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iE 5 #r

MARE
CHEEEE K PBIEHT, Ak ST 361012)

 E: WagraRams s A Ra REERESFRE3
FPLRLIAZEH (CO T ,16S rDNA Cyt b) FI#%H: K Tmo4ed
151434, Horp 16S rDNA 751 fh A B 9 A B R AL,
A 3 MEEFEFIITEABRRE R, 7 12 MrfrdeARd,
COT [R5 (387 bp) 3L E 41 MEHRESHAL
15,16S rDNA(529 bp) A 21 MEHBREZ AL, Cyt b(383
bp) F 49 MEFHER L LA . Tmodcd (467 bp) A 8 M
HRESBLR. FHERSIMBEER MR RER, E
RAZF—RE 3 NRPLAREE H 75 58 A5 7 51 Y [ IR
HEB R 100% , 5 52 A 5 5 51 [F] 9544 43 51 8 CO T :90% il
89.4% ;16S rDNA :96% F1 96% ; Cyt b:87% F187.2% , ¥k
A Tmo4c4 1ERIEF—RGEAKFHI FFE N 98.9% ~
99.6% Z ], 5 A R Wit Ky 98.7% ~99.4% 2 |a], WA
HEBHBREES, U EERERT 8UAa MRS A3a
TR F—TE 3 PR IARSE b 45 45 R B Ve i ML

MRRA: ZHIRZ CEEH R HE
X BB A A LR R B 7 51
BB AEAE 5 007 , AR SO P A G BEfR
U B Ao A B e A AR
MIZORL{A 3 Ak Iy DNA FRalitfs T
BIEERN IFEHERBT — B
HEEEFFA, R 28 T ERBRERR
H, AFRAaREMZSARERT T
— IR T R 950 b7 38 BLER R,
A PR RS AR R A R R G 0 T R
FERERIKIE

REW: ZLCAPA; A AR R
TAGRR RN R R R
HES%ES: Q34; S917

XEARERT: A

TR ZE A Tmo-4cd BA B T I8 1% I 1 14

75 55 1 B ( Epinephelus akaara) #1280 BE
ta ( Epinephelus moara ) [B] & T #F & H
(Perciformes ) . fig B} ( Serranidae ) | 4 B & . #}
( Epinephelinae) .4 Bt )& ( Epinephelus) , J& T4
Mg, BARENESEME" . apmaE
LA T BEVE IR - 1 0 A R A
DEAEIR K, RE FE5 TRE ARG
W A AR AGIRA BEERLIBE, A4 K
18 {8 65 8 e i, PN BT 40 S D Rk AT, B RS R
f, BARRNATME. =80A R aEHREH
EREHEBE, B A A2 758, A 4K B B PR AR R
A5G B TR B 3 To s A A 7= i
ZYARAHMHARLEFTCEBMBTEKR

YR EL B - 2013-11-05 fEE B H: 2014-02-16

Y. T ARMRLHHRCEAE TRE
A& , B 75 55 A BE £ ( Epinephelus akaara) 5%
TS BE i ( Epinephelus amblycephalus) = b
14 PE £ ( Epinephelus costae) 5% KA A
( Epinephelus marginatus) | 7= K VG ¥ A B 4
( Epinephelus marginatus ) 5 & i 1 3
( Epinephelus aeneus) "', %8 5 B & ( Epinephelus
fuscogurarus ) 5 1§ 7K A BE 8 ( Epinephelus
polyphekadion) ")
AXHHALEEN T EXN FRARAS
TYABEAHATR, BRI E T R T,
AT RN T IR S A BE AR TR K
R AERKEERAR R, BA U 8K 0
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e, SR T 42 2038 15 15 5 i BF 98 58 R AR
1B, Z0Ri{A DNA (mtDNA ) 2 B0 A 9 40 % 41
HIBAEY R, BA L0 A FOR G T &
N TR B 204 DBk, G54 71 B L RS 3K
R AL R AR To L S S AR R R4
Y BRI 37 AREREES T ZEHTAT
BEAL E R BB BT RS R R
SN, MEEEAE I ERERE(CO
I),16S tDNA FIZifi 2% b(Cyt b)3 FhLkifk
FERER R LRI 584 BEALARIT , BRIt = A 3
FHATREE TR RBIFHERXE, A
FEXT AR 4 B 8O B R B OE R R —
RIK 3 ALk f& DNA F1—FiZ 3 Tmo4cd 3
71T FEBII5E F0 HLXT M7 , Do i 25 B £ 7 5 0
AP T — B BT 5 T 3R B8
ik, o5 B £ 20 Rl O e AR A 4 T SR
FHES AR

U RPR

1.1 ##

I RA BT = 80A B LR IE R AR
WA E I /NE S A Rascmitil, faa
RS ) Snsam( @) RHMERIESZA, I
RARKE(R) 5y ama (8 )Ehac4d.
TR A R AAEA R NME, B M (K8 5k D
BHARFT LD, LIE -20CHRFERH.
1.2 DNA pyiR UK EE R BRBRE

DNA (42 B FIR ARG SN Y) 4 48 DNA 2
Buston) & , MKt it 1 B 25 4T DNA 3R, (R T
-20 CHEM. PCR RNLEMAFR N 25 pL, 506
¥5: 5 U/pL Ex Tag DNA 4§ (TaKaRa) 0.25
wL.10 x Ex Taq Buffer 2.5 pwL.2.5 mol/L dNTP
(TaKaRa) 2 pL. 10 pmol/L 5|#) (invitrogen, 3
1)% 1 pL 2 J% 20 ng /uL P41 DNA 1 uL, #8
447K 17.25 uL, f§i Bio-rad JAJEIFMUHAT PCR
Mo LR 2295 CHZSHE 5 min J5,95
CAEME 30 5,38 %k 30 5,72 CHEMH 1 min, FEHEFT
32 MEF, B)5 72 C#Ef# 10 min, ¥ PCR ;=¥
TE 1. 5% WIBUIRVEBE b BEAT LIk 0 B , RS R
BB Ol B B — 2R FH B B W 5 Je i Ak [ml
IR & [l PCR 74 i B, ¥4tk i) PCR 7=
Ppi& 2| invitrogen 22 FIMFF
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Tab.1 List of primers sequences used in this study

Elk B S Elk7)E 2]
COI-F CTACTTGGCGACGATCAGA
COI-R TTCAACCAGTTCCAGCACC
16S rDNA-F CGCCTGTTTATCAAAAACAT
16S rDNA-R CCGGTCTGAACTCAGATCACGT
Cyt b-F CGAACGTTGATATGAAAAACCATCGTTG
Cyt b-R AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA

Tmo-4c4-F
Tmo-4c4-R

CTCCGGCCTTCCTAAAACCTCTCATTAAG
ATCGTGCTCCTGGGTGACAAAGTCCAC

JH BioEdit {5 B Fr 45 SR e fE, A AR
SERIFIIERR L, I E R S B T %
o KIRIGILERITF]F A NCBI H 21T Blast,
WRERBRFRFIRERNTNE R R
Bto {81 DNAMAN &R {4 3 [7] — 7 2 5 (9 7 51
Frhanh a5 R B, [ EX R 58] 1 51
AL BE RN 51 18] B 22 7 )1 O o A Clustal X
Xt 73 #EAT 58 4 LR 0 SR 5 e fAs KR MEGA
5 BMAGETH R S B iR B AR L R 5 1]
MR AL LI DT FBE B EE N REEEF
o

2 4

2.1 EERFIARSH

¥ PCR =Wyt A7 I , 0 e 45 2R X 2 #r i
HIRAT—ILRE T AREAR 4 FEEEFF],3 F
SRLIAIEE 1 MM E ALEE 1 (CO 1),
16S rDNA , ZH il 5% b(Cyt b) FI—Fp4Z%F A Tmo-
4c4,

WA 1R, BATRE T a8 A RAa SRR
Apt R HIERZF—HK CO I MaFsl, K
& 387 bp, FERAABEAMIERZF—M 12
AMERILE 41 MEHREFALR, BRALA
IR AE B AL, T T 346 R IRSF I
TIPS . AFAREAKH NS MEZE ) CO 1
Pl R—8UM, EXT—(AM) 58E m40h
B (EMb) ) CO I PP 2 —BH, 5XA =L
APt (EAa) i) CO 1 JFFIFER KR ESR . 3T
F—R(MA) 584 5 A KA (EAb) i CO |
FPF R —BH, R 5 XA R A5 (EMa) 77
EBRES . EX 12 MAZaN AR CO 1 73
BT B HE S8 23.2% ,C 220.6% ,A K
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29.5% ,G %26.7% ., T+A &8 H52.7% ,C +
CHESENA4T.3% T+ANRBESESE T C+G
HIRRIL &8 . W 2 F13 Fi, 3K48 1) 16S tDNA
1 Cyt b FEF P HIH BE 4351k 529 bp Fi1 383 bp,
£ 16S rDNA E:[H 5751 H & B 21 MEH RS F
fiAL,7E Cyt b EFEFHIH B 49 MEH R H
fm o 16S rDNA F1 Cyt b BiEEFH P57 12 4
AP AMAPE DA B FEL W B EE S
GARARAMIAEASERXF—-R=FHE—
A AR S AR AR RAAE 5 e F—R

=HILZ T —AKA, 16S DNA J¥5]H T.C A,
CHWEHRFEHNEET 729.2%,C K 23.8% ,A
H22.6%,G Jg24.4% , T+A S5EH51.8%,
C+GCHEERN48.2%,T + A RIS ST C +
G W& &, Cyt b FFFHh T.C A G I
WEE T H25.9% ,CH15.5% ,A 529.9% ,G
H28.7% ., T+A 58 R55.8% ,C+CHISEN
44.2% T+ A FBESFEARE T C+ G S
=

1 FRARESZYLAREBRETHEREBHRMEER CO I ZHEHEF TR

Fig.1 Multiple alignment of nucleotide sequences of CO I between two crossing grouper hybrids

and their parents(E. akaara and E. moara)
BAFRRTS A B AA R U LT 5 Z F 582 — 20, KA — B MR T 75% , B B3 —BE K F 50% , EMa. Mtk = 804 BE i ; EMb.
WM = QA B, AM. IERSF—1R; EAa. HEPE IR S A BEM; EAb. WiV (A BEM ; MA. RS F—R. K2 -4 [k,

W 4 FrRERARH) 73— % FE A Tmo-4c4 J7
F 41K 467 bp, FH 8 MEHRERM K. A
APEEPLATIRA 4 MELE - DER, B
SRR AR ATIREA 4 PAMEIEE A RH,
EZF—RANMEEHPAEE (AM-1, AM-
2),REF—HRANMMEEFPIA KB (MA-1,
MA-2) , #%FEHE Tmo4cd 12 Mf&d T.C.A.G
WEREYSE T 728.8%,C H25.8% ,A K

25.4% ,G#20.0%, T +A 48K 54.2% ,C +
CHEREN45.8%,T+A HEESENEST
C+GCRAEEE,
2.2 ERBEFIIEREESHT

AR A A B A K HIE RS F
—f%, CO T EE 75 1 [F I K 89. 4% ~
100% ,16S rDNA 3£k 96% ~100% ,Cyt b 3 H
J187% ~100% , 1% H Tmo4c4 Jy 98. 7% ~
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99.6% o XT3 FhERLAEL N IE RS T — 1N
RN PS5 BA R H 751 1 R IR #R D 100%
FRAKEEH P51 R P53 51 CO T :90% Fi
89.4% ;16S tDNA:96% #l 96% ; Cyt b:87% #I

EAb

EAa

2 FRAMESZYAMERLZERENLRAEERE 16S rDNA ZHEF 5 b 3¢
Fig.2 Multiple alignment of nucleotide sequences of 16S rDNA between two crossing grouper hybrids

87.2% ., 1#%FH Tmo4cd ERAAF—RERAER
P EVEH R 98.9% ~99. 6% , 544 iy [ YR PE
5 98.7% ~99.4%

and their parents(E. akaara and E. moara)

“UFRFINERK

2.3 3INGREERNRZHEUKDHT

4yHIFH CO 1, 16S rDNA F1 Cyt b FFEAZE
BRI 514 2 A o B S L A8+ — R b
o MR #E Kimura’s Two-Parameter Method "' Ff
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EAb

80
80
80
80
80
80

160
160
160
160
160
160

240
240
240
240
240
240

320
320
320
320
320
320

382
382
382
382
382
382

B3 FRAReS5ZyAREFTHEREBHEHEFER Cyt b ZEHEF 5L
Fig.3 Multiple alignment of nucleotide sequences of Cyt b between two crossing grouper hybrids and

their parents(E. akaara and E. moara)

3 itie

SR R R 3 0 1 P A A A B A 15
BRY%, BA ML % 5 RNA MBIREHER
Ge, BAT SR , AL B PR (4 A, T e 4
JE F1 AR T R T 5 20 LA bA B, M T 2 A
ROREHARE TR o Lot B 7E 1R £ 45
SR PR B 38 7730 S 47 00 2R 5 AL T
JYE R, Horh e A R K ELEE 1 (CO 1),
16S tDNA FIZHMI 5 % b(Cyt b)3 A3 F 4T3
B EH SR E SRS, KR
FIF CO I ZEFEFFI 4 B%t 3 R & 2 24 ABI b
B £ 25T T B AL AT , 2 T ) ¢
J6ERHS 3 Fh o225 CO T EHIT T4 HER,
ik KA S R CO 1 2R FHI% Wy fa s
KB A AL R SE 5L RIEAT T HBAM T
WARD % FIf CO [ FFFI%F 207 FhifisK 235
17T %, Tixt T At 165 rDNA FI4H i €

2 b(Cyt b) FFMEE 5, 5 50 5 F FHH
FEF PRI ek a2 12 Fhaspl a2 fge
B AR T T R HLMT
NTHEARPRTERNFINEZHRE
TR L HE, &% % 8 5 6 (P
olivaceus) FIHEVEE T &F (P. dentatus) N H =38
F— Lk fA& DNA 16S rRNA #R73FF5)i#47 T
WA T, R AL UK 16S tRNA JF 3
5 EEAKE T B P 51 2 — B, R BV R 1)
M, BT 4 B 5 2 3 £ A R R B,
ATPase6 Fl ATPase8 WL AL 7 51 7E I i
PREER | =50 2 8 = F5 A = 85 (18t %
A Stk BB AE T . TR T 5 8 I A%
(A i T JFC B A 21 80 0 AL A B ) 4R R & DNA
16S rDNA 32 8 & & st (e A I . (EXTF A
H 2 80 Ay £ s 0 S5 Y D A% A ) i Ay AL A 52 i
RN B = A5 R = 8 7 51 43 B & B, TE LR IK
DNA [fj tRNA-Val»NADH 5 2 [A [ X 6 5 5] 7
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TEEXHEBRENING. D EREEB, XBAE  musculus) % 34y, K114 ( Parusi major) Fl
DNA 7EZ4353 R IR/ R AE A, B 8 (Apis mellifera) 277 B L 2%, TR IR
(A X Tk DNA w i —Seqb g R 5] (Mytalus ) 713k W 2% 53 43 ( Tapes philippinarum )
WA MBI IE B SG . TRk DNA iy &7 ikikshi b sl & B T A IR AR B 942k
RYEBERSERMMEREDNMEPHRESZE RERFIIRMEREHIE,

HWF 5 4R 38, 7 A (Homo sapines) 1 B ( Mus

EAa 80
AM-1 80
AM-2 80
EMb 80
EMa 80
MA-1 80
MA-2 80
EAb 80
EAa 160
AM-1 160
AM-2 160
EMb 160
EMa 160
MA-1 160
MA-2 160
EAb 160
EAa 240
AM-1 240
AM-2 240
EMb 240
EMa 240
MA-1 240
MA-2 240
EAb 240
EAa 320
AM~-1 320
AM-2 320
EMb 320
EMa 320
MA-1 320
MA-2 320
EAb 320
EAa 400
AM-1 400
AM-2 400
EMb 400
EMa 400
MA-1 400
MA-2 400
EAb 400
EAa 466
AM-1 466
AM-2 466
EMb 466
EMa 466
MA-1 466
MA-2 466
EAb 466

4 FRAMESZYABERLZFAREZER Tmoded #ZHERFF 5 L3t
Fig.4 Multiple alignment of nucleotide sequences of Tmo-4c4 between two crossing grouper hybrids and

their parents(E. akaara and E. moara)
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3#
46 EAa
100 EMb
AM
EAa
—
77 EAb
(a)
39 EAa
100 EMb
AM
EAa
e
40 MA
(b)
36 EAa
o2
l MA
AM
L
32 EMb
()

5 MEEMETRHARERHEEZF—H COI(a),
16S rDNA (b) #1 Cyt b(c) EE ARGt L1
Fig.5 Phylogenetic tree of nucleotide sequences of
COI1I (a),16S rDNA(b) and Cyt b(c) between two
crossing grouper hybrids and their parents(E. akaara
and E. moara)by Neighbor-joining (NJ) method

P 42 1 000 R T bootstrape H , KA
WiES. EMa. MEPEZEUAOBEM; EMb. MR GUABEfA; AM. IE
ZF—M; EAa. MMM S ADEE; EMb. MRS ABEE; MA.
REEF—Ho

Xt PE ISR AP ORI DNA P51 95
HIBFFE A il , RS R R A s A B A
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TR £1 E £ FR) 232 5 H A 12 IR B R 2 O L
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BAR 7 FI IR 58 & — B, -5 504 iy 2R 5
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T B S PR A i 1
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Analysis of maternal inheritance of mitochondrial genes between two crossing
grouper hybrids and their parents

ZHENG Le-yun
( Fisheries Research Insitute of Fujian,Xiamen 361012 ,Fujian,China)

Abstract: We analysed the sequences of three mitochondrial DNA (CO [ ), 16S rDNA, cytochrome oxidase
b) and nuclear gene Tmo-4c4 to identify the phylogenetic relationship among the grouper hybrids and their
parents ( Epinephelus moara @ and Epinephelus akaara & ; Epinephelus moara & and Epinephelus akaara
? ). Among the four sequence fragments there was insertion deletion 16S rDNA but no insertion deletion in
other three gene fragments which all belong to coding gene. As shown in results, in 12 sequences there were
4 haplotypes and 41 nucleotide polymorphic loci in CO | gene fragments (387 bp), 2 haplotypes and 21
nucleotide polymorphic loci in 16S rDNA gene fragments (529 bp), 2 haplotypes and 49 nucleotide
polymorphic loci in Cyt b gene fragments (383 bp), and 6 haplotypes and 8 nucleotide polymorphic loci in
16S rDNA gene fragments (467 bp). Sequence divergences and genetic distance analysis showed that three
mitochondrial gene sequences in the two crossing hybridized generations all showed 100% similarities
respectively with the fragments of the female parents, but there were only 90% and 89.4% similarity in CO
I, 96% and 96% similarity in 16S rDNA and 87% and 87.2% similarity in Cyt b with their male parents.
In nuclear gene Tmo-4c4 there were 98. 9% to 99. 6% similarity with their female parents and 98. 7% to
99.4% similarity with their male parents. The results indicated that there was no remarkable genetic
difference. All above results imply that the two crossing grouper hybrids inherited from their female parents in
three mitochondrial genes and there is no remarkable genetic difference in nuclear gene Tmo-4c4.

Key words: Epinephelus moara; Epinephelus akaara; hybridized generations; mitochondrial gene; nuclear

gene; genetic variation
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