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AgAs Ao= 42242, RAPD, RFLP, AFLP, microsatellite, SNP, ISSR &
T}, ©] £ microsatellite= ”"“ Wt olg} F=A|, n|EFE=gole} e /‘ﬂ“’\ﬂt}
EA8H, oA FelE microsatellites L THEAS Hol= F9A4 nAR J
AT HZ A5 HET Microsatellites B35 1~6 bpe] &2 A Fo] wtEE Aoz 7]
zZo|HE A5l FE3HE Microsatellites= PCR ¥H3-2.2 HA FAAE S £ = = Ao o),
F 5ol NEHI ATHLE vlg 77k SAFAARE AEE 7 U= ©ho] Aot wEkA, oA E 9
749 microsatellite 7Hell FQst Alx R FEEAL Al dH]8o] Wol Ag o] Ago] fA o
A} Jhde]fo] ol §lof, oA A B A S 2 8t microsatellite AT-E0] 2718l Y= FAo|t) u}
A, B =HoA = oA E2] microsatelliteS ©]-8-3F 14 7|25 v}ASI A} microsatellite m}A 2] tFsk 7l
9 24 ) 23 2y g H8 Fopo] tis] At AAE A ARE AES =EY JheAe
F2 R g AES XAt ok AES] microsatellites ©]&-¢ HTR-AEHH A S
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ABSTRACT: The choice of molecular markers is the first step when selecting experimental plans in the field of
population genetics. The popular molecular markers in population genetic studies are mainly allozyme, RAPD,
RFLP, AFLP, microsatellite, SNP and ISSR. Among these, microsatellites are frequently found in nuclear, chlo-
roplast and mitochondrial genome, showing a high level of polymorphism and nuclear microsatellites are co-
dominant. Thus, it is a favorable molecular marker for population structure analyses and genetic diversity stud-
ies. Microsatellites are composed of tandem repeated 1~6 base pair nucleotide motifs and can be easily ampli-
fied by PCR reactions using locus specific primers. Because microsatellites have low cross-species transferability,
however, they are only applicable between phylogenetically close species. In wild plants, the lack of genomic infor-
mation and the high development cost of the microsatellite obstruct the wider use of microsatellites in plant pop-
ulation genetics research. In this review, we introduce the basis for microsatellite markers, the development
process, and analytical methods as well as evolutionary models and their applications. In addition, possible geno-
typing errors which lead to erroneous conclusions are discussed.
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Microsatelite 7H &+

e 300

I 4 ARE T arEfstelok Stk(Parker et al., 1998). A&
ofel] Qlof At mAE o] &3 F o]t Lol Xg)
9 fd2E g ATE flete] dEdor dEAd
(allozyme)o| FH7HA] T2 o] & o] girt Ld=arg] ot
%4> DNA 97149 HoZh &4 dd o] op]ieAl 4
3o g W T = Ao, 11 A9 AL AolE A
71902 5730l A Eck(Parker et al., 1998). &=A}S]
A S 24 A = 9 AR 7w ) A

oy, Aol W m¥o] A EM tgAdo] vl
2 A3 AAgE Al57F Q7R o] Qlo] (Parker et al.,
1998; Schatter, 2004), & o= DNAZ 7|HFO 2 & A=
Azlo] w1 Q= FA o] tH(Nybom, 2004; Schétter, 2004).

DNA 7|8} v}AHE 5 restriction fragment length polymorphism
(RFLPyS A|9gh tfte] 22} vpA = F4of whe} vekst
ERreld 54 99 5 7 e W Zofoly
(universal primer)& ARSI} T2 BT & Algel &
&= internal transcribed spacer (ITS) Q<o) 218} &7}
Wl F e A 0] &R EaellA ARgE] gitt
(Karp et al,, 1998). 221} S| -4 TRRFI A 2 F(species)
= ek (population)e] HIE 1818 S|AE2] (demographic
historyys 793171 918l Wo|7} F4-star il =ke] 4=
7} B2 wlAZF 7% 9], randomly amplified polymorphic
DNAs (RAPD), RFLP, amplified fragment length polymorphism
(AFLP), microsatellite, single nucleotide polymorphism (SNP),
inter-simple sequence repeat (ISSR) 5¢| 7I@t=]o] A5
aL ek

o] & microsatellite= Als/dol AHAISR= 2 HHE g
TZE 7= 971 Y= short tandem repeats (STRs),
simple sequence repeats (SSRs), simple sequence length
polymorphisms (SSLPs) 5] &ol® Zg§xo] 3x7|Hch
(Jarne and Lagoda, 1996). Microsatellitet= 574 #-ZA1#=
AFsh= Aol o} 2 G717 R ERE §3e #1%st
T Ao, Nt of e} fSAG nEZEgofe} 2
A 3E47] F(organelle) Al olA T £3] W Hok(Wang
et al, 2009). Q=) ¢} v EZ=go} Fff EAulA o] ¢
AnrA o7 wA|o] RS Algsht, el EAlleks 24}
ntA Sl A4 FRlomNEH FHET] witel, F3 TR
(homozygote)2} ©] 3 4 ¥ AH(heterozygote)= Wd = STk
(Navascués and Emerson, 2005). W2FA], SoA {-a]& =
microsatellite (nuSSR)E= &-"d (co-dominant) P}IAHZ, =2
e UehE A o02 8 Hek 184 AT
@o] ARE-¥] 31 9l THSunnucks, 2000). HFA A LA =
microsatellite (cpSSR)i= YR S &2 ALt TS| 1717} 8-159
HHE o] UER= -3 © 2 (Navascués and Emerson, 2005;
Siragusa and Carini, 2009), - 2 &EoA o] A}
FAx E5S AFe=d AMEE I th(Navascués and
Emerson, 2005; Kalia et al., 2011). FekF-28} QI tollr] F=2
ALgE = e viA S Blwske] E o] microsatellite=

A4 Addo] Holub, kst PCR 718 AR-SHAL
TS FA ke e wbEs & S sl Aol
8loy, ek FZ(population structure), 714 TFd (genetic
diversity), 74} X% 2] (genetic mapping) 5] TIUSH
ofef|A] o] &% 1 ITHGupta et al., 1996; Zeng et al., 2004;
Grisi et al., 2007; Tehrani et al., 2009).

2+=2] 749 oln] 1001 \d AHE] expressed sequence tag
(EST) A71M D5 ©]-8-F microsatellites 725t AR+ 1L
AT RHA, o2 Ee] 7 v i vlgo] o -8 H
Aoty 4 tid F2o 2dFeE FE EE ol
FAIASE 2 B AEo] Yl Af AE e md A
EollA ke microsatelliteS oYL EA1o A& Vbssht
(Peakall et al., 1998; Baruah et al., 2003), 7312} 2]&0] o] oF
Y21 E2] 73-9- microsatellite 7Hgtol] H Q3 EST T= Al
Q7149 dHolE 7} 452 7% HolE (raw data)’} 5
=3to] ojds] Aol A vt webA, #E =Eele of
A21=2] microsatellites ©]-8-3F A4S I8t 7|2E ki
S}A} microsatellite "FA 70 B2 B4 Wy 23} 29 gl
2g- wofell tisl Avhstaat st

1. Microsatellite2] &

1.1. Genic microsatellite?} genomic microsatellite

ESTE= AAH mRNAE 9%AFeE cDNAS] 7149 &
A wab, faxte) i S A skl H
B2 A5l EST 400 tigt Z2AET} 43511
QITHLindqvist et al., 2006; Lee et al., 2008; Li et al., 2010).
o]Z st EST ZZAEZ Z/lE EST F7IMNEZHH
microsatellite 7-7+&- AH & 4= QJUK(Scott et al., 2000; Gao et al.,
2003; Saha et al., 2003). ©]5 YWF © 2 genic microsatellite
Y= EST-SSRolehal 2w, I/A oz AREE 4= Q=
ESTE] 7AYol EAllshs A5 Adia ez o] 1+
st v)go] Adaitt. g 1 5% T35S fld =
glo]m H-zk K017} QbS5 Hi(coding regions)oll 93|51,
H] 45 H--(non-coding regions)®ll $] X3+ microsatellite]]
vl vl 2 BEA o), e, ZAF 1ol vl A g
Aoz #go] 7Fssirh= 7ol Atk(Varshney et al., 2005).
19 W8l Al microsatellites= A} G o] o -9
HAIBEAY ololl thst HR 7} Gl microsatellites <]78 31
(King et al,, 2008), EST-SSR}.U} t}sd =917} @A) =t}
= Z%o] 9O 1K(Chabane et al,, 2005) 7 v]-go] Wo] E31
22 Algte] B wlo] Qlth(Tehrani et al., 2009).

1.2. Repeat motifl] W2 E5

Microsatellite= X% 1~6 bpd] 7= LE| = A Qo] 1t
EH 2192 mono- = VN, di- = 7Y, tri- = 371, tetra- = 471,
penta- = 57H, hexa- = 67§29 T2 LE| =7} REEE = A
< W3 (Fig. 1), WHF 4= no 2 YeRdth 4 & &
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Total DNA

Locus 1
e CACA ACAC- ] - TAATAATAA " ] ~CACACAC—_Jrmmm
v ¥

Di-Repeat motifs

Tri-Repeat motifs

-CGCGCG- -~ TATATATATA ~TACATACATACA--

Flanking-region

CACCACCAC-

Tetra-Repeat motifs

Fig. 1. Diagrammatic representation showing microsatellite loci in
the genome.

ATS] 714 o] nil REEo] =W (AT) 0= YERd 5= Qlth
TEULEE 2717F W EE (CA)GL B, ol A71A4
Al Al CACACACACACA7} YER = 222 CAC)A
25 BT "ol CASE AC WS 2 AlAE T
=, CA7} EAISHHE 0]¢] A 7N Lell= TG7F EA
sttt WEbA, CA=AC=TG=GI, GA=AG=CT=TC,
AT=TA, GC=CGE &< AYE &/, (CA), (AD),
(GA), 2t (GO),2 vl 74 3 WHeTh(Ellegren, 2004). 522
75 (CA), NIE 7 7P Bed) vls) AE2] 7394 (AD),
7} 7 HBa (GA) & =2 RIEE YERITH(Morgante and
Olivieri, 1993).

1.3. 7ol W

Microsatellite®] WHEA1EA 2] el wle} perfect microsatellite,
imperfect microsatellite, compound microsatellite®] 3714 -3
2 8 =9It} Perfect microsatellite™= X|$F, AHQ] =
A2 o] Wl glol skl 574 EEE(motif)7} 145
A& OlF Feg (AT))S Z3lal, imperfect microsatellite™
28 A T A 507 QIS ke 9o ASAS W
liato] EebdsHAl o] Folx F(eg. (CA)GA(CA))S &7
3}, Compound microsatellite= -+ 7] ©]42] SSRs¢] A= 21
Hato] o]Fo7l 218 Ses=tl(Mudunuri et al., 2009), perfect
¢} imperfect microsatellite + 7FAZ Ws 4 T
Compound perfect microsatellite= 7 7l ©]/d2] e HHEhe]
7} LA = Zo]H(eg, (AT),(GC),), compound
imperfect microsatellite’™ - 7l 0]/ Th& REESHS|7} 1t

Table 1. Softwares for microstellite mining from nucleotide sequences.

Fo] =i} sh o] v d7|= QlEl REE whelo] A
] Z(e.g., (GC),TAC(GA),)S &Jv] gtk (Wang et

2. Microsatellite O} 7l&r HhH

Microsatellite TFA 72 3-8 A A|7k+] W A7)
AaE T Qon, BAREEA Y Ee] ude] wa
HYd FEOR WS AFskaL Stk o7)1M = ok
M WY 5 ol olgehs tisAdl WY HE &
ZWakaral gt

2.1. EST "leJ&fHo] 2~

mRNA°] AA} H= oo EA15= microsatellites A1
2317] 214 GenBank$} 7 A} S8ollA Aqtskal
2F sh= F2] EST Q7IMES FE35to] =4 dlolguo] A
£ RHE3L Table 19] X2 7SS o] 838ko] HEEA|AS 2
of ol& TET F QIEF Zejo|wE kst § PCRE
gstal FA o) o] gttt ol WS ARE-sle] H3K(Saha
et al., 2003), 3= (Scott et al., 2000), Z(Gao et al., 2003)5 I
2ol microsatellite”} 7% AT}, 25-0] 7-¢- 4] EST
9] oF 5%°g =l microsatellite A E0] AT ZoF W
H Hf QIth(Varshney et al., 2005).

2.2. Selective hybridization protocol (bead method)

Microsatellite 7H2F BPH O 2 H7kx] 71 de] 2ol=
7%= (Zane et al., 2002; Nunome et al., 2006), A=A
A="] DNAE =38 & 27F4] o8] Algtasrs o83
o] Alkzd] DNAE 2 ©TRESE AIZ1TH200-1000 bp). 1 9
st Alu] DNAE o HE 2L A3]7]a oy 97]
M At = AN Edele sl ZefolHE o) &
3l 3 ®W3Fo 2 PCR3IY] EEA|71t}. Microsatellite -7
Sl DNA ©H-E bioting XA S BHAE o] &35k A
gxow Mlste] 2R4dS Sl VMY S deth &
oz VMG E V2R MRS SEsE ZEfo|HE
AzZeE -, AR AR FAS S8l e v E A
HolTh(Fig. 2). ©] W WSl microsatellite 7215 o]

-

Program Web server or download site Reference
Web server  http://www.repeatmasker.org/cgi-bin/ WEBRepeatMasker Not published
Repeatmasker
stand alone  http://www.repeatmasker.org/
) Web server  http://www.cbib.u-bordeaux?2.fr/pise/sputnik.html Not published
Sputnik stand alone  http://espressosoftware.com/sputnik/
Repeatfinder ~ Stand alone  http://www.cbcb.umd.edu/software/RepeatFinder/ Volfovsky et al. (2001)
SSRFinder Stand alone  http://www.maizemap.org/bioinformatics/SSRFINDER/SSR_Finder Download.html Gao et al. (2003)
MISA Stand alone  http://pgrc.ipk-gatersleben.de/misa/ Thiel et al. (2003)
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Extraction of Genomic DNA

Fragmentation by
restriction enzyme

Adapter ligation
Microsatellite @
repeat
[ ——

PCR amplification using

[ .

CIEmT] adapter primers
biotin
B s—
4
- - | Selective hybridaization using
-;_-:-I- biotinylated probe
LR\ Magnetic bead

streptavidincoated magnetic beads

e I - -;:- Biotic capture with

B e e Microsatellite-enriched DNA &
[ mm E 5 PCR amplification

Cloning
Collecting of Positive colony and PCR
CGTAGCTATATATATATAGCTG | Direct sequencing

Fig. 2. Schematic representation of selective hybridization protocols (Zane et al., 2002).
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2.3. ZAFNA e v A8

Microsatellite 71'2-e] 714 2 Tl whe X7k} -8 H]
&5 dokshr] f1ste] FAFlA 7 microsatellite W
= AT Foll L8k H97T AUTHPeakall et al., 1998).
o] WS o]&3st7] YA e HiEe<EA(e.g. Molecular
Ecology Resources, Conservation Genetics Resources, American
Journal of Botany, Primer Notes and Protocol)t} -2} 22
(e.g. GenBank)ell 555 = vHE T AlSA A2
= 7P 7Pk FowRY JdE wiAE Adste] ARg-gh
th 7 3A% AE PR FLFE S5 W Aol Agdst
WS ke ghEo] F7] witel At T 7P 7k
T& Aestojol et 7FsAdo] ok 4 v ARl

= 0] 374 3-8 (observed heterozygosity; H,)% 71t)| ©]
Sh-&(expected heterozygosity; H,)2l FX& &2ls}o]
dol & A& AdEsi, obee] FauH A AHnull
alleley’} SA8HA] 2¥aL s - BRRIMEZ= FHHWE)CZ
HH degstA] = mpE pAF e Aol st
(Jarne and Lagoda, 1996; Dakin and Avise, 2004; Wordley et
al., 2011).

Ao w A=e] A4 TR 1 v 82 of
A7Fs7del mi-g- vkol ZAFA AEE microsatellite=
288 = S FARATE 7R Bl ghste] A
251= 70] ulAlo]thPeakall et al., 1998). o= So] 3
(Glycine max)|X 718 3170¢] microsatellites AWlF-2]
P07 FHHE EIGE sgjays & T UE &
2Z 29 A7t d S vt A3 GlycineS oA =
FollA e Zeto]m o] 65%7F FFel Adeskd ot
(Peakall et al., 1998), Glycine?] T2} TR= &ollAi= 317 &
78] Zefolwnt F3ol A Fstlal e Zefoln=

e
e

ol X

L oft

Next Generation
Sequencing
DNA Roche 454 GS-FLX

Extraction

Genomic DNA 10ug

—n
Cm ]
m 1
N W w

—
o .
W}

IZIEI

(N

—

seryl-tRNA synthetase gene™} 7l|-¢- 717k Ag]ol] At
sztoln] 28] G7)7F HEARQ] Zlow vebsh Ao 2
2?1 7MWK Manihot esculenata, Euphorbiaceae) ] 71 10
7Nl microsatellite® Manihotss 7 52 A&l 4835t Ax}
AAl, T2 gt fAkH 22 Su Foleks A7t vl
A W 37 FelMs SHEAF A FaFlthRoa et
al,, 2000). H=3t, microsatellite®] 7H-$- S50l 455k} shtizf
T A8 APt A4E uskA] o2 o fAEE
T %ol & 7hs/do] ok, FatH A W s}
2 23AHd (homoplasy)®] G35 WH717F 4191 4ol ¢

2.4. Next generation sequencing (NGS) |-

ZFAH) 4714 < (next generation sequencing, NGS) #2492
AEAR W=l vlsl Av]E, th&FS = A5 DNA
o 97IME AR F5o| 7hs3th(Metzker, 2010). 2HA]
O A7 YE AYowr QI8 Ao VA LS o] &3t
microsatellite WIS 7Eehs WS Al F2 Al
4 DNAE F=E3to] 2t 719D 23S Al3sith
ggos dojxl d7IgS BEYrsty EA4E S8l
ZAE] I (contig/E E 4 2]3F & microsatellite F-$ 5 EgHsl=
A7I4YEE Table 18] T2 I =S ARSsEAY 71 &
AHEE dAlste] A O F microsatellite T-7HS X
sh= AE|15S 83kl microsatellite 3¢5 E3H3H
zefoluE 3Rkt §, §AAE A4S FE RS
A eth(Fig. 3). RtE oz ZpA) A7IMd WS ol
gato] A Alss S Ae 4 R AEEE
3l %2 coverage?} depths 2751}, microsatellite 72
e B0 3 79 FA9A A AdRkE ARERRe R,
=2 coverage®} depths T QT &}A| oF=t}, w3l A
microsatelliteel] g5t} A A1 5-& ARESte] FEstaL
2t sk 217 SEE A IRk AE Fote] B

Picking repeats & Amplification

l‘ titanium platform I‘Designing primers nTest & Genotyping

Microsatellite repeated

moti

= mE B Amplification Test

— Cars o
o L &S i

= S s
! [
Elflm
e

Designed primer pairs

Direct sequencing and
Genotyping by sequencer

Fig. 3. Schematic representation of microsatellite isolation using next generation sequencing (NGS).
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Microsatelite 72 2 A4 304

depth= 2.2kt 5= QITH(Yu et al, 2011). ¥ W2 oA A3t
W So 1)a) TA7) BakslA] ekol A7k} w-2lo] zoky)
a1, i) VMG ARE Eal ok

2 H4HE £ Q= Zo) O]ouq Ll A%

of BFSV] F He BE Bl fis

uEA Al aakHolh

1crosatelhte 9
AFe] 77t R

2] microsatellite

OP

3. RHARE Ay 4

Microsatellite®] 22 Q71952 | LsHAY A%
G7AM D B AE st .2
M= f1o WS Fot A 2 WS Alska,
A Al QFE HE F Qe A AZEYYE A
staat it

3.1. Gel A719% ©]&

A719%s Fsto RS AAshs WRleRE
polyacrylamide gel "5 ¥} metaphor agarose gels ©]-8-5H=
HEo] 22 AREET Polyacrylamide gels ©]8-3h= WS
T YRS Awetal Eeledo] W stol(Karp
et al., 1998), microsatellite?} 70 H 7]2] 97| Zjol& 3
alfof g Aol F2 A ol 12t PCR #gellA
v 1127 A2 slipping)ell ofall 2S4Sl Al @
T2 A U5 A K allele)2.tF st = o] 719
HhEo] F7heEl DNA 2745 9Jv|8h= stutter band7} Ve
v o] Sltk(Matsumoto et al., 2004). Polyacrylamide
gelollA itz o 2 WA F9 e (eg PP)E ©l&stH
silver stainingS AF&3to] GAsith WM F99AE
WA sl R fralishe W A3 9 ol Ato]
ZoH] == o] Sloj(Asif et al., 2008), Q3T silver staining
W (Bassam et al., 1991)S 52 ARSI}, Silver staining
WHHE AP FR1 AT o] 8- 99 WIZ S (sensitivity)
= H]eskal Wi AlZe] band ﬂcﬂo] =

Metaphor agarose gel> =< w58 SRZ 7/Ndd
agarose gel? 712] agarose gel XUt A e 3|
A5 Al3-5PH (Hu and O’Shaughnessy, 2001), 20~800 bp2]
HRolA 2%2] Zo] A& AEE 4 3l polyacrylamide
gel WHel vlE A %ﬂ]@O]W(ASIf et al,, 2008). ©]+=
polyacrylamide gel “dol*] YER= stutter band”} WERFA]
b= o] ) oLk (Karp et al., 1998), polyacrylamide gel
vj3) Eelego] vk w2 ©go] §ltk(Wang et al., 2003).
b e - SF oA B JiA1Y] dExl kS
TAIZE Yol Jﬁh_’_ |- & Uﬂ” metaphor agarose gel -2
H“ﬂ Tr%f? w4 A 5 fFAREE A5

32. AR G7IME AA] o] &
Microsatellite®] T}373 HEWH-2 thakst WRlo] Q1o
g HHE Bo)7F EAlehs s 3dEde] fakE e}

)

o|n & o]gste] FHIL Ag AVIMG EAAHIE A
719985t vl Atk 24_01% A e o]l FE AR
o) f3A 382 ) Applied Biosystems A4 7
Sol A% 714 B4 S o) gahw 1bp 2]
Aol W g % ek of el AR B
S 2+¥ 6-FAM(blue), NED(yellow), VIC(green), PET(red),
LIZ(orange), ROX(red), HEX(green), JOE(green), TET(yellow),
TAMRA (vellow) 50] 2 ARgE| 11 WA10] e &3 o
gof wg} Aol7t WrE Ff F2 APl A mlF =
LIZ(for 4-dye multiplexing)-} ROX(for 3-dye multiplexing)=-
T2 o] €31 (Butler, 2005), YA 7 AMREE &3
7o) My} Balo] 7hsd 34l 23RS Table 29 2t}

Microsatellite 29]7} 32&-%¥ DNA 42| #42 Al2te
212}e] forward Zepolr] 5uthe] §FuAE she WY
7 AR forward 2Zetolw sETke] MI13(-21) 27144
(TGTAAAACGACGGCCAGT)E F-abetal, FFRAE T
M13(21) Zolv S SFol ARgshs ol Sl
(Schuelke, 2000; Fig. 4) 2{ WAl W2 47 BE
forward Zgto]Hol FPAGE HA|S] wtel] B2 H]
go] == Wo] slouh, M13(21) Zeterol] P33~
2 shu AbgEE GYARe B4 AGE HolA7] mE

o] o]& s Ag 4= Qlt}(Schuelke, 2000). 1&]L} 71 o]

= 5371 H= A9 annealings oA THEal 29
3k ko] Qlol(Wu et al., 1991) PCR A3-50] thh k&
o] Sltt.

3.3, RIAkY A AL ES o

FEE 49 2ol HAsh: 2T ES o= Table 37
7L‘jr GeneScan®:> DNA Z#e| tfgh Zo] &7} AJakiA

< 98l 71x dlole| 25 €] ZZte] DNA dHe| sl A5
Zq—:‘f—' s7dete] A% % dolE S48, Genotyper™=
GeneScan”°l| 2J&l 574 % dlo
LI Eo|EA EA Aol e WP ow A7)
witol] wl-$- 7HHEIAL, stutter peak®]Ut +A peakS AFE O Z
ojifeto] sz dlofEnkE: =& & ¢ Sl o] Ak
GeneMapper*= 71552] GeneScan®2} Genotyper™?2] 7]5°]
THY zraHow 8 AR doly Al
88tk S 7L Qlo] AAE #AS Sl =
AREE] a1 Qlt}. Peak Scanner®= GeneMapper®sol 2J3l &
AE HlolHE FRE s AR peak &Rlo] 7t

T e Z]H Az Eojrh =8 GeneMarker™= -

oo
HJIFU
M
2
ol
o
Kl
2
2
o
S
1

Table 2. Combination of fluorescence labels for primers according
to size standard labels.

Size standard Compatible fluorescence labels for primers

label
ROX (red) 6-FAM (blue), HEX (green), NED (yellow)
LIZ (orange)  6-FAM (blue), VIC (green), NED (yellow), PET (red)

Korean J. Pl Taxon, Vol 41, No. 4
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A
%—) Forward primer with M13(-21) tail at the 5’-end

<—|:| Reverse primer

Universal Fluorescent-labeled (e.g., FAM) M13(-21) primer

o

g |

- Wy

| CACA..(CA),..CACA | | |_3’

—

s —E:]: CACA.(CA).cacA[ F»

—{

D
&]: caca..cn).caca [T

Fig. 4. Representation of the protocol using M 13 universal primer for labeling (Schuelke, 2000). A. Three primers; .B. In the first PCR cycles,
the forward primer with the M13(-21) tail is incorporated into the PCR products; C. These products are then the target for the FAM-labeled
universal M13(-21) primer, which is incorporated during subsequent cycles at a lower annealing temperature; D. The final labeled product can

be analyzed on a laser detection system.

Table 3. Softwares for microsatellite genotyping.

Program Web server or download site Note
GeneScan® http://www.appliedbiosystems.com/ Commercial
Genotyper™ http://www.appliedbiosystems.com/ Commercial
GeneMapper® http://www.appliedbiosystems.com/GeneMapper Commercial
PeakScanner® http://www.appliedbiosystems.com/peakscanner Freeware
GeneMarker® http://www.softgenetics.com/GeneMarker.html Commercial

WA WAlo] Sahel ALEYOIR +A peak O17}51]
dolel 3% @ 4 glov], go] HA3} Al Q474
2 AFH O 59T 5 Qi e gk,

3.4. A peak IE =

A2 peakE EAE ¢ PCR Y ollA] s
stutter band2} DNA 53 @40l 2]3)] DNA 29| 3o
F71E = B33 (nontemplate) A7(FZ o)l +A
peakol] f-2Jsto] #-2A3todok Stt(Brownstein et al., 1996;
Magnuson et al., 1996; Matsumoto et al., 2004). +A peakl}
stutter band A1 Fsh= 715S 7 {4 4
E9](e.g. GeneMapper®, GeneMarker®)Z ©] {3t A7
< 31 & 4 glon, A E] ulFdel w75t
7 A YERd peakE tIH AR 3 ok (Kondo
et al., 2000). 221}, Fig. 5(b)2] -5} 2o] 2719 2

f

o,
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LEE Ao Qlel peak?} 717t0] LRt HAE H-Eo)
SIS 739 +A peak T stutter band®} NHFHAANE T
a17] A= A97F Qo] ol & Fostolof it

3.5. AR Null allele)

Microsatellite 4] A] =& ¢1719] HHE-S SR8k
7} Zglo|m o] 3t Sof| EA|SHE Ho|Z 3] A
o= 73971 iAStH(Jarme and Lagoda, 1996; Dakin and Avise,
2004). ==, A4 PCRe 2=l 54 wHe 3572 sl
AR 292 FEE o] o|FA3He] AMATE oY 5
Agtolgbal FHE = (partial null) Do U}, 0|23t F&
A A= microsatellite?] i F-3A4F RIE S-S &
AsHA o ZEE AEOZ o|& JhsAlo] Atk wHfe

2= FEEZAR g o tig-fdAr Hies vk
AU HFHA He), ol Fadlgdf-dxtel ot azel



Microsatelite 7Het 2! 2A4H 306
A 140 145 150 2] WHlE kAl QA ok FelEE, FEAHEA Rt
>0001 FARG 5 Aol o o] gt W=
;‘ggg 20l o SR31 ALk 53, S5 SRS A5l vl
’ A Stutter band A A4 AY7t H55 3487 8H7] witol(Jame and
?,ggg: Slzeiarkel‘ \L—\}: Size marker Lagoda, 1996), tF2 FollA 7% microsatellites A3}
’ 0 FAPWAVAY \ 1A} k= 739 FatE Akl frelstoiof gt
ar ]

B 45 14 . 4. Microsatellite2] ZIs} 22!
1,500 AHFA O 2 microsatellite?] =2 =AW E2 DNA 54|
_— g Foll DNAZFES] w1185 & d(polymerase slippage
’ (= slipped-strand mispairing)) B2 524 Al B4 I
5001 : ﬁ ZHunequal crossing-over during meosis)®2 2 € ThFig. 6).
o f"k,./ VBV (A Polymerase slippager= microsatellite®] 8. =AHO] Q10 =
o e 29 1) 9o (Schidtter and Tautz, 1992), DNA A7} 2y
. e Fol) 58 AR} ANEA BAR AREhe] i So] Zjo]
21000} 140 145 LY = YeRdItkFig. 6A). 0]2]3F Zeldo)= Ba|uby F o)
ool 0] DNA 2FE AFH o2 EFs= AlAEl(mismatch
’ repair system)©l] 2J3l) n7go] Euh, A2 o) wAEH] 9k
1,000+ =EAHo7} EA51] microsatellite W 7ol 3lo] W3S of
500 A Al \ - 7|2FCk(Strand et al, 1993). ©]e1et @/ PCR Whe2k > in
ot SPIAVA' LESAVA' 1O S S vitro Fol & Z3] LAY3Fo(3-4 HE) stutter bandEF1L
[144] [ 148 | H2= 22 peakE©] WERATHHause and Litt, 1993; Murray

Fig. 5. Scoring dinucleotide microsatellite genotypes using automatic
sequencer. The peak was visualized using GeneMarker®. A. Pattern
for homozygote. (B) and (C) pattern for heterozygote; B. The peak
pattern is bimodal, two clusters of peaks are overlapping. Alleles differ
by 2 bp; C. Two clusters of peaks are not overlapping. Alleles differ
by 4 bp.

3l - HiQIH|E S S (HWE)

SEAIRE, A e
AdEo] AAY 5

Increasing number of repeat unit

et al., 1993; Fig. 5). Polymerase slippage°l] 23t o
kA ow #Ae- whE ¢ WskE UeRe bl vk, st

Y waF = 34 H3k(gene conversion) 7]12tel] &3k

o=

[€]
microsatellite ¥H-5572] W3l= &4 JHE 4= WslE f
53 = SIth(Berg et al., 2003).

MicrosatelliteS AHg-3to] Fwhtsls FHsAY F44
AglE ArkstaAl g o, microsatellite &AM 0] 2] o]&4
mdo] 7P Elojo sttt ANEA © 2 infinite allele model
(IAM, Kimura and Crow, 1964)¥} stepwise mutation model
(SMM, Kimura and Ohta, 1978)°] & AM-¥t} IAMS] 7
EAHO| = v ol glof Algte] glom ek o] &

= =

o
-+

Decreasing number of repeat unit

il 25,131 4 23054

—_— e Hfe e et j=—= i i
TGt iee Misalianment

='_’(|'_"|E e et te e D 2 T P L L e
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-
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3 i Breal cibe B 7
> SR EIAR: FeL. 2 Iyl - Fll i—
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Fig. 6. Types of microsatellite mutation mechanism. A. Replication slippage. The black color is template for replication, and each arrows

represents a unit of repeat motif; B. Unequal crossing over during meiosis.
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=

307 U2 - Y- O|HE - =Y
M2 dHFHAAE G5l & o, RS AR, AR RS A E o]
sh o] St 7Fs st Alrkelr] wtel], FE2 AREE = AT tiEdAdo]
A =2 T AV 2o oL 39 v w
TR} o) FAF AV FEEE wAE, RFLP,
microsatellite, SNP 5-°] X3tHt} -4 v}l RAPD 2
SE AA ) 2 I i ol
YA FEEHA S

AFLP2)
A A FFH TR} o]
A7} Folo] PR3, PCRE 7He3] FAAH0] 2

25
(]
t}. Microsatellite> o]l 7HAS] A9 FFH TR} olF
AE7] vl F84F A2 Al AdE= vR AR

A A
Yojdt}ar 743} (Ohta and Kimura, 1973; Shriver et al.,
1993; Valdes et al., 1993; Kimmel and Chakraboty, 1996). “L
N 5eo]] 9lof

U, o]#3t 7] SMM 2 Z+ microsatellite
549 FHulgks #1745}

0} O

15
SMM=2- HEE =0 WS Wk e
ab ol 7k 8l o] U Al sdRolE®
o7} A= Aol 28 Nt ashe e A

o)
%2 tH(Akkaya et al., 1992; Wu and Tanksley, 1993; Zhao and

=

SR
Kochert, 1993; Shokeen et al., 2011).
5.2. 8]0 3] A% (comparative genome map) 4
Al A k] wd

]

xS

E| 2] kol ¥ H SMMeONA =
7 (Nauta and Weissing, 1996; Feldman et al., 1997; Pollock
et al., 1998; Stefanini and Feldman, 2000) HH=-
2k RHER 0] FARolgo] FrlekHs Wdd Rdo]
Sl tHGarza et al., 1995; Zhivotovsky, 1999; Calabrese and
Currett, 2003).
Microsatellite®] =AMl &S F7F 2 FAXE e al
& B%E 10°~102 P2 LA 31Ot (Ellegren, 2000; H 1 A Amgh 350 % AREE AL vlAE o
Schibtterer, 2000; Table 4), 741} 7F vl Tloksted &t & G510 AF Tl GAA| e G
elX % fF2xk 2+ <F 100017 =2] 2fol7t Y% st < Hlwdhs FAA ARE Tahv, 2kl A
5 (FFAxh e Aol sl =2 5 vk skt
(Moore et al., 1995; Sorrells et al., 2003), 74| Z}(Tanksley et
= al., 1988; Tanksley et al., 1992; Doganlar et al., 2002), 2 A}
3} (Lagercrantz and Lydiate, 1996; Koch et al., 2005), 3-42]
+ Y e FA0E olug vl 4] A
71 229 vl 910 (Zhu et al., 2005), ESTAA -2¥

A
microsatellite”} 7+ tixl7FsAdo] o} o]g] st Atel|

(Thuillet et al., 2002). 21=2] -9 S5 59 Z=olx =
¥ vp glom, BE Rl 2pE7te] &

sfol ANEA VhERE Ol fARke] o]

Aol go] =
AR S v
=743t EWHol &S AAStKTable 4). & &
Thuillet et al. (2002)2] 73-F- hhe] 4 FAEHE] Fale 2
EAIE 8~111H2] 2A714S AR % microsatellite 413
3t EdRlolg At 2 AMgE
53. Ak kA 34
A3}t Srr) kel #HE ekt A
oA AR = Qi) A ER

Ak, Zrohd Belwo]S [EAINA 4= x Al
r =«
T g fATA 24

Microsatellite®] 74 %
of
oRell A= AP 719 Fgel H ALgFlel, 5550}

o] @o] 253, oA A ek
=~
a2 5 okl 2AF T AllE2] microsatellite H] 1
| 9 W FH

DF )
FIE PR} Ak e, ole)
2 AIZFE AQ
He 2% PS FYSPIL AR OZ oj7] upe
217 AAFE7] BUR= Table 404 AAIE EdWo] &S
2188171 % STH(Gross et al., 2003).
5. ZEE0}
2 7 A 71927} 818137 v Qlvk(Matsuoka et al., 2002;
5.1. %A} A & (genetic linkage map) < Kwak et al., 2009). o]2fet 7AIT-e] AEX
AR A% 2 flelAe AEA e AR o o7t ¥ Sl flElE e AT 71 Fel g8
Table 4. Microsatellite mutation rates of various species.
Species Mutation rate (Per allele per generation) Reference
Human 107 Brinkmann et al.(1998)
15.2 x 10"*(dinucleotides) Zhivotovsky et al. (2000)
Drosophila (Diptera) Drosophila melanogaster 6.3 x107° Schug et al. (1997)
Zea may subsp. mays 52x107%~1.1x 107 Vigouroux et al. (2002)
Triticum turgidum 2.4 %107 Thuillet et al. (2002)
2x 107 Diwan and Cregan (1997)
3.1x107™ O'Connell and Ritland (2004)

Maize (Poaceae)
Durum wheat (Poaceae)
Glycine max

Soybean (Fabaceae)
Western redcedar (Cupressaceae) Thuja plicata
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T Atk AE =01, T sollA 71ete] 204171 2714w
2] ZAjol 4l LL?’Hiﬂ‘O]HTOﬂ H'F 3 oFxo] 5= A
&3b7] Slall S0, dAlell= At sjeFo®
FEAL Q)= U= @ (Triadica sebifera)®] microsatellite
A5 sate], 1 71do] T WA TR 7
U] ZE BiR1 Bl QIcKDewalt et al., 2011).

54. 747 vk E A 72 74

A4 eFdolst AR 7], AR T, A
=2 AR AEEE WolE ST ATl AR
= "= Sl WHolgo] EX] ¢kol A Tk 4]
= -JSHH =22k, RAPD 3 AFLP 5°] == AR50
kO™ microsatellite AWHA O Z OLEX]'C’]OH HlaiA ot
gAJo] =th(Schlstterer, 2000). 15 59, F3 51(Salmo
trutta L)Y O8] <2217} mlcrosatelhte—‘ SH A5k
A3} microsatellite 1717} °LEX}°]EE} /-7 =71 &
ato] Futdel £ o §-83 AR YERTHCorujo
et al, 2004). 53], J& 4 —Or] 3l microsatellites AH3-&+ ]
aulad o7 Fzkolz MEldtAL; o]w %E(linkage
group)®] &4 Q= AS AT HEE A58 aEst
o] nAE A3t X*Zﬂ Asel 545 W 5 Q= %
Aol At} ok 2 Z oA microsatelliteE ©] -3+ ek +2
v‘f—ﬁ% ARAAZ, BarE Al obF] B ot o &
W ook gk Bl g3l AP A= dEa E
% S+(Rhododendron ripense)®] 1% -5 AT K] 9|3
11709] microsatellite © 2 218k A3} A F3¥E 3= 7]
Ao FA4 = Webledl A8kl 2709 A4
<=7l (Pleistocene rive)E Yxt& o= Hiedsiit, slg
B oZ FAE dEE o]F dEsh= AR F47
F3l7F Mafel 7o 7 ka5 thKondo et al., 2009). 5v]
) F G| Ao L= AN Penstemonss 352 44
TZE 8709 microsatellite ©. = A3+ A3} 35 EFoA
Aol wet FAx; ofgo] Agh vk glo] fHFow -
z3} o] Qles E’%ﬂJ— olg T ol 3l = 25
Aol ofaf Fitu= ol vlsl] A=} o]Fo] ‘%’EE

B th(Kramer et al., 2010).

5.5. 8 A 77] 4

NATS] 7] (population size)= 7Hiﬂ:rL1419] Pt AL
% (fimess)?F BE 7P} AREAE Q= Ao oA
2lo(Leimu et al., 2006), 'HE2]7|% ura off 1oy ZhAlT
o] dstutel W {AA ol RUEHS B uu
Tjo} Wl Hef =30 dxpA] dAlolnt. 1eu, 2] A
A o= ) A 7t A 27E t’ioé
A ke o‘l‘7}‘ wol A4 dheto] SAA thokdS
JahA) ek Ao} 2 WAEHMandel, 2010). o=
01 Z2g E]-Oﬂ A A& FUH-F(Quercus geminata)®)

789 771€] microsatellite ©. = 275t A3} 2670 A 2 uketE

mln rE —°.~

W7t AR oz 7 haplotypeEE oz 1, a3t
haplotypeﬁi jlr‘)L H NAEE o 77k Al st
of F8 735 K= 74_& gt vl It Ainsworth et
al., 2003). &1 °ﬂ 3| At xS AN | (Helianthus
verticillatus)2] 73-5- microsatellite ¥21-8 F310] 34 t}
P oL ofF e TR T2 FHt0], 4710
2 4 ol U fE AT 1S s Aoz B
w0, u]st oY E-E R %4 (United States Fish and Wildlife
Service, USFWS)ol| BE7153 48 o] A=)
THMandel, 2010).

5.6. Parentage assignment %! -4} ©]5(gene flow) &
AT

Microsatellite™= 3} }e] G424 el sl o a 257}
W Aol F8] SAskH, ZF fAAk F 23l
upe} A2k ] A 7 vhE 22wl vis dA S
Wol Wol7} W = fFE FEe 7o vE A
gt XA gRlo] 7hsattt. o]y e E o] 85k,
AS3E A Erisaema serraum)®] EHEY SAE 6719
microsatellite ©. F 43+ A3}, sh] EAXE oA =
247+o] FAFE t0] 27} - AHmale parent)9} 574 &)
AL, T8 AFTES LHFASA s & A= A
it A=A2 A7|8h= AHEATE SlSS Bl vt itk
(Nishizawa et al., 2005). 53], microsatellite Oi:rL'E— gl %
TVRAEAL o] TFsekH, o= E7HRE T F fAA

olFel ¥ ATE 7 s "?}‘:]'(Hughes et al,, 2007;
Gaino et al., 2010).

5.7, PSS A

Microsatellite> #1-8 R 17} S| ®lo] &2 vl 77k
Tk Aol AgkE7] witell ARHARl F1F 21g) A
4 59 74]5 7oA Aol AddsA o, Al
T AR ghe)7] ofele w77k }‘7@*91 218} AA|
Z—F %“?_} é%‘ z‘éé 9 AEA A A4E 8l -8t
50, Tl —1:35]'% AR B
(Acer okamotoanum)—: trnL-F intergenic spacerol|A] 11=4]
W (Acer mono)2F TEEA] 9k S Uk (Pfosser et al., 2002),
microsatellite ©. = A1k A3} S} ol FEsh=
D ZH U (Acer mono)$} A2 02 FElo] HE S
uh 8 th(Takayama et al.,, 2011). Yo F¥x3= U
(Kalopanax septemlobus) '] 73-9- microsatellites ©]-8-5
At 24 295 vgo® d& A =2 f4 vk
38 A= T2 Al (lineage)e] Wsk7] o]l B3 st} g
ks fddoz FAEY] wiie] 44 vkl s =
= ¢lo] H 55 ¥3l vl ltk(Sakaguchi et al., 2011).

O

.I-I.I

L g Big

=] microsatellite A7+ = s O E =3
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wglom, opga =l microsatellites ©]8-2F w4 v
sk AAolnh A2 A9, FoME Ee AT} o] Fo
Z microsatellite #F#1ell et JR7} F7iE o] it o]&
Agato] st FolA e v E o]8ato] =uljellA
HZ|(Kim et al., 2002; Baek et al., 2004; Kwon et al., 2011),
“EH(Kwon et al., 2010), =(Li et al., 2011), 3H(Kim et
al., 2007; Ma et al., 2007; Park et al., 2009), ¥ (Kwon et al.,
2000), Z7l(Cho et al., 2011), 7l (Lee and Kim, 2007), Er}
E (Kwon et al., 2009), 215=(Kwon et al., 2005) 5-2] 25 tj
3 AT W AT 2 55 EAek] FES st

, T XA AHE BA WA o] & A A oRE
ggataat A77F 5335 vt Qlek ofel whaef opg A=)
73-%-, microsatellite 7|'&ell B Q3 7% Ho|E 7} FF3thod
AAlell= T2 vA Y 9159 o] 39 Qo
Ut ae] &eh= FH7MA Y- (Quercus acuta) 46713 ) A
13712] microsatellite "FAS 7Eslo], ZAF<l SIA T
(O. glauca), 7WAIHQ. myrsinifolia), &7 PAI5HQ. salicina)
of A& 7ls ool Tt AF7F Fa8E vl QTh(Lee et
al., 2010). st =312} KT} (Leontopodium japonicum) 1.
& As FHE S8 Ak Tt A AR E T
ek 3870415 o435k 10702 microsatellite WA 7} 7
W 3 (Lee et al, 2011), 7FA] 23 U (4eanthopanax
senticosus)2] 73 2397W microsatellite "FA 7} 7)2k= STk
(Kim and Chung, 2007). T*A&ollA 7Ee wiAS 2838t
o2 WEUFIe| &3l AU (Populus davidiana
Dode)= PopulusZollA t=2] microsatellite "} 7} 7t
Eo] Qlof o] & S/ mpAE ol&ste] HuAM 57) 2|4
ol M &8k AU (Populus davidiana Dode) 11371415
Odo s f47 ®lo] 4L s Ay, A ke &

4 TR F5l N3] 2 e WU B S

EFlTHLee et al., 2011). 2ol &3l A v
(Quercus acutissima)®] 735 Q. patraea®t T F-(castanea
sativa) oA 7 v S o8t Huke] A A
27} 98131 1} ltk(choi et al., 2005). #<* microsatellite 712
W Ag o] whrE AR oglale] ¥ u, el
o) o8 A% FA8HY BA A} Z4g Aow

ol dnt.

g2 £

A i T 24 ZEo] e A, AEellA s
microsatellite /}A7} 485 A% 9 O (Peakall et al.,
1998; Baruah et al., 2003), -2l E14] microsatellite 7S
Ap| sk AAES S8l D BlEo] E3FE AL, NGS &
< olgsto] 7 B8 9 AJTto] FolEHA oA ER )
microsatellite 23 A3 o] F7ek 102 o AlHE ) SHH|L,
o} A2 oA EZ HE] O] microsatellite 7] 52 =RE
o] F& E¥E 1L glow o)E o] &g e, Ak FHd
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sha FAE of7] mlu|gl AAolr}, n|=rAlEEE] ] A
- AJB Primer notes & Protocols A4S F-31] 2010wt
ok 5001 A2 microsatellite 712 Bl 48 =7o] HHE = F
AZ A7ste] & u, o]F o]g3t Aejshy vt fxdskA
A4 A7) 23 o2 FHow FUIE AoR o4t
Ht}.

53], &A sk Aukhl Ak §-182] A Fof o]
lelw F 3T ool ulE A=A X ATl 8=
7Fsrdo] Wi =tk dlE 5o, QEE T HYF 71d
AT, BEA7F 54 B A= 51, AR chds)e) o)
E A olF Wisk 9 Yl (inbreeding) &4 4, FAF
A 43 Al core collection A, AP AT A Fol] E-82
I Stk 53] EEAVE T4 5 Al 5 AT A
gk ohle}, B¢ & vkt = Q= 4 224 WS I
oF 9l Yjwnl BUEE ] fgt Ael 83 A=
Aoz JerHET)

ol

AL AL
B ATE B FRYRAAY 2o AEAL
A 2 A7 APAle] Ao s R

=
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