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IKFFED D ERICRARTFR R ERN
RO, K, REZ, KA TG, W E

LI -

VERT, BRI

(P EK PRI A b B LA = HF AT, R AR 7y 2R A LRR E A e =, BRZIL G /R 150070)

FE: M T EMCK R BERA AR MY & T DNA 73 FFric SR BB B, A PR AR MR I8A% AR S ORI 50K A2
TGN, ALFHENRT M ITEFCEARK R R EAE KT8 S E TP NA . H5eRm T MI 2%
BARRIRE, LHRAR EYM TR R AR K RERR, UK BT E R A EZRE, M T ER e s
HoAts DNA 43 T AR ic 7648 v [ L o 5 RR P 58 7 A T bR s LUt T 1k T R AR AC R 1A% TR 40 IR 1O o) 46 L PRIk 2
B QTL Efr AL  HEALIB G A TS 72 SR B A S AP B B 5% 6 DTSS0I R A« A SCIZ T LA DNA 43 F
FRCTERRAE LR A TR R SRR  E R 5 A M5 7 AT T b i, RIS IE 43 3 ik T 1 T2 FHAR DNA 43
TARACRE T K P AT A R E R SR D 2R KN AT S T RE . ASCEE AWM D ESR LRI
YRR R R AR . [ T EKPREE. 2008, 15 (4) - 689-703]

KGR KFEEY; M IEERD
HES%ES: S917 XERERIDAD: A

WAL T PRRIT T B R > AR 2 A AT A% bm ad
SR € LAY T A B AL ) 3 % 5 e 6 AT 5 R UR
K. B ERE R LT AR A bR, B
AR R LB RORS A D E R IL A I
5734 B D O A L PR T SRR B TR R T A
PERYRED . ASCIRII T A £ i R E bR id HoR
¥ 5 F& PR IF ) i B R bR il AT it 55
FERIF S VR ) S B G EAT TR, SN DA
PRACEORAE K= £ b A RO R B 1 B fcHie

1 HIESFRICHERE

#  &. DNA ( Microsatellites DNA) X #f %4 &
B H & 7 41 (Short Tandem Repeats, STRs) &, i
8 & 7 %) (Simple Sequence Repeats, SSRs) , &
ITEa T B AR — MR ER T
Ho 7EE R AT 5T, AR E LA 5
FL K ZH DNA I 23 — K DNA B T i 2
Ak, BT BBk T A, K k28 DNA i A
DNA, 1L & DNA 2 i1 K & it 300bp 5 30

W HE B - 2008-03-12; 11T B HH: 2008-06-04.

X EHS: 1005-8737-(2008) 04-0689-15

It 10 000 K H @ RSP AN A, #E— PR
Z G, B EE T HKIE 14~70 bp Y4/ B A, &
HFFIAE 1~13 bp [0 {# B E . Skinner & ' &
fE 20 thad 70 ERF AR A=A (FEE)
PR AR, cakiE 7 LA DNA HIEEmM A
5%, Hamada % ' 76 1982 475 ADWINLEN & A
(Ha-25) BN & 7THRILT 1 AFEE 25 k1 TG
JFH, [ Y X — P FIE A R H i B A A
HRAF T 2477 . K] DNA 8800 HrHioAR i 5
(6 A} 2% 5% Jeffrsys 25 RIS /N DR —REfE S
AT 20 B FE 43 A7 B BT K AR 2~5 bp 1
WMBEFES P, B E L AR RIET IR Rl r
(RVRIF 5 ARk, 328 9 A a8 A% 2 AT ) B MR 18 AR A
it. Beckmann 2§ ', Weber %5 " ¥ £ Bl 2 4R
Ptk DM SRR )T 456 B %0 PCR £, ##57
T LA PCR Hi Ak Al R i 5 (58 1 1 12 AL b it
A, B G ME ARG T T2 R A, FF7E 2 i N2
DRI v ) ) it A% S 5 AR T EORAVE . B
EHi DEARCHE AR R R X N, KAL) %

ELIME: HERHEMEFEEETE 2006DKA30470-005) ; H 5 E S EAIFE R E (2004CB117405) ; Rk i

5 [ s S HE AL R R R” o R [2007-G55 (A) .

PEB® AT ML (1955-) . 53, BIF AL 6 1 2R 0, AR 25T sh i A% 5 AP T AL . E-mail: sunxw2002@163.com
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AT TFUA I F B A 0 K A 2 AT B 9T
FAE 1991 S RT a8 (EERMaSEFI Z 4R ) I
B EFRCHET TIRE. RS2 3 39X K4
Wi B n i TF R S N AT R
1.1 HIEFIEERARNEZRE

FIR B AR RSEAT R ST AT B2 2 1 4%
EABMLEFY. BRCAAERZM kR L
BP0 5, B FER A 2 Fh: BN B
F: K41 DNA B BEF AT EY R — ik s S+
7& [11]0

/NFr B R TRI 2 DNA Bl B 5T Behs A 2 3 8 T
FE A B TR R S AR H BRI 4 DNA W R AR, R 2
TR BLLE N . 1 5 2 ) F B ) B0l B Uk
FEIRIZH DNA $THE, 43 25 H 300~700 bp AN B
FEX L H bR i BOE 8 2 FORL8UA b LB
T B g 7 — AN B DR A S P, e JE D7 38 Bl A
1t 5 5 A 7 326 BE 14 v B O I, SRS S i R R R4
) DNA Bt kPt B2 M B )F5)% 1+ PCR 514,
7 HFRAE R 3G 2385 BRI 2 &M AR
A~/ BE S SRR A A ) K s il AR R A
FX P AR TR U TR B AR TN
J B B L 7 B B AR SR AT 1 BH 14 v B R AR AR 3 3R
1302 0% H T B A8 4% 45 1 Bl v B ST L T
A R R bR, X B2 M A TR R B2
W B ARSI IR R . BENLEE AL 5 R AT LU
PR B 45 BT & P BT A (0 4L L
i, AT T SR AS ) A= 47 25 (R 21 4 B B 1 22 0, 3K
2w EIEE AL R A TTIES RN

TR E M DRI, Kijas 25 " R
T AW FERIR EEMBEIFN R EREAR,
SFHER 2H DNA HEAT SUEG , B BE )R 15 DNA 7~
R g ERAARE R Rk (XN
3k 4 5 ok PCR 48 i e i e vk 1 ), 2R 5 A
MEEEE RN ENRER I ESM L EET T
BV A ) 5, Vel Ak 19 2 S )T 70 1) DNA B,
LI PCR )5, M E 3 ok, S5 & &
LR R BRI . AT LB XA A T
HATIF & R A R R SR AT IRiE— R’ 1
AR L4 = 2 R A R SR ET AT 56 2 IR I,
AT LA 07 $th 3kt 4 7 o 22 o A BB M e L ik
i IS AR AR 2 SRR A i LR )75
JCH R AP ) i BB FR LA UIF R HOR, A
BEEX —HEHRie R TS ENE

TR 502 0, A3 P e s = b R O e b 7 6l
(Cyprinus capio Linnaeus) i (Hypophthalmichthys
molitrix) \ 5.8 (Ctenopharyngodon idellus) & 35 /|~
R e A,

B A o 2 DR 4 45 ) DA R B0 38 o, A i AL
¥ FVRFAE 3 45 & PCR i B A K H & 1 b id
e ARIEH: (1) W H#LISSR 51 ¥ ¥ 1 (Inter-simple
Sequence Repeat) A, XFK ASSR (Anchored-simple
Sequence Repeat) , /& —FF2 L RAPD {HF| A & &
HIFHHAE 5 sl 3/ i e b 2~4 NERZ R
BN EE R4 HET PCR F bRt R 4 5. 5
B TR BEARAH L, TSSR AN SR F71 0 B 51 401 7
FIME B KK T 28 Hr i Tiee LAE. [RI
EESR T A E, LR LW S H R
. R SAE T ISSR y WAL febrid, AR 2
PRAlG BERI BN Fe & FE DAY . (RAE HA T VR A RE AR
REEM TGO T LR RZH G Z n Tt
WAL TS 5= WG S Y 08 4% 2 AR AR
ISSR Al RIEMCAHHZRIVER . (2) BENLY 18 LA
DNA £ (RAMPs, Random Amplified Microsatellite
Polymorphisms) . Wu 25 ™ ¥ 5 i 5| #) 5 RAPD
G 4h G kA3, B —3m ok 5 E ISSR 5149, 75—
i RAPD 5|9, i3 i BE 278 RAPD 2 251,
Nigs iz 0 EEFHIMNZE R, H BN/ 7=
DX B BT AT % 1) OB H il SO R X
WP 5 | )T ) AP AE 3 PG L, Wi 2 57 o
72 ISSR 514 Pisi 1213 RAPD 5 19U K — i A 4
€ 514 55—k RAPD 514, ZIUE AL R o6&
FRMIUREA A P (3) BEHLY I M
B2 (Random Amplified Hybridization Microsatellite,
RAHM) #RicHiAR. XA RS M LA
DNA % A B AR M — 0 @A, S50 4T 2 DR 24 1 Bl
LB W) 456 1 B 1) DNA 334, ¥ 84 = it 17
ik, o L YK kR 31T Sounthern Blot ¥4 £%, A T2
5 DNA #% 0 7 FIVERRE X4 R IREAT 228, UM B
WRAFFNET . AR ER B3 B
AR AL ERITY), &5 2 B AMIRE 2478, 18
ARSI B 22 2, B LA B I e 7 A AT RE 5 HLIK
I 45 23 AR AN Al (4) FIASCO (Fast Isolation
by AFLP of Sequences Containing Repeats) £ K, iX
B Zane % P g5 ¢ AFLP I S RIRERK & 4 2 b EA
T, R SR AT HL s R SR
BT E SN NELHRZ 00l %, ARk
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Wil 5 PCR § R AR ZE 5%, B2, 1L E
FARTEREER & R ILE Ok B R AR a2
B, BRI L PR\ BARER -
1.2 BEik=sRIEFIMNEEFRE
1.2.1 BEEZRBERE K&EAEPHEE2dERK
FEIRTA AR W) IR 2 A 5 E R MRy 1Y, % i
Tt T 5 XSS SRR A 1 i B bRl R RS H
HE A CRTE. EK IR S R R R bR
o T B sk B AL v BV R RE IR E S VR, (B LA
Wik E EEAAMMEERE., TR FEER
R R4 DNA [ B E , &1 A M cDNA 3
J v O 3 A 1B B v B, 22 MR AR AT A R R
E@}?@J [23724]O
122 AWM EATHHFEIHRKE MW LEAMHF
%) DNA il cDNA P#h, &l e 2 & A L2
MIF 4. &4 B K DNA 741, A LA HE #5 F #%
T8 51, BT RS s P HATR -
AT cDNA J¥ 4142 T DNA 551, )\ ¢cDNA J3 %)
1S 2| 2 S MR IR L AR 4 DNA S35 i A
FRAC A B K — L6, X Ppbs e A7 S F H a7 B e X
1 1 B45id, {8 cDNA &8 M B AT 2450
T A T 25 41 DNA 0 REMFEF) ™5 B4, i
F W EFAEAE, cDNA JFF) W5 W AT Red A
WA= 4, 1K P9 50 2 M cDNA #4350 B2 bri2 f
NEZAE,
123 EREMYFAAMRIE XMEREFEA
BRI AR G5 AT 0 AR B L, A B R it A Al
i B AR S BT TR RAE T AT B
SE TR AR B H T AN B, SR A R AR
o b T X, £ A Rl AN 2R o — R A B 2 3
B2, £ F AP I 5 Wy 18 1 P B 2 25 1A
it B TAER R, B 48 bb v [ B 9% FH ORI (v 40 222
%2, MR M E 5 AR E T 5 58 2 A [
I, B g AR BT I 45 1, B R, R,
& A AL M bR LI — IR AN IR AE
1.3 B E2MHRIES5HEMDNAS FHRIZATEEE
HHl, DNA o FArid ko Ak 2, 52
T PCR RN FIAZE T PCR 2 I RIME B, A 1
Birit (SERAFESRRGRL) AR
( SR E L) X590 BV, A BRIt
BRI SESES. 5t H A R 2 1 DNA frid
[RFLP, RAPD. AFLP. % I & (SSR). EST. SNP]
ME, HESI 8 Mo 5w A% e, S d s

%5 . Fisher™ 7E 70 4E T ©32 4L B bR 0 7E F
T AL 45 M 4 BT AR AR B2 S50 7T L #0E BAR T
TR BT . R MR I E R B E DNA
iy A Sk #)E , RFLP. RAPD. AFLP iX 3 fih &
PEFRAE, T P, EST. SNP A3 B HEbrid. 244%,
AT REL S BRR, R E
W Bl 3L B ARA, HE B be P A RN
Eb ] ) RS . 3RAE SR N R L & RAPD BiR,
20 tH42 90 FFARWIX —H AR N B EE Tz, B i
T A 2 i A A AOR R > B Y S A R g
BN RELP ERER & 2%, BAR e
P, HArs 2 HE R £ 2547 T E. RFLP
Pt 2 I R 8 007 FIVE D BREF B Alu B
AN TR S5 DL R 2R R DNA V) A B, K
7R A rR R I RFLP N 4 %2, #% 5 [K] RFLP
$ RAE K= AR 2 1R 25 AFLP & 7
RAPD Z J& K& H K1, I B AT BLANIE A 7T
BRI HNE B A E AN & T RAPD HIfR A,
NAMMT 2. YE#IAH AFLP 1R3E & B4 25
AT, (HE T B e kS H A ME, AR
16 7 S = R B LR A A, BN E S S
PR AT . 2L EST. SNP X 3 Ff L iE
bR, H A A& 2 02 5 B2 bRd, Bl
JF AR PR R, AT FH A EST Frid th ok i £ .
B it [ AMR 2 5256 545 K1 K SNP drid, B KR
0 3 A BB A TR ) SR SR 19X A il 2
M G AZFESRAMT, T SNP i D EA £ T —A
PCR 3 J5 iR B4 4 LI P ik — B 2 B, (%
VEME FE RN S 56 3 B m AR R, (B T SNP Al LU Ak
ORI e Al o IR R AL S T 4 B 34k, B SNP
(1140 &8 R, M cDNA JTF13K 153 1) SNP brid il R E
ZANMR KA Fol 5 gtk o) 35 R 8L 1,
P AR IR E AR B4y FARie R BRI . EST 7%
€ BT 2 S22 — N bRd, AT R
[ BUbric R A, H AR 2 50 1 2 A big
A M AL AR, a0 R R B B U E -
AT DAAE b 0 32 25 DR 1) % b, 1B S K P AR
RH EE 2 BAC B, AR bRic A A gt bl e
Ko SEE MR, B A — R A R ILE
P MR AT L R, L B BT R K
TR L hRe: 55— A B ok 2 A TAE
(AR B HL N P A (R BOK, dn LA B 22 7~8 4
MERMMBEFFCH 3000 24, a] LUMATAT
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15 R AN A B TR v 7 8 1R R 8 1) 2 A8 MR A R
SERIT 5L A
Liu % ' % DNA 43 F bR i 2 K 7= 1 f 5

# 1 DNA S FHridka!,

T B PR S B 3R 1 S T SRR L A AT
R SRR 2 A AR R EE R S AT L S
JRAVRFAE S LA

B ERAEEELS

Tab.1 Types of DNA markers. characteristics and degree of difficulty

_. THEE B . N AT
N 1 it Sl y){—i
ek Requires prior Bt EFiv) fL3H ZMEAKF Degree of HEMH
Marker Mode of Locus under . . .
molecular . . Type . . Polymorphism difficulty Repeatability
type . . inheritance investigation
information for use
tDNA N N . o
W“i“th R Yes Bpp gL - A 1 %55 i
RFLP No =IER, B Il EZN i piia ]
RAPD No =IER, B Il EZN w4 EEES fi&
AFLP No =IER, B Il EZN =1 piia g
A BIR, ‘ . . s .
SSR Yes ;t{@fjr\; 18I S B 1B B 5
TR, ‘ e ﬁ
EST Yes sy 1 A~ % EEHES =
18R, . X . -
SNP Yes AR e ES % % B

H
f
3

2 WIEARIEEKF E YRS A

REWM DB ICAEZSEEE L EHML
R ABAE K Giis 1 Y B 82 RAPD 1 AFLP 2 F
PRICENEVF 2. A SCHERHRE RTINS (] A2 ) 2 B A
F DY ZEE 20 10 ZAET, K RHT AT b A
FH RAPD #1 AFLP 2 #75k N5 %, 1 PR g M
HN AT R R TEE 2 AT AR, T
[E| A £64F RAPD W R %, 11 2 4F i AL A STk
Bt o B0 4 v, T [ A0 H 2001 GG TR A A G
SCHR A BT, BARIE 2 S5 SNP Frid FIFRIE,
BSCHRIEAZ, VELE 1.

BN, AF 3L 4 F T Journal of Fish Biology-
Molecular Ecology. Animal Genetics 3 A& Z% &
1996~2007 4 K & (1) 7K 7= A ) 18 4% 75 11 30 &,
T AERRC ) 273 R, HoAh oy T 40 (R A
AFLP, RAPD, RFLP 4 Ffbric )& 177 5%, Ut
BHTE 7K P A ) ist A A 5 v 8 At 1 S A b i
% . TE ANTE 2000 5 5K FE AWt A bR id 7 57 DA
RAPD 4 3, B4 B3 A FIH 5 LR 0 Sk i,

AL 5 Liu 25 Y @80t — 20 i B E A K
FE RN AU AT A A 5 AR5 bR ad 40 RAPD 6
SO BRBE AR, T E A M T SR AS bR ant 1 A bR
AT AU, W1 A Rk LA
2.1 I EHREFEEEESE LR NEA

55— K = 57 5 Bl 4 I 8 A i A I I
20 tH 28 90 FE AT, BT i i B E bR =ik
AR, AR EW EAEt bR e 2 B i L AERIC.
RAPD ¥5 ict #l AFLP %5 JL 7 b5 ic 41 B, 41 Kocher
e O 1 g B B AR (Oreochromis nilolicus) i
Young %4 “0 [y T 68 Pl | Liu %5 “V (13862 (Uetalurus
punctatus) W%, RZHOK=EM 5 1 AREIE
() e T P S L AR, R T AR PEIR RS 4 QTL
WA FRE, A | REEES A 2~3 M5
0, B BT QTL AL 4r i . BE T
FUHIRN, B8 2 1 2 25 AR 0 4 %5 8 Ok, IR AE 4k
Wl T EFRE A 2 s BRI, P gk
T (0. mykiss) " 0 B9, 346 R AR AL
HEAT QTL Fa A 73 1 AR 0 % B
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(A) g 60
o
<
o,
= 50
[}
2
= 40
=
(=9
o _
°30 —
(]
vg —
S 20 ] |
Z pr—
u
§ 10 T
2Ll ml b l |
2001 2002 2003 2004 2005 2006 2007
A Year
ERFLP MMicrosatellite ORAPD OAFLP
(B) # 40
(]
g 35
o
B
2 30
2 25
(=N
[
2 20
o
£
€ 15
Z
m 10
=
X5
P
<1995 1996-2000 2001 2002 2003 2004 2005 2006 2007
1} Year
@ RFLP M Microsatellite COJRAPD I AFLP 3 SNP

B

R T RIS BRI R St

e (A) A SCOCRRAU T 45 R A28 o SO P A5 o o K AR AT 4 A RIS T AR SR B KR SCHE , MR AR B (R SNP frid
PORBIF LR (B) J9 NCBI Pubmed AR KA (CRFGAEEE, 468 . 3560 VR A28 WA B RN ST 68 ) (1] 5 Ap 2 TAR IR

RFEECHHA
Fig. 1

Haret £ Bl 2w EARE T AEE ARk
BT bR R A B R A ORI AR o
Fric i 114 DNA 4 -F b, 2045 A 2 H AR F T
B2 PR EHLAT . BRI A AR, HE M
FHAR M A 22 A5 (Multipoint test)
MR 3 E 2 R B AR bR i A T HE T IR v R AR R
22 PN BT 5 SR FEACLAR B 56075, 4 ok 45 B AT g 1
B RIHEFII 5 BT B RBSA 0, SR 5 T8 LA Lk
o 56 4% 5 AT B A K BIIN)T. TE R R 2 S A
(B, G SRR AN I R L AR IR EUR 2, HES) £
S ARE Kk T E AT RE WSt 404, L2 B
Fit &M, BT EZEN/EES A Linkage,
P B AL R LAk v 9 e im0 22 e 7 [) ) 20 2
F1 LOD 18, A i@ i http: //linkage.rockefeller.edu/

Number of papers using different molecular marker

software/linkage 315: MAPMAKER/EXP 3.0 fi, 4k
PR ARG IE R 5 & BCLF, HALZ A& RILS
HHIRT R EFRERES, ZR AL fip: /fip-
genome.wi.mit.edu/distributions /software/mapmaker3
% %% T 2. JoinMap 3.0 & 2& T Join Map 2.0 Z I
(BT I, 35 A BC1, F2, RILS, (W) BAfEiR. 42[F
M55 4K, & LW AT http: /www.kyazmanl. CRI-
MAP, EEHF £ S&EM . B2
http: //linkage rockefeller.edu/soft/ %5 ¥ 3 .
22 I EMRIEEMER S A ER A
RKEHG TR B E IR, =R E 8
B _E RN HT (QTL, Quantitative Traits Loci) &
RN AR T R EE T 1, 257 F 8 e R
FERRT 5. QTL & {7 & A P& ol F0 AR a0 ) 4otk
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AT A o) AT, WA S B A S — oK P gt R A
IRHSEB BT, 7T DL MR E S AT 5
AR TR O % R AR R R R R R AT Y R —
o) BELR) 2 AT T . FRAA 28 QTL 2 Hr AR E AR 7
LA ARIE S G SR P58 T S A A% G R R I S ST
B (IPNV) PEBR BT A 5 S B e 22 Bk
(f) QTL 434755 . FI A QTL 45 R AT H Fh o
TR G O, (8 A F K AR A P T R ik
s 2B A B QTL W9t £ 2L 2 i
HEIRTF I 3, B D& H AR e 50 k)
Pedbse B iR A BT %L 7E QTL BT,
FEHE KA R B A, OKAMOTO % ™ 78
2005 F 2 &5 1B ORI [E) 55 6 AR QTL,
A egiit, = H A AT 8 QTL 70 #r i Ik &
A 16 A [ HES s AL 2 0 2 B s 0 A
b, SRR G E T QTL 7 M IFEA R, BRI,
TR B RS A1 0 A, £ SR TERE R LB AR BT 5T 6

%, AR H AR SA 0% 1 se 5 3, (B IEEH
M4 B, W — R R R AE S = (AR
AN 7] B % 0 QTL REA J2E 55 /] — ki sl 45 11
QTL FEAFE ) NAATE A A0 QTL & &, K,
LB RS 4 B bR QTL 4047 N iZ% 5 & #hi 97 [H
AT, XFER B FIF ST A R oh %

W QTL Ak EEAH LR JLA: Bhrid
o vk, DXIEAE | vk, B A XEE B, 2 X (E]
YERM:. HAriRE R QTL & i 45 T % Sk
LOD>3, LOD 1 4 1g[L ()/L(0.5) 1, L) K} {8 %
VR JEE o7 () 7 S B B B 2R, L(0.5) Jhy {8 1 o7
[ AT DA R . I3 (L R 2 R, QTL
2 LK R EAG . H ATOK 2 30 QTL 4 MR A bk
W, 1R 2 4 3 W 1F A I MAPMAKER/QTL® il
Cartegrapher 2.0°" A5 #7771k

H AT QTL 44T 1 3 B hric 2 i B Ebxid
A AFLP fric, BARTF 70 5 e W3 2.

R2 BIEHREEAZHEWRECFHIEA

Tab.2 Application of microsatellite markers in QTL analysis for fish

LERVN LEPSIVE LRV FRic QTL 7 7R
Trait Phenotypical trait Marker Species Reference
— B AR, AR 2 SSR 2-4 = [58,59]
EAREEE 3 AFLP/SSR 3 T 4 [60]
p— 7= 5P A SSR 13 T 8 [61]
‘ Y b AFLP/SSR 0 8 [62]
= e SSR 2 PNUIPES i3 [63]
&
(NS SSR 7 il [64]
AR SSR/AFLP 2-7 T 8 [65,66]
. fird ELAR SSR/SNP 2 FHEf [67]
e EIIES SSR 2 LS [68]
i =i SSR 3 BT [69]
HAt £ SSR/GENE 2 EAE () [70,71]

QTL 54 WERIE EUFXEREA K, {8 i T8 4]
SR ICEER 1R W, JRAF 5 V)1 2 (.45 R B Ut
R HAEME M QTIL S RIFAR L. 10 /I
R B 50 2 B PEIR I QTL 73 51 24 /K= A 4 2
R QIR B2 H bR, 24 KA R R R 2
Hbr. HArRomr Tk By 1%, sh/b 298 1 bricd
e EEER. KL, ERAUR YR 2 0k
W A R E R R R bRl 2 D AR AT
2.3 WMIBHCESREEEFTENER

PRI B 28t A L R TR P R T ) R

o AR R AR R B[R] AN LR A ] £
Ze e BRI AL IR (AR B FRA R
brac, He RS20 AT 45 R TE REMER T A
2 BRI, Tt DA bR 9 2 H AT RE AT 21 Y
SR EbRIL. W 2 PR, XA AT S, 3
BAEFRISE T A A b # B SR AR I KT
RETH2L METH & EAEMEAET CF
17 B AT A ) AT DLV A M TS B S A
A B 5 T B A il AE B2 T A T2 1
%o R TR, RS AR g4
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S A AT A REVEER UF LA A AL B R B T
SE B AR IR R 22 R R RS S (LY (RIS 2
PR S AT BARBEY 48 A7 L, (B DX 90 AN H W

N W LV T ELI P 5 DNA R
AR5 P48 PCR P I IL % IR 7 e T
9.

1 2 3 4 5 6 7 8 9
:/Hi \I-IAII\,:I: */J\:LE N S I I — —
Co-Dominant marker
Dominant marker
W L T R L iR AR e L A Ao R X
2 HE#HRES BMHIRIC PCR FYERK TR EERE

Fig. 2 Schematic drawing of electrophoresis for PCR products from Co-dominant and dominant molecular markers

I T B BE AT 7K 7= AR R4 1) a8t A% 4 F AT
T BER IR A & i in R & 3 R B0
BLI, 15, B 5T S K A B AR ) SR AR
AWM= R KmESR. Bt L AUEAES
PR g2 A @ F 2 B F R EOC R, 7T LURE FRic i
TR R FPAE A 2 T/ NPEAS I, (B 7 SE PR 50 o 3 LA
B, SRS B CERET KRR S
HixE 8 MFEARZBASE, S MR EF6 T, X S Fhist
S EM AR NHAT T4 otr. 4RI 75 A
DR AT A= BB 5 A B FR C B N AE 20 SR
EOREAREEAA 45 DL E.

i B T K A s W B AR 5 A 45+ T L
%, 5110 Desvignes 25 ) DU T2 5 [ THgbx
VBT 5 v R o 0 T T R 1 a8t AR AR S, R
WMBEARKERFETHBESEL. % Rlgsg 7
DA B B SR I YT =217, B8 6 (C. carpio
var.) FITHE W T 88 1) 15 4 22 2, UF S5 8 RV B L
(K41 DNA Z &M, W% 2 1 B P 2R
R B, Zhang % 7 LU B R 4 47T B 4 5 5%
FE W4 W5 (Crassostrea ariakensis) T i& 4% 2 ¥
PR, KI5 AFAE 2 P B — e R AR TS
() [R) SR e, e A (B A7 7E — € 8t 4 5r {1k . Huang
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A FHME A ERE. NJ ARG % H Saitou
HI Nei 12 5 ™, J5 B Studier #1 Keppler 1 1F ¢/,
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ATLAATR] . THEAUBR LRSS R, © & A )
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THT )93 #6005 AN A5 2490 2546 5 D e 77 1 ik
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AR R FE SR L], B TR 2y 5
™. Kingsley % LA = i 2 3k 14 £ /K FI3% 7K
2 PP AR AR TE N 2R BN T U6 G, R A R R S ARl
TF 57 N 68 5 465 At AL RN PR LR B a4, 5 e H £
SR 5 fiE A OC B DR 55 3L 2R B 2 4 o 6 DR 2 1) P 0t
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i Bhfa PRI BRI 5 AR ML PR AL T B, i
T F AR si B AL IR A A
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G, GE O IR AT 45 B L B R A T % M R s
BRI 2R 5 ) 5 [ — A R R AR
) 4 R R T o 0 0 [ J8 o o — .
P 1O S PR 1 TR KR R ST ] AR S i 11 DR 5 i
IBE (L oE 2R, 45 R B oR H A8 il 5 R ) 6 6 75 A4~
SR 2 ()AL G AR B 2 5, S 2 AR 4y
PRI IEI 20K 200 22 J74F . SRR M0 Sy il
ST 01 P L % 52 3 o P 28 2 A I )
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FEERSA, ST AN BB SRR AL T iE T A
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PRI IE SN B AT LR R —
AR E, THEAS U SHE G B RIER 34
B 2B A7 ) 5 AR BEAT A5 40 W R P, F UPGMA 35
3] 3 AN BERRIE RT3 BEAR QLR A A
— B, AT X T B I RS
R ITAE Y g b [E g iR 0 Pl A B Mt 1k £
PEMEFRGREXR, EREWARAN N RS R
75 5 RS R 23 A HEANAR %, 5 Maggio 25 M7,
T M TS U TS R

Grgr bIRET 504 A R, LA AR 4 T
HEAL R % B ST IF I AN [ AR (L, 2 T
2T T4 RN AT RE 2 A B A SR 2 S
KM ARG RE KR, LML ERAERMEG R
Se2 e UE AN 7. BRI, 70 ok P AL hR AT, Y
ST T R4S P RS R SRS Y, AR R
4325 B A2 PR [ B bR A B LA bR i e 2 1 A
T RE AP, M2, RS
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A B A T SR A A
2.5 WIEMRIRTEKE EYFREE S EN KR
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BN R R E AT, Wi B R R ik . W
Tt A AR TA] b B A R Sth P B ) 2 e LR B 2%, 230
53T FRICERAE T B B e v BB AR e 1
Frice b 228 SRR I SRR Bl R R T H H AR A
Tl / b B S b i B R 5 R AR R, BEAS R AL
Xof F A — A PP AN [R) M BB, 07 32 B AR RS e M A
RHEMAE G P IE, Bk R 68 5 65 65 EE R
(e S b B A TR A, 22 B0 S M b AT A S
BT S NSRS EE TS W TEAR
gt P ) sl bt B T () 4R R B i P 155 0, T e 5 R A
AT oy R ME— [k FE . APhi s e b 2 —FE, AN
() A 268 LU TR B[R] — )b A [R] i 2R AN [
HRE AR AR B I ) e 5 L
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NBEIREEARE L MRS EHT . &Rk
RFLP £ ALK FI)F 1 s A A H AR VB F PCR
M ERLAREE 8 BT ERTE NSRS 2 iy 2R
2 AR E R, BLAR SRR 1) RFLP AR U 4F H
T2 AR EE 2> T, (B & F PCR
FAR MR AR X (41 D-loop X, AR 2 b %)
(B0, e S AR I I FH (K3 EL A 22 . /N B AR 4
Tl A A AR AR AT B B R, S B
AHF A At AR g2 120 AFLP 2
BT R 2 (R R e foR 7, ik
o B R JE 3L B, AT LAER T B A
DRI R 28, DR BEAE b 0 P 5 68 5 v B — i A
P, AWM DESREN R B RErE A, M LE
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AR THMBE L ETE “ BHETE HR, X
I3 FFRETE ARG AR 24 S5 10 5 4% P22 BT i
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BT EEARM A
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B 2 A, — 2 R BEE R A
PRI AR 2 5, B R 2l 22 e B BER 18] L X R
(R FOAN 1 [B] it A% PR R, 7 45 6 R 0 8 S A R 4
7 R BB 2R B, OB i SR AT LY H
ZRARYE QTL MR M 45 1, A A S5 IR AE K
(1 1 S R i B DR 7 a2t MR A R AN,
FEMAR A R S ke fh R 0 Fuji 25 T
W5 T 6F (Paralichthys olivaceus) B QTL HJ 43 ¥
iR, HITPUR B ML TR 7RI e
B, P s T e S T e T R bR
MRERIE B A B M IR, FE R IE E
R TRIF B ITES R W E 1) 2 WA At
L R AR AR TS L 2 4 500 g, BT & Fhos i 12
[T =
3 RE

To 18 ML Rl 4 DNA o 57 B i B2 % 2 M
cDNA ™5 B il 12 I H R O AR 2t 2
97N B v [ AR 6 — R 5 L K R RO, {E
“CHME — WK E R AN B R R AR
6 B o) TH#AE, A TR EHEAR R LA
AR AR A E MR K= L E)F5): Hik, B
B PR A ©AE 4K, FI A cDNA )T 5k
7 6 1 1B AR W AT 4525 TR, H ORI R 4% AT
A RR Z WP LA T 5 K 4] DNA J3 7 F0
cDNA J¥ 4. BT 5 A B A AN 174 58 U8
W E, KR D E e H AR By b
HRANFF R AME . B 1 AR B8 OB R 1 sk 12 B
AW Z A, 0 DR AT A B2 — D HEA
(IR MER-TR TR TRt s O A L3 TR I
Jitr: (1) R DEFA) e 2 A8k S B
MR bRt (2) Wit QTL & A7 R334 L E bx
SR B EEM LR, RO AR
AR T4 F R FRIE (Gene marker) , A T 2R
it (3) R4 MR bR i) FEah b T N A 5T .

TE 4R K 1 1 R B R FRn i R i, v S E
[ VbR e g — M 1 1 2 ARl BB T e 5 R A 2%
FLRZES 4, [ SNP #rid Al UL T4 H 39
BT, IZ Ly S AF 15 M cDNA =41 o sl B 43 A FE R 41,
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Tab.3 Application of DNA molecular markers in aquaculture genetic research

) Task S (—R) 4 HEFSY (ER) HAtE H 514

Recommend marker (one time) ~ Recommend marker (Repeats) Other useful marker
4% 5= Species identification RAPD MS (RAPD) AFLP
X 7 % 5E Strain identification MS MS (RFLP) RAPD
ZAE F %52 Hybrid identification RAPD MS AFLP
3¢ T % 7F Paternity identification MS MS RFLP
1AL 9l 81 Linkage map MS (AFLP) MS (SNP) I Type
QTL il QTL mapping MS( I type) MS (SNP) EST
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Development and application of microsatellite markers in aquatic species

SUN Xiao-wen, ZHANG Xiao-feng, ZHAO Ying-ying, ZHANG Yan, JIA Zhi-ying, CHANG Yu-mei, LU Cui-
yun, LIANG Li-qun
(Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070. China)

Abstract: The development and application of microsatellite markers largely expands the depth and breadth of
DNA markers application in the aquatic industry, and brings about a revolutionary change to researches on the
genetic nature of biological traits. In this paper, the progress of microsatellite markers and their application in
aquatic species genetics and breeding were introduced. The development course of the microsatellite markers
cloning was presented. In particular, the technology of cloning microsatellite sequences in aquatic species was
introduced, and the main resources of microsatellite markers in aquatic species were also reviewed. A comparison
was conducted between microsatellite markers and other DNA molecular markers including AFLP, RFLP,
RAPD and SNP in different aspects such as application scope and degree of difficulty in use. The application of
microsatellite markers in aquatic researches were also presented, including making genetic linkage maps, studying
biological traits and quantitative trait loci (QTL) , population genetics, germplasm identification, evolutionary
genetics, fish breeding etc. Another comparison was conducted by using some tables and figures to show the
degree of difficulty in application, polymorphism information contents (PIC) , repeatability and communication
etc. between microsatellite markers and other DNA molecular markers. Consequently, suitability of different DNA
markers used in aquatic researches were shown. Finally, future prospects on using microsatellite markers in fish
breeding, germplasm identification and evaluation were presented. [Journal of Fishery Sciences of China, 2008,
15(4) : 689-703]

Key words: aquatic animal; microsatellite markers
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