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Development of SCAR marker for verifying progeny of 

longan (Dimocarpus Longan Lour.) 
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2 

Abstract 

Longan (Dimocarpus longan Lour) can be grown in both of tropical and subtropical 

locations, while only Thailand country has monoculture of longan. This cause is a risk to the 

system of planting longan. Thus, breeding program of longan is necessary. In this study, it would 

develop SCAR (Sequence characterized amplified region) marker from SRAP (Sequence-related 

Amplified Polymorphism) and JT AP (Intron targeted amplified polymorphism) technique for 

verification F
1 

hybrid of longan. DNA polymorphic bands from 29 cultivars amplification were 

purified and cloned into the vector. Recombinant clones were sequenced. The DNA sequences 

were used for designing primer. Nine SCAR primers pair were design and amplified with 29 

longan cultivars. L3 _3 and L19 _ 1 were successfully developed and can be used to distinguish 3F 1 

hybrid of longan namely: 'Phuangthong X Dow Luang', Sichomphu x Dow 27 and Daw Kan 

Kaeng x Biaokiao Chiang Mai 

Keywords: SCAR marker, detection, longan hybrid 
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H" fl0-3 'il'TI'l.!'YI 'l.!nl'.i11'1n'Yl 11'ffo'lJ'1flH'ff:1J 1m::: 'il''.i:::v:::nm 1'l.!f11'.ifl11rnon"n1:Jw:::Y11.:im'i1m1�'.i.. .. 
�I "" 'J) "'·' Q d .,,.., di 1 'J) 

L1J'l.! t1'1 lt.Jl1'l.! l'l.! l'l.!0'3'illflfl'l.!'Yl1J�fl'illflllJ€l'11J'.i:::V:::w111v (juvenile period) 'l.11\.! 9f'3011l 'If 

nmm'l-A�.:i 10 ii �.:i'il:::i�lJoon11ont1fm1n (v.11\.A 1m:::mu�, 2547) 1 umn.ff 1Ju1-3-.iu-qrl11v i-3 
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<!t <!t "' d 9 S!'l ?I o "I 
1vrnmtmtJ-:J'l1lJltl~ttJ'U!tJ SCAR lJl A'lf A'WfllHIJ1'il'fftJ1Jfl1llJt1J'W'1fWHYlJ'UtJ-:J"1 W 

"' 

' _I 1 ,! d t ~ Yv 
IJ'lt tl'ln!'rlfllvl1l 'llt AYl 'l'U 

'ffllJl'j ti 'il~ ~'Vlfi 'I.J\91 'j ,~ 

2. '11ttli'l fli:-l 'fflJ~ ~ l'Wtl1H l 'j1'il'fftJ1J~1tltflie:i-:i'l1mtl SCAR tt~'J mmrntl1i,J~'W 
"' 

"' ?I "' a'9 '"I '.ii 'Vltl1J[J'Wt1J'W'Y'l'W1i A'l1lJ A~ . 

'Utl'lJl'UgJ'\Jt)--11flH fll'l1itl 

1 m -mn1\it1~tl 1rl11t1\')fli:-l'ffii~iim'j i:-i'ffmhuvf u{m'il lfl'lj~ 1 m-:Jfll'j tJ'!-li'mJ'tmtvf \PJJ'W 1 

vf tA{rl1 iv 1 fl Hon ~e:iti~ 1 tie:i-:i fll'j rorn'W oio'hlwt1htro1vf tA{tti'ltflntJi'11tJ1-:ivf u{rl1 iv ~-:i 

~ltU'Wfll'j'ff{1-:i~H'fflJ'UtJ-:J ci'1 ltl !'Wt]~ 2557 /2558 
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0 1f'I ~I ~ iJ .C::. d d~ .C::. ,/ t 

"1 H.ll 1Jl.J 'Vl 'lf rHflJ 'IJ l lJ (lflffW, 2546) lJ '!Hl 1 'Yl t.J lrll ff~ 111 Dimocarpus longan Lour. 

I :'1 ~ 
ll'lNl1Jl.J 2 subspecies flO D. longan ssp. longan 11~:::: D. longan ssp. malesianus (Yonemoto et al. , 

. " . 
2006) 1tl'U irl' fi~lff'j'l:J il'fi1l'ihhr1t1.1'\JOslfl1f11'11'WViiwtJ'VimnJ~ mh::::mw l all.Jfl11 iilJ~fllfll'j 

.,c,, u <u cu 

ris1oonri1it.Jfi~ff~ 1h::::mw 8 'rl'un11a1tJ1Jl'Yl (ill'Uflslll.Jlff'j'l:Jjfi~fll'jlfl'l:1~1, 2561) 1~tJ'VlU11 

'rl'mfri1itJ~U~fllJlfl~ff~ fio 'rl'mrn~v u1::::mw 95% {n1l.J'lf, 2559) l'Vl17::::ffllJl'j()lf11Jl~tJ1i~ 
q cu q q q 

no'W'rl'tJittJG"I 1m:::Vsl'Ol'Vi'UWi~Js1itJ1Ufi~ff~11~:::11u11u ('Vll1l.J 1rn:::flw:::, 2547) 1rn:::ii'rl'mf q I -u <u ct 

tu~ vm~m!t1t.J 1;11n 'rl'u'{ff'lflJ~ 1rlt.J11~t.J1 ll'tt1 'Vl 1sl'YlfM 1rn::::1'Vl'lf'jfflfl'j {nHflf, 2559) l11L'tt 

111l.J 1; 1111rl'u1 ::::t'Ylffi 'Yl t.J~::::ii ri 1 lt.J'Vi~ w'rl'u 1l II~ 'rl''W n~iifl1llJ illfltl.l'Yl Vllff'j '!:I ii fi ~ nrl' uiit-w t.J-:J iii~ 
q q u dtl 

'rl'un1'V!1l!u tl'u111tl'Wfl17lJl~t.Js1~t11:::uum1u~nri1 itJ'llt1sl i 'Ylt.J 1~ t1s1~1n 1 u11 ~~1f uu1:::1'Ylrti 'Ylt.J q ., q 

n1rl'-:J i~! 1JH~m :::: 'YlU~tlff fl11::: fonf ijl.J l'll L 'tt ff fll'Vl~ tllfllfflU~t.Jl.JIIU~sll;l'-:Jfi~m :::'YlU~tJ'j::::UU 

m1u~nw'lf~1s1~ 1~t.Jm'Vl1:::w'lf~~t11Jff'Wos1~t1i1s111ffs1 t'lftJ i 11 W'lf~mm:::irl'~t1n 1Jlsl'lf'W~ 1ilu 

~tJ rlrn! u ri 1 it.Jl! tJ i~iim11 'Vlll 'Ylff!cirt.JlJfl1011~i1t.Jm::::~tJ m1 t1t1n~t1n 1~t.J iil~t1s1m1ff m'Vl 
q 

01mff'VitJ111vumm ::::~tJ m1t1t1n~t1nvn~ t11 u 11~'Yl17ff fl1'Vl01fllff~11u1u11tJ 1 u 'LI~ 11f ut101.J 

" ri-:JH~fln'Ylunuri1 it.J 1;1 tJ'Yl m::::t.J::: nu 1~1w1~u 1~ Ol'Vl t'lftJ 'Vilfl~l.Jl1s!'lf1sl'Vi~O~tJ ~fl'Vi'W n 
q u 

lfi'W iu1 'W1:::'Vi1ls1~"11 ivn1rl's1oon~t1fl n~:::l'll L'tt~tlfl"11 lt.J'J1-:J 1; j;l'sjfi~ 1.JiiH~fi~~~~~sl 'Vl1tJ 

"11 lt.J~~fi~ L'W'l51slll~sl1)~ 1rlt11;f ummwJ1~tJWt1:::1ntJ i u~::::l'll L'ttlfi~fi~ll~fl 1; (fl'Wfl111W, 

2553) 1iltJ;l.J i-:Jl!l.Jfll'jU!uu1 s1-rl'u'{rl1 im~t1 l .J1n~rl1 itJ'rl'tJ fl 'Vil.)~ ;s!iifl1llJillflt1Jtltll-:Jts1~u 

1::::uum1u~nri1 it.J'Ut1s1 i 'Ylt.J ., 

m1uf uu1 s1-rl'unri1 ltJ'IJOsl l 'Ylt.Jl!l.J i~lJfll'jfffl'l:111 l.Jfll'jfifflJ'rl'tJ 1l"111v (1-vf t1.111'\J 11~::::flw::::' 
q q q u 

2512) ~mJ1ii1Nll.Jfll'jUf uu1 s1-rl'u'{ri1 lt.J 1~t.Jmrnnm::::~l.J 1.J1n~mrn~w'rl'uf ;1vm11lW 

r s!illlfllJl,jl (tl~ff'j 1rn:::1i1'lf'iftJ, 2541) 1rn::::m1uf uu1 s1-rl'u'{ri1 lt.J hwmrnfflJ'rl'tJ fl uil 'Vl. ff. 

2554 ('Yl 1if'W, 2554) II~ fl-:J iJJii 1 W-:J ll.J fll'jtl.J 'Yl ::::I '.Ut.Jl.J 'rl'tJ fi 'H l,j'IJfl-:J'rl'tJ i "11 iv'rl'tJ fi 'VIJJ~ l; ~ lfl 
fll'j uf u u 1 s!'rl''W i ( ill'U fl~lJfl'j tls!'rl'l.J f w'lf , 2561) l'Vl 17:::: fl U uf 1JU g s!'rl'l.J firl' fi~;Osl 1-u'nm 

~ " du d d (/a; .c:t, ,ci 
Vl1l.Jll.J ll.Jfl-:J~lfl~'W'Yl ~fl~lflllJ~~m:::tJ:::W111tJ (juvenile period) ('Vl11l.J 11~::::flw::::, 2547) ~sl 

t.Jlfl~flfll'j fl~l~Ofl~ 1mfn'l:lw :::: 'Yllslfllt.Jj) l'Vl~ ts111 ~ ,forl1riqJ~ ~:::l111 <ttfll'j u! UUJ-:J'rl'l.J i W'lf 

u1::::ffUf11llJillL1 ~ fit1 nnri~1~onrl'n'l:lw::::~~Osl fll 'j l~ Otll sl()fl;Osllll,jl.JtJl m1::::iiu1:::if'Ylfifl1'Vl~ ., 

t-:J 1n fll 'j fl~ I~ 0 mf flll W:::: ~ ~ 0 sl m 1 lf fl~::: CJ11J i O l.J II~::::~ s1 tJ1 fl I~ tl sl ~ 1 fl fl 11 lJ II U 1 ~ l.J 'IJ O sl ff fl1 'Vl ~ 
111~~fflj L 'W 'LI ~,1J'W ;s1iim1 l-u'1fli Osl'HlJltJ hH~fJ-alJl'lf1tJ L l.J fll'jfl~ l~Ofl L 'W-:Jl'WUf UUg s!'rl''W iw'lf 
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l'Vi17t'V17 L tt f171 fl~l~'elf1'Vh1ijfl17lJtlfl;'el ·:illl1'1,J ~7 l~ 'el~111m1'.lt.1 fl71 fl~l~'elfl l 'U 1t i1J ~lflt.!l'el ~ ~ .. 
' ' ., 

O'Yl TI'Vi '1 'll O~'i;Yfil'Vi'Vi111~ ft OlJ iii ff~ i;rn l tt1n~ m111.J~t1'Ull tJ "~ 'U O fl 117fl'UV~ mm mi ~l~ 0 fl 

ifo1Jrut~;o~m11;J-~11~1tt1tl>i't.1flft1 '¥17 l ttl11t'l1V~'\'11'Vit11m 11"t11m (-eJ111,1tf, 2548) 

l m'.111111foijm11.J1t t1fl;1fli o~'ttmt11m" fl'1m l il t.1 m1 m1Jm l t.1 'l1'11t1;1t.1 1;11ri m1 . . . 
0 Q,I d'.e!I O C). ,:! QI ct'~ QI 

117!1 'U fl'i;Yltl'Vi'U t'Vi'l1 ( varietal identification) fl7Hl7ll'UflWJ7lJ1JHJ''Yl1i'll O~'Vi'U t'Vl'l1 fl711JOfl1 t~ 1J 

fl17lJ l fl~'if~'Yl N'W'U t m 1lJ'llO~ll~ '1t flzjlJ1.J1 t'l17fl1 lv10fl7'.i tJ 11Jt11 ~'w't.1 {~'11 (genetic diversity) 

' ' 9/ d a., o I d d 

fll'.i 1;Y11~11i;.it.1'\'l'\'11~'Vit.1tmrn (genetic linkage map construction) fl71'l171,17ll 'l1'U~'ll'el~tl'U 'YlflTUfJlJ 

-afl'hltUt'ff1fltlJ'Yl7~lfl1'hl jj n'il (gene mapping) 11"tfl71 l i'mi o ~mntl~lfl'Ul'el'lf1tlfl~l~Ofl (marker 

<'I ~I j/ d ,& d O .,j d Q 'l~ 
assisted selection '11'.iO MAS) l1J'U\,l'U ('i;Y'.i 'Vi1, 2546) 9MlJfl7'.i'U7lfl'.itl~'l1lJ7tl~Wt.!WlJ7 !'11 !'Ufll'.i • 
i 711 'U fl m tl'W 'U 1i 'll o~v'i '11 l 'U fl ci lJ itl' i;.i" l ii 'U i 7 'U 1'U m fl l 'lf'U fl7 '.i 'w' WJ'U 7lfl i o ~ 'l1 m ti microsatellites . . 
lt.1flni111t.1fl'i;Y7tl'W'Uiit.1~ (Viruel and Hormaza, 2004) fl71'WWJ'U7lflio~'l1'i.J7tl SNP (Single 

Nucleotide Polymorphism) 117 fl transcriptome sequences ff 7 'l1 11J fl 7 '.i i 711 'U fl ll '11 ri ~ 111J 11 lJ 

o, 0 iq ~ I j/ ') .,j d Q I 'l • o, ~ 
'Vit.!~mrn'll0~'17 !ti (Wang et al., 2015) l1J'U\,lt.1 1~tllfl'.iO~'l1mt1~Wt.110'i;Y1'U 1'l1tlJ\)fl'ViWJ'U7'll'U 

i~t10lflt1'l1-aflfl1'.il~l.ltJ1mtU~lfl'UlO i~t1tJijmt1T~fl 191 'l110l'Ylfl'Ufl PCR (Polymerase chain 

reaction) ll'1tl;ijmHi~1111'1~l'\'lfl'Ufl PCR 1~olttmmtmJn 1Jfll'.ili'~1t.1 l'lf'U l'\'lfl'Ufl Hot start 

?1 ~ .J QI d'd d '° Q,I d d d .d 1 ct' 'j) d 
PCR l 1J'U l '\'lfl'U fl'\'l fl71 'i;Y ~lfl 17t'l1 ~lOt.11011tlfl~'11'1sl117fl~W 'U 101 'i;Ytl'i;Y .fl 1'Vi '\'l O tl7 ~'i;YlJ \! 1 tl!ll'11 l'Vi 0 

if o~n'U iiil-n'i Vi 1 l'iJ of i1Ji 711'11 'U ~~ hiofl; 0 ~ l 'U'lf1~~"fl1'.i l~lJ 117 fl Olli '11.fliltt 0~ I tJ 'il'U 0~ .. . .. 
OtU'l1.fliJlt.1Jt.11,1ot.1 denature l'Ylfl'Ufl touch down PCR 11'.lt.11'Ylfl'Ufl~li'm'.i'1~fltU'l1.fli11t.1Jt.11,1flt.1 

q cu q cu 

GJ <!I ""<1 j/ GJ j/GJ d ,d_,, Q -~ d 

annealing 117 fl~ sl ! 'U 1 O'Ull 1 fll1"trt~ rt~ 'il 'U flsl ~ru 'l1 fJ lJ '\'1\,1 Os! fll ';j t 'll' ! 'U fl1 W '\'l~ lO'U lflllJ 7'l1lJ7 till 

llilJlW'Wfltl ll'1t"~lO'UW~ih11irn1J'i;fflftltlflB~n1J~lO'UWlih'l1mtlOQ;1tl (ey1'U'\'11, 2552) 
' ., 

'il 7fl m111 ti~ 1-u m1 'w' wi -u 11ri1 fl-:i 'l1 lJ7tl 1mrt ~ '11'11 ri 1 tl't.1 'Vi1J 11ih 1t1~ 1-u fl n 'w' wi 'U 1 

lflio~'ttlJltl 1mrt~rt lttl:j}fllJ 1t1~n1J-afl1Jtl!t'\'11~fl1'.i lfl'hll,l'.i'WfltllJlfl l~ 0~111mi'o-:iiji~'U~7 l i'~1t1~ ~ 
., ' 

~ m,~ 1-u itl' i;,j'1V~ i1.iij'.iltlsl7'U fl7'.i'l17tl 1i1J11J'i;Yl 'U; 1 'UlJ ;~'¥17 l tt"jj 7'U,r01.J'1tl 1irn1Jfflnt11n1J itl' 

i;.irt'WOtllJlfl ll~Oth~, '.inl,)7lJ l 'W'U1111'U'U"fl1'.i'U7lflio~'l1lJ7tl 1:i.Jmflrtm l ~ 'U fll'.il,l':i111'i;Y01Jrtfl i;,j'i;flJ . . " 

1-u 1 m ~m'.i1.J11JtJ1 ~'w't.1 {itl' i;.ir1 1i-u m1tJ11JtJ1-:i'w't.1 {'i.lt:i.b~ I 'Yltl 1~t1fll'.i l i'1fl io~'ttmt11:i.Jm~rt 

SSR (n,i~'WWJ'U llrtt'llt\jTiff'hli', 2545) fl7':ifffl1fl'll0~ Sitthiphrom et al. (2005) ~li'l'Ylfl'Wfl HAT­

RAPD (High Annealing Temperature RAPD) L'Ufl1'.ifl~l~Ofl~mmlJ'llO~rl11t11t'l117s!'Wt.!{~on1J 

L1J~7, 'w'-u{~flnrnrl't111;t11 ll'1t'Wt.1{1rl't111;t11n1JL1J~7 ll'1t Cutler et al. (2006) l~'WWlt.17 

lflifl~'ttlJltl SCAR 117fl l'Vi'.i llJ01 H-04 ~"fl17lJi7l'Vi7tn1Jrl7 !tl'W'U1il'Vi'l11'i;Ylfl1 t.111fi'.il.JtJ tl~tJo~ • 
d <1 iq j/ ') lq I j/ 'l j/ "" ~ 0, 0 'I j/ ~I j/ 

ll'1tl1tl~'U7lJ'\'l'i;YllJ7'.iflOOfl~Ofl t~ !~ti tl.11,10~ 1'110tU'l1.fllJl,17'J1fl'U7 !'l100fl~Ofl l1J'U\,l'U . .. 
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! 'Vl fl 'U fl SCAR (sequence characterized amplified region) ! iJ 'U ! 'Vl fl 'U fl~ 'Yi WI 'U 7 lJ 7 'il 7 f1 

tflit1.:i'ttmt1~tg'Wm~i~'il7f1f17'.it~mBmw hw PCR U'U'UffiJ'ttmt1i1u'ttu.:i t'lf'W RAPD, AFLP • 
d j/ O .e:t.j,l.<::1~ de:$ dq.l..::s. d ~ A 

uc1::: ISSR til'W~'U 1~tlf17'.i'Vl7 RAPD iJ,J'elm'tl flfl Utl'U~W'Ul'el'Vltn~'ll'UlJfl17lJ!iltlU'.imtrn::: ii 

,i\Ji7n~1'Wf17'.il'17i7 irnfrn'Vlfl'Ufl AFLP ii,fo1i1-t1mfn flt) iiti1li'~1t11'Wf17'.il'17f°ifl'W'li'NU.:J irn::: 

ii1nm'.i V.:JU7f1l1'17tl,r'U~tl'U ff1'U!'VlffU fl I SSR tT'W nmm'.it1tvimBmw ~!g'U!tl ,~l1'17U\917l!'tt'U .:J 
• 

mij'fl'W nrn'Vlfl'Ufl RAPD (ff1'W 'Vl{ 2552) irn:::t'Vlfl'Uflt'ttci1tT'W 'il:::1vimJ1mw ~tg'W!t1'il1mh'W~ . 
i~1'lf;'U l110~lJ'il7f1~!U'WtmZ.:i~1'Wii (Xiong et al., 2011) u1-1irlml1m'YiWl'W7!U'Utflio.:il1mt1 

SCAR U"1 'il:::im~ '.i!iJO{~i7tVrn:tm:::t~mJ1mw~tg'U!tl i~rrlt1.:i\917U'tt'U.:J!~tl1 (ff1'W'Vl{ 2552) • 
'I 'J/ "> ,/i ?I .,i "> 'I Id 

'il7f1'.i7tl.:J7'W'll'el.:J Xiong et al. (2013) t'lH'Vl fl'Ufl ITAP 9f.:J!1J'U!ft'.it1.:J'ttmt1'lf'U~ mii 'Vl\)f1 

~ WI 'U 7 lJ 7 'il 7 f1 'lJ 1 I 1 tU 'lJ 1 ! 1 tU intron-exon splice junction 1 1 lJ fl 'lJ SRAP ( Sequence-related 

&?1 ,:!I dd ,d ~ G)9'G) .ct d 
Amplified Polymorphism) 9f .:J !1J 'U!fl rn.:i'tt mt1~rnmt1u 'lJ 'U~il'Vl'Utlil t 'If t 'Wm rn '.i 1 'il fffl'U~ !tl'U!tl 

'll'el.:J~~iii1~i1hl (ff1'W'Vl { 2552) 1um'.il'i'1mt1Yiii~~1g'Utt1'llo.:ivi'lfJ'Wir.:i i~uri n~1t1 rl1it1 . .. 
1rn:::t1~ff .:i l'i'1 t iriiu'W1~~ 1'Wm'.i'YiW1m1fli'flnrn1t11iimf:J" SCAR 1vlo 1~1 'Wm'.i'U1'U'UJ .:J'Yi'W i 
rl°7 it1 t~tl'YiWl'UllfliO.:i'ttmtl til!clf:Jcl 1 'Uf17'.i~'.i1'ilffO'U~f1~fflJ'll'el.:Jrl°7 it1~!f1~ 'il7f1f17'.i ~ffmi'7il'Yi'Ui 

U\91lfli tl.:J'tt m ti IT AP n1 U'U i ~ '.i !iltl { U 'U 'U ffil'tt cl 1t1i7Ul1 'W .:J!'lf'U!~ tl1fl'U ;,:itl 7"7'YiWl'U 71 U'U . 
tflio.:i'ttmtl SCAR tiriim1iii11m:::rn1:::'il.:imn~'U tv/o tirmm~unm'.i 1'Ml'Wf17Hl'.i1'ilffV'Ufl17" 

!U'U"f1HfflJ'\JO.:Jft1 ltl .. 
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ci..::t ~ Q.I 

1n m ·n iltl 

~ 1tuh ~ii11FJifl 'Hi'" m ·.t.iifJ 

i1t1aHrl1itJ'Vit1mh-fi.in ~1t.!1'W 29 'W'Wn ,~run ~t1n'1i.iu~-:i-2, ~ti 27-1 , ~tllHl1-:J-2, 
• • 

9,1d , ~~I 91 • 
~tlUtl~U~-:J-1 , ~t1Ufl1V-1 , ~mUJ'Wlu-:J-4, ~tl'ft''\Jll-3, ~ ti 75-1, ~ti 13-7, ~ti 20-1, ~tlfll'Wtltl'W-1 , 

• • • ,, 
~<Jlm'i-7, 1i'.iv11;v1t;v-:ihn.i-2, 'Yl1-:J'Ylti-:i-5, mtiuflt'Vl-1 , utt'1-so, iufl7-4, iunvfl-1 , illlu-1, .. 

9/ 1 I r: J _,, d 19/ o i 9/ di ,l ,,t 

rni.i ~M 60-2, u~-:imrn-5, mr,.i-:i'Ylt11v, \lm~i.i ft-:J-1 , m v~mrni.i, 'Yl'Wtllti-:J-92, t'Yl<Jl'.ifflft '.H0, 

~ ,.. I I d & d ' 'j) Q,f d Q.I " .ct ,, d ·~ 

u-:iutJ-:J-116, u:n-117 u~t'Jtl-HlV-:J-64 "lf-:J'ttll1Vt~'\J'YltJQ'\J1-:J'tt~-:J<JltJ'Yl'W~ m-1 'ttmm~'\J~'W'YltJQ i 'W 

U'U~-:J'.i1U'.i1ll'W'W n'\JtJ-:JlJ'l111'YlV1ivu:i.iH' 1~v'Vllfl1'.itn1Ji1t1a1-:i i 'Wt~tl'W~'11ftll 'Yl .fl. 2559 . . 

di . 
1. tft'.itl-:J Thermal Cycler (BIOER, Chma) 

2. tfliti-:i~t~fl !'Yl'.i-Wt11~'ft' 

3. mit1-:iiJumiv-:i 
91,% ,l 

4. ~mv-:it<J1t1 .. 
I ~ jl 4 

5. tll-:J'Wl'.i tl'WU 1JUft1Uf.Jll~W 'tt 1Jll 
di 

6. tm tl-:J vortex 

7. 'U'Wt'Wti'Jil1t1,JJU My Taq™ Red Mix (Bioline, USA) 
Q d d a 

8. 1[~tWfl1J'.i'ey'Ylti~ttl'WttJ,Jlflt,J~ TlANgel Midi DNA Purification Kit (Tiangen, China) 

9.1[~ !ft~'W~-:Jillt~,iJ'U pGEM-T Easy kit (Promega, USA) 

d!I/ dG ® 
10. 'ft'Vtlll~ttl'Wltl SYER Safe DNA gel stain (lnvitrogen, USA) 

I 1. tltfll !'.iff (agarose) 

12. i'Yl'.itlltl'J ITAP 

13. UUfffi~v E. coli DH5a 

14. 1t1'WiCJ1lf EcoRI 
,, 

15. tll'ttl'.it~V-:JUUft-vi~v (LB broth U~t LB agar plate) 

16. 'U'Wt'Wtl'J IX TBE 

17. fl~tl ! '.i 'YJtl'JlJ 

"' ,{ 
18. ttl'Yll'W tl'11J '.i "J''Yl ti 

19. !tl'Y11'Wtl'1 75 % 
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20. Lysis buffer (5 mM EDT A, 10% w/v sucrose, 0.25% w/v SDS, 100 mM NaOH, 60 

mM KC!, 0.05 w/v bromophenol blue) 

21. inrn:::,rn.1 IO mM Tris-HCI, pH 8.0 

22. 'ffl':i X-gal (Bromo-4-Chloro-3-Indolyl-b-D-galactopyranoside) 'flTll.Jt,Ym'u 20 mg/ml 

23. IPTG (Isopropylthio-B-D-galactoside 'fl11llt,rll,r'\.J 20 mg/ml 

24. modified CTAB buffer (2% (w/v) CT AB, 1.4 M NaCl, I 00 mM Tris-HCI pH 8, 0.50 

M EDTA, I% (w/v) PVP-40 (PVP = polyvinylpyrrolidone), 0.5% (w/v) sodium metabisulfite) 

QQ 

1fifll':i't1Yltltl-l 

<V "' .. 1. fll"HHlYIYl!tl'Wtl 

1. tl11rn:1fl'\.J'\Jfl~"1iummw 100 g. 1ri1u 1ni~ t~mnnY:::mu mCTAB ~~ij 1% (v/v) 
., 

2-mercaptoethanol mmm 500 µl '111m.H''Ullilll\91Hllll'fl11ll!'Hlll:::irn'lrn~mmw 1 'U'illfi'W'\.J'Ufl 

11J"1iutirij:::tUf.lfl t~lJ'flijtJ htJtJfll mm\911 300 µI 

2. l11iu111J~~W'H~ii 65 °c ttlunm 40 m'Vi iflu~-nrntirt,r1nulJn 20 u1'Vi 

3. ii'um~u~~~W'H~iiirfl~ 'fl17llt11 12,000 1fl'U\91fl'\.Jl'Vi ttlunm s m'Vi 

4. v'wri1u1tY1ri1u'Hijflf11mj ifluir11Jtfll\vl:::nfl'\.Jlll 'illm!u t~lltfl'\.JlCJ5lJ RNase A 'fl17ll 

t,rll,r'\.J 10 µl\91fl1Jij~~\v)'j llilll\91':i 1 µI 'Ull~~W'H~ii 37 °C t"l~l~ifomilunm 30 m'Vi 

5. !~lJ'flijO htJofll mmm 500 µl !!'a1mf'lJ'HijOfllUlll 

.. <f d d ~ 'JJ d , .e:t ?1 .c:t 
6. u'\.Jl'H1f.l~'VlOW'HfllJ'HO~ 'fl11ll!':i1 12,000 ':it"l'U\vlfl'\.Jl'Vl !u'\...111'11 5 '\.Jl'Vl . ., 

7. v'wiuJ1~1'\.J'U'\.Jlirlu'HijO~lmj 11tr1t~mo'Vl1'\.Joij1J1cy'Vli1vu mm\91121'ti1'1Jo~ 
Q,I d .ct I 9,1 qj,ljl Q,I 

'ffl':iij:::ijlf.J ('il:::ff~ln\vll'H'\.J\91:::nfl'\.Jtl'\Jl1'1J'\.J) !!ij'J~tlll !'111'\Jlfi'\.J . 
,..Jr d d ~ d , d ?1 .cs 

9. u'\...1!'111f.l~'Vl~W'H~ll 4 °C 'fl11ll!':i1 12,000 'jfl'IJ\vlfl'\.Jl'Vl tu'\...111'11 5 '\.Jl'Vl 
£ 'JJ ~ d 'J) ii ,a 9J 'JI 

10. !'Vltfl'Vll'\.JOij'Vl~ !!ij'J!\vllJ!O'Vll'\.JOijW'\.J 'fl11ll!'\Jll'IJ'\.J 75 % !'Y'lt"JijH\91:::ntJ'\.J ('11~\91:::ntJ'\.J 
., 

\ll'\...11'\.J 2 'flf ~) 

11. ii'um~u~~~w'H~ii 4 °c 'fl17llt11 12,000 10'U\91tJ'\.Jl'Vi 1ilunm 2 u1'Vi 

"' d '1 gJ gJ gJ d c:l gJ -1'= 
12. \vllfi\91:::ntJ'\.Jfltfl'\.J!O 1'1111'11~ !!ij'Jij:::mf.l~tfl'\...1!0~1f.l 10 mM Tris-HCI, pH 8.0 u'.il.Jl\91':i 

30 µl cti'1v~U'f111ll'H'U~'IJO~'ffl':iij:::mumn tirt~ll 10 mM Tris-HCI !'rill 1ilu 50-100 µl) 

~ tltd d ,.d cv II) 91 91 o 1 c:l 1 d 1 '1 gJ 
13. 1t'fl11::: 'H~t0'\.Jt0'Vltlnfl 1f1~1unu'Vl1 1% u ::: m 1tlt'il" 0rnn 'Vl1'VJ tJ1 9itY ~u 1'lf 

m :::1mitJ~15011ij~ mu 90 m'Vi 
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~ -~ .ct 4:1 V ~ 
2. fll'HVUJ1J":ill1Wvil8\U0vi1tn'Ylfl'Wfl PCR 

'I 31 ' ., 
2.1 fll'.i t'b' SRAP '.i1'.1Jfl'IJ ITAP combination 

tl1i1uti1-1~tfl'Wrn~iYfl~ 1;mvilfll'.it~'.IJlfimw;1m'YlfltJfl PCR 1~u1ti'V'l 'H'.1Jtif SRAP 

~ a 
W;l:t ITAP (1911'.iHYl 1) 11lf1'.iltl-'.ll'W'\Jfl-'.l Xiong et al. (2013) flfl em4-ITPR1, em4-ITPR2, em8-

., ., 
JTPR3, em1O-ITPR3, em5-ITPR5 trn:t em6-JTPR5 l~tllJ'U'W\9ltl'W i-1-u 

fll'.il\915tlll1JOITTt11 PCR 
d d 

- ~rn'Wrn (20 ng/µl) 4 µI 

"' • .1 • .1 ,lo d .I TM 
- UrdTI0'.i"1'lt'.i11Ju My Taq HS Red Mix (2x) 

- l'V'l'.itllOf SRAP (5 pmol/µ I) 

- l'V'l'.it'.IJUf IT AP (5 pmol/µ1) 
., ' 

- 'Wlflrl''W 

10 µI 

I µI 

1 µI 

4 µI 

':i1ll 20 µI 
., ' ., 

111ntl'utl111J1ri1'Wtri~u-1 PCR tflt1t;nmm1:::~un1jJiJ i-1-w 
., ' 
o, d 

'\J'W'Vl 1 
., ' 

'U'W l1 2 

., ' ., d 

'\J'W 'Yl 3 

., ' 

'U'Wl1 4 

d 

94 °C 4 'Wl'Yl 

94 °C I 'Wll1 (ffl'HflJ denature) 

35 °C I mvi (ffl'Hf'IJ annealing) 

72 °C l 'Wl'vi (ffl'Hf'IJ primer extension) 
., 

yj7917 5 'jt)lJ 

94 °C 1 m'Vi (rlmfu denature) 

d o o, 

50 °C l 'Wl'Yl ("1'1'11':ilJ annealing) 

72 °C l m'Vi (ffl'Hf'IJ primer extension) 
., 

yj7917 35 'jfllJ 

d 

72 °C 5 'Wl'Yl 

tl1i:-r1;1'\Jfl-:J PCR m11m1:::lf;1t1nwv\'1 1.5% o:::m hm,ni Bt~fl !'1'1':ivlo191"1 

2.2 nn1t SRAP m1::: ITAP primer 

tl1i1uti1-1~tfl'Wttl~"1flfl 1;mvilfll':il~lllfimw;1m'Ylfl\Jfl PCR tflt1!ti'V'l'.itllt1f SRAP 
., ., 

m1::: IT AP lflt11J'U'Wl9lfl'W i-1-w 

fll':it\915tlll1JOITTt11 PCR 
d d 

- fltfl'Wtfl (20 ng/µl) 

"' . .I .. I ,1 o d • I TM 
- 'IJTilTifl':i"1'll':i11Ju My Taq HS Red Mix (2x) 

4 µI 

10 µl 



Primer 

eml 

em2 

em3 

em4 

em5 

em6 

em8 

em9 

"1 .,, "" 
- rrr:m.rn'l SRAP 1110 IT AP (5 pmol/µl) I µI 

5 µI 

'l1ll 20 µI 
" . " 

1!1f1'U'WtJ1iiJ1ri1-wm1o~ PCR 1fw1.ffnmtm~OW'l1fllJ fl~U q ., 

" . 
'IJ'Wl1 I 

d 

94 °C 4 'W l'Vl 
" . 

'IJ'Wl1 2 94 °c I m'Yi (ff1'1111J denature) 

35 °C I m'Yi (ff11111J annealing) 

72 °C 1 m'Yi (ri111f1J primer extension) 

" 
't'llt}fl 5 'l01J 

" . ., "' 'll'W'Vl 3 94 °C I m'Yi (ff1'1111J denature) 

50 °C I m'Yi (ri11111J annealing) 

72 °C 1 'Wll1 (ri11111J primer extension) 

" 't'llt}fl 35 'l OU 

" . 
'IJ'Wl1 4 72 °c s m'Yi 

Primer sequence 5'--3' Primer Primer sequence 5'---3' 

GACTGCGTACGAATIAAT eml0 GACTGCGTACGAATTIAG 

GACTGCGTACGAATTTGC emll GACTGCGTACGAATTICC 

GACTGCGTACGAATIGAC ITPRI GACTGCGTACCTGCAAAT 

GACTGCGTACGAATTIGA 1TPR2 GACTGCGTACCTGCATGC 

GACTGCGTACGAATIAAC ITPR3 GACTGCGTACCTGCAGAC 

GACTGCGTACGAATIGCA ITPR4 GACTGCGTACCTGCAATG 

GACTGCGTACGAATTAGC ITPR5 GACTGCGTACCTGCAGCT 

GACTGCGTACGAATTACG 

11 
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<V ~ ~ " ~ 
3. fll 1 Vi~ u 1 ! fl ·rn-n1m ti i ti lil fJtWl1m 'fl flU fl SC AR 

' 
3.1 fll1Utlfl'U~tJ''flfi!'iHl 

o Q ,a Q.I d d d I 

'U 1 ~ 1:l ~ 1 fl ! 'V1 fl 'U fl RAPD ! 1:l tl fl \91 ~ U ti lJ ~ I tl 'U I tl 'V1 U ff ~ -:J fl 1 7 l.l U \91 fl \91 7 -:J 

(polymorphism) 'tri,-rnti~ 1:u 1mrbtJ'\J 'Ul~ l.5 JJ1:li'li'lm uJ1ut1fl~ho'Urn 't,fo1ey'Vli~1tl TIAN gel 

odd d a &°\!\'JI a r/ j) 

Midi Purification Kit (Tiangen) 'Ul~ltl'U!tl'VlUtlfllJ'.iey'Vlli 1m.fimm 2 µI 1tm7~'11~1tl 1.5% tl~fll 

'l' Q d 'l' . .I d Q .,; 'JI 'JI "' d ' d "' d "I 'J,1"1 
1 '.i m ~ 1;1 timfl rn1 Titl'.i CJ:rmvrnm 1~ ffti1Jfl11:u1 '\Jll'\J'U '\Jti-:i ~rn'Wrn ff1'W'VlmmHfl1J n'Vl -20 °c 

v et c:s ' .... I 
3.2 fllHnH~UIU!tHJltlfHrn ( recombinant DNA) !nl~ flUtlltlHlfl 

(transformation) 

'JI "'d 'l 'JJ o d . I 
fll'.iff'.il-:J~!tl'Ultlffltl~ffl.l ~~ 1'lf~~ffll'.i~J1J pGEM-T Easy kit (Promega, USA) 

" 
1~m\911t1mJBmv1i-:it1 

2X Rapid Ligation buffer 

pGEM-T Easy Vector (50 ng) 

d d "'"I 'JI "" ,! 
~ltl'U'Vl !~~lflfll'.iUtlfllJ'.iey'Vl'Ii 

5.0 µI 

0.5 µI 

3.5 µI 

1.0 µI rn'WiCJ:rlJ T4 DNA ligase 

11:U 10.0 µI 

3.2.1 tJlffl'.i'rl'nn.i~'tri'tmrnti~1:u1mihu'\J'U l~ 0.2 JJ1:li'li'l\91'.iUJ1 

t!1i1hj'U~1mfliti-:iil'Wm1t1-:i uJ1u1i1hi:u~ 4 °c 'li'1:ufi'U 

I ~I d Q j/ rl .d .d ")' O 
3.2.2 tlltlHlfl~ltl'U!tlffltl~fflJ!'\Jl!CJ:f1:l1:lU1Jfl'Vll'.itl E. coli DH5U !~tl'Ul 

~!O'Ultlffltl~ffl.l~!\911t11Ji1m 10 µl 'tri'tmrnti~~i'itCJ:rl;lj;l competent mmm 200 µl 

I ~ 'J/ ~ d ~I d 'J/ O d d d 

3.2.3 lJlJ ! 1 lJ'U 'UlU'\J-:J l1J'Ul11:l l 20 'Ul'Vl U1:l1'Ultl7'11UU'\J-:J LB 'VllJ 

Utl :U-Wc'.u il'Ufl17lJ!,j'lJ,j''U 100 JJ1:li'lfl1lJ~tlJJ1:li'li'lm tlf.l fll.ll~lflitV'U l~tl 't ,-l'~1'11tl' 1'\Jtl-:Jtll'tt l'.ill ,-l' ,:i 

'JI 'JJ dd 'jJ ~ Q Q CIJ' I .-:::::t. QQ 

U1:l1'V17~1tlffl'.i X-gal U1:l~ I PTG 'Vll.lf117lJ!'\JlJ'\J'U 20 lJ1:l1:lm:U\91tllJ1:l1:l1:l\91'.i 

.,l , ~ d 'JI 'JI "I. I ' 'l 
3.2.4 !lJtl lJlJ'l1 1:ltl~lJ'U'UlU'\J-:J~'Ufl '.i1J!11:llU1:l1 tlltl'l11:ltl~ 11JlJlJ !'U 

~W'l1fJJJ 42 °c 1tl'U11m 1 'WT¥i u J11~:u01m'.im1;11 LB mm\91'.i 800 µI t!1hlt'\J v1~~tU'ttfJ1J 37 

~I d 

°C l1J'Ul11:l1 30-60 'U l'Vl 

~ 0 rl d .d d \l]Y 91 0 lit Id 
3.2.5 ~lfl'U'U'Ul!CJ:f1:l1:llJ1'VlllJ'Utl7'11 7'.iU'\J.:J'Vl!\91 ';itllJ 11 U1:l1'Ul !UlJlJ'Vl 37 

~I a, ') 'JI O "I . I ' 'JI d • I a, ') .,; 0 'l 'JI d d ') ') d 

°C !1J'Ul11:l116-18 'In !l.l.:J U1:l1'U1 11JU'lfl:}ltl'U1Jnmw 2-3 'In !l.l.:J l'VW'lf1tl !'111'11'Uff'\Jtl.:J !fl 11:l'U 

'-' ,I') 11 dd ~I 11 "'"' "l 'JI'-' dd 'lf~rnumfl'\J'U 1~t1 fl 1:l'Wff'\J71t1J'W fl 1:l'W'Vl 1~11J~rn'Wrnmt1~ff1J 

<V ~ ~ ~et.ct c:J V d d 

3.3 fll1fl~!tUlfl&flt'IU'flt1~!0'1-U0iJltl~tftl~1tl'UUl~'U0.:.t~rnum 

' " " 
't 'Ufll'.irl~l~tlfl 1 fl1:l'Wl1i'i~tO'U!tlffltl~fflJ JJ'IJ'U\91tl'Ui.:.iij 
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'j/ .,, 

'\Jlllfl'U 

3.3.2 ~~t9HHlll'IJ1'Umrnmm~n 100 µI irii'U'I-HIO~ iii lfl'.i'Yl11J'IJ'Ul~ 

1.5 iifti1i1m 'l11ii.Ji1mtfitFl~fl1llll11 12,000 '.iOU~otn'Yi t~'Ul1m 1 m'Yi t'Yl01'ttl'.i'V1.:i 

<> _ I'= 'l 'j/ 'j/ ., 'j/ ..; 
3.3.3 t~ll lysis buffer 11'.illl~'.i 50 µI ~trn t'l'lt'\Jlfi'U~1f.ltfl'.iO.:i vortex 

Ulti.Juu~ 37 °C t~'Ul1m 5 mv\ ro1ntl'Ull'lf1J'UJ111~.:it~'Ul1m 5 'Ul'Yi 11J1'l11i,JiJ'Um1v.:i~ 

12,000 '.iOU~O'Ulv\ t~'Ul1m 4 'Ulv\ 

j/ Q " g) 0 

3.3.4 ~~'IJO.:Jl'l1ft1~1'UU'UlJ7 20 µI ll11tfl'.i1::::'H'IJ'U1~~1tlfi1H17 1% 

o::::m hmroft ih~n t'V11'VJ01~ff i-Nm::::1mi'VJ~1 100 11M11~'U11ft1 50 m'Yi 1~viriifl iftu 

ii-~1 t 'U'lfo.:im mrn:::: io.:i ff~..;'w'Uo.:i1 ro ft roint!mi~1~on i fl i ftU ii''ll11~ii'llm~11t1u~1fl'Ut0'\J'U 1~ • 
t 'HtlJfi11 I fl !ftU ii'~ 1lJ11;1'fi~'Vimfffi~ ffW~ff lJ !~tl~lfl'U!OffW~i;l'lJ ro::::tflgO'U ~ 1;ilfi11~10'UIO 

'\JO.:! !fl huii-~1 ro1nt!m11nnmi~'Vimffii~~1tl'lj~mi~'fflt1roii.J TIAN gel Midi Purifiaction I(jt 

Q d Q V U1 dv o 
3.4 tll'nlfl'.il::::'t"i't'iintYiJYltfltl~tYiJYl1l'..U0U &CJiJ~Wl'llll't'il::: (restriction enzyme) 

fil'.i1 lfl'.i7::::l1'0:::: ii'm1i~'Viftlffii~;1mo'U i9fJJi~,lll'Vi7:::: i~£Jii'1o'W l9fJJ Eco RI 

t.:iunn 1~1 vut10m rmr.:itl 
., ' 

'Ulficf'U 

l0X buffer 

7.5 µI 

2.0 µI 

10.0 µI 

0.5 µI 

d d 
~IO'U!O 

tO'Ul9fJJ EcoRI 

'.i1ll 20.0 µ I 

3.4.J 'l11i.Jomv1i.:imrniriiu'HftO~llJ!fl'.i'Yl11J'IJ'Ul~ 0.2 ml roint!'U 

i11ii.Juu~ooarnii 37 °C ,i'1lJ~'U . .. 
<> o' ., 'j/ 0 'i <> d 'i __ 1 d 

3.4.2 11fl'.il::::'H~ftm'.i~~~1£Jm1m 1.5% o::::m t'.irYl'ilft omn t'Vl'.iTIO'.i -

Q 9,1 QI 4 ..=:. d 1J] (/ QI 'J,I GI 9,J .c:i d I cv d d d ll) 9/ 
9$1;1' llft1fl~rnon'YiftlfflJ~'VllO'U !9fll EcoRI ~~llft1 !'HlltllJ~IO'UtO'IJ'Ul~l'VllfilJllfllJ~IO'UtO'Vl !~ 

'Olfil'Vlfl'Wfl ITAP ~lltlfiU1tJ''Vlft; 

a. d o aJ d. d 

3.5 tll'nlfl '.i1:::'t"iil1Yl'Ul'Uil''U0.:JY1!0Ul0 

ri.:i~IO'Ul01;1'7£J~j;flJ i i.Jmcl'1iu~IO'Ul0~1J11-l'Vl 1
st 

BASE (Malaysia) ro1nt!'U'Ullll 
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3.5.1 tl1rl1irnrnl'll0-:J~tg'I-Jrn~ l¢i''illf1'1.J1'hl'Vl 1
st 

BASE (Malaysia) mifl 

0 ., .d ~I Y ., <i tq . . I "' ?I Y 1· I 
olfl'IJ!'lH1''Vlt1J'U'lJO-:J pGEM-T oon mtTU'I-J'Vlf) tTI'1!1J'I-J'I-JllHlfJr.'l .txt fl1tl lJ'.iUf1'.ilJ notepad 

3.5.2 'W 1ri 1irn'Uff l tltm fJ'I.Jt'¥h.1u¢i'1v 1 'U '.i um lJ ClustalX U~'J'lfo Yin 

l'W'1tU'I-J'I-Jlllfff1r.'l .msf U~1'W11l'Jr;11tlttlflfli:-lr.'lf11'.i1tft'.iltl1rlli'I.Jtuff¢i'1t11tl'.iUf1'.ilJ GeneDoc . ~ 

3.5.3 rim~onihirnuff~u1o1n~v:i u~1tl1 itJ00nuuu i-w'.imo{~,\'1rvnt 

~oviu£rl1 iv hw 1 i1 tJrnnrn Primer3 mt1 'Wl l'W'.i t1J0{~00mmu i¢i' 1J1'YlflffOUnuvitJ£rl1 iv • • 
¢i'1mV1fl'Ufl PCR 1flt11i'm111ttU'I-J 94 °c 1uunm 4 u1'Yi 'iJ1mf m11 45 '.iOU'Uo-:i 94 °c iuunm 

~ d .d ?t ,<=.), d ~I ~ d ,, d 

30 1mV1 55 ,no 65 °c t1J'I-Jt1m 30 1mV1 ur;1::: 72 °c t1J'I-Jt1m 30 1mV1 ur;11 72 °c mu 7 m'YI 

.., d o 1.1 
4.1 fll'l~tUl'W'U~lll gf.l 

fl0nrl11t1i'.i'Umflt~fiff'U11om11~0-:i 1u11rt-:iioflon oi'ili'.iflon 3 ')j''Ufl ~o fl0f1 

t'Wff~ "1f1ff'.it'Wff~ 6-8 t)'j,J !~tl-:JtU'I-J'!T'I-Jt~t110tjU'I-J'il l 'I-J'.iO-:JflOf1 (disc) iiffJ11o1rnoo'I-J ti'l'I-J'!f!fiil'.i 

g/Q ... I 4C\ ~ Q,I d Q,I .d 

t'Wff~lJ'U'I-J tll11J'.i:::mw 3-5 lJr.'lr.'ltlJIPl'.i OU!'.it\!ll 2 '\1tlf) !lJOUIP1f1'iltUIP1f1\o11lJt111 (longitudinal 
Cl ,, ddl!i .ct QI Q,lo' 

dehiscence) ('W11tHtr.'l:::fltu::: , 2547) ~0fit'Wff~'il:::'IJ1'1-JtlP1lJ'YltlJ0lJ01~ 18-20 1'1-J (0'1-J'I-JIP1, 2547) 
I I I )I 

(nrn'Yi la) fl om'Wmii viimff'.i mmi'.i ti; nht n0u¢i' 1t11-:i i ~'Viii 2 ~ i-:i0tj1o1Hnm-:i ,i 7'1-J '.i o~flon 

1uimuuf~1~0tjmi'lmhu~1~ 'l 'U0~fl0f1 ¢i'1'W'UOn'U0~1~1~i'.i'U'U'Ufifl'JllBtj u~r;1:::~'iltiitvit1~ 1 

'MO~ (locule) 1vi1tl''U ~'ilt!'il1ty!~'IJ 11o11mtvi\PJJ'Wl'il'U!U'Ui:-lr.'l ri'1'U6ff',.;j'iltf!Ot1 "l ~o l'U'IJl~fl'.iWOl'il 

vm 1 ~1m::1v1'-:iffo-:Jt'il1ty'il'UtU'I-Ji:-lr.'l 1¢i' lfiff'.i t'Wffti'.it10tj1o1nnr;1N'.i:::'11'.i1-:i~ ti'1u ttnff'H'Wffti'.it1 (style) 
., 

t111tJ'.i:::mw 2.5 1Jr.'l~tlJIP1'.i i~IPlHBtj'.it'\111~ carpel 1o1HtJmt1t10fltnff'.i!'Wffti'.it1 (stigma) tttlfi 

?t ~ 4 ... I dd ~ d 
00f1!1J'U 2 UQf) !lJO!'.ilJ'I.Jl'U1Jr.'l1tlUQf)lJff'U11 (Vl11'U trn:::fltut, 2547) (fll'Vl'YI lb) irn:::flOf) 

o' ,Q:, 91 .ct c1 CV Gl \l'Jf d 
fflJ \J'.i Wt'Wff 'W'IJ11 lJVl~tfiff'.i !'Wff~U r.'l t tfiff '.i !'WfftlJ ti l 'U ~ 0 fi!fltl1f1'U H t 'IJ'W 0~ t U'U f1'.i:;: ttJ lt 

ft0'U,rNnr.'lll'U'U 1~1~nn111 ~ i ~'U0~fl0m'Vlmiit1 t10~mff'.i t'Wmiit1'il::: J'Un111m:::1o1'.i ~tlmt1'il :::ut1n 

ivi tt~i~m! 0mrl 0f10nm'W ti'1'U 11tf u r.'lt00~mi11 'U 0~fl0f1ffll \! '.iWt'W ff'iltii fl 111J t111 iii fftl 1 tffll on'W 

flOf)fflJ\j '.i Wt'Vlffffllll'.i fl~~ J:-lr.'l l ¢i't'lf'Ut~tl1f)'I.J~ 0nt'Wmii ti 1 ~ tl 'Uf)~ 'ilt'Vl'I.J~flf) ffll\J '.i wmm! Otl 

d I 1 .c:::i. QI o' d 
Ol'il'W'I.J!'Wtl~ 1-2 ~Of11P1tl'lf0 ('W71'U im:::fltut, 2547 ; 0'U'UIP1, 2547) (fll'Vl'YI le) 

f10'U ~ 'iltl'l 1f11'.i i:-lffllvf 'U i '11 it1'11 rt~ 1'U 'ilt~ O~t~ tlf1'lf0~0nt'Wffti'.i ti~ iifl 11lJ 

ffll\J'.iWU ~~UH 1m:::tU'Wi0~on~iiflom'Wr1ti'.it1m'W l'l7f11'.i t~flfl om'Wmiivrf ~ 1-n'm~o i 1ior.'lt 

y y , ., . I 'l y , .,i _9/ ., y 1 t 
15-20 fltlf) Ur.'l1fl'Jllfl1tl(J-:JIP11'1J l tllJfllJ1f1(J-:J t'\1U'U'U t'WtlU0~f)'Uf11'.iJ:-lfflJ'IJllJ fltlUlJr.'l-:J 'illf1'U'U 
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t~ oncilo ~oni1~ ~iJf1111Ju~~ m ~u; 1mrn~1ut1 ~111'\J 1 u 1 i' '11i:i~,11m!'t-.l't't-.11't-.l o ~ml'i' 1 m1 tf1'U 
"' q q 

tmY'lt'Y'lff~~mu ,irn1Pi'u 'tu~om.ff1n,rn.h~mw 07.00-9.00 u. t:11~om'Y'lff~hhnu 't tt't!1 t 1hh.1 
"' "' 

~1ufl111J!omnnmrn~ h l '\Jm~ 40 111191 irlm1~00-:imm11m111nnt!11u1iHffll 1~ 1~riijifim1 

Hff1J'li'11J ~o t!1'1~oo~mt'Y1t'Y'lff~~u11mn11 iuu~~'Uurio~tflff'li11i1ri (m'Y'I~ 2) t-:imff'lt'Y'lfftiJri 

d 9' , g)QJ d ~ d , Q o!!t d 
'Vl'Y'l'.iOlJ,J~ ~';j'l.Jfll'j i:-lt'l'lJ,J~lJ'l-Jl'\111't-.ll'\1't-.lfJ1"'] '\1(100flll7'U'.i nwi l'l-J rn~~ Ofl !lJONt'YlJ!flff';j !ff'j ,J 

'JJ G) 9JG) 9/ f , 'j) d at. QI j,I I j/ QI d _'( cl I 

U'11 i'\1 i'lftJ-1~7'\JlfJfl~ll 1m1Jo't-.lt~ll 1J~u1nt;i-:i'tmiuu 'Y'l'lOllfl'U!'\JrJU1JlrJ 1~u'.i~'lJ'lfO'Y'IOU'1~ 
IQ.I r/QJ .c:s 

Ull'Y'l't-.11i 1'1-J'VlHffll 
q 

(a) (b) (c) 

cl •, 9) d ,/ .nwrn I ~onm u (a) ~om'Y'IR~ (b) ~omvmtllfJ (c) ~omYll\j'.iWt'Wff 

fll't'i~ 2 fll'.iHff1J'li'1mfu{rl11ri 
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tn 'Hlflvl~!fl'\.!!81ll 1u 
1rl'el'Ul hHJOlHtl ifJlJlj;l'f1~~1ournJ1fJ11l mCT AB 1~m~lJ!1cll 'tu1h.1~owm1ii 65°C . .. 

d ?I d 'J)"" o' 'J) 'J) d dd 'J) O 

,nn 20 Ul'Vl luU 40 Ul'YI U'1111ft'fl~'Hft17lJ!'\JlJ'\JUlnl~f.)Wfll'VfVl'\JO~~rnu10~1fJm'j'Yll 1% 1,rn 

fl!~ f) 1'Yl'jl-fo1;1;1' YIU171;l'llJl'j t)1;l'f1~~!0U!OiJ (fll'l"I~ 3 U'1~ 4) ,nntTUfl7U1Wft17lJ1~lJ'\rU'\JO~ 

~1ourn YlU11t17 im11u1u 29 ~ui iifl11lJl~lJ~U'\JO~~IOU!O i ~rl 

.., o' 'J) d 
1. YlU~~'elfilUU'IM-2 

2. ~o 27-1 

3. ~tl'\1'11~-2 

'J),,; 

5. ~oumfJ-1 

d 

6. 1;l")fl.JYl-7 .. ., 
d d d 't • 

7. !UfJ11'\JfJ11'lffJ~ lflJ-2 

8. l'l1~'Yltl~-5 

9. moum:'Vi-1 

10. U111-80 

11. 'tu~l-4 

12. 'tmrnn-1 

13. ilJ 1u-l 

14. iJ1u 1i~ 60-2 

15. u~~mrn-5 

?/ ,J 
16. UlfM'Yl~17fJ 

17. ~lJl~U 1fl~-l 

18. t11 ifJ~UMrlu 

.: ... 
19. l'lU!lJ0~-92 

20. ll'l'lf'j1;l'lfl'j-10 

21. il~iJo~-116 

22. !tll- 117 

' d 
23. QlmW~-64 .. 

d 'J) 'J) 

lJft11lJl'IJlJ'IJ'U 30 ng/µI 

d 'J) 'J) 

lJft'JllJ!'\JlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJft17lJ!'\JlJ'IJU 25 ng/µ l 

d 'J) 'J) 

lJft'JllJl'\JlJ'\JU 25 ng/µ1 

d 'J) 'J) 

lJft'Jl lJ!'\JlJ'\JU 25 ng/µI 

d 'J) 'J) 

lJft'JllJl'IJlJ'IJU 25 ng/µl 

d 'J) 'J) 

lJftl llJl'IJlJ'IJ'U 25 ng/µl 

d 'J) 'J) 

lJft1llJ1'1JlJ'IJ'U 25 ng/µl 

d 'J) 'J) 

lJft'JllJ!'IJlJ'IJU 25 ng/µ1 

d 'J) 'J) 

lJft11lJ!'IJlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJft17lJl'IJlJ'IJU 25 ng/µl 

d 'J) 'J) 

lJft17lJl'IJlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJft17lJ1'1JlJ'IJ'U 25 ng/µI 

d 'J) 'J) 

lJft11lJ1'1JlJ'IJ'U 25 ng/µI 

d 'J) 'J) 

lJft17lJ!'IJlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJftlllJl'IJlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJft'JllJl'IJlJ'IJU 25 ng/µI 

d 'J) 'J) 

lJft'JllJl'IJlJ'IJU 25 ng/µl 

d 'J) 'J) 

lJft11lJ1'1JlJ'IJ'U 25 ng/µI 

"' 'J) 'J) 
lJft'JllJl'IJlJ'IJ'U 25 ng/µl 

d 'J) 'J) 

lJft11lJl'IJlJ'IJ'U 25 ng/µI 

d 'J) 'J) 

lJft17lJl'IJlJ'IJ'U 25 ng/µI 

d 'J) 'J) 

lJft17lJl'IJlJ'IJU 25 ng/µI 
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,, 
24. flt1tjm!1il~-4 

d !ii !ii 
lJfl1llJ!'IJlJ'IJ 'W 25 ng/µI 

25. fltliJ'"Jl.l-3 
d !ii !ii 
lJfl11lJ!'IJlJ'IJ'W 30 ng/µI 

26. mi 75-1 
d !j/ !j/ 

l.Jfl17l.H'\ll.J'\l'W 30 ng/µI 

27. flt) 13-7 
d !j/ !j/ 

lJfl1llJ!'\llJ '\l'W 30 ng/µI 

28. flt) 20-1 
d !j/ !j/ 

l.Jf111lJ!'IJlJ'\l'W 30 ng/µl 

!ii ' 
29. ~tlf11'Wtltl'W-I 

d !j/ !j/ 

l.Jfl11l.J!'\ll.l'IJ'W 30 ng/µI 

"' -;, 
:,: 

-;:; 
~ "' "' - l-,5 ~ ., - tP - 0 "' . "' ~ "' .. r.> • P ~ ;; '2 ,:I: "' <" ,: "' ' - "' ,. I :,: - ! :s <:, .,., ... " " 0 .. c - ., ;!i .. .... ! ;, .;. c; 

~ .. s ;, ,. ,. tP .. C <" ., ... j:, <O f ~ 
. .. "' :,: ,i l >s .. "' " ~ "' G >c: ;; :,: ;, " ;i C ., '3 .. - I G ;i :,: :s ;i ., .. ;. •c; :,: "' ••.t 5 !~ 

,. 
? f ·c · .. .. .. .. p " ,. .. •:,: ;?. ' ;> ,; <" s .. s 'ti 

p 

r.> ~ .. c; c; s c; "" "13 J: C :s ,_ •;, :s ? ~ :•c ~ 9 ·r.,• s 

,c:i et, o' 'j) 'j) ,d d d o b] o QI o' .d QI ll} 'j)'j) ~ 
.fll'Yt'YI 3 f11'J1!fl'Jl:t'ttfl1llJ!'\llJ'\l'WU'1:tfJWfll'VfVl'\ltl~~m'Wmm W1ll'W1'W 24 'Vi'W\ 'VJ'i;ff)~ tfl~1tl11i 

3000 

1500 
1000 

500 

250 

Bt~n 1'Vl'J-wv1~m11" 

~ Q o' 'j) 'JI d d d O lfl O QI fl .d QI tr) jljl .c:w::1 

.fll'Yt'YI 4 f11'J1!fl'J l :t'ttfl1llJ!'IJlJ'IJ'WU'1:tfJWfll'Vi'Vl'IJtl~~m'Wmm W1ll'W1'W 5 'Vi'W\ 'VJ 'i;ff)fl t~~1tl11i 

B!~n 1'Vl'Jvfo1~m11'1 
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m ·n'Yii1mmw~tihm1~ -;mm flU fl SRAP frnnu IT AP 

'Olf1fll'J1tl'W'Hl.ltlf SRAP i1l.ln'Ui'W'J!l.lt1f ITAP i1tnU 6 fl 1Ufll'Jt~mnmtU~t0UW ., 
.eto .c::sd t .c:t 

lJ'OlU1UUfl'U~WUW'Yl-rl-rn~ 5 Utl'U lJ'\JUl~ 

.c:t d d .d 
180-800 bp m1:::mtt1 'U~WUttl'Ylttff~~ polymorphic i1u1u 3 Ufl'LI fl~ttlu 60 % (m'W~ 5) i'W"J 

cl e::to .c:1Q t .c:1 .c:::ld .d 
tlJO'J em4-ITPR2 lJ'Ol'U1 'WUfl'U~tO'UtO'Yl~'HlJ~ 6 Ufl'U '\J'Wl~ 200-900 bp trn:::lJUfl'U~!O'WlO'Yl 

O .ei, :'I ~ ll) o' do 

Uff~~ polymorphic 'ill'W1'W 4 Uf:l'U 'fl~tu'W 66.67 % (fll'Vl'Yl 6) !Vl'J!l.lO'J em5-ITPR5 lJ'Ol'W1'UUtl'U 

.c:ld !', d dd d 0 

~rn'Wrn'Yl~'Hl.l~ 8 mm '\J'Wl~ I 00-1 ,500 bp m1:::mmu~rn'Wt0'YlUtl~~ polymorphic 'ill'W1'W 4 uou 

fl~ttl'W 87.50 % (fll'W~ 7) i'W'J!lJOf em6-ITPR5 ijilU1UUfl'U~!0'Wtmt~'HlJ~ 10 Ufl1J '\J'Wl~ 250-

ct e::t d .d o Q ?I .d "I o' 
1,000 bp trn:::mw'U~tO'WlO'YlUtl~.:! polymorphic 'Ol'W1'W 9 Ufl'U 'fl~!U'W 90 % (ill'Vl'Yl 8) t'Vl'JtlJO'J 

do -=td ~ a -=td d 
em8-ITPR3 lJ'Ol'U1'UUf:l1J~tO'UW'Yl.:l'HlJ~ 8 Ufl'U '\J'Wl~ 100-1,400 bp m 1:::mwu~t0'WlO'Yl Uff~,:j 

polymorphic il'W1'W 8 !WU fl~ttl'W 100 % (fll'W~ 9) i'Vl'J!lJOf eml0-ITPR3 ijil'U1'WUtl1J~hvuw 

t .d dd d O Q 

'Yl~'HlJ~ 12 Uf:l'U '\J'Wl~ 100-3,000 bp tm::: l.1Ufl1J~!tl'U!tl'Y1Uff~.:I polymorphic 'ill'W1'W 12 Uf:l'U 'fl~ 

?I .d ~ 'JI 'l .d 
tu'U I 00 % (fll'Vl'Yl 10) CJf.:!Uff~.:l'\JOl.j" t'U\oll'Jl.:l'Yl 2 

3000 

1500 

1000 
150 

500 

250 

: : ! 

l~~lil~ ; 
Q : Q I Q : Q : Q 
S: ! a;: ! 5 : 5 : g: 

ill'W~ 5 fll'Jt~mnmtU~!B'WtOt'llit1i1'W1'W 29 'W'W1l ¢i'1t1i'W'J!lJOf em4-ITPR1 • 
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C: 

N 
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r-- l £ ":' ,t ., .. 
I : Ji) Cil C: 
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N 

0 "' "' ... 
.I, 

.... 
Cil 

-;i .. 

0 
CII) 

I-
•::t 
:s 

! l N ! !:! 0 : ;;) ;:, Ni N : r ·,:. "'' ,;. st 

"' :i ! ~ ::t ~ C ! .. 
C I ,a: •i 

.,. .... . ... .. , 'C ... ., 
~ - ';i C: ' ., 

~ 
'3! .. ,c 

:a I .,. 
.,,,.i: 

>ti! 
p '" ~ c , .,. 
~ 9 >.., I ~;, :sr :;:, •c ·o• 
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.fll'ri~ 8 f11 'H'Yhrmmw~tg '\.Jttnhimhw-:rw 29 ~'\,Ji ~ 1 t1 ivr:m..1uf e m6-ITPR5 

~ 
•P 

:S '? ;:I .... 
<" N >c 
GI GI 

" a: 

~ .. 
"' :,: 
GI 
g 

N 
6 
"' ... •i 

j~ 
>i 115 

cl ~ - ~ ""d o II) o ., ,t 'j) i ,1 
.fll'ri'fl 9 fn 'HVUJ1J '.i lJ1W1!ttl '\.Jttlcl1 W,J1'\.J1 '\.J 29 'W'\.Jli 111 tl 'W'.it:IJtl'.i em 8-ITPR3 . 

20 



3000 

1500 

1000 

750 

500 

250 

,-

~ 
Cil 
a: 

-6 
"' Cil 
a: 

"' -;!i 

l ~ - l ,~ -;, 
Cil l C: ":' -... ,.... : ., ., 
;, p i '!! Cil 

~ ;i l r- :;:: ., 
Cil ,, i•,S " a: rG : - J: 

"' - 6 ,t - '° .. 0 ,., . - ., 
C <O C j -.. ;:, lo <" .. ';; Cil 

. ., :< .. •:t ~ ~ ,s <" 
C :S •;:, 

,:::f ~ ... t'= .c:t d o lfl o Q.I o' V lfl o' 
ill't'frl 10 f11'H'YUJullJ1W~UO'iHeHl1 HHl1'U1'U 29 'Yi'WV ~1U !'Y111lltl1 eml0-ITPR3 

. ., . 
ct ..::::1 d QI .d.61 ~ "' , Q.I 

vll'aN'fl 211t11J~1tl'U1tl'YFl 'l1lJ~11~~% polymorphic 'Yl 1'lf !'Yl11lltn SRAP 11llf11J ITAP 

., 
o d d QJ 

\11U1UUtl'U~Ufl'Ul8't1-:J'tU.J~ % polymorphic 'U'Ul~ 

em4-ITPRl 5 60% 180-800 bp 

em4- ITPR2 6 66.67% 200-900 bp 

em5- ITPR5 8 87.50% 100-1,000 bp 

em6- ITPR5 90% 250-1 ,000 bp 

em8- ITPR3 8 100% l 00-1 ,400 bp 

eml0- ITPR3 12 100% 100-3,000 bp 

21 

,:i1nm11vi1J1J'hnw~1gmm\'11u 1l7'W1'W 29 vf'W{ ~1u1w11m1f SRAP -i11Jn1J ITAP 

iu'1-!l;'U ii11t11J~1o'Urn~111;Y~-!J polymorphic i-!J11~ 60-100% 1miw~~ Xiong et al. (2013) 1-rl'Wml 

1~ll'lnllltu~IO'U1'eJ'11,tl1ll'U1'U 8 'W'Ui iiutt'IJ~l6'U1el~111;Y~,!J polymorphic i-!Ju~ 44.44-100 % 

:'1 0 QJ o'dG) ~ -dl Q.I d I Q.I ~ d "I ')I 
ell \l1 u 'U1'Yl'.il~ \l l'U 1'U'YI 'U Ti 'Yl I 'If I 'U f11 'j fl'f)'l:1111 "~ \Tl'U'Yl'U Tim rn 'Yl 11~ f)~ 1-!Jf)'U 'U el f1 ,J 1 f)'U ,J ~ 1'11 'U I~ . .. . 
11 ,:i 1n m 1 i 1J ~ n'U ,i el-!l 1 w 1 tll el! 1l 7'W 1'U 6 ~ U-!l 1iiwrnrn u ~to'Wrn~ 1;Y1m1 tt '111m-W1JJ'W 111'.l 'U 
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<f O lq <( lq 9,/ I 

UHl'J SRAP ,maw 10 t'YirnJO'J t'Plllfl eml, em2, em3, em4, em5, em6, em7, em8, em9, emlO 

mlt em 11 ln'lt ITPR ,h\.J'"J'W 5 i'Yirn,rnf iiun ITPRl , ITPR2, ITPR3, ITPR4 m 1t ITPR5 111 

1-vi:ummw~lgl-J!Orll iffvr~ 29 'Vf ui i'Plai ii 'Yi'J l:IJV11'Wf.l~l~l-Jl~fJ1 i l-JfllHlWIU 1~.vf ~ forward 
I llJ o' d d d :, d 

ln'lt reverse 'Yi'U'Jl t'Yi'Jl:IJV'J em! :IJlttl'U'PltOl-JIO'Yl~'l1:IJ'Pl 8 lltl'U :IJ'lJ'W1'Pl1htmw 300-2,000 bp 

i'Yi'Jl:IJV1 em2 ii11t1u~1gurni~11:1J'Pl 6 lttl'U ii'lJm'Pl1htmw 600-2,000 bp l'Yi'Jl:UVf em3 ii1mu 

~tg'W!Oi~'l1:IJ'Pl 11 lttl'U ii'll'Wl'Pl'U'Jt:IJlW 500-2,500 bp i'Yi'Jl:UVf em4 i'.i1tt1'U~tfll-J!Oi~'l1:IJ'Pl 6 
d ~ d' .c:t ad !', .c, 

lttl'U :IJ'lJ'Wl'Pl'U'JtlJlW 600-1 ,400 bp t 'Yi'J l:IJV'J em5 :IJlltl'U'PIIO'WIO'Yl~'l1:IJ'Pl 13 lltl'U :IJ'lJl-J 1'Pl'U'Jt:IJ1W 

260-3,000 bp i'Yi'Jl:IJOf em6 i'.ittt1'U~lgl-JIVi~'l1:IJ'Pl 8 lltl'U ii'lll-Jl'Pl'U'JtlJlW 500-1 ,500 bp 
llJ d' d .c:td ct', d lft o' d 

m 'Jl:IJV'J em7 :1Jltt1'UmVl-JIO'Yl~'l1:IJ'Pl 8 lttl'U :IJ'lJ'W1'Pl'U'JtlJ1W 250-1 ,700 bp t'Yi'Jt:IJO'J em8 l.Jlttl'U 

.c:td !', d ~ o' d .c:td :, 
'Pl!Ol-JIO'Yl~'l1:IJ'Pl 13 lltl'U :IJ'lJl-Jl'Pl'U'JtlJlW 250-2,000 bp m'Jl:IJV'J em9 :IJlltl'U'Pl!Ol-Jtel'Yl ~'l1:IJ'Pl 12 

d ~ ,/ d ..::sd :, d 

lltl'U :IJ'lJl-Jl'Pl'lh~mw 300-1 ,500 bp t'Yi'Jl:IJV'J emlO :1J1tt1'U'PIIVl-JIO'Yl~'l1:1J'Pl IO lltl'U lJ'lltJl'Pl 

"' ,I d .c:::1d :, d 
'U'J~lJlW 250-2,000 bp t'Yi'JllJV'J emll lJlltl'U'PIIOl-JIO'Yl~'HlJ'Pl 9 lltl'U :IJ'lJl-Jl'Pl'U'J~lJlW 700-1 ,600 

lrt d' d dd ct', d o' 
bp t'Yi'JtlJV'J ITPRl :IJlttl'U'Pllell-JIO'Yl~'HlJ'Pl 8 lltl'U lJ'lll-Jl'Pl'U'J~lJlW 200-1 ,700 bp i'Yi'JtlJO'J ITPR2 
d .c:1d :, d o' d .t::Sd 

lJlltl'U'Pl!OtJIO'Yl,l'HlJ'Pl 9 lltl'U :IJ'lJl-Jl'Pl'U'J~lJlW 400-2,500 bp i'Yi'Jl:IJV'J ITPR3 lJlltl'U'Pl!OtJIO 

lZ,111:u'Pl 13 lltl'U ii'll'Wl'Pl'U'JtlJlW 750-3,000 bp i'Yi'JtlJVf ITPR4 ii11t1'U~tfll-J1Vi,!'11lJ'Pl 6 lttl'U ii 

\ti o' d dd :, d 

'lJl-Jl'Pl'U'J ~lJlW 400-1 ,600 bp t'Vi'H:IJV';i ITPR5 :IJlltl'U'Pl!Vl-JIV'Yl~'H:IJ'Pl 9 lltl'U :IJ'lJl-Jl'Pl'U'J~lJlW 800-

3,000 bp (mvrvi 11-26) 

11ilZ;i hn mof SRAP 11r:1~ IT AP 1rlvl'i'1CJ1111~11n'Pl11t1u~1gurn himjjom~:u ~~ i 'Yi';i 

1:UVfo'U'U~lJ'il~ii'Umiin'Pl i'Wfll'Jl'11J1 ltr:ltfll'J ii'~W'l1{1iJitJJtJ\910l-J annealing J1 l'\'1 'l tti'Yi'JllJ01 

l'Ul iutflltfl'U~tgl-JIO ii11r:1wloi111ml~ 'l:Y,1 1,rn i Mlfl'Pllltl'U~lgtJIV ii11ma1tt1'U (ij'1u'Y1{ 2552) 11i 

'"I <I """"d "" ~"l•"I"'" "I• 
'Yi'U'Jl t'Yi';il:IJeJ';i ITPR3 :IJlltl'U'PIIOl-JIV'lJl-Jl'Pl 1,000 bp lfl'Pl'lJtJ ttJr:11 W'V'ltJ~'PIO'Hr:11~ t'U'Pll 11'1~ 

,, I • I ,, ,, 

Til-Jljjel~ itJ'lJWtfirl1 ia'l'fU'QUl-.1"7 i11ii tjj0l'119f1'V'l'U'Jllltl'U~lfll-JIV'lll-Jl'Pl 1,000 bp iurl1 irJ'Yl,l 3 

'Vfui 5-Hn:untitn'Pltu i~mjjvu1~:u ~,1,i~tl111t1u~tfltJtV'lJl-Jl'Pl 1,000 bp ~iiirllJrl'miw➔ ,i1n 

i'V'l'Jl:IJV1 ITPR3 (fll'V'l~ 24) iu'Vf~m1iJumie1~'11:IJW SCAR iv l'U 
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' 
(V ~ .ct, " 

fll'l'Vi\?ll\!l&fl'Hl~'t'imt1v1rnurn SCAR 

Q,, ~ ~ Q,la add , . ~ 
m '.i VHl\lJ 'Wit m ti ..:i 111.J 1t1 SCAR t '.i 1J 'il 1n m rn ~ m tinu t1 'U~ t ti'W tti'Vl 11\91n\911-.:i 'il 1n f11 '.i rvrn 

mmw~lfl'Wrn~1£Ji~'H1Jt1! ITPR3 'Ut1..:ivTufrl1im11'W1'W 29 vruf ~..:i~'U11Url11mi'l'W1'W 3 vruf 

li] 'J) I i . ,I "' "' d d .I I d I 

t~l!f) ~timn..:i-2, 'U~l-4 m ,~Yl'Wlllti..:i-72 !f)~l!tl'U~!tl'Wlfl'\J'Ul~U'.i~lJlW 1,000 ~!'Uff 'VlU\9lf1\911..:j 

'il7f1rl1 tf.lvT'W{tu "l ;.,:ii~Utl'U~t6'Wlfl'Ufl..:jt)1 lf.JlZ..:i 3 vru{~!!\9lf1~1..:i'il7miu{tu "l U~1lJ1, 'U!Wfl 

'l11'ey'Ylttm'U~t6'W!tltltlf1'il7m'il'1~1£J'j!~ff1t1'ilJ'U TIANgel Midi Purification (Tiangen, China) i~ 

1ilui1m.ii..:i~1uurn8tlin~ 1,000 l'imff ,11u1u 3 i1t1di..:i iifl111Jt'U1J'U'W8tlt1..:i~tu'Wrnl'vi1nu ~ti 
"' 

'U'.i~lJlW 30 ng/µI (fll'Vl~ 27) 
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,d "' ,! dd 1J o' olJ a, o' 
.fll'Vi'fl 27 f11'.iUtlf1'1J'.iff'Vl1i!!f:l'IJ~W'Wltl'il1f1 t'Vl'.itllfl'.i ITPR3 8tlt1..:im W 3 Yl'W1i . . 

d d 'J) 

~ttl'W!tlffW~ffll'il1f1'\J'U1~~1£J lysis buffer (5 mM EDTA, 10% w/v sucrose, 0.25% w/v SDS, 100 

91 .c:::.. "fjJ 1 mM NaOH, 60 mM KCI, 0.05 w/v bromophenol blue) U'111tm7~l1~1tl 1 % ti~m '.iffl'il'1 

;t~n 1'Vlnfo1ciir ii'm~uirivM1 10011M11ilunm 30 in'Yi 1~viii'1ri t'1i'.Hhl1iwHt1..:immm~ 

'lft1..:iff~l'i'1t1'\Jt1..:i1'il'1t ilui1r11rnrn1d ti..:i ,i1milu 1 ri foij ~ i~i''U~t6'WW'Vl 111~ 'il 1nJu i~t~tifl . . 
1ri foil ff8tl11~ii~t6'Wtt1tri~t1u~.U1n111 fl t'1'Wff~1mffn~Ylmffii~ 1dt1..:i'il1fl~tgurnmt1~ff1J 

'il~~ti..:iii'Uin~ im.yn11~t6'Wtt1Ylll1~;..:im~t1'W~i~.U1n11~16'Wtt1'\Jt1..:i tfl !'1'Uff~l (m~~ 28) 
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B 1 2 3 4 5 6 7 8 9 10 B 

'Vllfll'.ifl~l~'eltli~ft t"1'W~'\J11~ftlWJl,J~aih.J~toim)'r;YltlJ:Hnnhw1'W 18 tft t?l'W ,i1mf'\.J 

'r;Yf1~'Vl"1'r;YlJ~ 1~vit'J.l'~'r;Yn~rl111,iiu TIANprep Mini Plasmid Kit (Tiangen, China) mhwl'Vl"1'r;Y 

u~~'r;Yn~ i;mi~;1Vltl'W icu11'i~i1tmt EcoRI 11m1t11;1v 1.5% Utfll hm,1?1 ~t~n t 'V1'.itlu1-

a 1 1 d a .dd olr) a1d' , d .a .d.d 

C)f'r;Y A~V'lrn-rn 1-6 fttl ~W'\.JW'i;Yltlr-l'i;Yll'\Jtl•rnl W'Vl'\.J1i~tl'tt"11.:J-2 'l1'tl.:J'Vl 7-12 fttl ~W'\.JW'i;Yltlr-l'i;YlJ • 
o "I a., o'9 o , d a a d o b') QJ cl~ a , 

'\Jtl.:!'11 W'Vl'Wli t1J~l-4 U"1t'lftl.:J'Vl 13-18 fttl flttl'Wltl'r;YlVr-!'r;YlJ'\ltl.:J"1 W'Vl'\.Jli'Vl'\.Jllltl.:J -72 'Vl1J11 • • 
m1.:i,i1nifl~1o'Wwmvr-11;YlJ;1mu'W icu1f ifl '171'Vll t Eco RI W:l1 1 ft"1'W'\Jt1.:irl1 im-f l.J {flti'tt 1:11.:i-2 ii 

ut11J~1o'W1t1'\J'\.Jlfl 600 bp (tfti:1'\.J~ 4) 750 bp (tfti:1'\.J~ 11rnt 3) u?lt 1,000 bp (tfti:1'\.J~ 2, 5 1rnt 

6) t ft?1'\.J'\Jt1.:irl1ivvfofimi1-4 ii11t11J~10'WW'\J'Wlfl 750 bp (tft?l'W~ 8-12) 1rnt 1,000 bp (1r11:1'\.J~ 

') 0 II) 0, ,/~ "-I d d Q ') d 
7) Aft"1'W'\Jtl.:J"1 W'Vl'\.J~'Vl'Wllltl.:J-72 lJUt11Jftltl'\.Jltl'\J'\.Jlfl 750 bp ( tft?l'\.J'Vl 13-17) U?lt 1,200 bp 

(tft?l'W~ 18) flftl~tlf)~tfl'Wltl'i;Yltlr-l'r;YlJ iu111rl1i1J~IO'Wltl~1J11'i'Vl 1
st 

BASE (Malaysia) tf!Vl~tlf) 

i1mh.:i1mru.:i~ 2, 3, 4, 5, 6, 7, 8, 9, 13, 15 tmt 18 i1'W1'W 11 i10~1.:i (m'Vl~ 29) 

3000 

1500 
1000 
750 
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250 

' .c::t QJ ~ ,, lit c(QJ 0 

ill't'f't'I 29 fl1HWl'Vl"7'i;Yllftfl1Vltl'\.J (9/ll\Plf!,Jll'Vllt EcoRI 
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1rlo ,~ficH)l'fl\mHY'\JO-:iihg'Wltl~ ,~ il'W1'W 11 1fl"'W mhihm blast nrnn'W<u'mrn NCBI .. '" 
' 'JI ,, ' 

'V'l1J11rlwirn1J1;Yritl,nm1-:i 1 I 1f1"'Wt1'Wiil\91Hf11Jrl1irn1J1;Yi~ "7 riil·na-:i1-wiii'W,il'W<u't1l,Jmmi 

,nntrml1rl1im1J1;Yll11Am1ttt~1a hh uml.l Clusta!X i-w vin hh1All'W'Wll.li;Yf1" .msf uii'1Ail~ . 
l-W~fi"f1l'i1Afl'.iltttrl1irn1J1;Y~1a hhunrn GeneDoc l~fi"m111m1ttt i-:i~ 

'il1nm1ri--:ii1oti1-:i'\Jo-:irl11avf'W{~o'Yrn1-:i-2 i1'W1'W s 1f1"'W ~o 1mi-w~ 2, 3, 4, s irnt 6 

1,JiAm1tttrl1irnu'1 'V'l'lJ111f1"'W~ 2, s, Arnt 6 Uf1111J£J11'\Jo-:irl1irn1J1;Ym:i'.lo'Wn'Wa11 861 m1;Y 

ri-1'W 1f1"'W~ 3 Arnt 4 rl1imrn1i1'W1'W 971 irnt 803 t'lJ j;l \Pll1Jrl1i1J ~-:i 1f1"mf-:imMiirl1im1J1;Y 

u\Pln~1-:i,nn 1f1"'Wg'W "7 (m'V'I~ 30) ~-:iA~onrl1irn1J1;Y'\lo-:i 1f1"'W~ 2 ~-:iAll'Wi1u'Vl'WnzjmA1n Arnt 

1fl"'W~ 3 lJ100f)U'lJ'lJl'V'l'i!lJO! 

'illf1f11HY-:ii1ovw,rn-:ir.'lll£JVi'\..l'§i'U~l-4 '1l'W1'W 3 !ftm.J flt) !ft"'\..!~ 1, 2, trn~ 3 l'U 

1Am1tttrl1irn1J1;Y 'V'11J11 tfl"'W~ 1, 2, Arnt 3 iif1111Ja11'\Jo-:irl1irn1J1;Y ~o 874, 972 trnt 977 

t'lJj;l \9111.Jilli'lJ ~,:j 1fl"'W~ 2 trnt 3 iirl1im1Ji;Yflii'l£Jfl~,:jf)'W 1~aiirl1im'lJffU\Plf)~l,:Jf1'W I 0 
I I 'JI I 

~1u'l1t.i-:i i'W'\Jrutri1f1"'Wri I iirl1im1JffH\Pln~i-:i,nn 1f1m.1i-:iffo-:i (m'V'lri 31) ;,:iA~onrl1im1Jff 

'\Jti-:ilZ-:i 3 tmrn moonu1J1Jt'V'l1mof 

'il1nm1ri--:ii1ov1-:i'Uo-:irl11avf'WfJwuo-:i-n i1'W1'W 31m,-w flO !ft"'W~ 1, 3, im~ 6 tu 
11m1:::ttrl1im1Jff 'V'l1J11 t fl"'W~ 1, 3, im::: 6 iif11rna11'Uo-:irl1im1J1;Y flO 974, 972 1rnt 1,099 

t'Uff \9111.Jrl1i1J 1~w 1f1"'W~ 1 trnt 3 iirl1im1Jffm:i'.lo-wn-w ii~11mt.i-:i~u\Pln~1-:in-wrvla-:i 7 
'J/ I I j,11 1 

~11mt.i-:irri Tw'W iu'Uru:ri1f1"'Wri 6 iirl1im1JffH\Pln~1-:i'il1n tfl"'W'tl-:iffo-:i (m'V'l'Vi 32) ;,:ii~on 

rl1irn1Jff'\Jt1-:i 1f1m.J~ 1 1mt 6 moonu1J1Jl'V'l'it1Jof 
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20 * 40 • 60 • 80 100 • 120 * 140 

,TCT AA GI AAGGAGCT JA C -- ·~ CAC ACCAAGC AAAA CA GGCTCCI CCI A Ti ------ C TA l I TGTGI ACCGC--CA A ,TCT AA G AAGGAGCT AC - CAC ACCAAGC AAAA CA GGCTCC CC A T ------ C C TA - TGTG ACCGC--CA A 
,TCC AT G AAGGAGCT A C - CAC ACCAAGC AAAA CA GGCTCC CC A T ----- - C 'T TA - TGTG AACGC--CA G 
:GTCT TGCC P CTTATGATCTC: TTTTT T T --------- - AA TCCTA- GTC-TACAGGTC MG GC C AGAT GCATGAG - AG CCTGC AC---TGAAAG GA 
'MG GCA GA T GCTTGCTA GT A- GAGG TTTGTTGTGTTGC C TC ATTCTGT AT CTAC TCAAGG T A CT T GAGC TCTTGTTTTG GC 

160 • 180 200 • 220 * 240 260 * 280 * 300 

Al TT AT----G- G T 1---c CAT Jc GCCT -----------T G c cccATC I le - ----;-G-.c. --- c Ii CA cl CA AC AA AA A T AG TT AT----G- G T ---C CAT C GCCT ----- - -----T G C CCCATC --- T C ----- G C --- C C CA C CA AC AA AA A T 
A TT GC- -- - A- G T ---C CAT C GCCT -----------T G C CCCATC - -- C ---- - G C -- - C CA CA C CA AC AA AA A T 
CT A CG- - ---- -TAGC ACTA TCT--- AGC. G------GTAAGATT---AC-TTG TATCATA ACAAC TT T ACCAAA ACCC ATTAACA G CP TAGC GA- - - -- TAAAGCGTTTCAGC A 
GC T TM GCACACGT TT C CTAATG ACAT ATGAT T ATM TCTGTTTTTATA AT ATTTTAT T TTT AA TCTTGC T TT TTG TG TT T TT TT GT CATT TC TT T TA 

c cGG CAAAAGc 

3

~

0 

A TT - 1 •; ;- TTi ~~gT TT- T A;T GA AT

3160 

GA c AG.ACA --G

381° l c ~ CA ~ggc I •~ --- 42

~cc - 1 ;CTA T 1

4

:gTTTAA c G 
C CGG CAAAAGC G A TT T TT TCCT TT T TGT GA ATC GA C AG ACA --G TC C CA MCCC --- GCC - TCTA T GCTTTAA CG 
C CGG CAAGAGC G A TT T TT TCCT TT T AGT GA AT GA C AG ACA --G TC C CA AACCT --- GCC - TCTG T GCTTAAA CG 

AAAAAAA GTTCTCAAG-AG GAGAA CATGAC CAAACAAAAA TCA ACC-AG ATGCACCAC-TCAAGC - T GAG AACC--AGATA C GA CGTGA-AAAGCTT CTAAAGC AAA------- --
T TCAT TTCAGAA A AT GG G A CG GTGG CC ACCMGTG TA TT GT CA GAT ATCGCT A T GA T TC TTTGA C TT CGCC AGA T GMT A GATC- - GC A A 

AG A 146

m° C - MCT C- T;-1

4

~

0

- I T GGG * AG G i
00 I cl ~ ---~=~ I CGC ~T, c l

5

:~ G---G G;I CMc

560

lll l A T G cl

5

:

0

ATCGl ,.;G GI Gl

60

~ AG A C - AACT CT T GGG AG GT CGG ------ T CGC GT C TG G··-G GTT CAAC AT G CG ATCG TAAG GAG -
AG A C - AACT CT T GGG AG GT • CGG ------ CGC GTA C TG C---G GAC CAAC G P GA T G CG ATCG TAAG G G -
---CTG G ·TGGATGA------A TCT C----AAA ·TCTGAA---- TTGGAP TAGAAGGATG GAAAAAAGG - G GA GCGTCCAAGG TTTGA A C AG G AGT G TGATT TGTCT CT AT 
GA 'C, T G CGAG T C, A A TA- ATTA G G T TGTAAT AATT TCG GA C TTTCT CT GTTTCG T GTC TCAA CTCTCTC CTT T GT C 

AGAA CG A A 

62

f AATI ,.;AGcc- c~

4

gcT TT A~- - - -c, A

660 

G ----- ~~ cc, ~

6

~~ --;----~ AGcc A;~

0

Ac GT - · 11;=o11• GI G

74

~A G c I A AGAA CG A A A MT AAAGCC- CT CCT TT AC----C A G ----- C CC GCA ---- A AGCC AGT AC GT A- C G G AG TA G C A 
AGAA CG A A A MT AAGGCC- CT CCT TT AC---- C A G ----- C CC GCA - --- A AGCC AGT ACCGT CA- C G G AG TA G C CA 

ATAGGG CACG 'GTGTGA. G- --cc 'CCGTTAGATCTG----GGGGCTCACCAACTGCCCTAAATC AATG-GC TGCGTGATTCTC. GMT; CAGTTA CAT-G GTC T GC TAAATGCGTCCAG T 
TTTG A TT GC T• CT TGCC TTTCTAGGT· TA TGC GG GTTCATT C, •T. ·TTGTTGT 'GT TGT CATCGTGAGTCTTC. TT TC T TCTAG T T C T T T GC T T TG 

760 • 780 • 800 820 • 840 860 * 880 * 900 

GCGCC TC T AGAA CGT CAT 3 G A ACCT --;----------------- AC C , - TTI C I CCT I MC I CA CA -----T MC A-- - A A I TCTC GA T---, 
GCGCC TC T AGAA CGT CAT C GA ACCT - --- - - -------- --- AC CC TT C CCT MC CA CA -----T MC A--- A A TCTC GA T---

1 GCGCC TC T AGAA CGT CAT GA ACCT ----------------- AC CC TT AC CCT GTC CA CA -----T MC A--- A A TCTC GA C-- -
C---- - - ------ -----AGACATGCCC-T A GACAG CAG AAAGCCGCCAAGTGTCCM-----A TGAC -G AAA GT AGTAT ---CGTTCCCGCCA GCTAGTCTTTAC-T 'GT A----ACTGTC- AGCTT 

TGTAT CG C GATG TM ACC TT MG TATTA T TAGGTCGCTTGMCTAT ,GT GAG CC AC TTAGC C G GCG TT :GT CATGTAG CTT GGAT _ CTC AACA AG TTTA 

920 . 940 * 960 * 980 * 1000 
CCCGCTAACCCA CT T c-c T G-- -- GT GG GC C CA---------- 861 
CCCGCTAACCCA CT T c-c r g====1 g ~ gg g~ ~ ~========== 861 
CCCGCCAACCCA CT T c-c 861 

CA------------------------------------------------------- 803 
ATAAATGGGGATG TC G TGT A ACCTA T, A ,TC_TT, T T-ACATATAGAT 971 

mtt~ 30 r:-mm111m1~11rlwirn1Ji-Y'llt1•n111t1-w'W{1rn·1-nn.:i-2 ~,~,nn1'V'lrn.rn{ ITPR3 

140 
140 
140 
134 
149 

260 
260 
260 
259 
299 

404 
404 
404 
393 
447 

543 
543 
54 3 
524 
596 

678 
678 
678 
665 
746 

800 
800 
800 
782 
896 

._,.., 
+>-



Lll 2 
Lll 3 
Lll 1 

Lll 2 
Lll-3 
Lll 1 

Lll 2 
Lll 3 
Lll-1 

980 
972 
977 
874 

80 
75 
80 
52 

154 
159 
124 

233 
238 
203 

313 
318 
271 

391 
396 
347 

471 
476 
422 

548 
553 
499 

626 
631 
577 

706 
711 
650 

786 
791 
728 

866 
871 
792 

946 
951 
856 

35 



Ll9_1 
Ll9 3 
Ll9- 6 

740 760 780 

L;;;;;;lalJl;il cccl ;Wll-lAGGAGACCAT 

974 
972 

1099 

800 

--• 1 
- --
c GC 

d .,. o'o "' o "1 "' o',r "' """I 'JI "1 o' 
.fll'WTI 32 f-Hlf1111!fl11t 'l·HlW11H'Uft'\Jtl·Hl1 W'VfU~'Vf U!lJtl-:1-72 'Vl 1mllfl !'V'l1tlJtl1 ITPR3 
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78 
78 
90 

153 
153 
180 

237 
237 
270 

319 
318 
360 

397 
396 
450 

487 
486 
540 

562 
561 
630 

641 
640 
720 

715 
714 
809 

805 
804 
897 

879 
878 
987 

952 
951 

1077 
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fll'HltlOU'U'U,l'fl!lrn{ SCAR 

rf ~1~onrl1irnt1ff~11m1:::lf ;1fJ hh umll clustalX 1~otl111loom1t1t1 hrH:1.Jof ;1fJ 

111'.i llmll Primer3Plus (http://www.bioinfonnatics.nl/cgi-bin/primer3plus/primcr3p1us.cgi) 1~fJ 

1fl'1U~1;~1nrl11mfu£~ott"11~-2 1~on L3 2 1rn::: L3 3 moom1t1t11-W'.ittiof ~~J~ffo~ 1fl"1Uii . - -

rl1it11t1ff~u~n~1~fiu ihu 1fl'1U~1;~1nrl11mfu1i'lt1~1-41~oni~ 3 Lfl'1'U m oom1t1t11-w'.i • 
o' 1 "'1 !II O 1 .., ,1,l "' "' '1 o' .Ji !lJO'.i 1rn::: fl'1'U'VI ~~1f1'11 fJ'W'U li'W'UllJ0 ~-72 1mm Ll9 1 Arnt Ll9 6 ll100f1Utltl t'W'.i!lJO'.i Clf~ . - -

i~ffo~ 1rmuiirl1it11t1ff~u~n~1~fiu ~~f-.l'1fll'.iOOm1t1t11-W'.i!llOf;1fJ 11lrnnrn Primer3Plus ii 

- i-W'.illlflf L3_21Ju Forward i~ll~lf1i1U'l1'U~~ 662 lJfl'JllJfJ1120 bp iJftl Tm 60.1°C 

U"1t% GC !'Yhtfo 50 'lm1tu:::~1Ju Reverse t~ll~rni11m1l~~ 849 iifl11llfJ11 20 bp iifll Tm 

' "' d 59.9°C 1rn~% GC l'Vllf1'U 55 lJ PCR product 188 bp 

-1-W'.illlOf 13_3 lff'U Forward l~lJ~lfllPilU'tt'U~~ 4 iifl11lJfJ11 20 bp iir11 Tm 59.9°C 

U'1t% GC rvhfit1 50 'lmJtut~lff'U Reverse 1ill~lfli11m1l~~ 228 iifl17llfJ11 20 bp iifll Tm 

' <V d 
59.8°C U"1t% GC !'Y11f1tl 55 lJ PCR product 225 bp 

-1-w'.itlJO{ LG3 3 OOflll'U'UlJl~lfl Lfl"1'U L3 3 uii1U'l'l'U~'\Jo ~1-w'.itlJO{i1~nu 1~mJu - -

Forward 11lJ~lni11m1l~~ 125 iifl11lJfJ71 20 bp lJftl Tm 60°C 1rn:::% GC rvhnt1 45 'lu'\Jtut ~ 
g/ ~ O I d d .::::t f I QI d 

tff'U Reverse t'.ill~lf1~1!!'11'U~'VI 361 llfl11lJ fJ71 20 bp llfll Tm 59.1°C U'1t% GC l'Y11f1tl 50 lJ 

PCR product 23 7 bp 

- i-W'.illlOf Ll 1 1 tff'U Forward till~lf1i1U'l1'U~~ 682 lJfl11llfJ71 20 bp ii r11 Tm 59.5°C 

trn~% GC rvhfit1 50 'lu'\Jtut~1Ju Reverse ti ll~1Ml7U'l1'U~~ 838 iifl17lJfJ71 20 bp iifll Tm 

60.2°C U'1t% GC rvhnt1 50 ii PCR product 157 bp 

- ivntm:if Ll 1_2 1Ju Forward till~lfli1!!'11 'U~~ 135 iifl11llfJ7120 bp iifll Tm 60°C 

trn:::% GC !l17f1tl 45 'lu'\Jtut~lff'U Reverse 1ill~lfli lU'tt'U~~ 371 iifl11llt111 20 bp iifll Tm 

59.1 °C U'1t% GC !l11f1tl 50 ii PCR product 237 bp 

- l'W'.i!llOf Ll 1_3 !ff'U Forward till~lfl1Pi7U'l1'U~~ 765 iifl17llt111 20 bp iir11 Tm 59.8°C 

U'1t% GC tl11f1tl 55 'lu'\Jtu~~tff'U Reverse 1i:1.J~1ni11m1l~~ 1,003 iifl11lltl11 20 bp iifll Tm 

59.9°C 1rn~% GC tl11f1U 55 ii PCR product 239 bp 

- l'W'.itlJO{ LGll 3 OOf1UtltllJ1~7flLfl"1'U Lll 3 u~i1U'l1'U~'\JO~l'W'.i llJOfi1~n1-.1 l~t1 

!ff'U Forward 1i:1.J~1ni11m'W~~ 127 iifl11llt171 20 bp iifll Tm 60.1 °C 11"1~% GC ll11f1tl 50 
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!'W'IJW::~nlw Reverse 1ilJ'lllf)\Pllll'Yi'U.:)~ 367 iifl11lJtl11 20 bp lJfll Tm 60°C 1m::% GC l'Yllf)'l.J 

50 ii PCR product 241 bp 

- lVi'.illJtif Ll9 _ I lff'W Forward 1ilJ'lllf)\ollll'H'U.:)~ 765 iifl111W11 20 bp Ufll Tm 59.8°C 

m 1::% GC l'Yllf1'l.J 55 !'W'IJW::~lff'W Reverse 1il.l'lllf1\ollll'H'U.:)~ 931 iifl11l.lt111 20 bp iifll Tm 

' ., "' 59.5°C ml::% GC l'Vl l fflJ 50 lJ PCR product 167 bp 

- l'Vi'.illJtif L19_6 lff'W Forward 1ilJ'lllf1\ollll'Yi'U.:)~ 499 Ufl1llJtll120 bp ii~l Tm 60°C 

W;'I::% GC l'Yllf1'l.J 55 !'W'IJW::~11;f-w Reverse 1i1J'lllf1\ollll'Yi'U.:i~ 6961Jfl11l.ltl11 20 bp iifll Tm 

60°C mt::% GC l'Yllf)'l.J 50 ii PCR product 248 bp ~'1"1'g'Uli'i.:i~l'.i1'1~ 3 

vin H~ 3 rl1irn1J"1''\Jt1.:i l'Vi'.itl.ltif SCAR ~titiml'l.J'l.J'lllf1 hh1mrn Primer3 

ivn1irni ih~m1.Jt1"tlt>~ivn1imi 
I 

fll Tm "tl'Ul~ PCR product 

L3 2 F: 5' -AGCGCGATGTTAGGGATATG-3' 60.1°C 188 bp 

R: 5' -AGCTCCGAACTCCACTGGTA-3' 59.9°C 

L3 3 F: 5'-TTCGATTGACTGCGTACCTG-3' 59.9°C 225 bp 

R: 5'- GCGAGCTGATGGATAAGACC-3' 59.8°C 

LG3 3 F: 5'-CGTCGCACTGATTGCTAAAA-3' 60°C 237 bp 

R: 5'-TGTGCTGTGCCTTTTCTAGG-3' 59.1°C 

LI 1 l F: 5 '-GA TCA TCA TGCACCGTCAGT-3' 59.5°C 157 bp 

R: 5'-TGCTTGCCTGAGACTGTTTG-3' 60.2°C 

Lll 2 F: 5'-CGTCGCACTGATTGCTAAAA-3' 60.0°C 237 bp 

R: 5'-TGTGCTGTGCCTTTTCTAGG-3 ' 59.1°C 

LI 1 3 F: 5' -GCGAGCTGATGGATAAGACC-3' 59.8°C 239 bp 

R: 5'-TCCACTAGGGGATTGACTGG-3' 59.9°C 

LGll 3 F: 5 ' -GTTTGCAGCGTGACT AACGA-3' 60.1°C 241 bp 

R: 5'-ACACGACACGGAAAAGATCC-3' 60.0°C 

Ll9 1 F: 5'-GCGAGCTGATGGATAAGACC-3' 59.8°C 167 bp 

R: 5'- CATACAGACCATCCCCCATT-3' 59.5°C 

Ll9 6 F: 5'-GGCACCGAGAACATACCTGT-3 ' 60.0°C 248 bp 

R: 5'-TCGTCAATGCACCTGAGAAG-3' 60.0°C 
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m·niiinfhnw~1ihm>'U0.:i'i:i11u~·;m1,rm.rn1 SCAR 

'111:1.:l'il7mrnnu1mi'Yl'.illJ0f SCAR ;1tJ hhunrn Primer3Plus ,1'UTW 9 l'Yl'.ill.J6f 'iltl~'U 

1;11 ow '11 fllJ~lm.J7t'i:l1J'UO.:I f17'.i l'Uli'I.J fl (anneal) '.it'l11H, 'Yl'.i l1J of f)'I.J~lg'UIOUl.i-wm{ii 
q .. .. 

fl11htmw 58°C 1rlot11i'Yl'.i11Jofi.:i'l11J~m1~mJhnw~1g'UIO'UO.:iri1io,1'U1'U 29 ~'W{ 'Yl'I.J17 

I'] d' d d.Q ~ J d o Id d 

t'Yl'.il1JO'.i L3 2, LI 1 1, L11 2 !mt L19 6 1JUtl'I.J~IO'U!Olf1~'U'Ul'YltJ.:l\911U'H'U.:ll~tJ111'1t1J'U'U7~ 
- - - -

rvi1n'Wi'W'1lltl'YJf1~'Ui 1~t1l'Yl'.il1JOf L3_2 ii1w'I.J~IO'Uto'U'Ul~'lhtmw 180 bp (fll'Yl~ 33) 

1/J v "" ""Q . I .d 11) v "" ""Q 
t'Yl'.i 11JO'.i Ll l _ l 1Jlltl'I.J~IO'U10'U'Ul~u'.it1J7W 150 bp (fll'Yl'Vl 34) t'Yl'.i !1JO'.i L1 l _ 2 1JUtl'I.J~IO'UIO 

'U'U7~'U'.it1J7W 230 bp (fll'Yl~ 35) U'1tl'Yl'.il1JOf L19_6 ii11t1'1.J~IO'U!O'U'Ul~'U'.it1J1W 240 bp 

.d •'I~' '151 , o,vol/)11)51<9 51., "i 
(fll'Yl'Vl 36) 'Vil t'H t1J'i:l71J7'.itl t'lflltlf1fl171JU\9lf1\911.:l'UO.:l'Yl'Uij'17 Wt~ Clf.:l'i:l0~fl'10.:l f1'1.Jf17'.ir1f11fl'UO.:I 

Yang et al. (2013) ~1 'MUO'I.J~lg'UIO'U0.:1 '17 ltJ'W'U { Guangxi 'ii 7 fl! 'Vlfl'W fl RAPD m'rl' 1JJ 'U 7!1J'U 

tfl10.:i'Hmt1 SCAR 1~tJ'Yl'I.J17f17'.i 1iuo'I.J~lg'W10'U0.:1'17 ltJ~'W { Guangxi 1vlo.:i'rl''W{1~t11mm'.itl'V17 

1-n'1n~Utl'I.J~lg'UIO'U0.:!'1l lt1i.:i 5 'W'U i, 'Wf1zj1J D. Longan ,; 1~omm~~1fl10.:i'Hmt1 SCAR~ 

oonu 1.J'I.J iliu iY~ .:ifl 111Ju\?l mii.:i'.it'l111.:ii1ori1.:i 01'il1 rt o.:i 'il7f1fl171JU\9lf1\9l wuo.:ii1u ml .:i~ i 'Yl'.i -

11JOf 'UO.:llfl10.:i'l11Jltll~1J,j''I.Jf1'1.J~lg'UW~'UU'I.J'I.J (priming site) 1 'W rn.:ii10VN!fi~f17 '.i I 'U~tJ'UU 'U'1.:I 
I ,, I ,, I I 

vii11m u.:iu;.:i ilimm'.i mrimfimw ~lO'WIO'W'W i; 1iiooomm1.J 1 'Yl'.i urnf fli 'Hli 'il1nri1irnuiYvi .. 

'I 51"1 .( 'I Q • F- "" Q O 0, V I d 
t'lf t'Vi'H1Jtl'.i L11_3, LG3_3 m,~ LG11_3 t'Uf11'.il'Vi1Ju'.i1J7W~lt'l'UW'il7'U1'U 29 Vi'U1J 'Vi'U1711JO 

'Vl7CJ1111J11-n'~'1 llJ!'Hi'JO'Ul~1J (fll'Vi~ 37-39) 
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!'.! 0 ;, 
~:J : -

.. C <XI J 
... 

"' .f ::I : £ :i:: ;> I- c- .. ';i .. .. .., " .. .. .. .: !·•:? C" .. .,. 
~ ~ ,; c-

s ., s T- C ~ •;, 

.,; .cl, .I'= "'cl O II) 0 o, ,/ 'j) II) ,/ 
iln'frl 39 fll 'H'VllJ1J'.illlW~Wt.!10'\JO·Hll W'11t.!1tJ 29 'Vl'W~ Wltl t'Vl'Hl.Jfl'.i LGl 1_3 

U"t,Jlfifl1'.i'Yl~ml1Jl'Vl'.i1:1JO! L3 3 '1tJfl1'.il'Vil.Jmmw~1i1m:irl1iv.J~ 29 'WtJ1l 'Vl1J11lU - . 
~ ... F- d. r;j O "I O Q.I o' \SJ 'J) I ~ d g/ d 

mm'.imTI:1J1J '.imw~rntJrn'\Jo~m w,i1tJ1tJ 12 'VltJ~ 1~un ~t:imtJu'\J~-2, ~flumv-1, ~ fl"J''\ll.l-3, 

"' ,, 'l "' 'i 91 'i , .'I "' 'i 91 
'ff'lfl.l'Vl -4, TI 'N'Yl0~ -5, mo1Jnt'Yl-l , 1mrnn-1, '1:IJ 11J- l , mtJ 1g~ 60-2, u~~mrn-2, 1JllllvltJ trM-1 

~ ~ 

1rnt~m~t1~-64 1rntTI1JUt11J~1gmo'\JtJl~'U ':itmw,.htmw 2so bp 1-wv~ut1m~t11 '1tJri1it1 

'1tJ1tJ 14 'WtJ( l~Ufi ~O 27, ~O'!Hn~-2, ~fltlO~U~~-1, ~ flzj m 11iJ~-4, ~fl 75-1 , ~ O 13-7, 

9/ I ~ d d. I 9/ G\ 0 ~J o Vj 'J) .a 
~o 20-1 , ~omuotJu-1 , mt111'\Jt111•1w~hrn-2, 11111-80, t1J~7-4, u1~~'Ylt11t1, m tt11v1t.111:1JtJ m i t 

~ "' "' "'cl . I ,, .1 'I o II) o "' ""' ~ . I 'Vlt.!1:IJ0~-92 1mtlJUt11J~WtJW'\JtJ1~1J '.it lJ1W 200 bp ln~'\JtJ ttJm W'11tJ1tJ 2 'VltJ~ flO lJ~lJ0~-

11 6 U'1t1tll- I I 7 tJOfi'11firlo~'Vl1J11 iJri1 l.tl'WtJ {1mf'.iillfl'Jl'Wtl~'WtJ(1~t11~1JUfl1J~1g tJ1010~ttJ 2 
~ ' 

Ufl1J lJ'Yl~'\JtJl~ 200 U'1t 250 bp (fll'Vfn 40) 
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~ 4 .dd oio G.1rlj/i o' 
.fll't'f'n 40 fll 'H'YillmlJlW'PlWlJltl'IJtl<l€'11 tl'ill'W1tJ 29 'YitJ1i 'Pl1tl 'Yi'Hlltl'.i L3 3 . -

rl ~ d y Q,I r/Q.1,: 
L'Yi'Hlltl'.i L3 3 mm'.io i'lf 1tJfll'.i\9l'.i1'il'i;fti'l.Jfl17lJ!tlmmi:-i1;J1J'illflfll'.iWffll'llllJ'YitJ1i 'Pl<ltJ - .. . 

i 9,/ Q,I ,/ ,, d 'j) d ,d Q 

1. fll'.i 'lf'YitJ~'PltlflltJU'IJ<l-2, 'Plt1Ufl1tl-l , 'Pltl~'\!ll -3, 'i;f'lflJl::j-7, 'Yi1<l'Yltl<l -5, fl'.itl'l.Jfl::'Yl-1, 

i ., "t 'j/ "t ' .'I "' "t 'j/ ' "' ?I ., " ' 'lJ '11 ti fl-1 , 'illJ 1 'l.J-1, 'lJ ltJ 1 ~M 60-2, U'Pl .:imrn -2, \! lJ H I tJ I fl<l-1 U €1 :: 1J !'11 ,w.:i-64 ! lJl-J Vi tJ ~ UlJ 

i j) o., ,/ 1 i"o Q.I o'L'j) , 1 ~~I 
'i;fllJl'.itl 'lf'VitJ~'Yitl 'Pl 'il1tJ1tJ 17 'VitJ~ 'PlUfl 'Pltl 27-3, 'Pltl'l1'11<l-2, 'Pltltltl'PlU'Pl<l- 1, 'Pltl'JlltJllJ<l-4, 

j/ I '1 d d I ,c:i, j/ t.J 
'Pltl 75-1, 'Pltl 13-7, 'Pltl 20-1, 'Pltlflll-JtltltJ-1 , !'Utl1!'1Jtl1!'1ftl<li'l1ll-2, fl'.itl'l.Jfl ::; 'Yl-1 , !!'111-80, l-JlH<l 

0 'I 'j/ "' .l. "' ~ _, 
'Yl~11t1, m 1t1\?ltJ'l1lltJ, 'YitJ!m:M-92, !'Yi'lf'.imm-10, 1J<l1Jt1.:i- 116 u-a~1m-117 

i j}Q.I ,/ I ~~ 
2. fll'.i 'lf'VitJ~'Pltl 27-3, 'Pltl'l1'11<l-2, 'Pltltltl'PlU'Pl<l-1 , 'Pltl'Jlll-Jlu<l-4, 'Pltl 75-1 , 'Pltl 13-7, 

;: ,d ,d I Q 'j) ~~ oig/ 4 ,l~ 
'Pltl 20-1 , !'l.Jtl1!'1Jtl1!'b'tl<li'l1ll-2, fl'.itl'l.Jfl~'Yl-1 , !!'111-80, tJ1H<l'Yl::11tl, m tl\9ltJ'l1lJtJ U'a~'YitJ!lJtl<l-

:'1 ., " , l 'j/ , ., "i 'j/ • ., " "' ~ - I 92 !1JtJ'VitJ~ull mm'.io 'lf'ViB'VitJ~ 'Pl'il7tJ1tJ 3 'YitJ~ riu !'Yi'lf'.imm-10, u<l1Jt1.:i-116 m1::m1-117 

i 'j).," ?I .," ' 'l'j/ , ., o'll]'j/o ., o'li]'j/ , 

3. fll'.i 'lf'WtJ~!'Vi'lfHllfl'.i-10 !1JtJ'WtJ~'Wtl 'i;fllJl'.itl !'lfUlJ'VitJ~ !'Pl'il1tJ1tJ 28 'VitJ~ !'PlUfl 

g, d 'J).d ' t'?I 
'Pltlflll-JU'IJ<l-2, 'Pltl 27-3, 'Pltl'l1'11<l-2, 'Pltltltl'PlU'Pl<l-1 , 'PltlUfl1tl-l, 'Pltl'Jlll-Jl1J<l-4, 'PlO"J''\.jll-3, 'PlO 75-1, 

'J) I .d ~ d .d 1 0 a 'j/ 

'PlO 13-7, 'PlO 20-1, 'PlOflltJOOtJ-1, 'i;f'lflJ'Yi-7, !'Utl1!'1Jtl1!'1ftl<l 'ttlJ-2, 'Vi1<l'Y1V<l-5, fl'.iO'l.Jfl~'Yl-1, U'l11-., 

i O i ., "t 'j/ 1 ' 1: .J _,, "' "t 'j/ 0 llJ 'j/ 

80, 'l.J'Pll-4, 'l.J'tttlfl-1, 'illJ 1'1.J-l, 'lJltJ ~M 60-2, U'Pl<lfl'alJ-5, tJ1H<l'Yl::17tl, \jlll\?ltJ !M-1, m !tl\?ltJ 
' ., 

"' "' "' '.c'f _, ' "' '11:1.JtJ, 'WtJ!lJU<l-92, 1J<l1Jtl<l-l16, !tll-117 U'a::,J!m'ltl<l-64 

fl1'.i'Yl'Pl1;fV'l.Ji'Vi'.i!lJO! Ll9 1 ltJfl1'.i!~mnmw~!fltJ!tlillit1,11tJ1tJ 29 'WtJ1i l'Plttii - . 
,c:i, :', a d lo~ a,,/ " d 

-eJW'11~llltJ'IJtJ\910tJ annealing 58°C 'Vi'l.JUtl'l.J'PlWtJW'IJl-Jl'Pl 1,100 bp tJm !tl'WtJ~'PlOflltJU'IJ<l-2, 

yd I ~..::i. ,, I ,: ,d ,d 1 ' 
'P\027-3, 'Pl0Ufl1tl-l , 'Plfl'JlltAliJ<l-4, 'Pltl"J''\.jll-3, 'Pltl 20-1 , 'Pltlflll-JtltltJ-1, !'l.Jtl1!'1Jtl1!'lftl<l 'ttlJ -2, 
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,'I d i ')I o liJ 'J/ ,.j O d d c::j ti 'I o liJ 
'.llll\9l'W fl\) - 1, r.'l7 W\9'l'W'YilJ'W Ut'l:::,J!lHltJ\)-64 tm:::YnJU01J~W'WW'll'W1~ 1:::mru 150 bp t'Wr.'ll W 

OJ ti g., d , % G) o G\ Q.I <t 
l'l'U~~Ofll'UU'IJ\)-2, ~'el 27-3, ~omn.:i-2, ~O~ll'Ultl.:J-4, ~0~",!ll-3, t1J~1-4, t1J'Yitlfl-l , ,rn t1J-l , 

~'Utiio.:i-92 ttt'l:::lim;v.:i -64 tm:::irlo'Vi1J1l'11J11ij uo1J~tfl'UtO'IJ'U1~tl'.i:::mru 150 bp 1'Url1it1 3 
'U 

<Vo'~ o la Q.IG\~ ~ .::. q dad OJ tl 

l'l'U11 mi ~O'Yit'11.:J-2, 1u~7-4 tm::: l'l'WtlJO.:J -92 tl.:J im-mml!O'Ut~ll t'U'IJW:::'Vltt01J~W'UW1l7fll'l'U~ 

~1-:i "11 ttH't'l'IJO.:Juou~tfl'Urn ilimiio'Ut~ll (ml'I~ 41) 

3000 

1500 

1000 
750 

500 

250 

m'Yi~ 41 m 1t~mBmru~tO'UtU'IIU.:Jc11it1i1'UTW 29 'w't..111 ~1t1il'l1tlJ01 Ll9 1 UW'Yiflll 58°C 
q - q q, 

t.:iil7t'Vlft'Ufl touch down PCR m1i"lt..1m1t~ll1nmru~tfl'Wrn~1t1il'l1tl!U1 L19 1 1u 

rl1it1i.:i 29 -W'Ui ~.:it11'Wt'Vlfl 'Ufl~1;mn rn~ruM1JlJl'UJ'U \PlO'U annealing 1l7fltl'-ll'U'JU1Jtt1mm::: 

t'l~t'l.:J'il'W 0 -:JUW'Yi flll~~O.:Jfll 'j 1 ii u mw~~tfl'Wttit117'Ylmt1ij'lfimru -w fltl trn:::ij~tfl'W!O~ijrl,~fo . .. 
'j) & QI d d _9( I ,, Cl " i ., ti ., 

t'lHYflt'lltlflt'l.:Jfl'U~W'WtUtlJ7'YilJltlU~~1tl ( "!1'W 'Vl';i , 2552) ~tl~~U t'l.:J"1fl11::: 'il7flfl11l'l~'W7Ut'l::: 

'Vl~"1Urnfliu.:ittmt1'lf'U~ SSR 'il1ni 1u,-O'm.Jt'l EST l'l1n (-h:::tl'm { 2555) ~u 94 °c 4 mviiY7'Yli'U 

" " ' 
'U'W\9lfl'Wfl11 denaturing 'il7fltl''Wvi7 5 1U'U'\Jfl\) denaturing vi 94 °C 30 1'W7l1 annealing 60 °C 30 

" <Ct. d ~ d QI .i:::::t. 

1'W7'Vl tm::: elongation 72 °c 60 1'W7'Vl trn:::'il7fl'W'Wt'l~~W'YiiJll annealing t'l .:J 1 °c 'YJfl"'} 5 1fl'U 

d .::a. 'j/o~ d d 

1l'UO.:J~W'YiiJll annealing 55 °C trn1'Vl7tl'lllflfl 15 'JOU m 1::: final elongation 72 °C 'U7'U 7 'Ul'Vl 

, '°" "' "' U 'l o liJ ., .,, "I 'lo 
l'l'U17 tfl~UO'U~tfl'Wtfl'Ul..17~ 1:::mru 150 bp t'Wt'll W 3 l'l'W11 flU ~U'Yit'l1.:J -2, t'Um-4 tm::: 

t/ I JI I 
4 4 a o o jl b) jl a .::a. & , G) QI .::a. 

l'l'Wtll tl.:J -92 (flll'I 42) tlJU'Vl7CJf7Ut'l1 t~~lt'lt'YilJU'Wt~lJ CJf.:Jfl11l'l'Ufl17lJU\91Ml7.:J t'Wt'lfllJW:::flntfl~ 

tm:::ilitn~UO'U~tO'W!O'Ufl.:Jtflio.:i'YilJW SCAR tlfffl~fliru.:iti'U~'W~'Wltflio.:i 'YilJltl illmflt'liY7'Yii''U 
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,JlU'UtrVh1l-u1-:if11J~t~fl (Anuntalabhochai et al., 2008) U"~f171l~\islJ'U7tflifl-:i11ll7tt llll"fl"'lf'W 'fl 

SCAR l'Uf171'17U'Uf1'W'lHYfl"ll~'IJ7llilflll (Theerakulpisut et al. , 2008) 

3000 

1500 

1000 
750 
500 

250 

m'fi~ 42 m11~mfimru;tfl'UW'\Jfl-:Jrl1 itt'17l.J1'U 29 ~l.Ji ~1tti'Yn11Jof L19 _ 1 ~1m'Ylfl'Wfl 

touch down PCR 

ef I ~ ,I t:iOQ., \I) ,/ 
l.JOf1,J7f1l.J'W'IJ17\17f1f17100f1U'IJ'U l'W1lll01 Lll 3 trn~ L19 1 lJ"7'fl'UtrnY'IJfl-:j l'W1lll01 - -

'J/ <!! ., & •II) ,l'J} 

m-u Forward (GCGAGCTGATGGATAAGACC) !11lJO'Uf1'U '1-:J'Ul t'W1tllfllt'i;Y'U Forward trn~ 

Reverse '\Jfl-:J i'WJlllOf Ll 1 3 tm~ i'WJlllOf lff'U Reverse 'IJO-:J i'WJlllOf Ll9 1 ll7l~ll'lfill7ru - -

;lfll.JtO'IJO-:Jrl1ittvf-:i 29 ~-ui hwltfJtU11iJiil-uJ-u~O'U annealing l't17tl'IJ 58°C 1rlo11m1~l1 

Hm-.i~~ PCR 'W'IJ17 iiuo1J;tfl'UtO'IJ'Ul'fl1.h~mru 150 bp lmhitt 3 ~l.J{ flfl 'f'I011"1-:i-2, lmh-4 

tm~imliosi-92 (fll'W~ 43) tsil~Hm11i'.iol.Jt11Jm11~ml1mru;tgl.Jtorl1itti1tJ1l.J 29 ~l.Ji l'fltt 

m1lfl'W'Hllof Ll9 1 ~1tll'Ylfl'Wfl touch down PCR t-:i,i~ll111>1io-:i11mtt SCAR ~~Wlmi~tl 

\9111\l'i;Yfl'IJl'l17lltiJl.J t) f1H'i;)'lJ'IJO-:Jrl7 itt~'V17f171H'i;YlJ.,j'7lJ~l.Ji~o i 'U 

f171~Wll.Jli'W1lllflf SCAR '11l.J1l.J 9 i'WJlllOf~m,i1ni'W1t:i.rnf ITAP 'W'IJ11iii'W1lllflf~ 

mm1otl1ml'MitJnn,l'1u-un~tJ{rl1itti~ ,l'1-u1-u 2 i'W1mof ~'fltil-u 22.22 % tsiii1tlof1~l.J~ 

1'111lliYlt1\lll7f1f111f1711'0tl'IJOs! Yushianti & Shiraishi (2010) i~~Wll.Jltl'lio-:i11mtt SACR \llf1 

l'YlflUl'I RAPD t~ol'Mil.Jf171,J1Ul.Jf1'W'lf Sengon (Paraserianthesfalcataria L.) Nielsen l-utl1~1'Ylff 

~~l.Ji~m:imm1Ji'W1mof SCAR '1ll.J1l.J 46 i'W11:i.mf 1m~mmrntl1ml'Mi-um1i1u-un~-uii~ 

5 i'WJllJOf ~'fltill.J 10.87 % mr11m1~WJ'Ultflio-:i111J1tt SCAR ,i~iiu-u11tl'1Jl-u1>111mh1hi~~-:j 
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mntl'n (Zhang et al., 2013) U~!'Ylfl'Ufld~-:i,i'o~ni1mfl'Ufl RAPD 1~-v-:i,i1m1hH'Ylfl'Ufl~~fl11lJ 

b~m.Ji]mt11tl'mmi1m1~mmnrrl1J111 (Yushianti & Shiraishi, 2010) 
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";; .. (il •s :< C" .. •:c ~ ~ ,; <" 

~ C: :I •;, 

.fll'W~ 43 f11'Jl~lJ'ml.JlW~lfl'WlO'\JO-:J"11 imh1..nu 29 ~'I.Ji l1t1 primer combination 'J~1-d1-:i 

hm:JJ-vf Ll 1 3F + u 1 3R + Ll9 IR - -

n1-av111~1nrut"111t11i1u\JflN1Jt1'Ue~d1iu 

11-a'-:i,i1ni:-iirn,i'rnrl11m1ir1 ~om'Vimiiv~iif-:ii~ 2 'Vj \9lHnm-:i,11'Urn-:i~on iirvlv-:i 1 'Vj 

1'Vi1J'U ~,i~1'11t1)t~h.11\?lu"~~\9.IJ'Ul1l'Wt1l'Ui:-i" "11'1...1Uf1Yj1l~f!Of.l "l ~o (fll'Vi~ 44 ab) u~lurn-:imtu 

m,i'Viu i ~l'UYj'VT•:nrn-:irn1 t1)'1'Utilui:-i" ii (fll'Vi~ 45) 11-a'-:i,i1ni:-iirn,i'11J~'Uirl1 it1,i'Um1.1'J~t1~11m 

"" !II O d 1 "' !II "' 1 1 .d & d 1 ' 4 1~o'l...l1rn1 mm'Jtm~tl.J"~ '1...11iY~l'Vil~nm,i'I.JlJ rnonoonm 3-4 u (fll'Vi'YI 46) ,i-:imu 1.10-v'I...I 
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(a) (b) 

' ct Y Yoll') ~ 

mvt'tl 46 IPl'Wmrnn w"mml.lmti 1 1~n:1u .. . 
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'I ~I d "1 'J/ 'J/ ., _, ' ., ., ., 
rw fll'j ~ '.i 111 ntiuf111m u'W ~ m -nYll'Vl t ~ 111 flfll'j ~mmnmm ~ '.it'Vi 1N'W'W ~'W 1-:i'Vlti-:i nu 

~timn-:i 1~uiivfui''W1-:i'Vlti-:i1~'Wl'T'W1iuuihimiwtt~u ~o tdottmmou ff'lll1fl1'1l '.ifftt11u • • 
'Vi01J ('W11'\.J U"t'flWt, 2547) 1rntiivTui~o'Vi't'l1-:Jl~'\.JvrufvioihimJWtl~'W ~o 1Jf--1"'1J'Wl~im1) 

w .hri11uvf'W'g~'\.J"l ('i'.i'4'lf, 2559) mmrnii1flio-:ittmu~1flurn SCAR ~vrwiu11¢i' ,1u1'W 2 
I 'JI ,, ' I 

tfl1o-:ittmui'Wfllrn'.i111ff6'1.J 'fl i'-:J'W ftt) L3 3 U't'lt L19 I ~-:J11lflfll'.ii~'W'.il1JOf L3 3 i'Wfll'.it'Yill - - - ., 

mmW~lfl'Wrnri11uTI'\.Ji'W1-:J'V10-:J ~O'Vi"1-:J ri11u~mnrn F,-1 tmt F,-2 'W'U'll ri11u~mmmr-:i 2 

;'W lJUtl'U~IV'WIO'IJ'Wl~ 250 bp mijo'Wvf'Wivio i'W'IJWt ~vf'W'gt!U1u1n~11t1'1.J~lfl 'WIO (fll 'W~ 47 a) 

!1"t11lflflfll'.il~'W'.il1J61 L19 1 ¢i'1m'Vlfl'W'fl touch down PCR 'W'U'll ri11u"mnrnv1'-:i 2 ;'W lJUtl'U - ~ 

~tfl'WW'\J'Wl~ 150 bp mi'iti'W'Vf'W{'Wti i'W'IJWt ~'Vf'W{mJ1iJtn~lltl'U~ lfl 'WW (fll'W~ 47 b) 1rlti 

~'.i111ff6'1.Jfl1llll~'W't'lflHff1Jll~1;-:J'I.Jl 1iJiJI1fl't'l-:Jij69fl1J'W; (fll'W~ 48 ab) 
~ ~ 

f1Hff1J'IJO-:J-al 1u'Vf'IJ1j~'lf1J'W x ~6 27 
~ . ~ 

fll'.i~ '.i 111 ffO'U 'fl 111JI ~'W~flHfflJ~ 1¢i' 11 lflfll '.i Hff1Ji11Jvf 'W i '.it'Vi'lNTI'W 'gff'lf1JX1f11J~O 27 

1~ulivfunff'lf1J'Wl~'W'Vf'\.J1lUUUilfl1JWt l~'W ~o i11dti ff'lfll'W!io.., t-:iH"llf1i~ff'IJ6-:Jldtit-:i1i1J '.iff 
q cu q cu 

9'JI Q.1f/ ? I Q.ld' , ~Q.I ' o"I' ,a 
11"t'f1Wt, 2547) trnt t'lf'W'W~~o 27 IU'W'W'W~'Wtl CJ/-:J't'lfl1JWt l~'W'IJ6-:J't'll Wfl'Jll~tl 'flt) fll'.i66fl~t)f) 

d • ., o',,j 'I 'J/11] o' Ii] 'j/ <9 ,d _ ~ d d o Ii] ., o'd 
l'.i1fl1l'W'W~6'W "l mm'.itl !'If t'W'.il1J6'.i L3_3 !~ CJ/-:J11lflfll '.il'W1Ju'.imw~rn'WW't'll W'W'W~ff'lfllXi 

olrf •olfl t 'Jld ad 
~o 27 U't'ltm W~flHffll F ,-1, F ,-2 11"t F,-3 'W'U11 m W~flHfflJ'Vl-:J 3 ~'W1Jlltl'U~W'W!6'1J'\.Jl~ 250 

bp mi'io'Wvf'W'g'WO i'W'IJWt~vf'W{11iJ1iJ1n~lltl'U~lfl'Wl6 ( fll'W~ 49) 111m! mi'w"-:i1iJtJ~ni'W1-:Jij0 

d <J' ,d 
CJ/11J'W~ (fll'W'Vl 50) 

:::r 
750- 500 

500-
%50 

%50 

(a) (b) 

d ?I O Ii] ., .. 1 'I P.11] .. 
.ftl'Vi'tl 47 fll'jm111fft>'U'fl111Jlu'W~flHff1J'IJ6•rn1 W'W'W~'W1•rne-:i x ~6'Vi't'l1-:J ~u i'lf 1'W'.i11J6'.i 

L3_3 (a) 1rnti'W'.it1J0f L19_1 (b) 
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(a) (b) 

~ :'1 0 ~ ., """ ~ 'I !i:"'1 " ill'Vtfl 49 f1l'j~ 'j1,JlHJ'Ufl1 l lJ!1J'I-H'lmf fflJ 'UtJ~m W'Vf W1Hl'l!'lJ't'I x flt) 27 tfltl t'b' tl'l 'HlJ tl'J L3 3 
cu q C\J -
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(a) (b) (c) 

~I d \') ,, 'j/ QJ o' ' Q.I o' 'j/ d QJ 

f11 '.i ~ '.i 1 u ,HJ 'lJ ff'J 1 l.H u 'IHl fH,f'1'll 'Yl t ~ u 1 fl f11 '.i ~HY ll 'IJ 1 ll 'VfW 1i '.i ::: '1111 sl vnJ 1i ~ 0 fl nm 'IJ sl fl 'lJ .. . . 
1dr.rn;v11;vsi l m.i 1~vli'-w'W n~on1'1Ju~s11~'1J'W'IJ1iuliihf m1w:::1~'1J ~o rl1 ivflrill~oiifll'.iOOfl . . . 

d I Q.I o'd .Ct, Cf 'JI QJ o' .J d d Cf I d QI o' I .c9 d 

~Ofl!'.i1fl1l 'Yi'IJ~O'IJ "7 ('Yi11'1J m 1:::riw::: , 2547) mi::: t'lf'Yi'IJ~l'lJV1l'IJV1l'lWsl t'ttll 11l'IJ'Yi'IJ~'YiO "lfslll 

QJ I ~ .cl A g} "1 gk:s 1,d 'j/ 9,/ d .Ct, 9,1 I QJ o'.di 
rlfllltU:::l~'IJ flO ll!'IJO'l1'1Jl ffllll'.itl'Yl'IJ!Wsl t~~ U~ll'IJO~OV flO 00fl~Ofl~~i:-lrl'lflfl1l'Yi'IJ~O'IJ "l 

ur1::: ~0'1Juo~o hfl~ll iJj'fl11~ Cn'.i'4'lf, 2559) mmrn 1ii'Y'l'.irnof L3 _3 ii ~si ulflfll'.i 1~1J 

mmtu~lg'IJ!OilllV'W'W{~on1'1JU~sl 1dv11;v11;vs11'11li 1rn:::rl1iv~fli:-!tYll Fl-1 'Yi'U11 '111V 

~flmlll I i'WiiUt1'lJ~lg'IJ!O'IJ'IJ1~ 200 Uri::: 250 bp !'HUO'IJ'W'W{v.o u~ilimuo'IJfi'lJ~l~'Yllfll'.il~lJ 
'JI 'JI I I f 

mmw~hg'Wrnrl1 iv'w''Wn1uv11;v11;vsi l 11lil 'Wfli' simn 1ilosiu1fli'Wlil 'lit 'W fll'.i'WIPll'W 1tr1~osi'ttmv • 
d Q ., 5/ "''l 5/'l 5/ ., "~I 5/ ., I I 1JJ Q ., 'l 5/ 
~W'IJW SCAR fl'U~'IJ'Yl t'lf t'IJfll'.iH'ffll'UllJ'Yi'IJlitu'IJfl'IJrl :::~'IJfl'IJ U~OVN t'.ifl~llJVslffllll'.itl i'lf • 
1JJ " 'l ~I 1JJ51'l ,d ., <I 'lJJ' ""' "' Q d 
t'Yi'.illJO'.i L3 3 t'IJfll'.i~'.i1uffO'Ufl11lllu'IJrlfli:-lffll t~ i'IJ'IJW:::'Yl'Yi'Wlillll tlllfl~lltl'U~!O'IJIO (fil'Yi'Yl - .. . 
51 a) ulflJwr1vr1si i1hJr1fl l'W1s!'U09Hll'IJ~ (fil'Yi~ 51 b) .. 
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(a) 

-' u. 

(b) 

52 

.,j d •,., <I j/ d .J d d 'I • <; 'lj/ 

.fll't'ifl 51 fn'.i"1'.i1 'il1;fe)'Ufl11ll l1lirnm,nnJ'IJO-Hl1 t.J'Vl'U1i~Ofn'UU'IJ,:j x l 'Ut.J1!'1Jt.J1!')j't.J,:j t'nlJ t~t.J t'lf 
~ . 

i'Vl'.itlJOl L3 3 (a) rl1imfmi'~on1'Uu~-:i x 1dt.111~t.111it.1-:iimJ (b) - . 
'Uon,i1ntlrT-:i i;i11 i'Vl'.i 11Jof L 3 _3 m'Yl~,rn-:i 1-ffi 'Wfl1H l '.i11;YO'Ucl1 it.1~m-nrn-w'U{1Vl'lf'.i 

mm x 1flt.111~t.111i t.1-:iimj hwit-w'W{t'Vl'lf'.imri'.i11'.l'U-w'W{11u ih!m,n.u~t~'W ~fo oon~o n~1mrn~ 

oon~onno'Wrl1it.1-w'U{t'U "7 u~ii,i'o;ot.1 fio iitdo'Ul-:i tll~~ 1111 iiJ1wo~m1~iin~'Wm 1 ('Vl71'W 

j,IQI o'~ d d 1d t d.QI I ,d ct~ 

U'1~flW~, 2546) trn~1'lf'Vl'U~t'Ut.J1!'1Jt.J1 t'lm-:i1'nm1l'W'Vl0 lJ'1ffl4W~t~'U flO llt'UO'n'U11;YllJ1'.itl'Yl'W 

U~,:Jl~~ U~ii,i'o~fot.1 flO 00fl~Ofl~~f:-rnt7fl11-W'Uit'U "7 (TI'.i~'lf, 2559) ~,:J 'illf)fl1'.it~lJ1.filJ1W 

dd o ll) cv o' ~ d d t olr) 
~wurnm W'Vl'WVt'Vl'lf'.imfl'.i 11w1t'Ut.11t'lft.1-:ii'n1J U'1~'17 w~mrnll F 1-1 , F1-2, F 1-3 ucl~ F1-4 

'Vl'U17 rl1it.1-w'W{m'lf'.imri'.iii tto'U~tg'UIO'U'Ul~ 200 U'1~ 250 bp um:-w'W{tdt.11t~t.11tit.1-:i i'nu ii 

.ct d di t QI o'cv Gt g., .c:s. d a Q , t V 
uo'U~rnurn'llm~ 250 bp 9f-:i'Yl-:i 2 'Vl 'WVt.1-:i imt0u~rnurnm1Jout~1J trn~'Vl'U17~flf:-11;Yll'Yl-:i 411l'W 

llJiiUfl'U~tg'U~mi'.iounmi'WUlJ 100 % ! ~t.J F1-l iittfl'U~t~'WIO'IJ'Ul~ 200 bp mi'.io un'U-W'W{mi 1 

I d dd d & ,d r, QI o't 

110'1.J 1;11'U F 1-2, F 1-3 tm~ F 1-4 llllfl'U~W'UW'IJ'Ul~ 250 bp (fll'Vl'Yl 52) 9f-:it'nlJO'U'Yl-:i'Vl'WV'VlOU'1~ 

UlJ (fll'Vl~ 53 ab) ~ ,:JllJ1;YllJ1'.ifli;Y1iJL;11 ~fl f:-li;YmZ-:i 4 ~'U t1'.J'Ui'W~flf:-li;YlJ~Hli''il1-:i t~ o-:i ,nncl1it.1 

d d <JI 91 , , .d 91 QI o' lr) , , QI rl jl QI :, .c:::i Q 

tllu 'Vl'lf f:-li;Yll'Ulll 11l'U'Vl oucl~Ull'Yl 1 'lf 1 'W mrn1;Y1J'Vl'W vo1 'il 'il~ ill i 'lf'Vl'U v tt'Yl ~ -:i'U u ~ n'YltM1 'illnfll '.i 

QI d d Ql \1)3,l ~ ..::t dd .d ~ g., • , lJJ'lll Y ... 1 
f:,jj;ylJl,}1!0,:J flOl 'il 'il~ llfl1'.ifl'.i~'illt.J1111 t~ 'i),:JlJUfl'U~lO'UW'Yltmrn'Wl1l'UUlJ'l.J1,:Ji;Y1'U ill t~U '.ilfl!)l'J f) 
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~ ~ I ~ 

Utl'lJ i~tl'u ll'l'Jm~-! SCAR ~ihimm~i1lJ'Vi'il~'U1m 1 i'~11'il'tl~'lJi111t1nnr-1'tllJ~'W 1~ ;~fl11iim1 
~ ~ ~ 

... 
~ 

,.: 
"' 

~ 
T~ 
c-

"' \: ·~ 
p { . "t ~- "r 
~ u: u: IL u: 

.fll't'i~ 53 ~f)y,jfflJ'U~~rl1i,rwu{tl'l'lf'J'tllm x ttlt11t;t11t;t1~hn.i (a) F,-1, (b) F,-2, (c) F,-3 un~ 

(d) F
1
-4 
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m :rvfWJ'U71fliei -nni1t1~&urn SCAR 'illfli'V'l111rnf ITAP mrh 'illflfl111~1Jtl1mw 

~1o'U1mhimh'U1'U 29 'vf'Wn ~1t1i'V'l111Jeif ITPR3 ijut11J~1o'Urn~11~fl~1-:i,i0-:i'vf'Un~mnn-:i 
• • 

1 m1111c1~Jwilei-:i'\J'U 1~ 1,000 bp 'il1m!m111m1J~1ow0'il1flrl1 '1t1-vf 'U {i'U1ilei-:imfff 1-:i~1owmnt1 

i:-lfflJ 11~1"1'-:Jl'U'Hl 'tlWi'U~ho'Ulel l'llfl11elelfllt'U'Ui'V'l ':illlelf SCAR i;,ll'UTU 9 ~ 1rlmhm1~1J 

'ITTlJlW~IO'UW'\JO-:J'tlllfJ'vt'-:i 29 'vf'Uli ~mif-:i 'V'l'IJ11 iii'V'l1llmf 4 ~ i;un L3 3, L11 1, Lll 2 
q 'U - - -

d Id d dVj " I ~ 
licit L19_6 lJlltl'UmO'U!Oll'IJ'IJ monomorphic band lJ !'V'l 'HlJel'.i 3 t) flel L11_3, LG3_3 Helt 

LG 11 3 r11J111~1 itt'~m ilimilm.J1~1J uc1d'.i'l'V'l11iieif ~mmrn i~'Wm1io1u'Uflrl1 it1c1fli:-icrii i~ - ~ 

2 ~ fl't) i'V'l'.illJelf L3 3 Uc!~ L19 1 l~t1~i'V'l1!1Jelf L3 3 i<MeJW'Hflil 58 °C i'UJ'U~el'U annealing 
qJ - - - q 'U 

• ll) ,_,. "' d "" J '1 o l/J o "' o' "' "' d "" J '1 o l/J 
'V'l'IJ11 llJlJIIO'IJ~lel'Ulellfl~'\J'U l'Wcll W'ill'U1'U 12 'V'l'Ulj lJl!tl'IJ~lel'UIO'\J'Ul~ 250 bp lfl~'\J'U t'Ucll W 

o QI <l a dd .ci. .J GI olq o cv ti d d d 

'ill'U1'U 14 'Vi'Ulj lJl!tl'lJ~lel'Ulel'\J'Ul~ 200 bp lfl~'\J'U t'Ucll ltl'il l 'U1'U 2 'Vi'Ulj llcltlJ!ltl'lJ~W'Ulel 

.,. J'l •l/J• a, ,/, l/J o' 619''1 
'\J'Ul~ 200 licit 250 bp lfl~'\J'U !'Well ltl'il l 'U1'U 1 'Vi'Wlj 'ff1'U l'Vi'.illJel'.i L\9_ 1 cr1mrn l<Jf !'Ufll'.i 

'j/ • • 

'Olll'Ufl'tll it1'vf'W13~0'Hcl1-:J i rniiuctt~'Ulilti-:i e)'t)fl'il l flill it1'vf'U1ifl'U "l ,; ;,:iiii:-icti:-i~~ PCR '\J'Wl~ • • 

ll'.itlJlru 200 ~l'IJ'ff l~t1i<Ml'Ylfl'Wfl touch down PCR 'H1tim'.ii'M primer combination 1~'H11-:J 
~ 

i'Vi111Jtif Ll 1 3F + Ll 1 3R + L19 lR - - -

1rl m111f1 i 6-:J'H m v~'vf WJ 'U 1,; ml>l '.i 1 'ii cro'Ufl 11 mil 'W ~ fl i:-i fflJ '\J el -Hi' 1 iv~1n~ 'ii 1 fl m '.i i:-ifflJ 

,i'1ii'vf'W11 'Vi'U11 i'Vi111Jflf L3 3 ffllJl'.itl 1~'Wfl1'.il>l'.i1'il'ffel'IJfl11lJ!tl'Uctflff'1lJ'\Jel-:J'vf'WTI'Vi1-:J'Ylel-:J X 
q - 'U q 

~el'Hcl1-:J , ~GJflJ'Vi x ~el 27, ~elfil'UU~-:J x 1tlt111;t111it1-:ii'Hll llcl~l'Vi<Jf'.ifflfl1 x 1tlt111;t111it1-:ii'Hll 
~ 

, l/J <I '1 9!'I ~I "' <I 
ff1'U l'Vi ':illJel'.i L19 _ l mm10 l'lf !'Ufl11m111'ffel'IJf111lJl1J'U~fli:-l'fflJ'\Jel-:J'Vi'Ulj'Vi1-:J'Ylel-:J x ~el'Hcl1-:J 

1; 

.. 
'JI , ..,..., V I , _ . 

'U01tT'tt0U'ttt 'ttflln 'iltlfl'HVl0 1J 

L 'W fll'.i ditifl 1 i'ifli t1-:i'Hmt1~1omo~ 11ti!1m'vf WJ'W 1~ t11il'Wmi t1-:i'Hmt1~1o'Wrn SCAR 

gJ ~ Cl gJ ~ _d o ~ 1/J j1 Id d d .ci. ~ o 

ell'il 'ilt~el-:Jlcl elfl 1 <Jfl fl'.i el-:J'HlJltl'YI 'ffllJ11tl'il~'Yl1CJ1l 1 ~U~lJ Utl'lJ~!'t)'UltJ!fl~ '\J'U YI clltllltl 'lJ l'Vi1l t 'ii t'Yll 

1 ttl;tfliti~'HlJltl SCAR ~iil11tff'Ylnfll'Vi~Ucl~ffllJ11tll'llJ11;~1tll'lf'Ul~tl1f1'W Uc!~ i'U fl11 

'vf WJ'U 11 fl i ti-:i'H mt11 iirn fl c11~01 <Ni 'U fl n tlf 1Jl11-:i'vf 'Un rl 1 iv 1 'W fl f-:i rl i ;!fl i t1-:i'Hmt1 iii rn flct ~ 
q (t q q 

'j/ ' 

ffllJlrn '0111 'U flfl 11lJUl>l fl~ N'\J el-:J'tl 1 it1c1 fli:-lfflJ 1;1 l1l'U 'U U~U-:J lllffllJ11 tll:j}ellJ ltl-:Jf1rnfo'l:l Wt 
~ 

, 91-<il "' """' ""l • l'l_l 
'Yll-:Jfll'.i!flllm ~ 'il-:Jfl1'.ilJfl1'.i1'iltlfffllll~el l1J 
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