B0 R 88 B U
ZH 4 HIRIR 2 DA R Y & B IR H 2K e
B & H NPT O A A7 —E 22 5% TR B P
BRI FR R ORI DGR g REAS B P4 B 5 D)2
RSB BEA IR & B T 225 T
HTERAWS , Jo b BUILIA B0 3 , FHE BHR & 1A
R B E Y 30, 3 5 22 AR A A G 2R
—HG A SFE RS IOEEA aRLEA
(A. yunnanensis ) SR R[] R Y A 5] of] e
( Spinibarbus sinensis) """ F{E| | 68 ( Spinibarbus den-
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ticulatus) " W) 23 S T8 IR AR, 122 25 R AR 1 R )
BPESh Bl , B8 LA RN, 2 50 E B S,
PR H B A 22 2 0 28 KA gL i 2521 H
FO7E L L B A7 035 N R B I RE 1 L s B
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