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B} AR A2 ARl A olm] FHE AR,
AEde 1 AAE 24 HAh Ande
W onlelM §RHA 9 A 75 g
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H 2, 243 3 3§ OES Eopd W=
A G&E vA 1 ot Awdtel 2dsiA € Al
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o oz ke 44 markers} JPEE 1L,
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g oFA Aol de o188 7ol Aot of
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7} & AAYL A4L ATELY 3 A
A== DNA ©H9| =7]E ¥, o
d DNA Wizl 718 AEs] & E3dold
dhtold, F2 agarose gel’dolM H719Fe F
d du g Feldte] 43t DNAS W37} of
a2 2L AedAMe Z7] WElE 27 Y8l
DNA sequencing £ o 343 A719F 71<0
Zasich 4D fRdA 9 G99 AE S £
99 DNAEZ Adsle §49 7)5E Wit
A A A M DNAE A2A %3t 3fa
wlehd Bl @A 2 DNA 9H9] #gs doym
2 A& 4ot A 5dole 9 sized] W3
g 920714 7] Wi A&7t o ojHTh

FAAE FAGAME 22 T/ marker7}

Zo] o] &5 3 itk HA = isozyme?} mDNA
marker7} FABEFAT AdA Bol o] &5
Ak @AM o] &Hn e 29 markers
RFLP, RAPD, AFLP, microsatellite, SNP, ~18]3L
EST marker7} $Ith & 12 o|E marker &7
71839 B S AL Uelen, 42t
markero]] thalA] A3 A=t

2.1 Type 1 vs Type I marker 12|
I CtgM HHE content (PIC)

24 makere § 7PIE 7885 Aok Type
1 £ 7%50] shotel 4475t AR markero] 1,
tpe e FAAA e A% B Bdo| 9
o ol PEONE U¥¥e RFLP marker:

E 1. DNA marker?| £%, markere E4, 12|10 8874

AR fAR 34 24 FHe O34
marker 5 ofo]  HQF Modeof i EFF ‘:)—211}}_]_ et EE F8 8%
BAAH  heritance) ™ % 2%y
. Linkage mapping,
o o X X Q.
Isozyme 0 A, 34 Type | Single 26 e population studies
Mitochondrial DNA ~ mtDNA X BAGA th% halotypes Maternal lineage
Restriction  fragment . . .
W ZoA = o
Jength polymorphism RFLP o wWd, F$4 Type [E= 0 Single 2 g Linkage mapping
. i Fingerprinting for
Randon anplifed pok- - RAPD % Wd, 4 Type D Muli 2 27+ population studics,
ymorp hybrid identification
Amplified  fragment . Linkage mapping,
o o A =0
length polymorphism g R Muld 2 ¥ population studies
Linkage mapping,
Micorsatellite SSR 0 dd, 394 A9 Type 0 Single 53 E¢  population studies,
paternity analysis
Linkage mapping,
EXPT"'SS“ SUENE BT 0 wWd, 394 Tyl  Single 2 & physical mapping,
& comparative mapping
Single nucleotide poly- dd LoA _ . 2 28y ., Linkage mapping,
morphism SNP 0 99, 334 TypelEED  Single 4A7A ¥ population studies?
Insertions/deletions Indels 0 W4, 94 Type [E= Single 2 & Linkage mapping

'gzA PCR primere 2R3N G719 R R 449 4 3IcHConserved PCR primers can be adopted from sequence in-

formation from a related species)

@ ==



DNA marker2t =4aHFAI0 EE(1)

type [ o] aj2ates], 2RAL o5 markery Y
37 FARe] AL B3N T o Foluh
%3+ RAPD markeri= type ITo] 3l%al=t), 24
< RAPD bandi= PCRS &3 4344 && A%
Gl SFHUA7] wf#olct. AFLP marker £
g mA9 A dgolM SEE7] dE type
Mo &3tch Microsatellite markery= 7]%o] 2+
J e Aol gldd type Mo &gt
EST markere= #7372 HALE oJW|8lB2 type
I o] aldact SNP markers 23 E ] (eSNP
EE SNPRFH AEHA asittd giRE
type 11 markero]t}. Indel genomic W% tran-
scriptomic sequencing project ¥} oA £Z A
d % maker2X AA o gy ol&=m gk
Indel (Insert@} deletion®] %*401 2 FAZRA 9
Ao wabA type ] Ee type 07} 2 4 ok

Type [ marker9] ,]U]‘— H]% o] & marker7}
i Fasithe AL FAsiA T AT 244
GAAA FE3] LARNA &
gttt At Ao M marker2A 7] %0 8l

= A4 $44 43 2 QTL A=

S Al 2 Geo] A Ful=a ik Type
[ marker+= B WA &S, Asdd, TH 44
FE A o K&k Awd 2F g
Az dal B2 FAAY 0|59 FoldL FU
of HE5o] ok vlaAwEge Awty fAM
3 Zold g AEar] A8l FH4 FRI} u¢

298 Fo tel o188 AT, S §
A% Ao AT markerS AL 3HeT] dos)
£ ge AL, AU, =8 E 39 + ek A2

A, Q7 #, Zebra fisht Zo] Wo] A7d A&
A A& FBo e £AYE AlFd] i
FTE olel7t A FA$HL U Type |

markery= map-rich F¢ Ay AFEE vz
map-poor 32| Hlw 9 AL 3 J&&
gtk olel 3t wla g
A= 7hsetAl e, Bl
Fol gFdr ol HwE Yo o
wge] BEd ok 7B AF ol&HE MS
(micorsatellite) markero] gloiA, 1% vlm AT
PCR primer TJAFQ S 93} AMEEE uhEu]g o)
FZol e F7IMEY BAe F5dr dx2A
o, A wWEe BESo] EoW type |
marker7} F7tell Hlm ¥ Aw @R tig AR
2A9 g48< @ dEs0], 157 AR
Zebra fish] type 1marker A} BAlolo] gichd,
H & §A28 e 7, oA, igol F U
AL ofUAY 157} fAHAE dFE e
marker A2} Bitol]l Ea18 715Ade] Utk @A,
TARE FRFAA F2 Fol| A large
insert bacterial artificial chromosome (BAC) library
£33 it} o FoE Apduy), ey
of, A g0, FAMF] ol Utk 7k Al

@l o linear arrays of large insert clonee] BAC con-

= =% type I markerE
HeE o7 2d@
A

o Mz o

£ o

tigs2A] & A clusters of overlapping clone2 2
AAE Ao, BAC contigsZ 4 JAU(FL
3 QTLE 7N & A2 g #%) B2 ¥} marker
o] o] 7b5d Aot E3, P A marker
F9¢ DNA v tigk 712 £402 QIL
< Yehli= DNAY S & 7 Aot
YubE 0 2 RAPD, MS, AFLPS} 22 type II
markers FAPEE EFsta UYA go, gt
A oz Ao Yol Aoz Hurd) ol
markers= At 2 A7t +473 A9 54
% #3}e] 17 o] Hardy-Weinberg 3 18] 1 ©]
48 maker7t N FHEAolgE TSt A
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T8 AFdA de] o]&=x lck(Brown and
Epifanio, 2003). 3 type II matkerz ¥, A%,
a1 #F FHE A% FARE ARG L §
FATNAN 78T AR FHHUT, o FH2d
£ QTLY} A#E markerZME 48 A0 2 1
23723

EAF markerd] #&4& TENFE dRF
(PIC, Botstein et al., 1980)& ZAZ =& 4= 9]
o PICe & A A3 & A&dr) 9@
marker®] §84& 71elZith PICE 358 4 ¢l
T HHAEAY 94 2 dgRaA vzy &
Yo #9H3, ZE Y32 e Hidt
A 12 W grolth o & £, Hlx 059 F iy
SAAE 7} MS markere] PICE 7z} 1-(0.5)%+
(0.571=0.50] 7, ¥hd ¥l% 099} 0.19] % P&
A A}e] MS markerol] o g+ PICE 0.180]t}. Ul &
Az Wx7l 39 245 PICE A i+
Az 7 o] de A5, dhadAd
Mgyt o PICE ©] AR PIC gtol Hln g
o, ATAEL FAE FAGNA Aok
g A FolM 128 thdt markere] £3) 53

< o ¢ 5 Aok

2.2 lsozyme marker
g FAA A oElA AaE of
B4 g a wlololn isozyme% 038E
Yehln A @94 AEE Yehjoz
type I ©|™ marker2A A9 fﬂ’z} o|t}. 1960
Ul o1 ¥ 2, isozyme?] starch gel 7| GF& o
w204 A4 1 Qudez ojgd
W (Ryman and Utter, 1987; Hillis et al., 1996)0]
o, oM = -3 @ol AgH 1 gich

g 5o dEaAAd Esigel Ay

@ ==

Isozyme-£-

ofr Ak Zpol& ZZto] ¥ DNA wjgel W3}
£ Jujgtt. obv)xeat Wsto] wekd, A717h &
2E starch gel”ﬂl*i TR @A e
°|% A AR YA
Z}°]°ﬂ"1 7l°1) HEFARY EAfo 5ot Al
A Wz ol Hol g A &Fsetn 3
@, & 281 72 BN £47
S FEs] A3 o] 8E . Isozyme &
A= 24, A28, AHERE s F904
o8 B 74 Aol Q3 isozyme mark
ast F4FAY AAWAY RasrlE Ao
(Hallerman et al., 1986; McGoldrick and Hedgecock,
1997). Linkage map 2Hg& AT &8 dolf
(Pasdar et al., 1984; May and Johnson, 1993), poeci-
liids (Morizot et al., 1991) Ao A FH A2,
o] & 7bed isozyme HAARE F7} A FH o
e As Ax ZAdAe AHEA] Rk
IsozymeZ} A THE null YFFAAZ
A ol FAHAA 29, 281 BT A H(ZH)
G2t Aotk A7Itk 97te] DNA wWjg Aol =
’“Z"M YAl gotd, 2% 7t
o€tk wEH QeI = g
3hE encoded EEPElO|=E W
A1 B3, 47 ZeHElel s Hste A7Y
T AdA A X&e WsAA geth
B & ¢ #e fAAEE YehlE 757 iso-
zymed o] &% YA, BE o] &= KAA
7 vnd A3, dFEe] Azl o e
oAl e i fa ke $71 ZoX(EF 2-3) o
E marker?| PICE o} 4 H7tete gl 3
o}t FANE @‘401] 3 B2 isozyme Gl A]
Uehd 2o 8AA Wol(eg. Siddell et al, 1980;
Mork et al., 1985; crawford et al.,, 1989)= ¢ 2 &

A X
\_.
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DNA marker®t $AFLAIN ()

A 3348 & 717 markero] B A7 2314
At &4 type I marker 24 9] 74, of
A3, aen e v gox Eetn g

A ol & A=k

i

2.3 OJEZE=2|0} DNA marker

HFFE g ATolN G714G B 9
DNAR T n]EZ=2jo} DNAGA o ez &
Aee o2 Yehth(Brown, 1985). o]z
mDNA7} SA| G o A FE7|2o] glo] Eam
ol &o] ¥ ¥7) wFo] m(Wilson et al, 1985), v+
TA PIEZ=Lol AR BA fAoE Qs
FEAY 27171 o FA7) o Eo|th(Birky et al,
1989). E-A9} MALS A)Z&sb= <k 1kb control re-
gion(D-loop)& A| 93l Ae| A mDNA &2}
© ZAAHE T dWHE 0 2 Dloops} 2 vl $AR}
89 UL cytochrome b A} 2 3T W)
Hol vla] Juld oz L Bo|Z Ho|1(Brown
et al, 1993), o] A& opnt 7554 A|ghe] 729}
At o] g3lol A 719 Aoz Hor

mDNA marker®] #42 uizloj(Avise et al,
1986), bluefish(Graves et al., 1992), red drum(Gold
et al, 1993), snappers(Chow et al., 1993) =21
shark(Heist and Gold, 1999)& ¥33}= thekst o
fold ATEE 2437) A3 BRAA A
SHUT IEZ=g) o} markers FAMEE
SR ol Bol ol &5, oA e
2 210 guel FR9 o457 GEoID g
Benzie et al., 2002). ¥z} 4 %79 isozymeo]
M8 41 2.2 mDNAS) D19 ge] Eoly A
#3lo] 478 9D £U4E FALIA B8
Ak 7148 22 mDNA markers 24 Ha17}
3 75 DNA7} olue} mtDNA&+=(Cronin et al.,

1993) A& A|9l3l1= RFLP markere] 3]2g ).
WS mONA $8A57} AR dYfa%
9 7} Btha AT, mDNA EAA o] &
7he @ marker7} g 5o} 114 isozyme H i
PIC Zto] X| ¥t RAPD, microsatellite, AFLP —72]
31 SNP9} #2-& ®Wiolgo] & & DNA marker® t}
< 9.

Hede) FAYH) w2} mDNA Bale #
AR ZAA shtel $EAR2A pelslol
3t} (Avise, 1994). £3F mDNAE 274 A7)
T Eol, mDNAS|A A& AFs 9 Adrzxe
gender-biased migration (Birky et al., 1986) & o]
% (Chow and Kishino, 1995)2. & 913l & A=
o ¥stE WgskA] ¥E F= U E3, mDNA
markere EA Wo|, B3 A& 7)1 o|PHg
A& °]Y} mutational hot spot$} Z+& thE DNAJ]
71 £ markero] ZAjsRe 24 S0] Uehae.

2.4 Restriction fragment length poly-
morphism (RFLP)

RFLP marker (Botstein et al., 1980)%= A= 1} 8}
AlA & ahte] LAV E AE HHe R A
o 24 WolEoizlch. RFLP markere] 3}8}
A Aapel delE Fg 19 295 0] gtk A3
Hae ol §424A, o] T4AE EA 456
EE 8 4718 dHEA ol E Yol Uehd o
mtt DNAE d9@dh. 224 indel, §7] %3
e AT #dd DNA Wde Wgz o
& A A (Fig. Dol M2 AAHAY glojAs w&=
A2 v & Stk A|FEAE DNAS H9A
7|8 DNA ©@¥o] A7), o] gdHe & /)
A, A, 283 Fo we} deFsiAl debdeh
%222 DNA 932 Southern blot analysisZ
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o} &3] #a)sl3(Southern, 1976), o] EAo|A] 7
% DNAE ¥38lo] agarose gelo| A7) & doj o

B2 HOE o]FA|L 54 probeE A A
7oz g9
A T XHoliMel AT xg
Fish 1: Fish 2:
A&Vf&\&\\i’&wk\i g\‘f)\w’&if*&;&k
Digest with

restriction
o b SRS RS

Gel electrophoresis and Southern blot

B. Insertions or deletions

Fish 1: . Fish 2:

it

Restriction digest
Gel electrophoresis and Southern blot

Fig. 1. Molecular basis of restriction frag-
ment length polymorphism (RFLP).
Loss of a restriction within the lo-
cus of interest leads to loss of one
fragment and increase of fragment
size that can be resolved by gel
electrophoresis. (B) Insertion of a
piece (black bar) between two re-
striction sites within the locus
leads to an increase in the frag-
ment size that can be resolved by
gel electrophoresis (reversely a de-
Ietio)n should reduce the fragment
size).

@ ==24

Ho £ PCRE 7]¥to 2 3t /)& S o] &34
E2% Southern blot & tjAlgt} & AR
of e FZ9 A7IMEE < githd, RFLP
d9E TP dWS PCRE 53 FZg.
dolo) T3 vad & AAY 4Ye B¢
T A79%E B8 2 Aolg FEAY a8y
Aol tgidol AG A shte] Fr)xFo
fid Zojgd, PCR A5 S AFELE BaA
Aok RELPE T + 3t} HIZoje o] 48
4 A& universal primere] 7} Zolx|a glojA,
AFAEL vad & BEHAY WA Agls
i & DNA 99 ¢ gz FE 4 8l3, 9
AL WdEoA g Wole &3 Biety 9

of & Ags
22 B8 4 913, PCRE 53 44td tharo
DNA & EBra gAsix 44 #&9d ¢ ot

27 Wol& FEdl 9lojA RFLP markere]
AAE L golA AFE o FHId Aud
marker} 7]&o] Hla] Hid oz v} AR Y
< Ete 999 Indeld} AL djRE
g AFdA QA AAUAATE, 73§
T ¢ fAAFNAA Indelo]y} Aujdo] 3
7VeRE& B8 Rolth Ak, 10° @718z
g g Az, ep QAEte § Adaid
el oF 250000 A AHo] EAFTHolRL
15x10° £ AAAEY 0.15%) D). A X
AdeA d71x8e F-A3A 24T RAolA|
gk, g et le AN 9712 8o
dold 7FsA& vlud A& Aol

RFLP marker®] % 7432 olE markers} &
Faolgte Aoltk. &, & AAUAA F A o
HRAA7E Gerdth 7HE A2719] Aeolst Falet
Agk PEsle AL 42 g} RFLPY 2 &



DNA marker®t =AFAA0] EE(1)

d2 vad d¥gel wohe Holth. dath
9719 AE EE Southem blot HA4 L g3
probe7} D QA BAFA K7} BZE8 oA mark-

r& HEshe Zo] ojga AE ol £t

2.5 Random amplified polymorphic
DNA(RAPD)

RADP #3-& Zo] 8-10bpe] FA ¥ primers
HHAA e 3 DNA 98 T2 TEA
7171 918 PCRo] o] &-E|WA] 1990 o A5 7f
) primere &1 ¥ w2 ¥ annealing &%
(FF 3640C)7F o] &5917] WEel, O3 AHEo

£33 154e Ugm o)E BE 4BE da

==

e §AA} dshbl Bt 33529 9
Ase PR FAARE AT A egi,

=

E= -rXM o FrtHAL, oJE S I &
AA A DNA g tﬂi} o osf AFHA
t}h RAPD t}3 4] primer A3 g9 47
X3 £ olE A Alolel el indeld] ©)3)
dold & ITHFig. 2). & ZAtel| QoM
YL v At ¥ 5-20 band7} &114| pri-
mer & o-&3A A& & U1 TF A EY ran-
dom primer¥= o} 2| RAPD bande] thgt A4 AE
& XA 98 o884 Uk 2z bande
bi-allelic locusZ AR 7] w o] (ZEH A9
ZA w¥ 54, RAPDd| th3t PIC < micro-
satellite 9} SNP9] PIC Ht}= 31, RAPDE A
of AitEw FAAEE Holx] AFLPRHE B2
FEHE AFetA] 58 7% ok

RAPD markeri= %49 @9 marker24 #4

1 25024 71EH) shvhe] RAPD band
T o FHIA R ot FPHTA A A3 A
AHE] 31, band ZEE TS 4 A9k PCR 284

o M h‘é 13 band FEe] FHo| o Uik
AFHOR oFRFA MAY FERFAY £

CIEA o% THsE AL Iz E7bse
o Akt band7h A2 FAAbE e & FAA
o & hE-FAAE YehlieAl stetstr] of
29, AT gAY SARF FE AZ FBr1E 4
Att. 53] RAPD7} primer 23 YHHTY = 4
Az AAY Aol o8 FEEdE us 2
2}y $ZA 7oA, Fl AdielA Jed RAPD
band®] = F-Ro| A WERD band®) A9 2o}
ofgitt oA L 7 fAAAANN G THRY
A Ae 7@ of Ao B34 RAPDE
F2 Ado]A 3:1 vj&2 EeJ¥chFig. 3, Liu et
al., 1998a, 1999b).

RAPD: PCR 7%t markere] 7]
I A ¥ oolg, primeryt YA g o] & 7}

zE ;g—;d

«
M2 Wi
Single base
i | PCR mutation :

PCR Product No PCR Product

B. Insertion/deletion between two RAPD primers

Insertion gt
- N T
Deletion : G
PCR

w7

Fig. 2. Molecular basis of RAPD polymor-
phism. (A) Base substitutions in
the primer binding sites, especially
at the 3V end of the primer binding
sites may lead to decrease (as
shown) or increase of the number
of RAPD bands. (B) Insertion or
deletion between two primers may
lead to increase or decrease of
fragment sizes.
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%n/E/B/IR
I

I %3 )4} DNA vjgolv fAA F44
AR Aol Yo SIE Ao Stk WS
o Ee Bilse Wge) o E1 0] Bo she
£ 88 polyacrylamide gel A7]% %
(dPAGE)} silver staining (Dinesh et al., 1995)0.2
oA, UF 49T 2L W95 5
5 PN EBr 9422 7271580 RAPD
o e BRE Be AR B AA U
Ate] #e]golt}. RADP markers o] (Partis and
Wells, 1996) 1.2] 11 < A F(Klinbunga et al., 2000;
Crossland et al., 1993)9|4] % %73, black tiger
shrimp (Tassanakajon et al, 1998)9} &]ZF(Van
Oppen et al., 1996)9] HG+Z 4, 87 ~E
28] $7% 9S4 (Bagley et al., 2001), 2]
SAA bk B (Wolfus et al,, 1997; Hirschfeld
et al., 2002; Yue et al., 2002)o A o] &5g]ch
o] #2 markerd] T FAAF Y dldf
A ML SHded oEE, 281 FEEEA

A. Identification of alleles of dominant markers
P1 P2 F1

- /;:f/bb
Marker A -b% -~

Marker B wio

The alternative allele of a
RAPD marker band is
1 o, “no band”or absence of
= 7] \\.\ Az the band,

~ Bh

B. Dominant marker inheritance

PRz A Fz individuals

A > ®WEH WE SEAR mNEERSE F

B . pwmmmuwwmmmwme- A AA Aa

C > m mMm mMENN WM w

Fig. 3. Allele identification and inheritance
of dominant markers. (A) ldentifi-
cation of alleles of dominant mar-
kers. For a mating between parent
1 (P1) and parent 2 (P2) to pro-
duce F1, two bands are different
between the two parents and there-
fore can be foilowed as markers.

@ =24

o} o] FHTA Aol FEo| E7FsdITE Aol
t}. EoZ, RAPD markere PCR FE31g o)A
W2 annealing £E2 JF Al Kt

2.6 AFLP (Amplified fragment length
polymorphism)

AFLP:= ¢A] =9] g RFLPS} RAPD W el 7
A& }3leln a4 & S8y A PCR 7|9
multilocus fingerprinting 7] ©]th(Fig. 4). RFLP$}
FASHAl, AFLP T84 9] €44 712 A@A
A3 AR G71XE Atel9] indel S 3
t}. u}x7}2] 2 RAPDS} PCR primer 23 9o
Aol g7 A= Fho] Ytk o] 7le & &
A& AA Ax DNAE &3AAX A ¢ DNA
Qo] ojn] &R g adaptors Eole A
ojt}. o]ZA BNA gel A71GFAA FHEA £
2)3l7] 8] AA @R Yo g PR FF
o] 7bgdict. §34 Wol= RELPS ZA%t, &
o it fAARE EMste Ao] ol
BAlo 8 Jle fAHAFE BAY F At

o] HH-& Vos et al.(1995)°] <J3ll A& AHE-H
31, AFLP BAhe 5 7)ol F2(HFE Eco R1
7} Mse D2 AA Als DNAE A3A|71HA A
gt} o]Z 7 BES0)2 DNA 9 Hjge & 4
glomg, o] B Lo MidS ¢ I adap-
torg Eo]3 PCR ZEZ& 93} primer YHo2
o] &3t} o] & B3 #UT 7)e] PCR ©¥Ho| 7
Eojx e, TZ€E T 4= PCR primer?] 37
o 9718 BoA At ol dVle HE A

A} DNA ©H o2 o|ojX| B2, primere
Jﬂ°l e Mg S /M AT e A9
DNA E9& 4719 &7] & A, T, G, =
O% 7MNEZ, primer dhito] shtel 4718 &

1

-



DNA marker® 2=&HFAI0 BE(1)

ez FEd due 4 4 Eoleth &
primer®] dhute]l 9718 EY4o g dH S 164 =
o€ fh. Z} PCR primerc]} 37)2] @71 & £o]
A 4,0968] 2 Zo]ET}h AFLP 2X o)A, Eco R 1
primere] 3 hdlo] BT}k o] F4F DNAS A
@ste 10° bpe] AmolA < 250000709 ©l
TE EE Eco RI 9ol Mse [9o] 9&] 2=
HHog duynz & 500,000 Eco R 1 -Mse |
@] grEolXith(Mse 12 4bpE 143}l 3,
H Eco R 12 6bpE <12l5te] Avrgt)). ujghr,
PCR primerol| 3709 94718 274302 EcoR 1-
Mse 1 99 37 < 12270 bandZ Fo}E0]
(500,000/4096) gel W79 B3l FH3]o
A9y 52 2290
AFLP Z8538 2 Ay tdde deled o
oA i Holuth AAeh 49}, 28] 3 primer
499 97) N && 3= 10%p A5 EcoR
[-Mse 1o o3 Aeajr AdE <F 500,000 @
H& 4,096 primer 39| AFLP scano & 7A}&
T At B, Aws 2AME) H??H OE 524E
088 & glomz B sde Bash 7}
T AF, TE 4,096 primer 5&?}% E3 full
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sean W9 e A7t 2887
&1 gl 4 992 oz vaad
1007} =9 t@goz giiie] o FE
sttt o &E0], Young et al. (2001)£ 133749} o}
PA markerE WHE7] Y3 AFLP 7)< o] &3
i, °o]F 2370 A /140, cutthroat trout 2 ©]
Zo 322 FE3Y) o] 259 TH(Young et al,
1996; Felip et al., 2000). T}2 &-& Al (high-reso-
lution linkage maps®] 2t ¥ 3HE= Blears et
al.(1998)9] FHddA AF=H A

RAPDs$} Z+o] AFLP marker:= 94 marker 24

$R9) ¥% AFLP bde} 394 B7hh7)
A% AZE zzagel FANAY, T4 %7t
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m}i

gotd 7HAE o] & wﬂ‘?l 7hesta 7HA|
:fL"ﬂ/ﬂ\_ ol@th o|AZ AFLP gelidollA
3] HA bandE W2 Es) FrIMEE &
3|31 7} bandoll tfe] AR SolA primerE
WHEoA AT F Ut

o] A& A4 w]A 9 single-copy ¥ DNA
marker AAFshe Aotk HIE B AlZo] &
LAY AZAQ BHE hAA ALY +
© shte] o] 3ARl T34 marker7t €}, ol
Ae]EYol N n{FF o4 F
o] Atole] HFE& AR &) o] &HUT B
24 AZo2A AFLPE w°— 4] marker24] t}Fo]
Aok gt BRI F J?«ﬂf’)r ZA Y 5
2o &g LE band: F1 AtiolA Vet
g Rolx, Wi o]gy JXﬂ bandi= EE]E Zl0]
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Step1 l Digest genomic DNA with Ecorl and Mse |

For a genome of 10° bp, you expect 250,000 EcoRi fragments (10%/4000)
and 4 million Mse | fragroent (10%256)

Step2 l Add EcoRi ( mem ) end Mse | ( wes ) adsplors

The majority of fragments should be Mse I-Mse | fragments, some EcoRi-Mse | fragments, few, if any,
EcoRI-EcoR| fragments. This step is to add adaptors with known extra nuclectide to create PCR
primer binding sites. (For a genome of 107 bp, you sxpsct 2x 250,000 EcoRl-Mse | fragments),

Step3 l msubcuva PCR ammcaxm
S s a— T — — e ——

A subset of 1716 (1/4 x 1/4) of all EcoRI-Mse | lvagmm\sm ampiified due
to the additional arbitrary base on each primer.

Selective PCR ampiffication using primers with 3
Step#d l selective nucieotide
a—— - — - i —

A subset of 174096 (1/64x1/84) of all EcoRI-Mse [ fragments are amplified due to the additional
thres arbitrary bases (5. EcoRl side, ;, Msa | side) on the PCR primers.

Stop s l Analyze PCR products on denahiring ge! electrophoresis

-1 ———+l Data coilection and computational analysis ]

Fig. 4. AFLP 24{9| AL,

A7 R2s €@
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THLiu et al., 1998b, 1999c). AFLP ¥e] 9 7}
AL B2 ¥4 1830007 o)), & PCR
annealing temperature 2 Q13+ ¥& €A, 182
markerd AthA 7|4l o]t} RAPD ¥.the ¢ H)
&o] EXT BL 9 FAAFE FAl 4
& ¢ oA markerd v &L FA FojEr)
RAPDQ} A7 2, AP -‘?—1} @57} 8 g3t
A @1 wEhA o Fo® T 3len,
2 ATHA L F= 7}*‘6‘3}‘4- 5‘:-25} RAPD 3
§ AFLP band= ¥t ol ziel Aol &l
so] guldoz ¥ PIC g ZAu, FAld
AXE + de FAAFY F71 BolA £-44
< 3A F7HTh 2 G2 37 labeld] 7
A8 AwstE GIIAE B4V 2
S8 A7 dasits Aol Z']%'v
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2.7 Microsatellites

Microsatelliter= t}9] AZH weubEujg s
TAE0 A3 Z7)E 194 67] G712 =] 9
tHdl. ACG T GATA; Tautz, 1989; Litt and
Luty, 1989). MS& 74 A€ BRE FofA]
THIL o] folAl 10kb B WAHE Aoz =
A3 Ych(Wright, 1993). MS:= ZE o
FAA O ZE 999 Axd F1F B¥de
o] Aok MSe #7174 99, JIEE, agln
HFA2 oMz SAET. FA2 o GolA
7F¢ & <A & MSE polyglutamine tractol]
0 JEE 7BA 3 Q1 CAG wHE-o2 o] 2 9
& FAluteko] dojdct hRE] MS §ARH

< Had 23, F M 5 Brfd o2t} MS

@ =24

frAAse] 2717F B o2 FobA PCRE of
431 genotypingo] F o3tk dutHoz Wi}

A 02 el suE Fue G HEg 7t
A MSIIA = e, e W84S 717 MS
£ 6 guge g,

MS 3L & FRAAZRAN dAAFRAIL
74 wEWge] Sof Fojo] @ 27| Helo|
A} 2@ (Fig. 5). MS £l &2 AT
107 BZolY £& Ao HuHyon (Weber
and Wong, 1993; Crawford and Cuthbertson, 1996),

Fig. 5. The molecular basis of microsatellite
polymorphism is the difference in
repeat number among alleles num-
bers. Shown are sequence gels of
two individual catfish that have
identical flanking sequences, but
differ by three AG repeats
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DNA &4 A<l polymerase slippageol] <]} oji}
T A2 AAA Y, ]2 Q) uhEude] £
7} #po] 7} FrH(Levinson and Gutman, 1987; Tautz,
1989). A7+ 7HAS] AFAQ AFlME A2S
MS EdWole % TR gigfxe & £3
o wEwde] Aolg Hol: Aoz v}
(Weber and Wong, 1999), &34 Ed@Wo] nd &
A A gtk (see review by Estoup and Cornuet, 1999).

20 B3 ojFalN, el Sa 2
2ol g Hole g fAAE R, ol AL
TR N fHA 2dS dAlZ (Balloux and
Lugon-Moulin, 2002). £% 7123} “F#glo], ¥HE
o] o Wtz g Jol A HEe 7 MS
AR - FAA $71 271 4 ek

MSe 394 markerd® wWlde] FAY o
Wb FREHAY 6). AL YPHAAY
THE AA Asdel %, &L §37

S
A e A8 TR wdo] 279y, 7}
MS #2727} shetslojofala PCR primers] t)

O ul On mii

TR

Allcle A 5> W W

Allele 8 W == - = - omeom
Altele C B - - . - - o .
Allsls D M- - s ] -

Fig. 6. Schematic presentation of co-domi-
nant marker inheritance. Two pairs
of matings were used to roduce the
F1. In the first pair, the female has
genotype AB at the locus; the male
has genotype CD; and their F1 (one
fAeISnale individual) has genotype of

AQE e RHEHEY 4E g9 widE &
ofobgitt. 7HF A&AQ markerd] NEE 93,
MS7} F5-8 Al library7} & 0] 21 tHOstrander
et al., 1992; Kijas et al., 1994).

E A 34 ol A polymerase slippage2 Q13l, 812
MS fraztate] didf3aa Aol 2bp =9
Aot AT & Aok o WEd, PCR FE9
MS DNAE AEH O 2 WAL o2 FA| 8}, se-
quencing geloll A FeJAl71a 1 ¥ 3159 X-ray
HE AoA x=ZA71tK(Sambrook et al, 1989). 7
FH oulA] Al2®E Z2E AEdE F se-
quencerE o] A, stFo BET F Y Al
29 = 2A F7+EAHOReilly and Wright,
1995).

FAAAT Ay 71 gve AE
DNA marker®} PIC gko] Atk Aot} B H e
He e FoA MEA THE MS AR o
g primeret YA MIEE TR =8
31 )& A Molecular Ecology Notes ©) 3
debutell X} FHE AAYH, MSe 3T therdt
A% zAMA ofF Q17 Sle marker7} S
ok A 1083t ZA A, MS matkere Al A =
A4, AARA, 5/, TR E LI o
AL TolA FHASHA o] &5 A thsee O’Connell
and Wright(1997) for review).
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2.8 Single nucleotide polymorphism
(SNP)

SNPE g fAAF el 7wEY EolE
A A T2 4715 A e dERARNE BA
e A 2ddold o fud tEAL Mdd
gtk grle] AFo] 23k dFr7IMLge Aol:
1977'd DNA sequencing S Al 248 3 2 9 €]

H172 2z €P
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B2 A|89] SNPE 24 genotypedts A
0‘453 5t gene chip 7]&°] o] &5 15 E
et SNPe ojd AEUe] 71 F5E o

" 1}%§}7¥ 7Ve3ste], T2 marker®}
e AR y;}z‘ﬂxg.g- 2k
obd = QlojA] E2 marker 7| THA] F
Qo
edozt @ FAAHY SNPE 47
W -FAA7} e 4 Qi 224 SNP 99
o 4% el 471 A, T, C, GY &g 7}
7:=l "F Aot 28y AAF oz R Ee SNP=

F A9 AEFRAA F el nF:E: F A
«l pymmdmes CT = F 789 78 AG) ¥ 9
AR P 98] o] PICE B3 of
Y522 microsatellite¥HE #A| & FA|T o] ©
e Mol FHRFYoE FHE 4 gk SNP
T34 marker2A FAHC

SSCP £ (Hecker et al., 1999), heteroduplex
4] (Sorrentino et al., 1992), ~18] 3 direct DNA se-
quencing$ X3 o2 "ol SNP discoveryS
98] o]-&=% o, DNA sequencingS 744 3 &
&1 Ho| o]&¥ Hhgolith Random shortgun

sequencing, PCRZ

o

marker=

o]-8-3} amplicon sequencing,
comparative EST £4]-& SNP discoveryZ ¢} 7}
7 Q7] 9+ sequencing Yo},

71€9 LAdE E78l3 SNP genotyping
473 ofele dolm S43 U7t Wasi
SNP genotypingS 93] o] & 7153 HAEA<) 4

MO Z= direct sequencing, single base sequenc-

1.

ing(reviewed by Cotton, 1993), allele-specific oligo-
nucleotide (ASO, Malmgren et al., 1996), deaturing
gradient gel electrophoresis (DGGE, Cariello et all,
1988), single strand conformational polymorphism

@ =24

assays(SSCP, Suzuki et al, 1990) 18|31
chain reaction(LCR, Kalin et al., 1992)%5°] it}
Zk Wo] A3 9 S 7}?‘]74 gk,
SNP genotypingo] «}#3]
Qo] FE3 AP AN 131'—'1‘ oo a2,
o) Z9] SNP marker 412 7te] At #Au)g
g8 ot F+En

A Fu)E o] 83 HE&A genotyping] & o
g igto] shsdlth £3 A7Igle WHoEE
Matrix-assisted laser desorption ionization-time of
light (MALDI-TOF) mass spectrometry (Ross et al.,
1998; Storm et al., 2003), pyrosequencing(Ahmadian
et al, 2000; Alderborn et al, 2000; He et al.,
2003a,b), Tagman allelic discrimination(Li et al.,
2004), real-time(quantitative) PCR(Nurmi et al,

ligation

2001), .8 31 microarray} gene chip (Hacia et al.,
1999)¢] o] &o] lt}. Mass spectrometry®} micro-
array technology: 7o 22 Fxl7} " 3sjt}
Pyrosequencing¥} quantitative PCR %}H]h ‘3—__1‘3}%_4,
o2 US$ 100,000 o]3fo] 2, $AAE u
olf ATty B A7 2E -’F Ae A
ot} & F3 Ao zE AR ¥ #AF
genotyping®] H]8-o]t}. Microarray(gene chip) 7] &
7 B4 PRE BE ) ARGAAS B 4
A9l o1 85E 483 4 A=A 9 %
£3}3 o] wj#o] gene chipZ} hybridization probe
o] e &85 HES AFY 7 Atk Mass
spectroscopy 2} pyrosequencing2 2] AFof| A T
22el 3$AY WY AL Az 8 A7
& o (. AR 7 £ A vl v-gH
ol x| A3}Aolr}. SNP genotypings] &A% T A%
29l HHo| s Vignal et al.(2002)8] HZ
F4d st sl
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2.9 Expressed sequence tags (ESTs)

ESTst= cDNA ££9] random sequencing© 2 -
B AAH single- pass sequence ©jt}. EST ¥H.&
FAAE T wd e 5o AL B
Aote 7ME 587 ol (Franco et al,
1995; Azam et al., 1996; Lee et al., 2000). o] =
< 54 AR 2ddA, e 54 19 97

oA ofd zA A WdHE FAA ] sl w
I 7HAE 27 FEE AFYT). ESTe W
g #Ae] AAH £4¢ 7538 she cDNA
&5ttt &3 A% mapping
oA o] & t}(Boguski and Schuler, 1995; Hudson
et al,, 1995; Schuler et al., 1996).

Genome mappingol] 3104, ESTE A} sz 9}

< T= AwgolA linkage mapa} E2l4 A=
AZ 98] 23}, radiation hybrid panel S t}
B4l gl DNA markere] A% 2ol &3}
THCox et al,, 1990). Radiation panel&- hybrid cell
o] line52 FAH o 1, Z hybrid cell& vt
2o 200 JAA e vEE AU,
Ao, gii FollA de AT WANE
ZAIA GRS e du oz Ragin WAt

Mol ZAtg A EE 222 2T 4 gk 19

micorarray 9] 7jtol| &

W ols MEE £8 AT SN BAY
o] ZAE AL GAA BHE ANE SRAE
S 4R Be STATY G B A
o 54¢ makerst §AAe A% L 24 %
£ 2ol F15dl AT Z6F As AR A

A719= £33 (Yang and Womack, 1998;
Amaral et al.,, 2002; Korwin- Kossakowska et al,,
2002; McCoard et al.,, 2002) radiation hybrid panel
< ot FHPEAXE o] &8 4 §lth BAC Ii-
braryE 7HA & EA Ak Ago] R o] &
Tled = AlTdla BAC linrys @A) & &
AP EA 0] 8T F Uk A& 1FH,

AP E-o)| A rtadiation hybrid panele] 7jd& 7}77}
T AldelE o2 Aeolth 12lE2 ESTe ¢
FA BST7L 54 =719 dohd A e A e &
o= F&3lcHLiu et al, 1999a). 3 EST=
hybridizationol] oj&] E2]A %o Jeld 4 ¢
3, 294 {33 linkage mape] 5FS A%
EST7} linkage mape] 94AZ 4 Y& Aot}

EST7} microsatellite} A #% Aoz vehyd &
27 linkage mapel] ESTS. ®A® 2 9t} ol

Aol A, microsatelliteS L FetE ESTE type [
T Aol

O 28] AMRYTHR T 2.

markere] =

M7 M2z €D



