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X :2005-2008 £ , L HAT T WA HQ x AT HSE BAHQxEHSE WTHQ x 43
EHRE WIHQxAERS AZHXLHRELS HERXRE, FRET XK EWH
KRR CHAREE < EAREE FA<ER)| S AFF < RRTHRETHF < AR EH
WERXRBER, XY KW 8 etk & RERZFMMERAT O, R Russell 2 K& F
Rl RS, ERRB AT, RREGEHN LERXEM T, RXEGEN 0.5, EXXHF
AT, RXEGE N0 FIM,REZX 8 MHEFHKENI6STDNA fu COT XRR L FHHER £
FHHMEREER, A8 HAKENHARTEEMRRECEERRELN, —H 24K
FAX(R =0.81, P <0.01) EXWEMMEAHREEERATRK HEXRN, &
REWRRFMELSAREOURER AR, TURIH AREER TS ETLRR

Wy Al ATHI o

REEW AP &R E RXF ;168 DN L E R CALE [ X H

FES%ES:Q953; S 917

FHL T HAE M 3097, £ 20 T K £ Btk gt
HeOO SR 2HE, RIS e LA R, B 16
HHB LA, S T RS LR L3, 3T T Z AR
ZeAT Sy (B 4R A BT 4 2R ) SR B R A,
HAPUE R B 1% H3E 4 22 3 414 B MR
B, RIRE, G 23 R AR R T R
AL A B R S , IR — 3 S B R 7E K B B o
AR, BT B AR SRR LR, B AW
B, BB HFAN IR, SF AR A B R
HE ZRARHY , 3 — A IR 2 B AL 5 — A IR
HEPR TR AR T, LA T 2 s B SRR
WS, R 52 B R
Sk, Y ] 2 30 00 SR 1 45 L A 3t A B
EUBRESLBEER - EHMELE, B,
Coyne 2" 9t & BLELMA th 2438 SE A AR ZE A 1
&4 urtiEl Y 5 myr, 5 3 drix — BRI S 11. 5
myr'®™ o 3Ei FE AR I B AL AR B B TS AT

15,45 H #A : 2009-10-28

&5 3 3§ :2009-12-02

MEKERIRAD A

PATRIN — 2 2R3 ) SR AR B , B0t T PRI 4k 2%
TR AEBENE .

W& DNA  FIRiCE AR KR, ZTFHT
ARSI TREREMADBERE, H,
#pifk DNA (mtDNA) IRiCEBIAM D T &
KRG EBHELNDFEFEXRLEEH BT
ATFRREZ—" . BidLs ik DNA F3)7s 5]
LASTAL b 8] 4 18 45 AL R B , I T 353+ i A5 B
BS R FE MM AR, Russell™ HTEE
£ cyt b BRI B £ R R G RE B 5 230 3R
Mk HE4T T BF9%; Bolnick %1 Fll FI 4 KLk 165
rDNA\3 > tRNA & 4 M EEFIIRET K
FAfa R Centrarchidae ) B9 4> T RAEK BH#, &5
R PR AR 2R A0 B0 e A 5 Hos A B 2
—SE BRI

RABMHENEYAHURNEEFR, N
TEE AL BRI 5 R, 7E 4 2 6 a4 v

FRWE: BR AR REARB R ZRITRI(2006AA10A404) ; R +—1” PHg X # TR (2007BAD43B05 ) ; BLAR =)l 5
ARERER S (nycytx-50) ; F 5 HiRH W B (07-2-3-5-jch) ; Wi AR R B (2008C12011)
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117 #3850, A RZSCH A BRI B E A
AICHET 8 T T T8R4 2 MLk & DNA 165
rRNA J CO 1 B9ERGMFFFITA T 8 A FB E R [a]
BIGEERS SR A AP A MEMRER X 8 TR
HIIERACEE R, TR T 3% 8 Fp#PER & Je 38 R A0 1
FIFFERCEER K R, LI R ST B R e X F
RS RIS T,

1 ME5k

1.1 3kI4F #4750 DNA BGREX

SCH6 BT FARY 8 Foi e fa i BURE M s R 0 2K
fringl, SHHELHRS B, BULAEREE DNA,
DNA $REU5 33K A H MR By — A5

®1 A 8 MEMERE KR
Tab.1 Origin of 8 species samples of flatfishes

B Sy Bk R

fish species taxonomy origin of the specimen
i o) Panicnbyie Py AR
i ) Panicnbyie Py B
ot o) Panicnbyie Py SARHAT T
o oo Plssonsiat Koris e
b o Plsrongsine Vo TR
it il Plscomsine Voo WA
it i Plsxoncuine Pl FLRKBISEST
s marine) Bt St RA S

1.2 16S rDNA #1CO 1 EFE K B 1t

16S rDNA F Bz 3% 1951 91 )7 51 & 16SF-5'
CGCCTGTTTATCAAAAACAT 3' # 16SR 5’
CCGGTCTGAACTCAGATCACGT 3’ ™ co 1
FEY S YWFF R CO1F 5-AGT ATA
AGC GTC TGG GTA GTC-3' #1 €O I R 5'-CCT
GCA GGA GGA GGA GAY CC-3'™  xWixts|
Vi LA T AR A M. PCR RNFEFH 94
T WA 5 ming; 94 T 284 30 s; Bk 30 s
(168 rDNA 56 T;C0 1 52 T) 72 C 80 s,
3£ 30 MEIF; BJg 72 CHREMM 10 min,

PCR 7= s Jk BB WU , {8 PCR 7=4f)
gitbidA & ( LR AR T4k, g B
B & 5 Bek B ABI3730 5,
1.3 e 23R R A XEER W E

2005 —2008 4F, So/E AT TR T 8L Q x B F
S B Q x WTES BT xA8kS
BB Q x RIWEMS BT Q x KEHMS K
BT Q xWIFHES (KEEHT Q@ x RILEBE S %+

ZEIEY , W AR ACRE R RAG IE W IR r s 31Tl
Fo FNEFRRWT 6 BT 6 BT 6 A
BRI ESR FE SR B K K EEHE 8 B
P R 2R3 B SCER PR, B IRE H 23R A
AWM < ARES A< 2x8a" R’
TFEE < BT BT < EEEMNIER
U EAR T EEQ x S & X 8 Fh
AR b R J4 38 B SR A AT G 1T, R 9 Russell
o X, IE R JE AR BRSBTS I A B 2438
&5 B (hybrid fitness) 184324 1, 1IE R/ HRIYA
BERTE A S ARRESEN O, & ES
B9 IE AT 2388 7 B Z A F3ME
1.4 HiEaE

N Clustal W 1. 8 X BT R0 3% 8 Fp 4k
£ 1) 168 rDNA,CO 1 2R F 53047 Hexd Bopa
%7, F§ Mega 3. 0 344 Kitumra-2-Parameter-
Distance W2 HE B T H R A EH, F R A
Neighbor-joining ( NJ) ¥ M £ 53 F RGEM
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2 BRS55H
2.1 § FhtR#EE ) 16S rDNA 71 CO I EEE B
B FF FIHFAE

53 B FIF 16S rDNA 1 CO 1 #5145, LA 8 P
19 5 DNA Syt 934, 9 2k s i

& o X FTIRIS I 3 HEA T 3R 1 T B
GenBank (3 2,#%3), 8 #fa1Y 16S rDNA K
B BE 4 527 ~532 bp, AT (& & H48.5% ~
51.7% ;CO 1 BH F B K E#H N 522 bp, AT
S8 N55.7% ~57.5% 1 mT CG &8
(F2,%3),

R2 8 MEMERGE LMK 16S rDNA BEE R BRHKERFHEHM
Tab.2 The length and nucleotide composition of 16S rDNA partial sequence in eight flatfishes

acceGs:ir(I)iB;?;ber T(%) C(%) A(%) G(%) A+T(%) lengjtz %fi?f(r:gz‘lents

5 ZF 6% ( Paralichthys olivaceus) AY046951.1 28.6 23.5 21.3 26.6 49.9 531
E ¥ (Paralichthys dentatus) GU248346 28.6 23.5 21.3 26.6 49.9 531
BT BF ( Paralichthys lethostigma ) GU248348 28.6 23.1 21.1 27.3 49.7 532
A8 (Kareius bicoloratus) DQ403797. 1 29.1 22.7 20.7 27.4 49.8 532
LB (Verasper moseri) GU248344 28.9 23.0 22.8 25.3 51.7 530
FIPEEEE (Verasper variegatus) GU248345 29.4 22.8 21.9 25.8 51.3 530
BRI (Platichthys stellatus ) GU248347 28.4 23.4 20.7 27.5 49.1 531
K6 (Scophthodmas marxima) GU248343 27.1 22.8 21.4 28.7 485 527
SE35 average 28.6 23.1 21.4 26.9 50.0

£3 SHpspmm NG COl EERBRKERWEAR
Tab.3 The length and nucleotide composition of CO 1 partial sequence in eight flatfishes

acceGs:ir(I)iB;?;ber T(%) C(%) A(%) G(%) A+T(%) lengjtz %fi?f(r:gz‘lents

5 ZF 6% ( Paralichthys olivaceus) GU248354 30.5 25.1 25.7 18.8 56.2 522
E ¥ ( Paralichthys dentatus) GU248353 30.5 25.7 25.3 18.6 55.8 522
MBE 8% ( Paralichihys lethostigma) GU248356 32.6 23.6 25.3 18.6 55.8 522
A8 (Kareius bicoloratus) GU248350 32.6 23.2 24.9 19.3 57.5 522
2578 BB (Verasper moseri) GU248352 29.5 25.9 26.2 18.4 55.7 522
B 3E 2 % ( Verasper variegatus) DQ403797.1 29.7 25.5 27.2 17.6 56.9 522
E PT84 ( Platichthys stellatus ) GU248355 29.3 25.9 24.5 20.3 53.8 522
F256% (Scophthodmas marsima) GU248351 32.4 243 241 19.2 56.5 522
SE35 average 30.9 24.9 25.4 18.8 56.3

B3 e 8 FhETER M 2 7] 16S rDNA 98 AL
ZFH 2% ~13% , Horh B 5E B2 SRR AR5 B B
ZREBEPN ALK 2% , T KEZEF A KN 2R R
R, H18%, CO T HPE R BHIBEERN 5% ~
21% , H A A5 2 SR R SR EE R/,
5% , REFFFIRR RSN ZFBZKR, N21%,
2.2 8 FhepRE BT RS R

B8 8 FhETEE M LRk 16S rDNA
MCO 1 F BP9 #E47 b, A Mega 3.0
Kimura- 2-Parameter-Distance ¥4 DNA F7 51 %12
HHBEEEE SR (£ 4) . UBEBRIEAX
B ( Ietalurus punctatus ) ( Genebank & %5 ,16S
rDNA ; DQ990581.1; CO 1:EU524680.1) N5,

FIF] Neighbor-joining ¥ (NJ) &4, HITRAE X
BoHr(E L),
2.3 8 FhEPERRYIBEEE S TEMMHXER
1R Russell™ | FRREFT O 20 R LA P, KRB
BRI S ASME)8F B LA
T IER R BRI RGN, BXERE N
L5 48 5F 8RN B 58 6 A8 ST S A ELBE OF 6 48 2 A
ABELL T A8 I8 6 0 (B B 2 85 1Y 1 2R R BB B
W, RAFERARBRTE, 2238/ E N 0.5, % )L
HAAH A/ IER AT AR, H I IE R~ XT
PRI ; 18 2T 6PN AR B0 B2 B A8 ST P A K386 LA K
SEEANARTE B SRR IE AT A REIRIEE W IEF
e, RAEREN0(FK L),
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80

%E Kareius bicoloratus
100 Platichthys stellatus

[ Verasper moseri
100

Verasper variegatus

Paralichthys olivaceus

7T|EParal ichthys dentatus
82 Paralichthys lethostigma

Scophthoalmus marximus
Ictalurus punctatus

L
0.05

E1 ETF16SrDNA F1 CO 1 L FFIHMEN S HASENS FRALZETH
5T B M BE A X R M (Ietalurus punctatus) a5, B35 %07 Bootstrap 1 000 B BERE .
Fig.1 NJ tree based on 16S rDNA and CO I partial sequences in eight flatfishes

Channel catfish Ictalurus punctatus of Siluriformes as outgroup , numbers adjacent to branches indicate bootstrap values from 1 000 replicates.

R4 SHERETRIFTESHRABEEES
Tab.4 Hybrid fitness of cross data and pairwise genetic distances among eight flatfishes

FREBEE SERM JRAZREES (Nei’s)
A B AXB BxA hybrid fitness references ]?enetic distance
2570 B B ( Verasper moseri) B 3 B ( Verasper variegatus) 1 1 1 [12] 0.030
8% ( Kareius bicoloratus) BEPT)I|8E (Platichthys stellatus) 1 1 1 [13] 0.038
E 6% (Paralichthys dentatus) T3 IFEF ( Paralichthys lethostigma) 1 1 1 [14-15] 0. 084
5 ZF 6% ( Paralichthys olivaceus) B ZFF( Paralichthys dentatus) 1 0 0.5 TSR 0.102
5 5F 6% ( Paralichthys olivaceus) 1%k (Kareius bicoloratus) 1 0 0.5 [18 -19] ,4~BF5E 0.129
5 5F £% ( Paralichthys olivaceus) 253 BB ( Verasper moseri) 0 0 0 TSR 0.133
5 5F BF ( Paralichthys olivaceus) [B3E EBE( Verasper variegatus) 1 0 0.5 [16 -17] 0.143
5 5F 6% ( Paralichthys olivaceus) KZ2EE(Scophthodmas marxima) 0 0 0 3T, [19] 0.178
KZZEF (Scophthodmas marxima) 253 BB ( Verasper moseri) 0 0 0 b ) 0.182
SR Excel 2003 H i [B1H 43 A 20, DL ) @ 1.2 7 10501, 30
by ) N; N M =—i. x+1.
HAEEERE D b X §i, AASEEA N ¥ 4, B0 A " ko081
BREEEMAREAEREERENAMERX (B 2, B 0.6 )
R'=0.81,P <0.01), BEERAAGERE S5 04
N . 0.2
AL BB R O K, A5 A L N
D < 0.1 B, ZATTER N 1, AT LR O e B D
BB 2 % B RN B 3R 1 % R T B R IR 5T genetic distance
" 2E Fudh . M 4y
IERSTHITARBAFH; 2 0.15 > D >0.1 B, % M2 SENRTES RS ERERNXR

SERTERE N 0.5, 4048 2F BRI BT 6F 48 2F S A
PEIF 6F 45 25 SR 8 98 5T 61 70 [ B 2 B, X 8
HBRAFIERRK R RRRABBRIEHRM; S D >
0. 15 i, Wy Rl 238 S5 ARARME LTS , AN R 26T x
ARPEEBRAG T B x KBS, P, FPRMA T
SR A R 7 ) 12 2 B T 38 A T PR

3 itig

3.1 RETEZFHFRMAERFEZHA R
RIBABIRMER RIE, X EFERH R F3L

Fig.2 The relationship of hybrid fitness and
genetic distance (D) in flatfishes

JERRRHE BT , In 4R T 2 A R BE 2 9 I RURE
AEEFETE) I BEH IE K38 I8 T8 @ x B 616
WAL xFREMS IR T Q x A#ES
%o Hop, AEtm B )| 80 IE K 3SE ST A
RUREFAREZHERY , WFQ < EF6F
& IETEEQ x ABKS W x AIRESS &
ARG R F RS TR KRBT
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REFAZZWER, TAREBEES BBEE
REBEFES R SRT,8 FhETaE
8 Pt B 3 23 4 A AR BRARTE , U KSR ER AN
ARPE B R T BRI R SE BT A9 1F 23 WA K B T
Q x WS BB xWFHS HHEQ x
WHFEES RBR, Y BB AT 25751
WEGBE S TR R T, B R T Bl —E W BS R G
R ILAFAIET, IR, BT Q x RF6
5 EREMQ < WFEE S A F R MGk
ok, AR AR, Yok b3S EG B2k T B
SERBRE REWIET-" 2 T 6Paf 73
R R EREEE HIEA MG
ABIF AT LIE H 18 F 6R B T 61 38 F 6150
P B B 9 ST TR B IE A TE 1 R R SRR
o ZXZEAXIHR (hybrid asymmetry ) 2 F SR
LSRR , 2R AR IR 3G o R, 5
B LR B BT EE SRSy
RIZAEA I FRAG B>, Tiffin 2% 33
FAEYIE IE R AR X FRBEFTIRST, 48 i 40 fa i
240 S K A LA P VT BB R B AR 2R S R X R — A
FE R M, Ellison 2™ 7 % ¥ 0 ( Tigriopus
californicus ) BRFFEE L. BB AR AR T AT
A IE RAETE N ASHR, Turelli 1 705 ABFFLHG
B RERETUTIIAEETRSRAAR
Xt - DL L A 22 R i HE A R, 7 SR g
Fedghat™ axghiyeh, dokifk DNA b0 8 58
FE R EBFERN T LA B | L IE 23T 1 IR ST HK 5
@X Yok, B MBI gtk X i Rbia) 2
BEI, 6 5 —AN SR A B M e B B4 R —
AN B Y A AT A R BRIE B AR VR TS
REZLFPFET, % BUIE B3 TE 1 A X @B AR
7, FEWRRG 2 8 B, Z6b 9 8 B 2 B P00 BB
Fin mRNA R RS FBHEM , XA 1
B VT B85 AR B 28007 R T AR ] WA T £88 T S
SERSHR o
3.2 FEBEES LR TEREHEXYE
BFSE 00, Fob A 2 32 1 3 A0 5 R IR 1R 1%
S A BRB IRl B R AEEE B %, SR rp, T LA AR
ZRE EE B/ TR A BE R (D) 25 0.07 (K2
0.35 myr) ™, ¥g JH 7= 4= 232 38 B 44k B il
0.06 myr'® | TS U0 ik A o 722 A 2038 TEB B R
B3 f5EE B 0.05 (K% 0.25 myr) ™ | 5%
ZRRE 518 I R 1) 38 FE B B 090,04 (K #5 0. 20

myr) P!, FEf % Russell ™ 237 T 2R EE &
2 cyt b R AR R AR EIGERMER R R, SRE
B, BB AP IR ENES eyt b AR
BEEAEAMERX, ARNEXE RS AT
g 57 S B4 3%, Bolnick %' 3t K [H
VSRR Y P I S
R, &R R ARACTE B E 5% o4 ut a8 F
FRELMAMR, KHAR A 815 41k it )
AN 100 A H A3 K E TP 3.13%
ARFRGT X BB B Z S TE A B S YR R AL iR
BERXAETOEHR, 4R 0B R 8 fhérag
£ 8] 22 38 B 35 A 5 8 A BE B A7 7 B 3 1Y UM
XK. 8 FhEEEEG  FpRREGEERE 0.04 LIF,IE
R G RIITT LA ; A FEBS7E 0.04 ~ 0. 15,
1E S AC B m] BEAS BT 5 F IE] 3 A BE B K F 0. 15,
M 2438 S5 AR XL TS o

B AR Rk a) R AR B B 5 A SR A Y A
REHAT T HFZ MBS, H X FAE M A )
bbo SMHFELIEEE , T AE £ B R A F FUR 1 R
bR 2 JIR R, RS F A2 R BB R, F
By Fha] = A 2432 5B 19 A ) 22 B4R K, 4n i g
( Perca fluviatilis L. ) B WA s B BEAR 132 15 404k
A 0. 01 ~0. 115 myr, P> i BB fa] £
ZesE Rk LR 7 s T A FH £ ) £ ) P A 23
FOREB LML X2 5 ~ 10 mye™® . B—A4
T EE IR R BUA M FAnic ki Forfb s & a4k
TR PR AR R — 3, 7 i 22 BIAR K, R FE R
AT 45 R T 4T, T BRI A 2
PR, qnXHER A F] R ok R 2L AR A B Y
PEAb 3 A2 R TR R MG B AR 16 517, It
S, BAR P FE— BeARIR B BT , XELL ) P4
V) B9 38 £ Al Ak T 2% 38 B SR A, nAE M 2 b 4
ALBSIE] 35 6. 7 ~ 9. 5 myr, {5 7] BB 7= A= 22 40
Wl ARBEEE PR SR A AR ] g %
FERS MBS 2 th e RIBRZR , N A% 3% B2 B 4G 2F %
B AEEEE 2 0. 133, /N F RIBEE 8 598 F 6019
FhlE R AR, MATE A EMEAHRTEE,
PR X R EIRZ R IR TR B — B L TR
ito

BE 30k
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Analysis of correlation between pairwise genetic distance of
eight flatfishes and hybrid fitness

XU Dong-dong'’?, YOU Feng®* , LOU Bao', LI Jun®, XU Jian-he’, WU Zhi-hao”, ZHANG Pei-jun’
(1. Marine Fishery Institute of Zhejiang Province, Zhejiang Province Key Lab of Mariculture and Enhancement,
Zhoushan 316100, China; 2. Institute of Oceanology, Chinese Academny of Science, Qingdao 266071, China;

3. Marine College, Huaihai Institute of Technology, Lianyungang 222005, China)

Abstract; Reciprocal hybrids of olive flounder @ ( Paralichthys olivaceus) x summer flounder & (P.
dentatus) , olive flounder @ (P. olivaceus) x barfin flounder & ( Verasper moseri) , olive flounder @ (P.
olivaceus) x turbot & ( Scophthalmus maximus) were performed by artificial fertilization from 2005 to 2008.
And data of hybridization on eight flatfish species in previous reports were also collected including barfin
flounder (V. moseri) x spotted halibut (V. variegatus), stone flounder ( Kareius bicoloratus) x starry
flounder ( Platichthys stellatus) , summer flounder ( P. dentatus) X southern flounder ( P. lethostigma) and
olive flounder (P. olivaceus) x spotted halibut (V. variegatus). The hybrid compatibilities of interspecific
crosses on these eight flatfish species were analyzed. According to Russell’ s definition, hybrid fitness was
scored 1 when the offspring of reciprocal crosses were both viable. The hybrid fitness was scored 0. 5 when
one direction of reciprocal crosses was viable, and hybrid fitness was scored 0 when the offspring of
reciprocal crosses were both inviable. Meanwhile, the ribosomal RNA 16S (165 rRNA) partial sequences
and the mitochondrial cytochrome ¢ oxidase subunit I (CO 1 ) partial sequences of the eight flatfishes were
obtained and analyzed. Based on combined sequence data of mtDNA 16S rDNA and CO I , intrespecific
pairwise distances were calculated and a phyogenetic tree was constructed. The relationship between hybrid
fitness of the flatfishes and pairwise genetic distances was evaluated and linear correlation existed between
the two(R* =0.81, P <0.01). The hybrid compatibilities declined with the interspecific genetic distances.
Our results suggested that negetive correlation exists between hybrid compatibility and genetic divergence in
flatfishes. The hybrid compatibility between different species of flatfishes could be predicted by analysis of
interspecific genetic distance. And these results would be good references for further hybrid breeding study
in flatfish.
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