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Fig. 1 The measuring range of morphological length of grouper

14K 2 K3 JTarik; 4. WK, 5. IR42; 6. IRJE kK,
7. 34K 8. A 9. BARA; 10 AR

1. total length, TL; 2. standard length, SL; 3. length before anus,
LBA; 4. snout length, SL; 5. eye diameter, ED; 6. head length after
eye, HLAE; 7. head length, HL; 8. body depth, BD; 9. caudal
peduncle length, CPL; 10. caudal peduncle depth, CPD
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Fig. 2 The truss network of grouper
K93 45 21—10TA b5 5, HD1—2 3 R Akbr S 1 522 A
BEES, DAGSEHE. 1. BREG R 2. Wsh; 3. IEEEHTI; 4. 605
R 5. EEER I 6. T BRI, 7. B EE N RN, 8. BB R,
9. FB#E YN, 10. R4 b Al

Coordinate points are divided into 1—10; D1—2 represents the

distance between coordinate point 1 and coordinate point 2, and so
on. 1. the lower end of the gill cover; 2. the upper front of snout; 3. the
front end of the ventral fin; 4. the upper end of the gill cover; 5. the
front end of the gluteal fin; 6. the front end of the dorsal fin; 7. the
rear end of the gluteal fin; 8. the rear end of the dorsal fin; 9. the
lower front end of the caudal fin; 10. the upper front end of the
caudal fin
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Tab. 1  Comparison of measurable characters between hybrid
grouper and its parents

ZLuZ e H
geprie NI

?:; E ﬁﬁgﬁfﬁ; i%ﬂ?ﬁf% Hybrid I—llg(tl)g(d
fuscoguttatus polyphekadion  grouper (HI)
%ﬁ/ﬁz“ﬁ L1740.01° 1.14£0.01°  115:0.01'  66.67
g}ﬁg‘% 2.8440.02° 2.90£0.02°  3.01£0.04° 28333
ﬁ%@‘ﬁ 5438002 4.95:0.07° 5812007 _7917
ﬁﬁf& 2.73£0.04° 3.14£0.02°  2.54£0.03° 4634
IR 7140003 7235012 7530007 43333
{%ﬁ%ﬁﬁg 145¢0.02° 14140.02°  145£0.02° ¢
%ﬁﬁﬁ@ 12040.01° 1.18£0.02°  1.25+0.03° _250.00
I%L{/QS/E@& 5.73£0.06" 5442007  5330.06° 137.93
SRIREE 7961015 598:005° 7420007 2727
%ﬁ@ﬁ"ﬂﬁﬁ 479£0.02° 4504005  5.26+0.05 _162.07
éﬁﬁﬁf@ 1.44£0.01° 1.55¢0.02°  1.59+0.03° 13636

P15 {HMean 49.76

i B BUN30 (n=30); Bl bR RIS REROR B
ZE 7 (P<0.05), et 24 87 K #5357 243 Al Duncants: 5

Note: The number of samples is 30 (n=30). Different super-
scripts at the top right of the values indicate significantly different
(P<0.05), as determined by One-way ANOVA followed by the
Duncan test
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JEBE 5 BEAREIR, WA ks sl P A . AR ARIE
A
23 RRXFREFAVERBEREDHRERS
X

AR B s P i S s TR E AR A
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— 3, WM TR TAEES E S AR A R
SEAAAL

WRE E R 7 s R, SR AU B4 oy,
7 2] DL B 324 Z 00 44 O3 R TR 2 A

o B—ANFEHKAPCITTERZE H70.161% D7T—
10, D9—10. D7—8. D5—6. D6—7. D7—9%
BT REECR, $9760.90L) I, AT LATS HHPCT 2
ML AR EE . BRI B, VIR
HORARIEA 2 LSRN EE R AEEAEE
o AT TR N 12.217%, KK /MRAE,
D13, Sk KMk kKR 5 Sk K25 87 REUE
K, ¥7E0.600L L, Bt AT WPC2 3 % Bt T A Bt £
(1) Sk 8 5 AL 5 4 0 A S I DR . DO FE A S
[1191.674%M1) R TR 2 BAG AR, 7T DL HH
b VAN SN, s P R N R NI A G % O
F R VR 32 1 43 210 A D0 B01E 22 i R i A B £
HAKABE A, 22T 3 Bosr B B (B 5), 45
BEIR, BEA AP, KA R T RIES
R A& 5, TGS AS R 2EHE, A B &SFRF

A

B3 ZA TR IR AR L]
Fig. 3 Body shape truss network of Hybrid grouper and its

parents
A BFEECABEM; BOE KRB C 458 FAR
A. E. fuscoguttatus; B. E. polyphekadion; C. hybrid grouper

0
tE B AW E. fuscoguttatus |

2475 {-fkHybrid grouper 2

/KA BEME. polyphekadion 3

4 FABERSRAR IR AR
Fig. 4 Hierarchical dendrogram of hybrid grouper and its parents
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AN, 3 A HRA BT ARE .
24 WIDENTFHRICHTFE

A s A B 47 T A0 2 DR ZEL 0 e, BT A
RO HE B TG W 7 E 5 99.70%, 38 5 1A 2K
5 & (Clean bases)Ft 6171561900 bp, i U€ J5 Q20
95.87%, Q30°489.75%, GC & & J41.04%, I ¢
B rT LLAT JE 2R 0. Rk MISABR A 1615 2
SSRAV£162667, HoA “AX T 275115 1143.90%),
#22 BRTFREEFZFAFHRMERIF4NER S HIFERE
RERSHREE
Tab. 2 Eigenvectors and cumulative contribution rates of four

principal components from the thirty-two traits of hybrid grouper
and its parents

R

Morpho?(fgigll: @t?: %)%rameter Principal components

PC1 PC2 PC3 PC4
AK/MEKTL/SL -0.015 0.607 0.13 0.643
&K/ = SL/BD -0.407 0.013 -0.8 -0.102
/A B SL/HL -0.763 033 -0.407 -0.296
PR/ K SL/HL 0.724 -0.498 0.396 —0.159
K/ AR K SL/CPL —0.657 —0.297 0392 0.227
K/ AT 44 SL/LBA -0.252 0.118 —0.134 —0.881
MK/ R CPL/CPD —0.527 —0.033 —0.546 —0.184
LKW HL/SL 0337 0.667 0.253 —0.447
Sk K/IR4EHL/ED -0.31 0.824 -0.407 0.039
LA/ R BEHL/IW —-0.946 0.008 —0.251 —0.008
LK/MR S5 LK HL/HLAE -0.375 —0.766 —0.18 0.229
D1—2 0.965 0.131 0.175 0.054
DI—3 0265 0.785 —-0.113 0.147
D1—4 0.979 0.005 0.151 0.076
D2—3 0.925 0325 0.141 0.072
D2—4 093 0.188 —0.157 0.167
D3—4 0.935 0.064 0.295 0.106
D3—5 0.946 -0.074 029 0.011
D3—6 0.941 0.053 0326 0.003
D4—5 0.863 -0.027 0.389 —0.06
D4—6 0.866 —0.003 0.443 0.016
D5—6 0.952 0.095 0.266 0.083
D5—7 0.768 -0.239 0.519 0.047
D5—8 0.924 —0.11 0353 0.027
D6—7 0.938 0.143 0293 0.057
D6—8 0.935 0.199 0.261 0.064
D7—8 0.962 0.072 0.249 0.001
D7—9 0911 0264 —0.033 —0.027
D7—10 0.968 0.107 0.165 —0.021
D8—9 0.934 024 0.192 0.085
D8—10 0.889 0334 0.185 0.029
D9—10 0.963 0.078 0.217 0.094
% TR TTHREE (%) 70.161 12217 5486 3.810

=R #R2380 (15 HE37.98%), VU A% F 28844 (15
t14.11%), FAZ T ER AN S AL IR 70 3 82064~ (15 L
3.29%)F1454 (7 H0.72%) -

S 458 it L 3% B 0 804N SSRAVE % 1 51 4, %t
IV INERV A B ARG B A 7 A B, XA
S HEATPCRY 38, R 5 34T Bl I W 6 I L Uk SR

SEVEGRE, 754 BRI PCRy= ) F HE4T 58 79 I B i
B LK, TR vk g R 6. BN RN

3B SN [ AR 4T 5 TR M I e P HL K 43 #,
gk Bn] L, ae27 M ac34 P AN TR AL #5347 B i,
H—MMATE X A2 A A2 SR, IF
H =514 FIDNABAR 338 1 2% 71 v BEA 34N BA
SRR, T DR AR — B 0 ik

25 BHAY R EMSHK

AR B A0 LK 5 R, e 0 08 H 7R e
37 9
o @
2 | # . .
* 0
1 -
a0 F * ”“‘
8 - ﬂ Ox’o
o KR ABEME. fuscoguitatus
2 a {ﬁﬂ(EﬂIﬁﬂE polyphekadion
3 ta : x%’thybrld grouper
-2 4 6

PC1

K5 A TR A T B 1A ZE B 2 B ]

Fig. 5 Scatter diagram for PC1 and PC2 of hybrid grouper and its
parents

A
bp
150

140

130

bp
160

150
140
130
120

6 LA Hae27 2 B EIHIESE R(A) M LR Fac34%
LI 45 R (B)

Fig. 6 Results of microsatellite loci ae27 diversity screening (A)
and loci ac34 diversity screening (B)
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ok HTERR SUA B, JE/KA B4 FAR3ABE
P 38 A 5 v 2 A I I TR O T S (R 3), X
FEANFEAR B304 2 0 HE AT B 404 UK STR 7>
R, AR PE AR 19 B3 TR 2 T AR I HERA I PCRA= 4
KB, AT Ja B .

H 2 40050, 451 Wrab42sh, Hoabext 51445 af
TE 5B 4 BEAR op 4 38 R S MR 4500, 0 5] P Xt ad30,
TEAZ A B AT DAY 38 K FE SN 1450151 bp s
ST, (EAAS AP AT DAY 3 K 154 bp
(PRE S 1 2%y, R AT LI 3 3N AR
26 FUEHAH EEREGEMZEERIENH

FHEE SR, 76354 B f 5 5 N BT 4 {8
o, K IR RR A B £, 2UE N 10.000, 5N P2
FA38 AR, Bl N8.000. 238 TR ML 4% &
(H,) TN B EE 5 55 (HL) 35 R 3 0 A B 0 B oK, BUE
53 280.891H10.768, fie/INYIIE J9iE /KA BE

Botsteinii i 2 & 15 B & & (PIC) K T-0.58 4
2 AL . T KA BE A I ad 1947 55 PICH: =i,
B {H 0.869; J4 32 F1Rac34hL i i PICH AR, $1E
90.441. 3DMEHRIFIPICH0.674, NEEL A
B Ao BARMEEE3 0 BN FEAA, AT DUR I, X T 4%
AR S, HoFBHIPICH0.699, 74N 7 4 N &
FEZ AL A . X FEKAR AT, FHPICH

#3 LASSRULSHEIMFNRBABESHELES

Tab. 3  Primer sequences and annealing temperature of seven
SSRs loci

HE RAKIREE
(A= k]l %6 HB  Annealing
Loci  Primer sequence (5—3’) Dye Repeat temperature
motif (©)
ad30 TTGAAGATGCTTGTTC HEX (TGA)y 60
GTATTGA
CTGCTTGCAACTAAC
ATACAGCA
ac26 AGTTAACAGCAGCAC HEX (GCA)y 60
TTTGGTGT
CAGACATAGCAGTGT
TTTTGCAG
ab42 CTTTGTCATTGTTGTT ROX (GAG), 60
GGAGTGA
GAAACACAAACCCAG
TGAACC
adl9 TTGAAACTGGTGATT HEX (ACA) 60
TACACCCT

TTTTATGGACCAGAA
TAACCACG

ad25 GTACTTTCGGCCAAT FAM (TAA), 60
AATGACAC
TGTTTTGCTGCTCTTA
TGTTGTT

ae27 TTCGTTTCATCTATAG HEX (CTC), 59
GTTTGGG
TATGACCCTGGAGGA
GCTATACA

ac34 TGGAGATTAGAAAAT FAM (ATG),, 60
AAAACCACCA
GAGTCAGATGTGACG
TGTGAAGA

0.606, HH1ae26. ad19. ad25flae27 M fE £ &1k
e X TR RINE, FHPICH0.717, Hrp
ad30. ae26. ab42. adl9. ad25Flac27 N EE LA
PEAT A

R LT IR, A S G ik B 74 TR A7 AT
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Tab.4 Allele frequencies of seven SSRs loci in E. fuscoguttatus, E. polyphekadion and the hybrid grouper

i i Loci . ; . TR 7 i Loci - s ; s TR
%ﬁ]d%o/ E%ifgfi%us E. ﬁ;ﬁpﬁe%a%ion T%h;%ly%bﬁd %ﬁ]g/ E.%ifguﬁtit%us E. f}ﬁfpﬁjﬁ%on T%h;iﬁd
Allele : grouper Allele : grouper

ad30 ad19

136 0.4500 0.3333 142 0.0333

139 0.0333 0.5000 0.1667 148 0.3000

142 0.3667 0.1667 151 0.0167 0.2334

145 0.0333 154 0.1000 0.1666 0.0333
148 0.4833 0.0500 0.3000 157 0.1333 0.0667 0.1000
151 0.0833 160 0.3167 0.0333 0.2833
154 0.0333 163 0.1667 0.0667
ae26 166 0.0667 0.0333

141 0.0833 0.0167 169 0.0333 0.0834 0.2167
144 0.0167 0.0334 172 0.1000 0.0500 0.0500
147 0.0667 175 0.0333

150 0.0833 0.1833 178 0.0167

153 0.2667 0.0667 0.1500 181 0.0167 0.2500
156 0.4167 0.2500 0.1000 ad25

159 0.1000 0.1833 0.0500 147 0.0167

162 0.0500 0.0500 0.0167 156 0.0167 0.0667 0.2500
165 0.0167 0.0500 0.4333 159 0.1500 0.0167 0.1000
168 0.0501 0.0500 162 0.3833 0.0500 0.1000
171 0.0500 165 0.3000 0.0500 0.2500
177 0.0167 168 0.0833 0.0667 0.1000
ae27 171 0.7333 0.2000
144 0.1501 0.9167 0.5000 174 0.0167 0.0167

147 0.1500 0.0500 177 0.0333

150 0.6167 0.0667 0.3667 ab42

153 0.0500 0.0834 130 0.0333 0.0833 0.0666
156 0.0167 0.0167 133 0.0833 0.7167 0.4500
159 0.0167 136 0.1167 0.0333
ac34 139 0.0833 0.0333 0.2666
131 0.3667 0.0333 0.0500 142 0.4000 0.0167 0.1667
134 0.0333 145 0.3833 0.0167 0.0167
140 0.0667 148 0.0167 0.0167

143 0.0500 0.2833

146 0.0167 0.6000 0.5000

149 0.3000 0.0333 0.4500

152 0.1500 0.0500

155 0.0167
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Tab. 5 Parameters of genetic variation of E. fuscoguttatus, E.
polyphekadion and the hybrid grouper

frs B¥ mewmmm ks ST
Loci Arguments E. fuscoguttatus E. polyphekadion The hybrid
grouper
ad30 A 6.000 4.000 6.000
H, 0.733 0.033 1.000
H, 0.664 0.555 0.773
PIC 0.591 0.444 0.721
ae26 A 13.000 12.000 11.000
H, 0.800 0.633 0.800
H, 0.824 0.893 0.761
PIC 0.787 0.866 0.722
ab42 A 7.000 8.000 10.000
H, 0.500 0.333 0.500
H, 0.702 0.475 0.824
PIC 0.638 0.447 0.785
ad19 A 15.000 13.000 8.000
H, 0.867 0.967 0.967
H, 0.860 0.895 0.823
PIC 0.832 0.869 0.784
ad25 A 9.000 10.000 10.000
H, 0.867 0.400 1.000
H, 0.754 0.636 0.859
PIC 0.703 0.601 0.827
ae27 A 12.000 5.000 8.000
H, 0.600 0.100 0.967
H, 0.672 0.600 0.783
PIC 0.637 0.523 0.736
ac34 A 8.000 5.000 3.000
H, 0.800 0.600 1.000
H, 0.757 0.564 0.554
PIC 0.706 0.493 0.441
Mean A 10.000 8.143 8.000
H, 0.738 0.438 0.891
H, 0.748 0.660 0.768
PIC 0.699 0.606 0.717

seq i AR A& B A e E S P 1) H IS8 1T AR Y — ol
FiAR . BairdZ ™ — iRl 7 ddRAD-seqf A J5,
WHARBE TZ R B T 2 851 75 Fhrid I K
. HEEY) AL I RAD-tagE 47 B B 5, 78 7%
DR 2 YE R HoE R R v, e T R K E
SNPAISSRAR L, T 4% 48 (1) SSRAR it HF & A B
KK #ETRE . AZSH IR A 5 R 6 S50
AP PR T 1 2 R SSRAF T R KB .
AL BT 13 B 74 SSRER L, 7E9 1 Hh kI HL
6XF G| A LA B ey 1) 2 A5 1, 38 W] DALE & 70 B

PR3 R SRR SR, T DU T X3
BE R O B JE (H) S5 A AR B8 A 22 1 5 DDA K,
T VP AL A5 R4 AE A [ iz A B0 308 4% A8 e 7 B4R
PRz —, HAE = M B AR R K. FEARSEIR
FAS TR A& FE(H,) WA BE(H,) gt
e AEIE I e BT L, 2558 8 Fh A H R8T i
MO AERE Z AR T EENitE. 28
FRE S EPIC)S — MR P A SN PT A  E
GBI . &M, B4E 2R PE AT &,
A BORBOR, MBS AR E . ARSI PRI T
ARHIPICTY0.717, i T4 mi A B A8 AN i 7K A B
R HAEWALAS B ZAEVE T A H — E R
fe o MRS ACSEIG S5 R LLULH, TR, A R
P A0 R 7K AT B (R 18 A% 2 PRI R, A R R o
WA RAE, (R E b, XCR A — Pk E
JE PR AT A BRI BRI RANRRE I 5.

SE Mk

[1] Baranwal V K, Mikkilineni V, Zehr U B, et al. Heterosis:
emerging ideas about hybrid vigour [J]. Journal of Experi-
mental Botany, 2012, 63(18): 6309-6314.

[2] Nie C, Almeida P, Jia Y, et al. Genome-wide single-
nucleotide polymorphism data unveil admixture of
Chinese indigenous chicken breeds with commercial
breeds [J]. Genome Biology and Evolution, 2019, 11(7):
1847-1856.

[3] Buckley F, Lopez-Villalobos N, Heins B J. Crossbreed-
ing: implications for dairy cow fertility and survival [J].
Animal, 2014(8): 122-133.

[4] Huang X, Yang S, Gong J, et al. Genomic architecture of
heterosis for yield traits in rice [J]. Nature, 2016,
537(7622): 629-633.

[5] Bachem C W B, van Eck H J, de Vries M E. Understand-
ing genetic load in potato for hybrid diploid breeding [J].
Molecular Plant, 2019, 12(7): 896-898.

[6] Zheng G D, Zhang Q Q, Li F G, et al. Genetic charac-
teristics and growth performance of different Megalo-
brama amblycephala (Q) * Erythroculter ilishaeformis
(&) hybrids [J]. Journal of Fishery Sciences of China,
2015, 22(3): 402-409. A E #5, 5K & 1, 254m 51, 2. 4]
Kti () x FUBEEH (3) A2 5 AR FIBALRHE S K 22
5 [J]. REKFEREE, 2015, 22(3): 402-409.]

[71 Wang S, Tang C C, Tao M, et al. Establishment and
application of distant hybridization breeding technology
for fish [J]. Scientia Sinica Vitae, 2018, 48(12): 1310-
1329. [£ A, R, M, 5. fRIEERTHHR
ST SR [ H B R ARl 2018, 48(12):
1310-1329.]

[8] Strauss R E, Bookstein F L. The Truss: Body Form
Reconstructions in Morphometrics [J]. Systematic Zoo-


https://doi.org/10.1360/N052018-00174
https://doi.org/10.1360/N052018-00174
https://doi.org/10.1360/N052018-00174

452

KR R

48 %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

logy, 1982, 31(2): 113.

MaL Y, Zhong J, Wang W M. Comparison of morpho-
logical characteristics between Paramisgurnus dabryanus %
Misgurnus anguillicaudatus hybrids and their parents [J].
Journal of Huazhong Agricultural University, 2019,
38(5): 35-42. [Hy ke, iP5, £ TR, Je Rl K% Rl Ve
it 28 TS R A TR A RFAE LEAL [3]. ARk K2y
ZEHR, 2019, 38(5): 35-42.]

Wang Y, Zhang Y, Zhang H F, et al. Comparison of
morphology between two kinds of hybrid groupers and
their parents [J]. Journal of Fisheries of China, 2014,
38(06): 778-785. [ £k, 5Kk 5, dKilE A, 5. PIFH 285240
PRt S JOR A RS 22 7 0 i (0], K7 524, 2014,
38(06): 778-785.]

Ran G, Dai Y, Yue X. Morphological characteristics and
differences analysis of Schizthorax kozlovi and Schizotho-
rax lissolabiatus in karst area [J]. Jiangsu Agricultural
Sciences, 2011, 39(5): 490-494. [f¢6 88, 1S 5, 0%
S0 Ve SR i X DY 1| SR R RN s RN £ R SRR AL
Jo 72 Tk oy M (3] VT 95 ARk B2, 2011, 39(5): 490-
494.]

Yu D, Gu X, Zhang S, et al. Molecular basis of heterosis
and related breeding strategies reveal its importance in
vegetable breeding [J]. Horticulture Research, 2021, 8(1):
120.

Acquaah G. Principles of Plant Genetics and Breeding
[M]. Wiley Online Books, 2012: 3-21.

Grover A, Sharma P C. Development and use of molecu-
lar markers: past and present [J]. Critical Reviews in
Biotechnology, 2016, 36(2): 290-302.

Su Y, Mao J, Ma Z, et al. Genetic diversity of different
apple varieties was analyzed based on SSR technology
[J]. Molecular Plant Breeding, 2020, 18(22): 7450-7457.
Dubina E, Kostylev P, Ruban M, et al. Rice breeding in
Russia using genetic markers [J]. Plants, 2020, 9(11):
1580.

Hou L, Chen X, Wang M, et al. Mapping a large number
of QTL for durable resistance to stripe rust in winter
wheat druchamp using SSR and SNP markers [J]. PLoS
One, 2015, 10(5): €126794.

Xu S X, Liu J, Liu G S. The use of SSRs for predicting
the hybrid yield and yield heterosis in 15 key inbred lines
of Chinese maize [J]. Hereditas, 2005, 141(3): 207-215.
Coughlan J, McCarthy E, McGregor D, et al. Four poly-
morphic microsatellites in turbot Scophthalmus maximus
[J]. Animal Genetics, 1996, 27(6): 441.

Xu Z K, Primavera J H, de la Pena L D, et al. Genetic
diversity of wild and cultured black tiger shrimp (Penaeus
monodon) in the philippines using microsatellites [J].
Aquaculture, 2001, 199(1/2): 13-40.

Wang M, Bao Z, Zhan A, et al. Eighteen polymorphic
microsatellite markers in the Xishi abalone, Haliotis

gigantea [J]. Conservation Genetics Resources, 2011,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

3(4): 669-671.

Yu Z, Guo X. Genetic linkage map of the eastern oyster
Crassostrea virginica Gmelin [J]. The Biological Bulletin,
2003, 204(3): 327-338.

Lundrigan T A, Reist J D, Ferguson M M. Microsatellite
genetic variation within and among arctic charr (Salveli-
nus alpinus) from aquaculture and natural populations in
North America [J]. Aquaculture, 2005, 244(1/2/3/4): 63-
75.

Chistiakov D A, Hellemans B, Tsigenopoulos C S, et al.
Development and linkage relationships for new micro-
satellite markers of the sea bass (Dicentrarchus labrax L.)
[J]. Animal Genetics, 2004, 35(1): 53-57.

Qu M, Tang W, Liu Q, et al. Genetic diversity within
grouper species and a method for interspecific hybrid
identification using DNA barcoding and RYR3 marker
[J]. Molecular Phylogenetics and Evolution, 2018(121):
46-51.

Zhang Z C, Hou X. Strategies for development of SSR
molecular markers [J]. Hereditas, 2004(5), 26: 763-768.
[FKHG 2R, {525 K. SSRZF TARICTT A MG S VP4 []. 382
£, 2004, 26(5): 763-768.]

Tamura K, Dudley J, Nei M, et al. MEGA4: Molecular
Evolutionary Genetics Analysis (MEGA) Software Ver-
sion 4.0 [J]. Molecular Biology and Evolution, 2007,
24(8): 1596-1599.

Li Y L, Chen C, Zhai J M, et al. Fish hybridization and its
application in grouper [J]. Marine Fisheries, 2012, 34(1):
102-109. [ 2 5%, Wi, BB, &, MRAATHE MR
KM HEAEABE AR [J]. L, 2012, 34(1):
102-109.]

Wang C H. Study on genetic diversity of red common
carps in China [D]. Shanghai: Shanghai Fisheries Univer-
sity, 2002: 41-53. [F R, o B 40 8 35 4% 2 REERT R
[D]. Lifg: K=K, 2002: 41-53.]

Ma A J, Wang X A, Lei J L, et al. Statistic morphology
difference among four turbot (Scophthalmus maximus)
populations [J]. Oceanologia et Limnologia Sinica,
2008(1): 24-29. [ Z %, 4, KR, 5. KEH
(Scophthalmus maximus) VU/NAS R Hb BRFEAR S0 B T 505
iE LLE [3]. R 5599, 2008(1): 24-29.]

Cadrin S X. Advances in morphometric identification of
fishery stocks [J]. Reviews in Fish Biology and Fisheries,
2000, 10(1): 91-112.

Song W, Wang Y Z, Zhu D M, et al. Morphological varia-
tions among the genus Megalobrama [J]. Freshwater
Fisheries, 2013, 43(3): 21-27. [R X, E &/, BLEM, 4.
o J& LS 22 00 [0 WKk, 2013, 43(3): 21-
27.]

Zhang H Y. Study on morphology and genetics of Sillago
sinica [D]. Shanghai: Shanghai Ocean University, 2013:
33-37. [k 403, H E 5 (Sillago sinica) R TE S 3% 8
TR2#HT S [D]. il BT, 2013: 33-37.]



33 TS BRE A REA(Q) x KA (D) F A TG SRACR A LU S AR A 7 453

[34] Nei M. Analysis of gene diversity in subdivided popula- markers [J]. PLoS One, 2008, 3(10): e3376.
tions [J]. Proceedings of the National Academy of [36] Wang Y K, Hu Y, Zhang T Z. Current status and perspec-
Sciences of the United States of America, 1973, 70(12): tive of RAD-seq in genomic research [J]. Hereditas,
3321-3323. 2014, 36(1): 41-49. [Ty, #¥E, 7k K H. RAD-seq$¥
[35] Nathan A B, Paul D E, Tressa S A, et al. Rapid SNP ARAEFE KA 70 B % B 22 1], 18t4%, 2014, 36(1):
discovery and genetic mapping using sequenced RAD 41-49.]

COMPARISON OF PHENOTYPES AND GENETIC CHARACTERISTICS
BETWEEN HYBRIDS AND PARENTAL GENERATION OF EPINEPHELUS
FUSCOGUTTATUS (?) x EPINEPHELUS POLYPHEKADION (&)

WANG Tong', FANG Ming-Yu', YANG Yang', SONG Le-Ling', CAI Chun-You’,
MENG Zi-Ning"” and LIU Xiao-Chun"’

(1. State Key Laboratory of Biocontrol and Guangdong Provincial Key Laboratory for Aquatic Economic Animals, School of Life
Science, Sun Yat-sen University, Guangzhou 510275, China; 2. Hainan Chenhai Aquatic Co., Ltd., Sanya 572000, China;
3. Southern Ocean Science and Engineering of Guangdong Province Laboratory (Zhuhai), Zhuhai 519080, China)

Abstract: In both plants and animals, distant hybridization often gives rise to offspring exhibiting hybrid vigor, and this
approach has shown significant potential in aquaculture. Grouper, an economically important marine species, has expe-
rienced rapid industry development. To cultivate new grouper varieties of high economic value, a crossbreeding experi-
ment involving Epinephelus fuscoguttatus (Q) and Epinephelus polyphekadion (3) was carried out, resulting in the
successful production of hybrid offspring. External morphological analysis is the most straightforward indicator, influen-
ced by genetics and the environment, playing a pivotal role in subsequent fish breeding. Investigating population
morphological differences holds practical significance for understanding population structure composition and environ-
mental effects, as well as providing guidance for fisheries resource management. Due to the similar physical appea-
rance of E. fuscoguttatus and E. polyphekadion, distinguishing the hybrid grouper from its parents species proves to be
challenging. In order to explore both phenotypic and genetic differences between parents and the hybrid, we utilized the
external morphological and frame parameters for comparative analysis. In the exploration of external morphological
structures, the results of cluster analysis and principal component analysis both indicate that the quantitative traits and
external framework of the hybrid offspring tend to resemble those of the maternal E. fuscoguttatus. During hybridiza-
tion processes, especially in cases of distant hybridization, each parent contributes one gamete, and these gametes
undergo meiosis during formation. Allelic genes on homologous chromosomes segregate from each other, while non-
allelic genes on non-homologous chromosomes freely recombine. Consequently, genetic loci controlling dominant
traits often display incomplete dominance during the hybridization process, giving rise to new genotypes that combine
and express dominant traits in the hybrid offspring. Distant hybridization frequently results in offspring with increased
genetic diversity, which can establish the foundation for breeding and genetic improvement in both animals and plants
when evaluated. Therefore, we used simple sequence repeat (SSR) analysis to assess the genetic characteristics of both
parental and hybrid offspring. A total of 6266 SSRs were identified via ddRAD-seq for E. fuscoguttatus, among them,
seven pairs of SSRs were screened, which could be stably amplified in parental and hybrid population and had high
genetic diversity. The observed heterozygosity (Ho), the expected heterozygosity (He) and the polymorphic informa-
tion content (PIC) of the seven SSRs in the hybrid population were 0.891, 0.768 and 0.717, respectively. These values
were notably higher than those observed within their respective parental populations, indicating that the hybrid
offspring exhibit an enhanced genetic diversity in terms of genetic information. The research findings can provide
methods for distinguishing between E. fuscoguttatus and E. polyphekadion and their hybrid offspring, as well as offer-
ing a theoretical foundation for the cultivation of hybrid groupers.

Key words: Crossbreeding; Phenotype; Microsatellite marker; Epinephelus fuscoguttatus; Epinephelus polyphekadion
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