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ABSTRACT

Cassava is an important economic crop which has been artificially selected to
improve cultivars with high industrial yield of starch. Based on their morphoagronomic descriptors
however, several improved cultivars are similar. Hence, accurate identification of each cultivar
requires well-trained personnel. This study aimed to establish molecular markers for the identifi-
cation of 16 Thai cassava cultivars from the germplasm collection in Rayong Field Crops
Research Center. HAT-RAPD amplicons which were distinctive among the cultivars were
employed for molecular cloning. Based on nucleotide sequences obtained four SCAR primer
pairs were designed. SCAR markers were generated and used to differentiate the cultivars as
follows: (1) 308-bp marker and 850-bp marker for Rayong 60 and Hanatee, respectively; (2)
414-bp marker for Rayong 1, Rayong 11, Rayong 90, Rayong 86-13, Huay Bong 60 and
Kasetsart 50; (3) 273-bp marker for Rayong 3, Rayong 9 and Rayong 72; and (4) 414-bp and
2'73-bp markers for Rayong 5 and Huay Bong 80. For the procedure to be less time-consuming
and more cost-effective, efficient multiplex PCR with optimal conditions was developed to

incorporate all four pairs of SCAR primers in a single PCR reaction.
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i Wenda (Manihot esculenta Crantz) iiuiimsiasugianifianu dayvedlan nag
Wutivenivdnvesdszinades luniduersmuazenismld Tl w.e. 2560 Uszinalne 1nsa
nagiu endeldmnaiududy 3 sesnndszmaludise wazasala (hitp://www.fao.org/faostat/)
fiu “wWendailFluga wmarldumasulgiugiituihsnnmnalunaelszina iielild
Wufign (cultivar) il¥manda 1 drumulsauazunas uazgvang ufs mmiulnelgn “wmy
dszmalnefimhemmiufaseudumesuliugiu wemd 2mheoman fe asinmainyas
uazgayInedeinpasn a3 seifgiildUtulgeiugiu wendagiimetusesiuiudr 19 g
Ugn laguvesnsd3mmsinuas 11 Wuglgn (53809 1 53803 2 33809 3 32803 5 33804
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6 WugUgn (A351 1 1BAsAN @3 50 1BATAN A5 72 ¥IELY 60 1819 80 UAzMIBLN 90) uay
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gn (gl 1 wagfigou 2) wonnniidaiiing nendniusgaifiosilfifiemaslaaluasifou

ldud siugugnrini lasudaziuggniideduazdennauansdaiu [1]
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wingin Wendafionldenniug [2] wasnsdalss vilymmsnasnmeneniugiine 3
d! I o/ d d' Y [ o/ d ¥ 1 gj d‘ k4 1 o/ gj 1
g0 wiuglgnildSumsivsesiugudiudiimasonamsmivni duiudeumamzignimn
wsanuuniugignldnarewiugazisanaldholumssenewingnm o lumsssyiug
Ugnueasiu "zndnzldanyas “ugpuineaisdszmslszneuin - Bedeserdunnnian
yamnsnianusing laednazdne alflumsiuuneniuegiveiguesiv ends sIum
ANuusANNAAIUNANENaYes "aadenenam i Wenamingiaefunlgnlusaiung
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TumsaadumnuueeIngAuMINMIIAEATBTINEIMSINNINATIUMIAUANMIHANTBUILGIN Wend
wagive Winuasnslasunewiugiigndes Jamsiinmsdnsuaiosneluana wmiumsnuunvien
Wi erdaldedniysz " niam

Hhgiuldfimaiamnaiemmneluanaiodediduenazimadia polymerase chain
reaction (PCR) ivelflums@nmanurarinnanemaiugnssn uwaznsiiuunsiinuasiugves
Wy [4-9] matla sequence characterized amplified region (SCAR) ﬂizqﬂﬁmmﬂmaﬁﬂﬁﬁmi
iiSnafiouenuy aaradmuvi 15u RAPD Tnamswanniaseaniisoluiana SCAR marker
d' [ o . 0 o A 2 J a d A'd 1
ineIvpafuMslaan (molecular cloning) naznaduinaale ndveduaudduIeNHANNLANA
d' o . d'o ) o Q‘ = a g o/ 1 ¥ a
ioeanuuulniNes (primer) NIuwe WiumnISINaADWBLADGIndIMIBMATia PCR
Aanunan ldiaiaNNuiug nfounalianuad WL ve 130939 euldiiemnmaaeIs
(reproducible) fogMIlszgndliimatia SCAR lunmstiuunsfiauazingiaslungueiigg
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[10-14] Thgiiugibinunenumsléimaiia SCAR lumsiadinuniugilgnuesiu lendamns
Tudndszmaunazludszindlne uennniidelimsléimaiia multiplex PCR 1iioifinvenslSuna
A g o [ 3 1 v o & aan I3 1 1A
drvneithmneransmumisdemslinswesvareguieniuluntialfise laglwsmesudazgn
anlFazlianuaumzuazl¥ PCR product Mviaawau ms multiplex PCR @osdinsylsu
Ag3Ne mdsznevvedljisenlviming w eldlnsinednng wsaiinversdInn
doweithvingld ineanumslFimatia multiplex PCR Tumshuunfisvanosiia [14-16]
% ‘?5 a o dyﬁ Ao d ﬁ' 4 d'd o t% d
AaumMNTeitaiinglse sdimedum SCAR marker fidanugmzlumsszyiug
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eanTuaeuLaznalumn o mivldnanwiuduassInE B
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Tugignilldsumsiusosiug (ede)

1. 5209 1 (R1) 9. %83 72 (R72)

2. 32899 2 (R2) 10. s¥aed 90 (R90)

3. 32899 3 (R3) 11. syged 86-13 (R86-13)
4. 52999 5 (RH) 12. 819 60 (HB60)

5. 33803 7 (R7) 13. 1814 80 (HBSO)

6. 2999 9 (R9) 14. 1AM A3 50 (KU50)
7. szyes 11 (R11) 15. g 1 (P1)

@

53884 60 (R60)

1
o d =y 1

WugUganuiies (ede)

q

16. i (HA)

2. M35 NAAOULD

e zonlui Wendadie 13azas 1% sodium hypochlorite 1At fesludin
fi8uie (genomic DNA) mnluvesii “nlenda 16 Wufilgn Wufignag 3 lunaddufiu (favue
48 9¢1) Ingls DNeasy Plant Mini Kit (QIAGEN) anizmslugie a3a suanuidudu
HAZANNYS qm%{wmﬁlﬁumﬁmm’%m UV-1800 spectrophotometer (Shimadzu) uagiieanlila
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anuuduvosdiBuedadulundasiogunhfu fo 100 ng/uL Wudiduied Aaldfigamgd
-20°C el lumsanudel

3. msinveelSinadisuedomaiia HAT-RAPD uazdaidenuavididwedil
ANNUANANTEHINNUTUgNYBI enad

wisnieguABuiewiuuy (DNA template) tiaiuduniveandagiufilgnlag
m3nmmduenn 3 frecaliifiu 1§06 (bulked DNA) iinvenenamiduievesiiadh
S nlzndan 16 ﬁuﬁﬂqﬂﬁwmaﬁﬂ high annealing temperature-RAPD (HAT-RAPD) Inglslnsiues
nwy ;m‘hmu 50 19 (NAPS Unit, University of British Columbia Biotechnology Laboratory)
éII’JEJLﬂéfN thermal cycler (Eppendorf Mastercycler Gradient 5331) laoug azln3en PCR 1sznou
$re 13ehe Ay Ay il 7 ng/UL DNA template 150 uM dNTP usiazsiia 2 mM
MgCl,, 0.6 uM primer uag 0.4 U TopTaq DNA polymerase (QIAGEN) Mruatuney

T
=

uazgamgiilumanh PCR @il initial heating @1 94° ifunm 2 it mudhe 35 souvasii
denaturationﬁ 94°C \flunm 1w annealing‘ﬁ 48°C ifhunan 1wl uay extensionﬁ 72°C ilu
nan 2 il mudiedu final extension 71 72°C funa 7 wiit lumah HAT-RAPD # #ims
Lﬁuqqumu%’u annealing 1fioaamatfauaviidueilisims nmimasm auglIUUYRILAY
fidweitlade agarose gel electrophoresis (1.5% w/v) Aaidenauaudidute (PCR product) if
anuuaneIsieiuiln ameBnafiduevesaudiduefidesms uasiilius wilae
14 QIAquick Gel Extraction Kit (QIAGEN) sns3smislugiie

4. mslaau ms Aanan din nazmarduihaalelndvesuauiiButeiigesns

U PCR product (insert) s qm%t%amiaﬁ’uwm da (plasmid: pGEM-T Easy
Vector, Promega) Taalsioulsd T4 DNA ligase Lﬁaimﬁal’?}um 1896 N (recombinant DNA)
LLazﬁwﬁw;maéLmﬂﬁﬁa Escherichia coli (HIT-JIM109 competent cell, RBC Bioscience)
10633 heat shock Mntudadenlaaniiiiiduie 10n ud1e3% blue-white selection 1a6a1Te
LL‘]JﬂﬁSEJLﬁE)Lﬁm‘]’m’Juiu LB broth (1fin 100 ug/mL ampicillin) Aawan iae 975 alkaline lysis
e?gq%y’umauuaﬁ%mwhm daulasnn Green uay Sambrook [17] 9379 ammmm%u insert
Taamsfdaais EcoRI restriction enzyme ¥1Wa Nalvis ,m%{ﬁw QIAGEN Plasmid Mini Kit
(QIAGEN) asAsmslugfio shwan diaflld ‘uiomérduihadlolndlngldlnsmes T7 wag SP6
(universal primer)

5. mslanzviaauiaalelnd nasmsesauuulnswes wmsu SCAR

a1 euanugndanazufludFuihadlelndnldnnsy insert (uoufidutefiiianm
UANANT zﬁﬂWQﬁuﬁ:ﬂQﬂ) Tag1%11/5un53 Chromas (http://www.technelysium.com.au/chromas.html)
euiassdduiiiadleIndiugiudeya GenBank @aallsunsn BLAST (https:/blast.ncbi.
nlm.nih.gov) mﬂf?uaammuﬁ‘lwama% 115U SCAR (SCAR primer) Ing1#11sunsu Primer3 [18]

6. mma evlwsie$ "Wy SCAR fudediiu nlgndsiinnuiufilgn

na oulwsiues Wi SCAR flddudodndiBuovosiu evdaia 16 Wuglgn



150 SWU Sci. J. Vol. 36 No. 1 (2020)

fannndudug Sniufgnas 5 du ifeBusuanumiugvedlnaiues "I SCAR usiazdde
uniplex PCR Tnghulfisendssneude 1sidamududi Amy il 4 ng/UL DNA template, 0.2
mM dNTP udagsiia, 1.5 mM MgCly, 0.66 UM ¥o3q Insies w3y SCAR (forward nag
reverse primer) uag 1.25 U HotStarTaqg DNA polymerase (QIAGEN) Mruatuneunas
gamilumah PCR @il initial heating i 95°C lunm 15 il audie 30 seuvesiu
denaturationﬁ 94°C \flunm 1 i annealing‘ﬁ 56°C 1flunm 1 il uag extensionﬁ 72°C ilu
nan 1 it 30 3l mudaed final extension i 72°C Wunan 2 it 9319 eunaLABLIEN
JEERY agarose gel electrophoresis (1.5% w/v)

7. myWamaiia multiplex PCR iiloas1n auwuilgnuesiu nlends

mMananmatia multiplex PCR FroNmIne oy ANe (PCR condition) Taita
t3znoy (PCR component) fmang wlumslslnsiues “miy SCAR fldsnmmansgnioudu
TunilFAsen dofinenumamlummm eviugignuesiu “Wendslae wn 1 “winlFise
PCR Uszneudie 1sfisianaudnduy amy il 4 ng/UL DNA template, 0.2 mM dNTP ugiag
¥iia, 1.5 mM MgCl,, 0.8 pg/uL bovine serum albumin (BSA), wswes “mu SCAR dwau
‘Vimﬂfj (forward uag reverse primer ﬁmmlﬁ’fm’fu 0.66 UM “%3U PCR product ﬁauwf’lwqj
uaz 0.22 UM “w5u PCR product wialan) uag 1.25 U HotStarTaq DNA polymerase (QIAGEN)
fuadunsunazgamgiilumanh PCR &4l initial heating 7l 95°C ifiunim 15 it anude 30
30UYDI denaturation # 94°C e 1117 annealing # 55°C Wi 11 30 Findt waz
extension ‘ﬁ 72°C Wunan 1 i 30 i muﬁw%’u final extension ﬁ 68°C Wunan 15 i
a1m euuavdBuledldde agarose gel electrophoresis (1.5% w/v)

AANIINAQD
v oA a g A v v v o @ o o Ay
1. msAadanuavddueniaNNuAnmesEHITUgnveiy snanlden
wmaiia HAT-RAPD
a g o/ 1 o o o o v A o
MIN3 ougluuuveInaufdueYesdIeg iy sndswdnny 16 siugigniildan
matia HAT-RAPD laglglwsmesuvy wdwau 50 18 wuhillwsmesinou 4 1eiiliuay
Arwenianuuandesznaiuglgnueiu Wenas ldun NAPS115, NAPS116, NAPS153 uas
NAPS157 Tagwuuaufiduloving 459, 867, 450 uaz 378 g (bp) MuMAy uaziiiie
NAPS116 wag NAPS157 whiunliuaufiduendumeiuiu nevdafies 1 wuggn ldud
/. d v = o o o/ 1 4 o o/ gj o/ J s A /) d
WUEINT uazszeee 60 MUMAU NP Werdmamug 16 Wugign Hiies 3 Wuglgn
(3zv03 2 szeed 7 waziiys 1) Nhivnaguavdiduiennminda eudmelwsmeiin 4 1eil
(390 2)
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RAPD primer  Sequence (5’ ----- > 3’) Actual length of amplicon (bp) Presence of RAPD marker

NAPS115 TTCCGCGGGC 459 R3, R5, R9, R72, HB80

NAPS116 TACGATGACG 867 HA

NAPS153 GAGTCACGAG 450 R1, R5, R11, R90, R86-13,
HB60, HB80, KU50, HA

NAPS157 CGTGGGCAGG 378 R60

2. ﬂ'li’é)’é)ﬂ!kﬂﬂlﬂ'imfz)% M5U SCAR
A A = o v a & ¢ A a2 g Aa 1 AN
HaLNnyuLA mmﬂumﬂahvlwmm%u insert (LAUALOULDNHANH LW]ﬂﬂNi&’T‘i’JNW‘Nﬁ‘UQﬂ)

[N

vaduiedlolndlugiudeya GenBank ¢ielifsunsn BLAST wunhianuiviou 89-94%

U a

o A o2 A o o % a d Aa J ' v g
vadufiiadle lnannuludlunvewiv ewas mﬂLLmJ(ﬂLE’J‘L!LE‘J‘VIN?’I’NNLmﬂﬂNi&’ﬂ’JNW‘l‘lﬁﬂQﬂ

e e
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©

4 uay  nnsaeenuuulnsimes “miu SCAR léfemua 4 g 1§un Cas115F-Cas115R,
Cas116F-Cas116R, Cas153F-Cas153R uaz Cas157F-Cas157R lagshumisvedlnsimesudase
u adluguit 1

3. mma evlwse$ w3y SCAR fudediiu nlgndsiinnuiufilgn

na oulnsmes “miy SCAR udasgfudiduiovosiu Wendsimammiugilgniianua
80 M98 A28 uniplex PCR iiio3ansianamingves SCAR marker Ingnamsmaasanui
Alnsimes Cas115F-Cas115R Tuaniidweving 273 g ludu wznaniugignszees 3 szueq
5 53009 9 53009 72 AU 80 §lwsimes Cas116F-Cas116R IHuavfiduloving 850
din luiu wWendsiuglgnimniinhiu glwsies Cas153F-Cas153R Wuaufiduievng 414
A Tuiu "nendaiugignizeed 1 52609 5 53993 11 53893 90 33893 86-13 YDA 60 WYL
80 1ABATA A3 50 uazvi wazelwsne3 Cas157F-Cas157R lHuaufiduloving 308 qiu
Tusiu wevdaiufilgnazes 60 whifu (U 2) NeaziBeatiduiedlelnduedlnsiues Wiy
SCAR 1Av0d SCAR marker nagiufilgnil 1wnsaama euldan SCAR marker u aslu
mandl 3

4. msWannmaiia multiplex PCR tiomsase ouwufilgnvessiu “nlenda

n&me ey anzuas uszneuiiang ¥ wmiumah multiplex PCR Tagld
Twsiuos "W SCAR $1nu 4 griendulumilafise ofiuenumailumsans ouiug
Ugnuessiu “wends nuhgduvuvesnaufiduwedifu SCAR marker nsalésuuniugign
oty “Wenddld il (1) szysadnpalvesiusignazues 60 waginnit (2) ssynduiinuiame
noURIBUIEYINA 414 1 (52099 1528049 11 53804 90 53009 86-13 WIo1N 60 Uazinuasm 03
50) (3) s:uﬂq'uﬁwumwmmuﬁtﬁmmum 273 A (53989 3 3¥H03 9 UATITYRN 72) uay
(4) i::uﬂq'uﬁﬂﬁﬂg]Lmuﬁtﬁmmmﬂ 414 uag 273 g (53889 5 Uaz¥IBIN 80) ueNNNIEN
wumjuﬁlﬁﬁmaﬂsmmmLmuatﬁumﬁtﬂu SCAR marker (55999 2 52884 7 uasiigas 1) (gﬂﬁ 3)



152 SWU Sci. J. Vol. 36 No. 1 (2020)

( A ) 1 TTCCGCGGGCCTGGACTCAGACCGGAGTGGAGAAATCCAGCGGTCATCAGCTACATTTGATTTCTACAAGTGTATTTTGATCAAAGTAAATCTGGATTTG
ottt <
Casll5F

101 TTTATATTAATAGTTTTACCACAGGCATTTGCATAGCATGTCAAAATCAACTTGATTTCTTCTTCTTCTTGACATATGGCTTTAGTATAGATAATTAAGT

201 CATCACCGAAAAGAGGATGGGTCAAGGTTAAGCCATCTCTAAATAATTTGATTCCTTGTCTTGAATATTGAGATTTATAAGGTTTGAGTCATCGGCGAAC
Casiib5R

301 'GGAGCGTTCTT ‘GAAAATACGCGTCTTAATTATCTACAAGTTAGCATGTTAAGAGTTAGCTTGGGCTACACGTCTTGAAAATAATCT

401 GGTTTTTGCCGTAGCACGATAAATGTCTCTTGGCAACCTCCGAATGAGGGCCCGCGGAA

(B) 1 TACGATGACGGAAC AACA AAGAGCAAAAGC, C AAA TAAGCCAGGACAAAGGA CTC c
il
Casll6F
101 TCCAATCACCCGATCATCCAGGTATGACTTTAGTTTATGAATCTATGATAGGATCTAACTTTTGATCTTGGAA! CC'
201 CA T AGGAACAATTTCGGCACCGAGTAAGGAATCTGAGGATTATGAATAATGGAAGAGATGTGATTTCATGGTCACATCT

301 TGGATCTTGAATTCCATCTCCAAAGAACTTATGGATGGATTTATCTACACTGCATCGGCCAGAGATCTCTGGCTACACTACAAGATAAAAGCAGATCAGT

401 AACGGAAATTAGTAACGGATAATATCGGTTTCTAAATAATAACGGATTAGTAAC AATAAA' AC 'CAAATCCGT
501 TACTAATTTGT TAATTTT AC CTAATCCGTTACTAA TTTGATTTTCAT AC CAAATCCATTACTGAAAT
601 GCAATTTGTT TT AC. TGTAATATCCGTTGCTAACTTATC: CGTTACTAAAGTAAAATTATTAATTT

701 GAGGATTTCCCTCTTTCTCCCTTCCCGTTATTCACATTTCTGAGGTTTCATTAACAAAATCCCTAATTCTCTCCCCATCAATCTCAGCTTCCCTCTTGGA

801 CCCATTGACATCGTTGCCCAAATTGATCGTCGTCGGTACATCGCCCAAATTTATCGTCGTCATCGTA
CaslléR

(C ) 1 GAGTCACGAGGAAGGCAAAGGCCAGAAAAATGTCCAAGTGATGGTCTTACTAATTATTAAATATTTCTACAAGTTATTGGGTCGAGTACCGATTCTTACA
Casl153F
101 CAGAAAA TAAAAATA AGGAAAATTTGATTATTAA TTTATGT TTTCATCAGTAACCTCCTCTAGAGCTTCTGC

201 TACATTCCCATCTACAACTATTACATTTTCAACAGAAGCCAGGTTGAAGGGATTATCTACATTTGGTCTCTCCTCATCCTGCCTTTTTTTCTCCTCATCC

301 TCCTCCTCGAGGAAGATGTAGTTAATCGAAGAAAAGTCCTCGGTCGGAAAGCACGTAATGAGCTCCTTCTTCACAGAGTCCTAGTCCTCGACGAACATCT

401 CTTCGCCATGAGCCACAATGTCTTTTAGTTCATTCTCGATCTCGTGACTC

Casl53R
( D ) 1 CGTGGGCAGGAGGGACACATAGCACGGGAGTGTCCTAAGGCACCTTTTATGGCACCATCCCAGCAGACAGCTTC 'GTGGCTCAGCCI TC
e
Casl57F

101 CAACCGTGACTCAAGGC. AACCTCTTCTTCAGGTTCCCGAGGTGAAGGTCCATCAGCTCCAGCTCGGATCTTCAC

201 CATGACACAGCAGGAGGCGAACACATCCAACACCGGTACTCACCCTCGTAACGCCGGACTCTTATGT TTGGGT C

301 GACCTA C' T CAAATCCCATTGGCCTGGTGAGGTCTTGGGACAAATCCTGCCCACG

Cas157R

silit 1 diduiadlelnditldnnuaniidueiiianuuandsznhaiuilgneesii “nlenda wau
S aemauimadlelndveslwswmesuy W uazgnasy ashurinazfianevesg
Iwsiues "5y SCAR: (A) Cas115F-Cas115R, (B) Cas116F-Cas116R, (C) Cas153F-
Cas153R, (D) Cas157F-Cas157R
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R86 HB HB
M_R1 _R2 R3 R5 R7 R9 R11R60 R72 R90 -13 60 80

R86 HB KU KU
M_R1 _R2 R3 R5 R7 R9 R11R60R72 R0 -13 60 P1_HA NC M 50 P1 _HA NC M

1,000 by 1,000 bp

500 b 500 bp

100 by

R86 HB HB KU

R86 HB
M __R1 _R2 R3 _R5 R7 RO R11 R60 R72 R90 -13 60 80 50 P1 HA NC M

(]
M_R1_R2 R3 _R5 R7 R9 R11R60R72 R90 -13 60 P1_HA NC M

1,000 b

500 b

100 by

silii 2 dedunmian asmamana oulwsmes Wiy SCAR Audeehaii Wemdsinny
ng1/gnaae uniplex PCR: (A) Cas115F-Cas115R, (B) Cas116F-Cas116R, (C) Cas153F-
Cas153R, (D) Cas157F-Cas157R

@13°90 3 Iwswes M3y SCAR uazvinaved SCAR marker nwuluiugigneneg vessiu wenda

RAPD primer SCAR primer Sequence (5’------ > 3') SCAR marker (bp)  Existence of SCAR marker
NAPS115 Cas115F AGTGGAGAAATCCAGCGGTC Cas115 (273) R3, R5, R9, R72, HB80
Cas115R TCGCCGATGACTCAAACCTT
NAPS116 Cas116F TACGATGACGGAACGGGAAA Cas116 (850) HA

Cas116R ATTTGGGCGATGTACCGACG
NAPS153 Cas153F GCAAAGGCCAGAAAAATGTCC Cas153 (414) R1, R5, R11, R90, R86-13,
Cas153R  CTAAAAGACATTGTGGCTCATGG HB60, HB80, KU50, HA
NAPS157 Cas157F GCTTCTGGTAGTGTGGCTCA Cas157 (308) R60
Cas157R GTGGGCAGGATTTGTCCCAA

R86 HB HB KU
R2 R3 R5 R7 R9 R11 R60 R72 R90 43 60 80 50 P1 HA

1,000 bp 1,000 bp
500 bp 500 bp
100 bp 100 bp

U 3 MmInme eunuglgnvewiu enddlagldlusimes Wiy SCAR T 4 guieniuly
multiplex PCR
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sluazInsalnamsnaass

fgimmemhesailusemalngldusudgaiugiu Wenduiolwiisnazasemy
ANNFIMITVITIMAINEATNIINIAZEA WnTaN 15U Tanudumuselsauaginasdagiis 1mnan
Usughlddsumaiiimealgn naglinlosiuduilluiii a s quditeinliszoes andmmainyns
Fhmhenundnlumsiadasnmaigeiuiiin nends Igldnunuimeiugnsmiiu wemdmn
International Center for Tropical Agriculture (CIAT) Uszimalaauiile uazmmma’a%‘uﬂ Noon
wsunuiuigan widatulnlszmalng meySndwerufmaniliivseTon! wiuldiiumds
wowiiufiomswanniiy wenduiugigal [19]

mstuuniuglgnvesiu "Wenawniludeserdedanuas “aguiner 15y “uasuy
veswonseu “vesludeu “weafly “vesddu uazdnuazvesi Sidnnaizdandniionmuld
lunenerguesity wazenafianuulssuiiiomndninaves unaden [3] vennniifaerany
ffdgnilszianideafuudiimsseteunndaiiludasind  wiemaSundeudeuigniiie
madnhlinamewiug sty Fufumssuuniusdgnandnsas “agpuinedienianm s u
Fosondeiinuziazlsy umaaivesdiBeimne qudmalulad 13 umanazmse 15 AaIATMIIANA
Sy nfATefinl] uasquiiedivliszees Seldnunudnvanlssiuivesiu Wendails
Sumstusesiusnazfiondgnludszmalnes i 12 Wufgn Wiedarhssuulumstiesuuniiug
Ugnvesiu "Wewasiumaiulsd hitp:/at.doa.go.th/cassvar/ [20]

mshuniuglgauesiu wemdsdieianfunndnsas “aguineuiisesuien
fuonlimingfumslFlumdaseiugnsmmnalvgifidesninnunn  aslfieomng
Tuanaieuuniufilgnastisanszeznmuazelde snidaiianu s we hiudnluan
fhisres anaden uaz unsann euldnann unasynszszMITyesiivEndy [21-22]
Fatumsdnmilieldiannasomnegluena mivssyiuignvesiu Wenddlnedldnnumds
wertugnssluguiiseiivliseoes Tavld SCAR marker fifanasumelumssumniuiignues
i “wends fail

SCAR marker Cas157 (308-bp marker) l5s18adnuaivesifilgnizees 60 iy
QnH serie Meol1684 nasiuignazues 1 dedvesiufilgnizees 60 feengmufviies “u
Winandn ¢ udiidedesde weiiuduileh Tull wa. 2561 finsauituilgnluszmalne
Uszanar 2 u wls duidhududu 5 sesmniugigninuasen a5 50 53809 5 32809 90 UAZIZHOY 72
(http:// www.oae.go.th/)

SCAR marker Cas116 (850-bp marker) 1¥3zySndnuaivesiiuggarnndt S
iggninufiosivummluszmdlne ffmansalslaslseinm 3 Maa ietuge mng
“wiumaiilna uennniifienliduoniiugliudiu ediugnusade lilulssna
2559 nagnyINdisdldTFulasmaulsgliu nemdaiuin lge mnssuewniosnszdy
neldinunsnsgusy Tasfithmnefendnduliinyasnsifinmsimsigniu Wendaiugn
i g figa 1 uasiiza 2 Tasluilgiumundasadionnsivhonii Wendaiuglgnvund
AT (http://www.moc.go.th)
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SCAR marker Cas153 391U Cas115 (414-bp marker uay 273-bp marker) 1%’3314
nquinggnazeed 5 uazinee 80 laswuggnizees 5 1ignu Nsgwieiug 22-77-10 fu
Wuflgnizees 3 fidednelinandauazieofidudnih o Y5udmldany mmwwaden udidedon
forouduseuussolsalulminazmdsuil Wil wa. 2561 Ansnuiiidgnlulszmalnednnu
2.8 dwli wazifiAvinandaldd 4.97 dudu Suludui 2 seanniuggrineasm as
50 “wituglgnieus 80 Suidnuai “agninmadieadeiuiions 60 Jugan wssrheig
Ugnszees 5 uazinuasm a3 50 Jwesiduduil sndmiugugninasen a$ 50 wagHBu 60
nandni awing wlunslsudspiuiion "u uilaiu Wenas uagldwdaemuoea [1]

Tumsdnuniigalgimavannmaiia multiplex PCR 1iterinanumaiiiuazanmlsie
lumsnsn v dievhmang o Amzuas wdszneviitmng W mumMah multiplex PCR I
I#lwsimes "3y SCAR f1nu 4 guiousilunilalfAzer wuh SCAR marker Cas116 THuoy
fidwevinalig (850 bp) fmmudatesnhuaudiduevinaidndug Suhmssy wssney
maaﬂﬁﬁ%aﬂ@mﬁummLﬁuﬁummlwama% Cas116F uag Cas116R uazananuiinduves
Twames “wiu SCAR gouq wwalimairdufudiduouinuiivss " nnmnatu [23-24]
wenmniifaiimaifin BSA iielWidhiuAussudwiaser PCR (PCR inhibitor) vlviowlss]
DNA polymerase Maulaoeadidse ™ ninmm [25-26] uazimmsUsu angves multiplex PCR
Tnsmsangamgfiluii final extension 111 72°C e 68°C wagifinnana 2 wifi i 15 i
viel¥imsde 1efhadlolng uysaidetu [23]

mATeilldianndesoamnamainmarefianidiSuiedemaiia HAT-RAPD voaii
“Wegndslnesnn 19 Wufilgn vszneudeiufgnilldsumstusesiugnanainmsinsas wg
gnituifios uaziufilgnidssgviifionlasinsasns Tasnuiiu Wendumailienumanvme
mavugnssuluszduhunan [27] denReuifieuduiin nendmnunauteiignimeshalizma
[28-31] Auihmshuuniufilgndisiaiomneluiana SCAR marker Safifoaiiosn
anulndsameiugnssuvesiugignisegmeldsiaideitu (M. esculenta) m3fnmadail

ansadmuniiy nemdaneiugigaiifienu Wamaasegan Sufhunmelumsiannimaio
SCAR il nnsassyiufigneesiu wendsisusesiugudlfesuasududely

= ~a\
naanssulssma
ATeveveuqamugaumMmMItsNnlssinaRunaldauzinenam a3 uminends
=) a a o = a J = Y o
AuasunAlin Yszithulszing 2561 uazvovoUAUNINNT MaIATHT ¥ 0Aarfe1uiy
da A U o A 1 7 o 4 4‘ =
mMaguedealissees wiudmegiluiu Wendamlslumsdnm
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