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Advancements in Genetic Linkage Maps and Quantitative
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Abstract: Many countries have launched genomic studies for aquatic farming animals since the Agriculture Ministry
of America initiated genomic studies for five kinds of aquatic farming animals in 1997. At the end of 2005, genetic linkage
maps of approximately 17 briny or limnetic farming animals have been published. Of these 17 species, the rainbow trout
and the Atlantic salmon have high-density linkage maps with over 1 000 markers; the tilapia, the channel catfish, the
black tiger shrimp, the Japanese flounder and the European sea bass have middle-density linkage maps with 400 — 1 000
markers; the remaining 10 species, including the Thailand walking catfish, the Chinese Zhikong scallop, the common
carp, the Japanese yellowtail amberjack and the American oyster, have low-density linkage maps with less than 400 mark-
ers. The framework and development of genetic linkage maps of aquatic farming animals facilitated QTL mapping associat-
ed with interesting economic traits, such as growth, resistance and development. However, QTL mapping was only studied
preliminarily in a few species with middle or high density linkage maps, such as salmonids (the rainbow trout, the Atlantic
salmon and the Arctic char), the tilapia, the channel catfish and the Japanese flounder. Genetic linkage maps with higher
resolution and fine QTLs mapping are the keys to implementing genetic technology in interesting economic traits and also

have the power to successfully carry out molecular marker or gene assistant selection breeding in aquatic farming animals .
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BEE TSN T A ARSI B N B AR 1 7K P B A
Wik, AfTxshyERr RS HAER . 8
NI Y ) 75— FEORIE K shy, H
BRZAHEARE . Fik, LR K™ 5
Feim B 244 BT B (FAO, 2004, hip: //
www . fao . org/documents )o 7K™ i 32 B K U T4 B5
MIRFE, (Had S . AOATs gy, K™ il 81
WA AT, MRATCE R ANRRFR. Wik, A
& F R il B SR F2 2R T N T FR8,  WBR
% H KW I8 ( Oncorhynchus mykiss ). % AF fa
( Oreochromis spp. ). V%S ( Ictalarus punctatus ) 55 ;
FKIEM UK ZEfa “FH A ( Mylopharyngodon piceus ).
H A ( Crenopharyngodon idella ). i 1 ( Hypoph-
thalmichthys molitrix ) FHE . ( Aristichthys nobilis )”
VISt ( Cyprinus carpio ) 55, 295 &t 575
KRR 2/3 225 (EJRAE SR N T3R5 Y [R]
F, GUOREON R A, W AR | AR RS
PR N REMGUR ) 255 . BRI SE R, i
MARAR EAT, il sl 5 /B, waHanfl,
AT, AR

KT Bl R TN LT A N2 e A Sl e )
ALBTFERIHEST T, e SEEAOL T 1997 49
HIE S o0 0 36 0 g 2 AF 0, ¥ i, 4 W
( Crassostvea gigas ) FITFG 35 X HF ( Penaeus van-
namei ) 55 5 FP E LI AR AL A (Sun &
Chang, 2003 ). IZBIFSTHIEE— B BO 2 AL 2K )™ 77
FHENYI AL S BRI . X R X K 3R B Sl )
Kb, WAL R I 5E RAAR A RAE, WH S
FAESA TR NP AR, oA, Jidh, st
R34 BT P 1% X S AL 5 B — 2 L TR R X 5 2% 1 R
( complex traits ) AL ST A L Rl
AR R PR IS E 4R (Clark, 2003 ).

W 3ot 1 7 B R TSR 10 25 BE BN, 2 A
HWFFEB A ) D RE AL R A 8 . Bt MR oE
5 ( quantitative trait location, QTL), I LATI RS
P BE LRI 2L A 5% 1) T g B TR AL A 5 e i O D A0
Xt H BRSSP A e e S A P RE U T HY
PR, AR L AR, TR AR . BT
Witk CHndgoRg . PooE . IR ) SFZFTIER, JRAE
FOANRAL E RN RO IR, R 22k
PRI o 28R, ARk ) Af 1 45 19 70 25 0 2
o Pk Se MR BRI o (HR 5 AR R
FENATEA, 2K I8 sh W 2L I AL 1Y)

PR FERAMEAE RN R, MRS 1
FEOK IR IR LR TT &, (A AT A1 P Y ik
NGB R, Ak, Mackay (2001) 385X}
R QTL E AL K B, Bri MolR AL sl 5
JE4if% X A DNA ( non-coding DNA ) ¥4 [ 75 541
KRIK, BRI BCE MR A9 BE IRE 5 TR 2 AR
CAIESL, MELETAPILDE . ZIF R BCRI K
B, TEEEME QTL & RLAMFFEAHXT A Bk, i3 X) R
ZROR YR E BT IR T AL 1R RO AT RE

TR A B T i 1) RS T AR R B R W
fr, HREATF o FARCRIN . 3 Fhric i THZ
SRR M RRZ L SRR, WA
LAy A ) SRRSO 1 SR Tk, Bl
HAHMFRRIRA, 3 Fhaictisid HigEm. Bl
SRR IR Sh WAL I B R T A, R AR
A 2 A B M4 B T T A2 AR IE ( microsatellites )
G BRAFH 5 A BRI R B JE 238 Pk s ic
(amplified fragment length polymorphism, AFLP ). {H
&, TE QTL BRI rh, ®mfE/mrgfe, e
PO B R S TR AR i A X A, JLT 90%
PAE BB PR A DT SR AT AR L, T L
PRARICHY 73 1 A 2 o Bk MR R . B ( Chang
etal, 2005). AFLP tRIC% 5 3k4%, #RAERH, &
R Z Ty el 35 % e B P ) 1B A

1 &K= EREA

1.1 LERERAKR

RV E ) 6 R AR My RE D AT 65 K
¥ W ( Escherichia coli ). FE B ( yeast ). 2 H
(' Caenorhabditis elegans ). 14 ¥4 It ( Arabidopsis
thaliana ). 8% ( Drosophila melanogaster ) 17N B
( Mus musculus )o fHJ&, 4k NFEHEPILH M ¥ 5¢ U5
AR SR A58 B 4 A5 DR 2H I ) AR s A 2 /N B,
M4 A WAL B K (Fugu )o T K f2 J5 ™
T HAMR—FhgKt, HIEPRH RN HA AL
4 178, 1HZ 5 N BATARRLAY 5 D 480 aL
(Clark, 2003 ). 5 ¥ KW JKAH B, 3R 7K &% 9 K
( Tetraodon ) WA Z¥ME, ©F 2004 458 MFE N 41
A F 4 TAEER I (Kai et al, 2005); fHJE X HFP
AR SE I T AR I, B T ARXEZEAT A
TIRACE TSN, WA I AT A ] A i A4 1 B
B, R SRR, 5 NIk [N 21 AT AR
whye, BT ( Clark, 2003 )s Kai et al
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(2005 ) KB ILR AR IC B S kG 1 9] K 8 4 it
BTG, HE—BHEsh TR HESh Y A FLsh P L)
R N2 2 8] B HEAR AN HL AL 2 F T
1.2 HFEESLAEHEE

KNSR KA, BE €8 ( Danio rerio )
Sy BhE, AR, SRR RN R NI E A
9 1/3, T HMRIGBEAER . Brid, B2l
Ui MR T A BT SR Y . B £
W TAE M AR SERL, HHAAT i 85 P ) st A% i 4 ]
T, KRR IK P A bR ( expression sequence
tags, ESTs) FIZEAAKSEEHE (hip: //ofin.org ),

SR Wy b s A B B L s, Db,
HAF M (Medaka ) HA SHEDMAAHRIR A )
Febk, WA 1E & — PR 47 19 5t A% 24 F S8 LR,
Naruse et al (2004 ) #—255¢38 T 7 i fa (1845 %
BT, AH T I P AR e R = XA o L R bR
it (bi-allelic ), Z&MAK. Kimura et al (2005) 1A
N, EE AR ME S BE X bl £ 4 B DR 2H 1Y P o)
B, X552 2tk 0 e 6 F o0 S8 IR e, BT DA R T
Fi—5K R 231 AT R A e 4R Y st A% o B R S
(% 1)

® 15 MUk EN S E FE SRR S IIRE

Tab. 1 Latest advancements in genetic linkage maps of five kinds of aquatic model animals

AR Aquatic model animals FRICFIZE Mapping markers *ﬂilﬂﬁﬁ AL References
Total number of markers
BELEy 1 Zebrafish ( Danio rerio ) Microsatellite 4303 http: //zfin. org/cgi-bin/webdriver?
Mlval = aa-ZDB _home. apg
H it Medaka ( Oryzias latipes ) EST, Structure gene, RAPD, RFLP, 1373 Naruse et al, 2004
STS
Microsatellite 231 Kimura et al, 2005
VTR Tiger pufferfish Microsatellite 200 Kai et al, 2005
( Takifugu rubripes )
SR Xiphophorus RAPD, Allozyme, Microsatellite 320 Morizot et al, 1998
Microsatellite, Allozyme, Structure 290 Walter et al, 2004
gene
ORI A Threespine stickleback Microsatellite 227 Peichel et al, 2001

( Gasterosteus aculeatus )

1.3 fEAERERE

Xiphophorus J&H 24 N ANFEAIFPE . Hdkr
i ( Platypoecilus maculatus Giinther ) F1 &1 J&
( Xiphophorus helleri Heckel ) [Z%F 5 E B (AR
o RIS IZBRORBEMALR B ORE M
oL, Bk dot 8 B AE B ALY ( Morizot et
al, 1998 ). Xiphophorus 8 NFEW 58 8 0E K
LA K b 4 SRR Y R R A, H T 3 14 %
BT, C AR E S R i B ) P A S0 ik [
Xmrk (LG24) Fl— R A Z RNl 3L ] CD-
KN2X (LG5) ( Walter et al, 2004 ).
1.4 BLBEERE

5 [ AR K% Peichel 2L 90T I RHIE /N 4H
BRI, TE AT AR A [ R B0 . ( Gas-
terosteus aculeatus ) A AFIAEE (niches ), Hi&
ARG A AR Y, & A T 224K Peichel et al
(2001) Ay, =0 £ R HE Sl ) DR ) PR35
AL — N ISE, RS HESh YR S AL gL

BB, HAY, s i, © XA
AR . SRS TR S AR AR AT T QTL E LAY
( Peichel et al, 2001; Colosimo et al, 2004 ).
BREEK 7 8l ) A AAT Jmy BR 5 3 TL A @9k 14 iz
M, R AEAR 2 U R 46 IR A T . BR T IR
SFOT I E N, KPR I T 1 5 AT TS AT EE AP Y
OLRE PR, s o . —poRl fa . R BH &7 55 ( Clark,
2003 ). HIMCHE] UL, AR Z K77 sl PR AT Ay @A
Ky, HEZRT AL ENRARARTE

2 EBKFEFEINMRIEEEDEE

HEE LT 1997 4E2 5605 5 5 K™ 575
SRR LR, HAh E R k22 I 1K™
FRI SN HE A5, A% 32 B L i 1 g s I O i
FHE S EE H AR — . A 2005 F K,
AT 17 PR K IR FE BN AT T 5L % B R
(_EaA = s sh bR AN Do DL R bRicBOh K
i, BENGX 17 PG RS o 3 25, BRI
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R AL T BRI, PRICEL > 10005 TR BE TR R %
BIEIE, PRCE T 400—1 0005 IR FE 33t 4 1%
K, Frickk < 400,
2.1 BEEEREEHEEL

BT DR 5 4 N IR TG A B 2 1Y — T R R A
Z, R WO R LR AL 58 K SR AN 28 2
— AR SR A A T W 5K 4y F 1t AL % B R
( Young et al, 1998; Sakamoto et al, 2000 ) Fl— 35K
) T-J 7% 81 3% ( Nicols et al, 2003 )s Nicols et al
(2003) fEiX 3 5K % 81K 3% 09 FE Ak b, 38 1 39
AFLP ARICHIGL T RPRIC, 2 3 Bl &1 5 5 il
—SKARICECN 1359, 2 BERIK 7.4 oM BRI

REBiEE . 9K, AT H MR, FIRA
TR A B VT 1 18— X 2B £ A R A AT RE ARSI P A JX
Pl HERER . BrEk, —Fh ] REHH AT 4 LA
AR EEBETE (% 2). BRELEGLISN, GERMAaZ
(1) 75— F LSRR ARV ( Salmo salar ) 15
RIALBTFE 5 200 F 25 55 UK. Moen et al (2004a) 4%
R R VPGP E AP ICBOR 527 4, HAERE
NRSP8 ( National Research Support Project ) 7K = 4F
JEHRE AR, A R E AR IC A e B
it 1 000 4~ Chttp: //www . animalgenome . org/aqua-
culture ), TLBEHI A i %5 B 35 A% % 401 3 )

x 2 17 MUKFFREMIEEENEENRTER

Tab. 2 Latest advancements in genetic linkage maps of 17 kinds of aquatic farming animals

K= FRIEEY) Fricfhs Fric SA AL References
Aquatic farming animals Mapping markers Total number of markers
W84 Rainbowtrout Microsatellite, AFLP, Structure gene, Allozyme, 1359 Nichols et al, 2003
( Oncorhynchus mykiss ) VNTR, SINE, Minisatellite, RAPD
Microsatellite, AFLP 523 Zimmerman et al, 2004
KPGHAE Atlantic salmon Microsatellite, AFLP 527 Moen et al, 2004a
( Salmo salar ) Microsatellite, Allozyme 53 Gilbey et al, 2004
bR Arctic char Microsatellite, AFLP, Structure gene, 327 Woram et al, 2004
( Salvelinus alpinus ) Phenotype
Z A4 Tilapia Microsatellite, AFLP 276 Agresti et al, 2000
( Oreochromis spp. ) Microsatellite, Structure gene, AFLP 658 Lee et al, 2005
Y% Channel catfish Microsatellite, Structure gene, EST 293 Waldbieser et al, 2001
( Ictalarus punctatus ) AFLP 418 Liu et al, 2003
i Walking catfish AFLP 134 Poompuang & Nakorn, 2004
( Clarial macrocephalus )
22 FIXTUR White shrimp AFLP 394 Pe’rez et al, 2004
( Penaeus vannamei )
BETTXSEF Kuruma prawn AFLP 342 Li et al, 2003
( Penaeus japonicus )
JRJRUF Black tiger shrimp AFLP 673 Wilson et al, 2002
( Penaeus monodon )
Fi4LA W Zhikong scallop AFLP 363 Li et al, 2005
( Chlamys farreri )
#46 Common carp Microsatellite, Structure gene, RAPD 268 Sun & Liang, 2004
( Cyprinus carpio )
# M Yellowtail amberjack Microsatellite 200 Ohara et al, 2005
( Seriola quinqueradiata )
KO- Pacific oyster AFL 215 Li & Guo, 2004
( Crassostvea gigas ) Microsatellite 100 Hubert & Hedgecock, 2004
K E 45 Eastern oyster AFLP, Microsatellite, Structure gene 198 Yu & Guo, 2003
( Crassostvea virginica )
ERNZE T2 Japanese flounder Microsatellite, AFLP 463 Coimbra et al, 2003
( Paralichthys olivaceus )
£ Red sea bream Microsatellite 136 Inami et al, 2005
( Pagrus major )
BRI BT European sea bass Microsatellite 162 Chistiakov et al, 2005
( Dicentrarchus labrax ) Microsatellite, AFLP, EST 400 Volckaert et al, 2005

#AEAETI A Okmoto, 2005 ( Partially cited from Okmoto, 2005 )o

2.2 HEEEEEDEL

monodon )« H A ( Paralichthys olivaceus ) F1EK

FIRUTE A Hh s J3E it A 1 B 1 3 A0 SR BEL R 2R AT 5

f, BT BERZS AR A W

FEUF ( Penaeus

NS ( Dicentrarchus labrax )o P I AOFRICEUTE
400—1 000 N5, R Fhrid F 22 M T AR
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LA AFLP BRig (R 2).
2.3 R E GG & EIE s E & E S HESR

ZeE WA &% ( Clarial macrocephalus ), & E 1)
LB D ( Chlamys farreri ). 40, H A< B 8 2 i
( Seriola quinqueradiata ), 3% E B4 W55 T 10 Fh 57
FEANE O VI 8 s 15 JE BRI HEZE . (&S Bt
WCHCL T 400 A, 2 A AR AT PLGCE A AR id A
AFLP PR E (£ 2)0

RIS HUR T DA — BN T & SRR R A T
PRI BB 25 X 32K 7 57 5 B0 ) sk A% b
FREMA RSB, BORBZ 172 TiRid
Ko A B AL SRS b, RS R i g i
. Ak, BRIX 17 R A AL R 1 R K
FIESYILISL, EAREZAH LT E R FRFEFI R D
TETETF JEAH G By st AL BE 98, WA BUIR B ( Morone
saxatilis ) CIEX B EEE RO HEPIHE (£
NRSP8 7K 7 4F BE e 4% ), F [ wEfi v fie 4 2
( Eriochier sinensis ) 1 %& PR 20 A 5% 11 %0) 1, 1F 7 Pz iR
e

3 FEKFEHFEDNVMHEEHEREN
(QTL)

QT JE VA2 LA— R TR B8 1) 38 A% 32 0 6] i Oy ik
filt, A BT, W0 S — L 5 2 TR G
MIECERPEROL A, BRI QTL FEEIE AL B 5 55 br
WCZ A B BE 2 (Ruan et al, 2003 ). XfF 7K™
FRE ARG, FRICBOE L 400 B9 Hh s R 1Y E4R
HEPEIE, AT Ik B0 — 2o g MR TR A E
FEOK IR S Y Ak R B PR R A K
P PLgE. Buin. T Em. P BTAE . R R AL
FORAHEBEW R FE RS, —BORUL, &
PR (AR . (REE ) Firasi Mok (andise
PO ), AT R R — S R AR R QTL S5
Bl EAAAE 225 (HIeA —Sedk, an P B i 4 38
(BFBEP ., BRFINA R ), el AL A A = IR,
Y TARMEX LR B AT UM, i LA#EAT QTL &L
WEFEARH RN, 2K 3758 sh ) 52 2 R ) 5 oL
5T FEELAFTE N F
3.1 ER&ERE

H Firis A% i SR 3 ERbRic 80 1359, B
IR 7.4 M WITES . XL IPN (infection pancre-

atic necrosis ). $T THN (infection hematopoietic necro-

sis ). $L myxospoea . Ml il . P BRI ] VAR R

KA . dominant albino ZFMRIEAT T EALMEFE (R
3)o Zimmerman et al (2005) AR, fRMEITTE
PSRRI F 2 A 4L, i HE Ak
R, T EREOEIN, 2 B R A A R
Fetbsgs, mRITEE g A1 i 330 4> AFLP 5
ICH 39 MM EFRICH 54 D43 5 RAEAT B K 7y
B, 5 R 3 4 QTL £ &% ( pcOH-3. pcOH-8.
pcOH-23) ST HREH W Z D&, I3 4h,
Nichols et al (2004 ) X i 2% % F1 735 N 4 1) 73
AHGWE RIS, XA A 18, I HE
B MZesig, SERSE, PEAT T QTL EIfPs. &
Pl 2 PR g Ah, Al 3 Fh AL 4 20 S E ( On-
corhynchus masou ishikawae ). K V4V 8EFIIL K 72
( Salvelinus alpinus ) 53 7 % Osmotic regulation .
Cryptobiosis resistance 1 Upper temperature tolerance
BomMERIEAT T QTL BT (£ 3).

3.2 Fia

et it A RS R AT —, HETH
B ESENE FA 550 20 B AERME, /3HER/N
T3 M, XS E B 2 B HIR 1Y 8 ALY 2E
TE T HEA (Lee et al, 2005). WHFEEZ BITER G
PO MR L KU as, o 2 i — >S4t
FEVERAN A QTL 7 45 E AL B 2R 23 5 i B -
(#£3).

3.3 A

W, INFRBEA SR, 356 R AR KSR
Bk A, BFE R, FPRAG REZ . HETA M
WAL TS, WESFEEEY ( Letalurus furcatus )
o ) 232 5 3% 1) 3t A% 12 0 P 1 A B 1 1 52 R ) gt
BRI (He et al, 2005 ). Fi] 2458 5 % B 1A]
E% 418 A AFLP ARiCs AN H SR EBIE Y
270 MU AR, L&A EST ARiCH T A bR
8 (£ 2). FHXPFELEBIERE, KT 31
PRic SREAL A, BRI S HT ESC R HRRAR 2
8 (He et al, 2005 )

Toh, REZEIVECCRBRERIEE (2004 ) )4
T AL BRI, IR S PR A
B BEALYHE KB Z S FRIC (random amplified
polymorphism DNAs, RAPD ) & 2|55 5 5 i% Bifif
B (F2). HAFGEZ—FhE 2R HE K IR,
R 2 A BT A, TRSZ R AR E % . Coimbra et
al (2003) 22413 B K Bt 44 1 BEE 364G 463 1Mk
T EPRIEHAFLPAR I o Fuji et al( 2005 )¥F— 1>
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Tab. 3 QTL mapping of important traits in 7 kinds of aquatic farming animals

KRB Y

Aquatic farming animals

B
Phenotype

SR B R RE L

Location of causative genes

Hi 4k References

BT 88 Rainbowtrout
( Oncorhynchus mykiss )

FANCEE Amago salmon
( Oncorhynchus masu
ishikawai )

KPGHEE Atlantic salmon
( Salmo salar )

UK FE A Arctic char

( Salvelinus alpinus )

%l Tilapia
( Oreochromis spp. )
#1468 Common carp
( Cyprinus carpio )
H AT Japanese flounder
( Paralichthys olivaceus )

Infection pancreatic necrosis
(IPN ) resistance

Infection hematopoietic necrosis
(THN ) resistance

Myxospoea ( Ceratomyxa shasta )

resistance

Upper temperature tolerance

Spawning time
Early development of embrios

Dominant albino
Pyloric caeca number

Osmotic regulation

Cryptobiosis resistance

Upper temperature tolerance

Lower temperature tolerance

Cold tolerance

Lymphocystis disease
(LCD ) resistance

RT-3 (A), RT-22 (C)

RT-29 (2)

RT-17 (L), RT-21 (B), RT-22 (C),
RT-25 (K)

RT-21 (B), RT-14 (D)

RT-16 (Fii ), RT-10 (H), RT-9 (0i),
RT-24 (G)

RT-6 (S)

RT-1 (18), RT-15 (8), RT-2 (0ii ),
RT-3 (A), RT-8 (J), RT-12 (Fi),

RT-20 (T), RT-31 (5)
RT-3 (A), RT-19 (1), RT-8 (J),

RT-22 (C), RT-24 (G)
RT-9 (0i). < Other 3 loci are unknown

in a map >
RT-24 (G)
pcOH-3, pcOH-8, pcOH-23

AM-3, AM-21.

AS-4, AS-6, AS-8, AS-10, AS-11, AS-

12, AS-14, AS-20, AS-25, AS-28
AC-3, AC-4, AC-8, AC-9, AC-12,

AC-13, AC-14, AC-15, AC-19,
AC-20, AC-25
LG-23

Ozaki et al, 2001

Khoo et al, 2004

Nichols et al, 2003

Jackson et al, 1998
Danzmann et al, 1999

Perry et al, 2001
Somorjai et al, 2003
Sakamoto et al, 1999

Robison et al, 2001

Nakamura et al, 2001

Zimmerman et al, 2004,
2005

Hara et al, 2004

Ozaki et al, 2003

Somorjai et al, 2003

Cnaani et al, 2003

Moen et al, 2004b

Sun & Liang, 2004

Fuji et al, 2005

HHEGI H Okmoto, 2005, FEFEHSN ( Modified from Okmoto, 2005 )o
5¥0 LCD WAHIEBL 73 T ARic & AL 25 15 5% Bt
i 3
4 KFEFEHIEFEHFEILES QTL L

MI& BRI = K FEFRFE A Fh A3 L

F T 7K 97 B Bl 0 38 % 3 B PR3 o B R AR
CEEAEBTE EREALI > TARICE ), SRR L
o PEAR i E LS B AERIBOR Y-, iR AR
B QTL RS ERL . RHRIME WA WG I
MARICHEL, REBER, B4/ QTL TR B

S

Agresti JJ, Seki S, Cnaani A, Poompuang S, Hallerman EM, Umiel N,
Hulata G, Gall GAE, May B. 2000. Breeding new strains of tilapi-

BRI AT, SEBL QTL AR E AL, LA F ARl
HiBhEFE ( marker-assisted selection, MAS ) F7 A,
XFEARHIR AT IR, IAROC R R IE T, S
Foit iAh, GBI BAC R, BIHE BAC HAERT,
PAFHIREIR AP, fii et e LD, AT S B
IEE X ERY A HTBIERE T T ( gene-assisted selec-
tion, GAS )

Bigt: RO B AR T EFE K FARF R Nobua-
ki Okamoto & £ 32 AE3R 45~ 338 Fo LK T4

a: Development of an artificial center of origin and linkage map
based on AFLP and microsatellite loci [ J ]. Aquaculture , 185: 43 -
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56.

Chang YM, Li SW, Liang LQ, Sun XW. 2005. Strategies for microsatel-
lites isolation [ J]. Chn Biotechnol , 25 (suppl. ): 210 - 214. [ %
EMg, G, BRARE, VIO 2004, BT R ARIC T & R
W P EAY TR RS, 25 Csuppl. ): 210 -214. ]

Chistiakov DA, Hellemans B, Haley CS, Law AS, Tsigenopoulos CS,
Kotoulas G, Bertotto D, Libertini A, Volckaert FAM. 2005. A Mi-
crosatellite linkage map of the European sea bass Dicentrarchus
labrax L [J]. Genetics, 170: 1821 - 1826.

Clark MS. 2003. Genomics and mapping of teleostei ( bony fish ) [J ].
Comp Fun Genom, 4: 182 -193.

Cnaani A, Hallerman EM, Ron M, Weller JI, Indelman M, Kashi Y,
Gall GAE, Hulata G. 2003. Detection of a chromosomal region with
two quantitative trait loci, affecting cold tolerance and fish size, in
an F2 tilapia hybrid [J ]. Aquaculiure, 223: 117 - 128.

Coimbra MRM, Kobayashi K, Koretsugu S, Hasegawa O, Ohara E, Oza-
ki A, Sakamoto T, Naruse K, Okamoto N. 2003. A genetic linkage
map of the Japanese flounder, Paralichthys olivaceus [ ] ]. Aquacul-
ture , 220: 203 - 218.

Colosimo PF, Peichel CL, Nereng K, Blackman BK, Shapiro MD,
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