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Abstract

Santol (Sandoricum koetjape (Burm.F.) Merr.)-is prevalent plant for cultivation
and becomes a. seasonal for commercial fruit. The classification of santol cultivar is
very important. ‘However,” santol /shows' similar morphological characteristics. It is
difficult to use morphological characteristics in-classifying. santol. In this study, we
investigated. the genetic diversity of santol cultivated in Nonthaburi; Lop Buri, Nakhon
Nayok and Prachin Buri province via sequence-related amplified polymorphism (SRAP)
and amplified fragment length potymorphism (AFLP) markers and compare the
efficiency of both techniques. The results showed that both techniques were highly
effective in dividing santol into 2 major. eroups: heavy santol.consists of Puifai, E-lah
and Khanham cultivar while light santol consists of Tubtim; Thongkammayi, Nimnuan,
Thongbaiyai, Khiaowan and Khanthong. The results are'in line with the studies quality
of santol fruit weight. When analyzing the genetic diversity by combination of SRAP
and AFLP, it was found that the efficiency of sample clustering increased and showed
the similar results as the AFLP technique. This study is the basis for studying the genetic
diversity of santol, cultivar identification and plans to improving santol cultivar in the

future
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wiaue fdu luszeziial 7-10 1u aziinanaonienu Lazudenisoannanussiin 6-7 [auds
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2.2 MIAnwIAIEnaINTatenIsugnssulasldmalianiluiana

UagtutinsAnuanuvannvanemaiugnssulagldindesmemaluananainuans
LMﬂﬁﬂLﬁurandon1aﬂpUﬁedFxﬂynuwphk:DNA(RAPD)%aﬁﬁ&waﬁmﬁ?wnwa%aﬂuTﬁnﬁﬂ
FutuiBuesuunuuldvaradums uidevdliua liwioudu Wewnldlnswaiaun
Uszanu 10 Tndlelndlunsduiviuiiduedmneiailuy (Figueiredo et al., 2013)
mIenuigItunisldinadia RAPD Tne Rind et al. (2016) uldfinszsinnuvainuans
yaWugnsINNeITiY Melia azedarach Failufialuaed Meliaceae iuiienfufunszsion
lagwuihilmumainuaneneiugnssues daanumiiounasiugnssy (genetic similarity)
aglut1e 0.36-0.76 90 dendrogram awsauvengulsznnslaiu 2 ngu aualivszine
184U5¥91n5InUsEInAlIAanru-narysemag i wasg1elsiniunindiasizinaiy
waInNvaEMaUgN3ILFenATa RAPD Al simatindue tieduduna Liosanitu
wadailifa sz vadlikalioiieuide (Figueiredo.et al, 2013)

Sequence-related amplified pohnnorphsnw(SRAP)L@uLﬂéadwuﬂﬂmﬂaImLaqaﬁLﬁu
USinaudaufiauasawanioon (open reading frame; ORF) laeldlnsieSiiidnuweas iy 2
viln WA forward primer uag reverse primer auia 17-19 Thandlelng gelwsiuasi 2
vindudidaulsenouiipdneiy tuRedud i uluaili@armidavingendt §wuuadiuiu
(filter sequence) WaraudnuiuauuuARLEan (selective sequence) 39U 3 wadianunse
wWasuulaslinadiulate 3" wariidauidisiuie forward primer fidatusshaugisuiud
Fumny Ae CCGG tialniuladudauBnuau (exon) Bituusiinfiiosdusznauvonua GC

a9 @9U reverse primer datuusznausduiuadnnizia AATT welvduladusidueluiluy

U
L2 =

USind AT g9 Sanuuanludiuduvsew (intron) waglnslanmes (promoter) vaaiuidudiu
dnAtuuaelwsines (Li and Quiros, 2001) ﬁ’qLLamﬂugﬂﬁ 2 3A BnviadadinstiuUSnamiEue
Inel435 stepup PCR Aoltfauugiannealing 2 50U sauwsnldgaumniisai 35 aean
\waldud S1uau's Sau (early cycles) Falwswasa@ludusuaduomnowuuliismay
wé’amﬂﬁ?uﬁqLﬁuqmmﬁlﬁqﬁmﬁa“lﬁxﬁmmﬂﬁw%mmﬁLﬁuLaLawwzmuﬁmmﬂ 5 SOUWSA
winihuilalildtudiumEueisime (ate cyctes) é’aLLam‘LugUﬁ 2.38 wailaiiidoldiuiou
Aavindudalinaneiiliiuasuulas Lidpansuteyadinuivaniadluy LavauIToLiy
Usinfidueldvarsiumssuiudianisusinguielivsinguauidue (Yang et al,,

2012)



A

Selective 3" end Selective 3" end
Forward primer I Reverse primer I
5’-TGAGTCCAAACCGGATA-3’ 5’-GACTGCGTACGAATTAAT-3’
5" end filter Core motif 5’ end filter Core motif

First five cycles - low annealing temperature
52 ”l ” ”] 3"

Late cycles - high annealing temperature

a

s ([T :

b

3- T &

JUN 2.3 dulsznauvesinsiuoiveamniln SRAP (A) forward primer ay reverse

primer tag (B) anwagmsitrduiuabmertmine

(AAuUAIN: http://www.plantmethods.com/content/figures/1746-8811-9-6-11.jpg)

Tudagtiudislinuanuidoiiléinada sRAP Tumsfnwnideuienfupumannmaianis
Wugnssunsevaunsenteluredifiernu ualiseaunastdmada SRAP lunisdnwn
AuduusIaTugnssuvesitluana Melio Tulsemadudaduiialuisd Meliaceae Tng
Liao et al. (2016) wuiawnsanusnguuszannsindu 2 nquie ngu M. toosendan uay
M. azedarach MURNWUENIFUFIUINGIVBING WaLIUITBTDY Yang et al. (2012) 1
ANYIAIUNAINAAIEN1IRUFNTIUVRITY (Nelumbo sp.) Aenaila simple sequence
repeats (SSR) uaz SRAP Ime@nwrlutavais (Nelumbo nucifera) Uaviaa9oiu3iu
(Nelumbo (utea) uaythgnuay lagldglnsueslumaila SSR 41uau 38 glnswas wazlu
waila SRAP §1uau 16 dlwsiues wuinnada SRAP Tinaunufiduievionun 119 wou i
ALade polymorphism information content (PIC) ag}ﬁ 0.74 dendrogram fia31as2833
unweighted pair-group method using arithmetic average (UPGMA) mﬂ"ﬁ'a;‘{a SSR uay

SRAP wuimsdanguaseiu eniiuunesiaegne lnengy 1 Ussnausiie N. nucifera Loy



IV,

anuaw ¢ fega wansliiiunudusiusvisiusnisulunauuesthildifiulidnen Ganl
win waztiiliisin wazndu 2 Usenause M. (utea wasgniey 9 fagms Gsannandudy
AUUANANINIIWLENTTNTENIN AL nucifera way N lutea ¢ uenaniinisdnnduseis
UPGMA &1lé dendrogram #iflaanuaanadasiunisdanguusaununiinisnizaieseis
PCoA (principal coordinate analysis) wansliiiuinvaina SRAP waz SSR \unteailefil
Usglogldmiunsinseiauduiugn1aiiugnssy wagauvaInaIevnianugnIsuYed
1 udegalsimuilaieuiisuiasamaia Tnowdnisuiisuiu dendrogram #ildann
mssaisaeamaia nuimsianduueamaiia SRAP fiarmadneafsiu dendrogram 110
msTusanamaiia 1nnd1 dendrogram fildarnmaia SSR wansliifudunaila SRAP
Humaiiafifisyavinmannniumatia SR

Amplified fragment tength-polymorphism-(AFLP) \Jumailafiaduiulag Vos et al.
(1995) LﬂumﬂﬁﬂﬁﬂmmQmLﬁiU‘isﬁA’j’Nmﬂﬁﬂ restriction fragment length polymorphism

2/ =]

a o ) = = v o o o v w o o
(RFLP) Aflanudinnz. duineda RAPD Alddriduseaddeyaisaduilunidine iy Tngdl

'
o a oSa o I

Mduiandevseeuluidadrinizaeiinfidisumiaaionieiu uiideuss adaptor 9
Autuiidueduasrsiinsuaidug dhiudatomasiiuresduduiidue wedudi
T lwswedinnitvateviiae iy tavanuisatisusmnuiswels Taglwswodildasd
Siusuamiloufiudaunes adaptor ieudediivasssesiuf Sulediulats 3’ ves

o ol 14 1 o 1 o & s dl W Ch‘ =l
Inwsiwesiidduiaimiudrudiuni@ndivssoulaidgainwizald waziuuadn 2-3 wa

2
2 < o

iiiivaty 3 vadlwsiuesi wileliAnmadenduidamstud i uaidwadugauiu
wihthu diutudwdidueiiannanfiutsnalfeiiansiumdueiisiuuadiuiegio
fuuiiumndeneulaidngliiulnsaasmdent diidu Tnsmaia ArLp didaldiso
AoilusyAvENINga F]’)’]@Jﬁ’]ﬂﬂiﬂlﬂﬂ’]‘iﬁ’l‘g']@fl waglddndusosfiaansvasduiidue (Vos
et al,, 1995) atlsfinismaiia AFLP fdes1in tueildlddege Tduneumn doanis
Alduletitirmuiansgs Suduilazdesn madeunasyiinofoyesaludnadidninslnida
iosnlinavesinuRiBulonan S1iswedozainiluinaddningnidaiidunaugwinuasy

asnbiluwmaiaiduarsnonssy (bi-and Quiros, 2001)

Tudagtudalinuaniddoiiléinada AFLP TunsAnenideifoauaumainvanenis
WUFNTTUNTENOU WATNITANYIAIUMAINTAIENRUTNTTUVRINY Cedrela lilloi Tut
Yungas Uszinaiuy Sadufivluisd Meliaceae 1ne Inza et al. (2012) lidanwilaldfogs
160 fagslu 9 Yszrng Wiufedrmuduasiyn uaslddlusiues EcoRI-AT/Msel-ACCA,
EcoRI-AC/Msel-AATA, EcoRI-AC/Msel-AACA, EcoRI-AT/Msel-AACA e ¥ FcoRI-AG/Msel-
ACCA wudnaunsauvanguuszannsialdu 2 ngu Aenguvemoumile waznguasunaisds

aoulaveeln Yungas wagwudndanunainualen1aiugnIsusi wav1uideves Tore



desd,

et al. (2008) An®IAIUNAINUAILNIIRUENTTUVEY Cedrela odorata Fuduivluasd
Meliaceae lngAnyinuvainratgnaiugnTsudiuig 137 Med1e 9 Usswins nueeeuld
voaUewraululssivadg talnswes 3 alwswed laun EcoR-ACT/Msel-CAT, EcoRI-
AAC/Msel-CAC way EcoRI-ACC/Msel-CAT Wuinilanuvainnangnaiugnssags seeeung
ynafugnssy waznimanitinuduiudiu anuuandiaaiugnssuiideudransening

S w

U5211n501993408
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safunfimaniuavudin wavanuisaudsngusiegseenlailu 2 nau

AussEznNgiaaniedisdaiay
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3.1 A28819N5ENaUNUINIANE

A5N15ALUUIIUIY

Wusegenanszviewiatndnwaunimeanianuddgmiuasegio uazly

L4 ‘ﬂ‘ o =1 s ﬂ!) & ar st
NIZNDULWBDUNUIANYIAMURAINUR NN NWUTNTIN PINFIUVDINEATNTIUNUN 4 TInTn

laun Fandnanys wunys uAsuien LazdsIuYs WIWNMUA 36 d1ee1 lawilsia

g4 AU Lavanuivesineg Aawnsen 3.1 Antudiiedelunseviounnanae

Ulazenn BTl udniuldneduiealiludidunenmgil -80 ssriwaidea unseiial

fedranldlunisadnaeuens iy

A137 3. L anasviaieele Yoanawug Lasiatandaetansengy

eGP RIRE Yoanemug du uveagn
KT12 ad aunuUsHan’ anys
KT13 vadlulng aquaUsEANS any3
KT15 Yo aunuUss AV anys
KT16 Yerhe auansE A anys
KT17 sz aunUUTEAD anys
KT18 ik R DR any3
KT19 nadlulvigy SR RIEEE anys
KT20 DLNDY dunUTEAD anys
KT21 fitia aunal Ty AND anys
KT22 Yuee ATUAMUTUNT UUNYT
KT23 Jare auANUTUNS UUNY3
KT26 VAT AR UUNU3
KT27 dunas AUANYNYIY UUNY3
KT28 W AUANYYYIY UUNy3
KT29 iy AIUAUTUNS UUNYS
KT30 Viuhiu auANUTUNS Uuny3
KT31 Yarhe AURNATIUG UUNY3




A1579% 3.1 (519)
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SWARI9E Foanuwug d9u J99in
KT33 Yaihe aUAUATAUG UUNU3
KT34 Yethe FUAMATIIG UUNY3
KT36 fiuua ATUAMATAUG uunys
KT38 aan auitiuauning UATUEN
KT39 e daumtuaumg UATUIEN
KT40 NIz guiTuaNNe UATWIYN
KT42 Yuee GRIGRILARILY UATUIEN
KT43 Yuihe GRIGRIGATEE, UATUIEN
KTa4 MUy GRITRIGARRT, UATUIEN
KT45 AN gunUENINgY UATUIEYN
KT46 VIMRHENT ATUNNGY U513U3
KTa7 Yurhe HIUN Y U513uY3
KT48 it AURNAY UT3uy3
KT49 Yuihe AIUNIEY Us13UY3
KT50 wiufi ANTEY Us13uy’s
KT51 Vv AU Us19uys
KT52 g aunAY U513uy3
KT54 Yol CPMLERRNR UATUIEN
KT55 nsgvieuth GRVLERRNY UATUIEN




3.2 Taguavaunsal
3.2.1 Agarose gel electrophoresis kit; ADVANCE
3.2.2 Balance
3.2.3 Beaker
3.2.4 Camera
3.2.5 Centrifuge
3.2.6 Computer
3.2.7 DC power supply; Bio-Rad
3.2.8 Flask
3.2.9 Forceps
3.2.10 Freezer
3.2.11 Fume hood
3.2.12 Gel document.system
3.2.13/Heat block
3.2.14 Incubator
3.2.15 Label-pen
3.2.16 Liquid nitrogen container
3.2:17 Microcentrifuge tube
3.2.18 Micropipettes iag micropipette tips
3.2.19 Microwave oven
3.2.20-Mortar lag pestle
3.2.21 Parafilm
3.2.22.pH meter
3.2.23 Plastic wrap
3.2.24 Polyacrylamide gel electrophoresis kit; Bio-Rad
3.2.25 Pruning shears
3.2.26 Quartz semi-cuvette
3.2.27 Rack
3.2.28 Refractometer
3.2.29 Refrigerator
3.2.30 Rubber glove
3.2.31 Scissors
3.2.32 Spatula

14



3.2.33 Spectrophotometer; Eppendorf

3.2.34 Spin down

3.2.35 Thermal cycler; Eppendorf

3.2.36 Tissue paper

3.2.37 Vernier caliper

3.3.38 Vortex

3.3.39 Water bath

3.3.40 Ziplock bag

3.3.41 Arlequin version 3.5.2.2 program (Excoffier and Lischer, 2010)
3.3.42 NTSYSpc version 2.11 program (Rohlf, 2000)

3.3.43 Past version 3:14 program (Hammer-et at., 2001)
3.3.43 RStudio program

3.3.44 Structureversion-2.3.4 program (Pritehard et al., 2000)

3.3 d@79LAdl
33.1 10% CTAB lw0.7 M NaCl
3.3.2. 10X Fast Digest buffer; Thermo Scientific
3359 2K (A8
3.3.4.. 6X loading dye
3.3.57_70% Ethanol
3.3.6 Absolute ethanol
3.3.7. Acetic acid
3.3.8  40% acrylamide; bisacrylamide (19:1)
3.3.9 Adaptor ECoRI Al uay A2 aduimdlelnduanifumisiei 3.2
3.3.10 AdaptorMsel Al hag A2 drauiaralalvruanisemnsned 3.2
3.3.11 AFLP loading buffer.(98% formamide;0.1% bromopenol blue, 0.1%
xylene cyanol wag 10 mM EDTA)
3.3.12 Agarose
3.3.13 APS (@ammonium persulfate)
3.3.14 Bind silane
3.3.15 Chloroform: Iscamyl alcohol (24: 1)
3.3.16 Deionized water (DI water)

3.3.17 Distilled water

132
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3.3.18 1 kb DNA marker; Biolab

3.3.19 50 bp DNA ladder

3.3.20 100 bp plus DNA ladder; vivantis
3.3.21 dNTPs

3.3.22 1 FDU/ul EcoRl; Thermo Scientific
3.3.23 Ethidium bromide (EtBr)

3.3.24 37% Formaldehyde

3.3.25 Isopropanol

3.3.26 Liquid Nitrogen

3.3.27 Magnesium chloride (MgCl,)

3.3.28 NaCl (sodium chleride)

3.3.29 NaOH (sodium hydroxide)

3.3.30 Primer winlia AFLP-(Vos et al. 1995) drduiiandlelnalianifinisnei 3.2
3.3.31 Primer watla SRAP (Li.and Quirgs, 2001) afuiinalemsuanisanisnaf 3.3
3.3.32 Repel silane

3.3.33 RNase A; vivantis

3.3.34 Silver nitrate

3.3:35 Standard Tag reaction buffer

3.3.36 10X T4 DNA buffer

3.3.37 5 U/ul T4 DNA ligase

3.3.38. Tag DNA polymerase; Biolab

3.9} TEhyffer

3.3.40. TEMED (tetramethyl ethylenediamine)
3.3.41 Tris-borate EDTA buffer (TBE buffer)
3.3.42 1 FDU/plL Trull (Msel); Thermo Scientific
3.3.43 Urea

3.3.44 B-mercaptoe’chanol



A137°99 3.2 dreuihndlelndves adaptors wazlwsieilumaila AFLP (Vos et al.,

1995)

¥1inva9 adaptors uazlwsiues arnuiandlalnag
Adaptor £coRI Al 5"-CTCGTAGACTGCGTACC-3’
Adaptor EcoRI A2 3'-CATCTGACGCATGGTTAA-5’
Adaptor Msel Al 5’-GACGATGAGTCCTGAG-3’
Adaptor Msel A2 3"-TACTCAGGACTCAT-5’
EcoRI-A 5"-GACTGCGTACCAATTCA-3’
FcoRI-AAC 5’-GACTGCGTACCAATTCAAC-3’
EFcoRI-AAG 5’-GACTGCGTACCAATTCAAG-3’
EcoRI-ACA 5 -GACTGCGTACCAATTCACA-3’
EcoRI-ACC 5 -GACTGCGTACCAATTCACC-3’
EcoRIF-ACG 5’-GACTGCGTACCAATTCACG-3’
EcoRI-ACT 57-GACTGCGTACCAATTCACT-3’
£coRI-AGA 5"-GACTGCGTACCAATTCAGA-3’
EcoRI-AGC 5'-GACTGCGTACCAATTCAGC-3’
EcoRI-FAGG 5" -GACTGCGTACCAATTCAGG-3’
EcoRI-AGT 5’ -GACTGCGTACCAATTCAGT-3’
Msel-C 7 5 -GATGAGTCCTGAGTAAC-3’
Msel-CAA 5 -GATGAGTCCTGAGTAACAA-3’
Msel-CAC 5"-GATGAGTCCTGAGTAACAC-3’
Msel-CAG 5-GATGAGTCCTGAGTAACAG-3’

Msel-CAT 5'-GATGAGTCCTGAGTAACAT-3’
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A15149% 3.3 vie e wardrnuilirdlalnavadlnswasiuwmaila SRAP (Li and Quiros, 2001)

winlwsmed Folwswos arautinalalng
Forward primer Mel 5 -TGAGTCCAAACCGGATA-3’
Me2 5’-TGAGTCCAAACCGGAGC-3’
Me3 5’ -TGAGTCCAAACCGGAAT-3’
Med 5'-TGAGTCCAAACCGGACC-3’
Me5 5'-TGAGTCCAAACCGGAAG-3’
Reverse primer Em1 5’-GACTGCGTACGAATTAAT-3’
Em2 5-GACTGCGTACGAATTTGC-3’
Em3 5’-GACTGCGTACGAATTGAC-3’
Emd 5'-GACTGCGTACGAATTTGA-3’
Emb 5’-GACTGCGTACGAATTAAC-3’
Emé6 5'-GACTGCGTACGAATTGCA-3’

3.4 A5N1SNAADY
3.4.1 M3AnIAUATWNANHAINEIANINATEFNIVIINTEYDU
o e W ' ) 1 = a & o
vinsiusetsanseisulutisiauiiguien waenIngnu w.A.2558 Faluge
WulhgnnananUsedd AUTRLANTTOBNABNLASHAYRUNUATNS Toagifuigananseioun
anhufnsans g lithudiedniidew wiogaiAuldidudiedananiviiousiuay 3 ua

a._el a

[fiovinasnaaes 3 94 LLﬁaﬁwmFiﬂm@mmwwaﬁﬁmmmﬂmmwagna] iy dwinua
ALV ONE ALY ATLTunsa-ae Taentsmatmlaranseieuausavinlilae
nsdadimdnlasliniaadundy Snmmiunvesienadaonesiiosaiaies (vernier
caliper) Tnglvimiadiguiiuing dauaanavinuag iafidgvemanssiiou wasAnuiu
n3a-snaaTaiievemansevey AanwMznIsUSIARueuslan ¥ ulaeAy
ﬁ‘wamﬂmawamzﬁau WE el au T AIeLuR LA refractometer Tags
mieduesruing (Bx) uazinannudunsa-anslasauianidenanseieu Yniildun
faranandunsa-ang deedesindrfiiey (pH meter) PnthAldannIaemdn

naulaglilusunsy R Studio
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3.4.2 NIENARLDULD
annsAnedauniin nudinasldluuavesnsevieulunisadmidute vinlild
b duszaniamannninisldlugeu (Subpayakom et al, 2016) Sahsagtdluun
YINIENBULNANARLOULEA187T CTAB AnuUasan Doyle and Doyle (1990) Tngansluly
azon linsslnsanlulvsivuiaanadldasiUlulngs dhlduadululnsiaumaiauiianwauydu

N9 WAL 2X CTAB Usums 700 lulasdns Tulnss umauildnwazidnduduidamendu dnluld

aslunaeaveassvun 1.5 Haddns hiu B-mercaptoethnol Usuas 2 lulasdns wanlwidn
fiu Wumsiduiiuinuasanaaes unluvulugiaiinuauammndl fgumgi 65 aam
waldea Wunaussanm 4 $alus Taendunasnlunniung g 15 uidl Wetuasunaniin
Wi Chloroform: Isoamyl alcohol (24: 1) Usuns 700 lulasdns vinlugaaniu ndunaen
luuu1g dvasavaasslUdumiosiniui$9eu 16,000 seuseunil figumgil 4 pemn
waldea 1una) 5wl gaarsasateduladuuuyinins 500-600 lulpsans ldluvase
naaedlndyua 1.5 H8dans Wiy RNase A A20mdudu-20 fadnindeliadans Usuins 2
liilasany ainiutilugfinianmad 37 ssrndalod wiu 1 490 waasuia danida 10
Wasidud CTAB Tu 0.7 M NaCl Usuas 50 lulasans uasiia Chloroform: Isoamyl alcohol
(24: 1) U3 700 bilasans adunasaluinwig dmseanmaslytuvigeiinusasey
14,000 50U5 87l Aigavinil 4 asmiwaidea [Wunan 15117 grarsezatedlasuuy
U3unag 400-500 Wilpsans ldluvasandaniuwin 1.5 fiadans Wi Isopropanol fitiudn
Tneifinuians 1 LInetsuns (vA) vesensasaisdaula ndunaenlisin tlvudmaud
gl 80 asrnwaiua invasannaesluduvissiinonuniasey 14,000 sausiound
gunil 4 asnieaidea Wiunay 20w waiseazansdulafuunie uazaimasnnases
AsuunIyAETYy AW 1-2 Ui @ 70 1We s ethanol MBuUsuns 1 faddns
adlunaonvages nduvaealum idrtmeoavaaeslUdumiesiiaamuiisey 14,000 seu
doundt figuugdg osreaidea (uaat 30 uidl warazargdruladiuuuiis uazady
MABANAABIAIULNTEATTY LAl absolute ethanol duuiLNns 1 fiaddns atlumasn
vinaes ndunasaliin udrtwmagavmasdluiiivisiianuiiiseu 14,000 seudeunil 4
il 4 aarmieaidoa (Wua 30 uil ansazaediuladuuuiic ahvasavaassnIuy
nsvaTwiivg Wedumsazaednladidandooglivun Aaliliui asaenzneufiiuese
TE buffer fiunl3flaamgd 65 asangadoa Uiuins 50-100 lulasins Tuagiuuiuinmas
aznaufitdute thluvuiguuiigumagil 37 ssmiwalea sundmeneudidueszazats lay

Ulaiiu 1 Au anduiudiduelingumall -20 ssmeaidea Welddduerthuyiinisnsa

= < =3 = o 1
WATIZRAUNM UazUTuaveRduedely



3.4.3 NsARdaUAMININLAasUSIAIRDULD
ihduefiataliuinsisaeuamninuasuinuseissidninliidalagld
pxnlsanuduty 1 wWesidudimindeusuins wa) luansazaneduwes TBE A
Wudu 1w Ieeldanusneding 100 Taad Wwnan 30 uil 14 Marker vunm 1 kb (vivantis,
Malaysia) 1uruanazUSuradidueninsgiu esnilsaudluaisazarsiedidoulusiue
e 5 wit mniuwdluinduduian 5 ui aseaeunalagliiados eel documentary
systern melduasdaninlalowan wazdnseiuSunadiiuledianios spectrophotometer
(Eppendorf, German) lagn13IAAINSAANGULEITRIATTAYA18AEWE UEWIINITTRIN
Aduelidaududy 50 unlunsuselulasans iuliieamal -20 ssmiwaidea
3.4.4 N13ANYIAUNAINUATENIINUGNTIUAEIMATA SRAP (Li and Quiros, 2001)
MsAnnAEMa eI TTsulusadnuAndenglwsiuesimunzan
dou Tneldlnsiuedafdin forward 75 Insiues waz reverse 1t 6 lwawuas fam1s19f 3.3

o

(Li and Quires,2001)- i dugiutnelindnafiowevoinaldal lnalnsueivia

forward 3vdugiued waaseiulwsiuaivila reverse iy lwsiues forward Mel Jugiu

u

Iwsiuaswiln reverse Eml (Mel/Em1) #30 Mel Jugiv Em3 (Mel/Em3) vy Ufjﬁ'ufﬂu
ASU famaim 30 lviEwed tiusazelnsiue BnAnususapd1sii8me 2 aneug 1dud

aeiugUeiine (KT22) way [@gava (KT28) Lwaﬂmaaﬂﬂlmmaiwmm:auiﬂawmimﬁ
nnpuaus iU SNuAduLe el nganunansavosauiule eldd
Tnsieifminzay L‘hmﬁnmmmwmﬂwamwnﬁuqﬂﬁuﬁuﬁaaﬂﬂawxwm JERTERERRT
Bueiinmndudn 50 walunfuselilasang wasiluiiuUiunasidutedewnailn SRAP
duasniilddudaudss naulunsiinusiniisuanans w159 3.0 muisves Jing
et al. (2013) atluvasnvaasstuin 0.2 fadang tdunanildidanssufivinamdue
Eppendorf Mastercycler® ep. Gradient S fiupey 9ol 1399 wavduauseulunisiiiy
USuauRBulouans famnsneil 3.5 AaYed Yang et al(2012) isrvdeunaniusiizens
(PCR product) mawnailadtaninswida laeldeynmlsaanmaududy 2 wWesidud wav) lu
ansavaroUnines TBE aatmdadu-twia taeldruasdng 100 Taad Wuian 40 wil lagy
W3guLiteuifu 100 bp plus DNA ladder (vivantis, Malaysia) 3100 utlu3ias199%
AmANRUSIugn sy Insuwlanauauddueuaiaziuy Binary taglu 1 pzuuuiloin
waufue warly 0 azwuwileliifiauauidue winihuniwszilagldis UPGMA fe
Tusunsu NTSYSpe 1e5#u 2.11X (Rohlf, 2000) a¥1aununiinudisius (dendrogram) uas

LHUNINITNTEAIETE PCOA



= = v oY oa W o v v o = a a
AN 3.4 a15LAN ANMULYHTULILAY UTUeS LLE:ISF?T']NLGUN“UUE{;WW']EJ Wlﬁiﬂ.Uﬂ']iLWNﬂiuqm

Mduwemewaila SRAP (Jing et al., 2013)

d15iadl anududuBudy  Usuies  anududugatine
Standard Tag reaction buffer 10x Z pl, 1X
dNTPs 1.25 mM 3.3 pl 200 uM
MeCl, 50 mM 1l 25 mM
Forward primer 20 uM 1l 1 uM
Reverse primer 20 uM 1l 1 uM
Tag DNA polymerase 5000 U/ml 0.2 pl 1U
DNA template 50 ng/pl 2 pl 100 ng/pl
DI water ' TR -
UInnT394 20l

AN519% 3.5 Tungy eangil 1181 wazdauausetlunsiiasinasidmesieimaia SRAP
(Yang et al., 2012)

Tupau aaumgil (°C) a7 (W) MUY
Initiation. denaturation 94 2 1
Denaturation 94 1
Annealing as 1 5
Extension =z 1
Denaturation 94 1
Annealing 50 1 35
Extension 72 1

Final extension 72 10 1




3.4.5 N15ANYIAIUNAINUAIYNIRUSNTTUABWALA AFLP (Vos et al., 1995)
AnwiAunaInvatenIIiugnssuveInssvioulasldinata AFLP 41u7u 36
@ 1 ] c:l =y a8 2 = o ar & " rci‘
fregn thuniivUSnaddwememaiia AFLP lagvinnisAadenvialnsueiiuunzaulaeg
lddednensezvioudnuiu 4 daeg19 laud Yeihe (KT22) dunes (KT27) Weininu (KT28)
waz NeInuzud (KT40) lnuidendiegansyvisuiiumaasunisAniienglnsiuaiainnis
wusngulu dendrogram 7léia1n SRAP
A1sLANUSUNALEULaAEATIA AFLP Yinlalas dulsnAanIsanfLduLanae
wulvddndnwie 2 wiin AN EcoRl waz Msel lagdnaisiadmdudiuusznaunans fa
A1597 3.6 aslurasanaasuuln 1.5 JadanT WaNsuLAIes vortex Waz spin down U1l
Unvigauugil 37 ssewaidod uudiuau vgaufiterveneuluilagvuniguvgil 65 o
- 2 o v a Vel & o o W s o
wawdes 1 unal 10 uni-MesmTed heat box AeteaLdueNN1uN1SAnmeUlwlRnT 1w
ud (digested DNA) 1 digested DNA nmsaaeuLaufdmemamailadianinglvida lng
THoznlsan ududu-1 Wessud- w) TugisasaraUwiwes TBE Aututy 1 1win Inely
ATUAIAAE 100 Thad LUuaan 30 Ui leendSauliaunu DNA marker au19 1 kb

(Vivantis, Malaysia)

A15190 3.6 @13l A TLduIENY 31T uasauitduanvng nlvlutunaunisen

Anutameaulaidadnag (AReT, 2558)

d191A% A duiEusiy J3uns AUt dugarine
Fast Digest hbuffer 10X 2 1X
EcoRl 1 FDUAuL 1l 0.05 FDU
Msel 1 FDU/pL 1 ul 0.05 FDU
DNA template 50 ne/pl 109l 25 ng/pl
DI water - 11 it -
J3unssau 20 pl

v Y

%umaum15L%aurﬁiaﬂawﬁﬁmaﬁgﬂmmma adaptor 2 %ila lawn EcoRl adaptor
Lay Msel adaptor iinansiadidudiutssnavludunauiiadunasavaassauin 1.5
faddns KI5 3.7 Wdmaudieinios vortex Lae spin down ntuth digested DNA
Usums 20 Tulasans inadluansiaiinionly udnildvulneldiaies Thermal cycler

) 1 o 2 aa afn o i1l = = o
‘VT'ﬁBUNIUﬂi%U%UWLWQWNﬂWiﬂ’QUQMQWWQMIWB‘QJVI 22 pamwaldud Wulian 1 92lue lag



=Y

veaujiservoaoulviniewnied heat box Ngmngil 65 sariwaldea wiu 1 undl avld

Y

Auleionrenu adaptor waa (lisated DNA)

M19199 3.7 a15iail ATuEEIY U1 waranuutugaving nltludunsuiouse

Uanuiioulefignanie adaptor (\when, 2558)

GRRIGH AnuiduduEudu UTuns AMUTNTUEATINGY

T4 DNA ligase buffer 10X 2 1t 0.5X
T4 DNA ligase 5 U/ul 0.2 pl 0.025 U
EcoRl adaptor 5 pM/ul 1l 0.125 pM
Msel adaptor 25 pM/pl 2 pl 1.25 pM
ATP 10 mM 2 pl 0.5 mM
digested DNA - 20 ul -
DI water - 12.8 pl -

UININIIU 40 pl

) &

TuRDu pre-selective amplification LUun1 EANUSHIUTUEIUFALOULOINTY

:j o) = 3/ at o 3 A J = A s £
‘ZJMEFIBUWI‘S(?’I@G!LSULE]@’JEJL@Ui%ﬂﬂﬂﬂ]’]LW’]S LLﬁﬁ‘UUﬂauL'ﬁaMﬁﬂﬂB?BWLSULQWQHWQW’JU

L
=

adaptor (ligated BNA) tutusauiaxldlnsiuos 2 via fie FcoRA way Msel-C Tnaihy
araniiifudiuusznevlutuney pre-selective amplification atluvasanaassuuia 0.2
fiaaanT Mie1s19 3.8 HeLfELATeq vortex WAz spin down anduiteusguiiliduaies
Thermal cyeler #silgamail 1A Uazsrwusauild fnns9il 3.9 asieeeunandniidens
mowadadidnluslnida Ineldiaassalsannuitudu 1.5 Wostiug (w/iv) luaisazaie
Uvled TBE AR1utdndu 1 1wia Tdaaauadedne-100 Thas 1Bunan 30 unil Tealssuiiiau
iU DNA marker auaa 100 bp.plus DNA ladder (Vivantis, Malaysia) ntuthnananie-
o157laludumau pre-selective amplification uvhnastiasiadu 1 e 20 lilnestnandn
fidensusunes 5 llasang 1w TE buffer9s lalasans 1iulinguvnd 20 ssriwaldoa
Funau selective amplification (fun1sifinUSuntuduiduleiiuiunay
pre-selective amplification uazidearadu 1 se 20 luduseuiezldlnswes 2 via loun
Iwsiwedum EcoR-ANN waglnsiuaiyn Msel-CNN 1ng NN Aafiaadlolnd 2 fagavined
wnnensiueanlufanised 3.2 aantudvaisiaiiidudiutsznevluduneu selective
amplification aslunaennaaasruin 0.2 Sadang Fans1ait 3.10 Tnetuneuiiazdndoning

washlvwaumauadaaulunisdansiziaidualaeldlnsiues EcoRI-ANN U7y 10 Tns-



was uay Msel-CNN 913U 4 lnswesanuisadualnswediieldlunisAndendlnswesla

119U 40 Alnsied

A197149 3.8 a15eail Adudusudy Usuies waganududuanying ldleduneu

pre-selective amplification (1afen, 2558)

d191adl aududuiiudu U3uns aududugaiig

Tag DNA polymerase 5,000 U/ml 0.2 pl 0.04 U
PCR buffer 10X 2.5 ul 1X

EcoRI-A 5 pM/pl 1 pl 0.2 pM
Msel-C 5 pM/ul 1l 0.2 pM
MgCl, 50 mM 0.6 pl 1.2 mM
dNTPs 2.mm 2.5 pl 0.2 mM
ligated DNA - 2 A -

DI water - 15.2 pl -

Usu1n 959U 25 pl

d = o 3 . .. .
AN 3.9 LARIBUUIN LI wazahuausoulutdunau pre-selective amplification
(1aReN, 2558)

Tunoy gaungll (°C) 181 (ui) A1UIUTBY
Initiation-denaturation 94 2 1
Denaturation 94 0.5
Annealing 56 1 25
Extension 2 1

Final extension 72 5 1




M15197 3.10 a5l APuTdUEIAY USung warAududugavine Aldlutunau

selective amplification (1a#en, 2558)

GREIGHY At duEudy Usuns AN dugaving

Tag DNA polymerase 5,000 U/ml 0.2 pl 0.05U
PCR buffer 10X 2 il 1X
EcoRI-ANN 5 pM/pl 1l 0.25 pM
Msel-CNN 5 pM/ul il 0.25 pM
MeCl, 50 mM 0.6 pl 1.5 mM
dNTPs 2mM 2 ul 0.2 mM
diluted pre-selective PCR 1/20X 5l -
DI water - 8.2 ul -

UTun33au 20 ul

intiuthdunaniladiages Thermal cycter f?iaf;qmugﬁ 1987 WazIIUIUTOU
ildf F9ma9197 340 IsIdeUNaRER TS EmARA s TEad Tasthirunszandmiu
WWIBALAA (VUIR NII9XBIXAUA: 21x52.5x05 Wwudwuas) anvinliazenn aenisiianie
absolute ethanol Tiavanmilidesiiu [Tanszaniriunds (Mszanusudinasy) e bind site
(Usgnausae bind silane 1 lulpsang glacial acetic acid 2.5 lalasans way absolute
ethanol 500 Tulasans) tioliukuisatnasRafunIzanununds wasiianizanurumii
(ﬂimﬂmuﬁv’f]wgﬂﬁsﬁw) e repel silane 1 addns Qﬁmmﬁa’[ﬁﬁaﬁv’amﬂu faliussana
10 w1t WalFuluaaldineRnnssanudimds inssanisasuiuudssnudmiy fu
BB spacer (BUIAN XU 2x52.5%0.1 Wuitums) T5viesesdnuanszan udisa
UsznausaoansramitoUeaiuliilinasaduluvasinaa 2a3nszanasluuuivey 91niy
wIsuAesmaaaueIarludaniia Lty 6 Wesdus Tutréa Audutu 7.5 luais
Franadiuiulvazarased idUsinounszanidifuga SidnTnsWidauuds uaziu
Sries 1X TBE buffer Turasfmu aslugsosmuasvesyn didninsTiiiaa antdude
aeliinfuesesdianszualwi wazvih pre-run finnusading 2,000 Taas 200 faduend
40 Yot w1y 30 Wil Wersunalilawsewdldidudnogaiinesisgseluromiusaz
dotlivun (Funaladlifineneugiieludeand) udidanieu DNA loading buffer (selective
amplification product 8 lulasans: AFLP loading buffer 3 lulasans) waziduleuInTFIU
A9 50 bp DNA ladder (50 bp DNA ladder 1 lulasdns: deionized water 7 lulasdns: AFLP
loading buffer 3 lula3dn3) ¥n13UL DNA loading buffer wasfioulauInsgi 7t 98 Bad-

Wwaldea uu 3 uh waluddiudeiuf anntduneen DNA loading buffer Usuias 11



lulaséns adluusasdos Tnevwoafdueninsgiu Usnims 11 lulasdns Mdesusnuastes
anviny LWelATaauazyiing run tngldaudadng 1,500 Thad 200 fedwend 40 Jad uu
2 4§l 40 w1t YawaFes udawsnnszansisaesunusenaniu lnsianzinizfinegiy
nszanUAUMAY Wininsranusiundslufeudemazarsdaneslunm lneusunsyanid
wadney uudluaisazaty fixation Usums 1 dns iuszoziaan 5 uil welduileli
dsazareiaiaaa ndwiniuusunssaniiiieatuudiudaduasazans impregnation
Uuns 1 8ns 1uszesinan 6.7 wiil wilduideliasavaneiivinas Weasuanh
wriaatuudsnstinduegermds udaihunuealuudliluaisazats development
U3uns 1 Ang iuszezinan 10 it wollaldminaseiieliunuiidueddaiiaue way
asazaiioiiea ndwindudeatuudiudiealiluaisazans stop UTu1m3 1 dns Wil
enUiizen Wusroziian 2 it Heasunanhiuiatuindadsinduedesnii lay
Frawdovarsdmiumaia AFLP dnunsoAnualiluniarian n thusuaaudsiuieil
1wy mndudrluiesasiaduiuiniatugessy TasuUanauaufisue dudazuu
Binary Tngl#f 1 Azwuwilainwnuiiduie wasli 0 pzuuwieoldiiauouidue udmmn
Ansizsneds UpGMA Taolilusunss NTSYSpe 10954U 2.4 (Rohlf, 2000) a¥1aunugi

ANUENWLS (dendrogram) kazunuInIINIZeME35 PCOA

= - 0 ] ; 2 0
A1397 3.11 Lansgaungil Lan wavdauseulutunew selective amplification
(1afen, 2558)

“Aunay gaungil (°0) 1281 (Ui I1UIUTBY
Initiation denaturation 94 3 2 i
Denaturation 94 £.5
Annealing 65 1 L2
Extension 72 i
Denaturation 94 0.5
Annealing 56 | 23
Extension 1.2 1

Final extension 72 5 1




UNa 4

NAN1SIBLAaLN1SaAUSI9NE

4.1 WATBINTIANYIAUNTMKNATIIANE Ry IaLATEgRaveansziiey

nsiiufednananssieu sxdnisiuleedisne wasfianiuniseanwandanisiiv
magslu Tasnaifuiedmaiiiefnmannmaaiiiauddymaasusiavesnsziiou
wifiudognaiiliseu vieansenauiuly Tasamsaifuiediemansevieuld 27 deg
DndoeaNg 36 8813 wanains1e 4.1 nthinhmanssieunnAnyinunivaa
nsgviou durdwidnea (n§) Auvuiions (wufwns) Ay (esmuing) A
Hunsa-ana (pH) wutregaeiifiutnunniidafeatswusioine (KTa7) Tngihimn 758
n3u fedsfithimtintosanie. auiugiuiiy (K726) fmin 125 n¥u AATIMIugeEe
Aosogsaniugyoile (KT33) @Ay 21 esuind uazfapgradiian pH aan Ao
auugaAY (KT12) Deiaiu 2. 77 fudndlunisnad 4.1

Pnfuthefiléannimnass sl ienelUsun s R Studio iledandudiegne ay
1 dendrogram wasAmATWRANSEYEY Wi mdnussnsseuausauteaniy 2 ngu
(Ui 4.1A) dufendsmesnssiouiilinalun IFurasiugueiing Savuazamuvny fiuwmin
Tutig 325-758.33 n3u uawnxdiouiibvinaian IdidaneWusiuniu neatinzme duna ves
Tulwe) e wazdumes fimtnlugas 125-298.33 Asu ilefiansan dendrogram 184

=

AT densmuimeiugeiie (K122, KT31, K133 way KT43) diusa (KT36) iy
(KT26) 8a1(KT38 way KT39) iiaaunile-(KTa8) oo (KT28) noariauend (KT40) du
a1 (KT27) noslulviny (KT13) wagnuvias (K120) Fneglunguitiamumaiuuin agludas
17.53-21 exmU3A% uazaneiuivoarinusmd (KT17 Wae KTa6) Yiufisl (KT29 uay KT30) Yo
Hae (KT15, KT23, KT34way KT47) fuu7a (KT21) 3a1(KT12hay KT18) uaz A unIy
(KT45) naglundguidaanuvinudey aglutad 11.6-16.2°09u3ng dagui 4.18 9903
yapmu fretaneiusyeias fime i 8e7 uazvoaiwend nsrarsegiidlungy
fidanuwuannuazauIuos warlinanimeasutuieatuiual pH vewanszviou
fnuinaneugiferiuaznszareeglunguiliidn pH un (339 pH 2.98-3.38) uazil pH tes
(429 pH 2.77-2.90) Fauandluguii 4.2A vilinsuiAnnamanu uazaeudunse-ss
Liannsathuldlunisduunansiugnseiiou Jadanumuiazaianudunse-iees
ngeustinaniadenieusn 1w nstiseiu wazanweina Wusu vilildnanszvieu

niA1AINY wazAl pH Auanaeiuly



A15199 4.1 LaaIA1uwtn Aurudowden AU wazAuLTuNIa-A19 Yaa

nseviou
o . ‘sz’mﬁﬂ mqwmaﬁawa ﬂ‘]’]il‘WTJ"i‘lJ‘lJ"éJ &
e (n3%) (uURLUNT) GRGRITERED) R A
KT12 dan 368.33 13.58 15.2 2.77
KT13 naalulngy 290.00 12.83 18.00 3.15
KT15 Yeiheg 216.67 11.76 16.00 3.13
KT17 mesfugnd  205.00 11.10 16.20 313
KT18 a1 365.00 13.77 14.53 3.10
KT20 auvoq 296.67 12.94 18.13 3.12
KT21 fiana 396,67 12.68 14.27 5,29
KT22 Yae 35163 14.90 18.80 2.90
KT23 Yoty 298.33 1130 i) Vo 3.05
KT26 viuiiu 125.00 9.47 18.87 2.98
KT27 funod 263.33 14.65 17.87 3.01
KT28 \mi1u 288.33 12.24 17.53 2.99
KT29 yiusial 380.00 15.52 14.50 3.17
KT30 siufiul 275.00 13.60 1553 ctic!
KT31 yeihe 388.33 14.56 20.17 3.17
KT33 Yaily 408:33 15.01 21.00 2.83
KT34 Yaihe 368.33 16.93 15.93 3.02
KT36 finuaa 206,67 13.67 1920 3.15
KT38 8an 466.67 17.67 17.67 3.38
KT39 8a1 448,33 17.07 1813 3.07
KTA0 naarfiasnl 236,67 1331 18.33 3.29
KT42 ety 340.00 1335 20.07 3.01
KT43 Yoy 460.00 20.10 1753 3.18
KT45 puviny 325.00 12.74 14.93 2.79
KT46 vearuswll 26500 13.59 11.60 3,27
KT47 Yeihe 758.33 20.33 15.27 3.27
KT48 T 476.67 12.89 17.54 2.85

wuneme feens KT16, KT19, KT44d, KT49, KT50, KT51, KT52, KT54 way KT55 ldanunse

Wunanszvieuld Wasanlieanuands
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Cluster Dendrogram
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Cluster Dendrogram
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dlofiansan dendrogram 9nAumuesLonansziouwut aeiugysthe (<122,
KT31, KT33, KT34, KT43, KT47) 881 (KT38 uay KT39) viufin (KT29) wagdumnes (KT27) 9n
otflunduitiaununeailonann oglutng 14.56-2033 wuRiung wpzfesimdednog
Tunguitimnumudenatios ogflutng 9.47-13.77 wwufiuns fuandluzudl 4.28 99nn1s
naaoswuitaeiusyoineg daulugiidenanun uazarswugnaslulug nesfiusni
e uaziuuia fanumuvendenates egndlsimudilianusalddnuasidsuun

lhedhaneanss Wesnndmuiegimeseiugyedouidiege Wuiy uagdan nswae

'
=

sgluvsaasngu nmsnaaesnudt WulunundsdenieujiRnudmivaudniveldd

Uanendienans “nIsvieuraunanine” fulateiudnszvisusaniunssiauaiswugh

et

Tinaluey vy Yethe 881 waznseviouamenuglinaidin wu nesiwznd Weamnu duwa
v a ) o 1 ) ' oA o 1 VW oo ) 1

viuiin Funes iy ednlshnmedmunisiisnauaaaaniousy lnewuidaliunsiiedis
'ﬂ‘ 3 a f:ll b (=] 1 L 1 ar L t 1 14 a & 14 1
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nsevieu faguil 4.5 wudraunsaudinguaseiegansediatoenidiiu 2 ndu asandeaiy
AsuUsngun dendrogram Tugui-4.4 tagiitefia1saudamiu dendrogram fildanndaya
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4.3 HAYBINITANYIAIIUNAINUAIENINAUINTTUYDINTEVDUAIBWATIA AFLP
4.3.1 wan1sAndandlnawas uasn1siasiziuaufiduadiemaiin AFLP
nmanaasslaolialnsiwesdiuau 40 dlwswes (Fansed 3.2) Aunszviou
$u 4 feg Tneldendeganseviouiiumaaeunsdaidendlusweannnsusnaen
nifusgauaziswes dendrogram fldanimatia SRAP léun Jeiihe (K122) dunes (KT27)
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wiafia AFLP 1delnsuiesita 7 elnswad vldlddayavoinufiduedinaai 4.3 wudud
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polymorphic band Tunsefauvia 36 d1eta $10au 91 LAy Laﬁaag}ﬁ 13 unusiaglusiues
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Msel-CAA/EcoRI-AGC 31 14 45.16
Msel-CAA/EcoRI-AGG #l 21 67.74
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MATIA SRAP ATiA AFLP wazmnailn SRAP Jauiu AFLP ThAfasnndasiutiufe 0.042,
0.035 waz 0.038 audsu %aLLamﬁqmwwmﬂwaww\ﬂﬁuqﬂ'ﬁuﬁﬁ?waam::ﬁ@u lng
Diaz-matallana et al. (2009) lal#Al1unuI8a04A Fy TUYI9 0.00-0.05 AadA1AI1M
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n3liiseeeiuglaglionfuinavosnunsnsifeen siindsuianaiug Fedmaliniig

VAINUAIENWUTNTTUVRINTE B UM

ANT199 4.4 WaRIN1TIRTIEIANWUIUTIUMaRUGNTTY (AMOVA) vaawatin SRAP, AFLP

wazwmata SRAP saufiu AFLP

WALiA SRAP 210U

WVaIUaIANU TUT U SRAP AFLP

AFLP
Wasiduinmudsusiu
1. 58yI9NaUUTEINT 4.23 3.52 3.83
2. malunquuseting 95.77 96.48 96.17
A1 Fy 0.042 0.035 0.038

4.6 HANTTHATIZHIATIATIMN 9N UFATTU
duauABweRlFTannalin SRAP 2aansuiiousua 36 #1087 8 171 wauan
7 dlwaiwes wnsendayalagldlysuns Structure version 2.3.4 aglingnlassainm
WugNT 53 (Structure) ¥adnszneuaINmAlia SRAP nafla AFLP wagivatin SRAP Suf
AFLP faguild.i 1A-C aadia wuigliiuuyszensvesnssiieulssnoglse 2 suuuy
idlofersudaniie e wmedanuinlinaiidenndesiy duaoawrsautdasiadrms
yiugnssueamdu 2 3ULUU (K=2) Ae-C1 uay C2 Tnoiagwiilaseasiamaiugnssuiuy
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C1 @) Wudnwugiuszneulumaaasiugnesnmment vadlulve aunes duwia uiy

Funes W Werdhs Lasnssviaull Gearefugianiiluaneiuguainssvisuiug i

Tinadn uasiediiilaseainlmanugnssuuuy C2 (@dn) Ysznaulumanssvieuaiaiug
881 Yurhe wasmumagalunszvisuaneugnlinalug 8nvisdidennaaiunisdnnguued

dendrogram wazukuninisnszatevesuiaviailndneie agralsiniulasasnmia
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hirruaaiaedeuludeinsssymeiusueununsnsiuaiumzugniegedng 8n
yagamuiieg K113 uaz K136 dufunsziiouarsiugneddulung uasinuavusgly
Tassaiameiugnssuiluy C2 8ndne Sudulszavinmusunaia SRAP filuamnsausns
pgnaeuiveslulvg wasfuurasonannguitlinanunlualld d5ui 4.10A day
Tassaamaiugnssuvesmaiia AFLP wazmata SRAP $3ufU AFLP faguil 4.108 uaz C i
AuATEAGaiuTueg1wIN

nmsnaaadiildl mnfinsunguuuulasaianaiugnssulaeiiansanainmedng
wuhasanUsgULuurasiugnssueenidu 2 wuu Aeguuuu C1 luguuuulasiasiong
fugnTsuLuunTsvioumeRugilinaruiaidn dsdanaldandiegndsisuuuy C1 ihu
nsgveuifvuaravundn Wined wazgtuvy C21duguuuulasiadiamaiugnssumuy
nssvieuaeudibiuatuwlug tasndegnisuuty.C2 Wunsevieuifvuinnalue
inadaninssiouaeiugilinain fouidetauntiies Yang et al. (2012) liAnw
AUVAIAYANEN TGN T T8I IR I (Nelumbo sp.) Taeldinatia SSR uaz SRAP lagih
N1934A578MlAT9E3 NI EN IS TIMa2e wudntanandlaseaiianisiugnssy 3
suuuUlduA JUiU €1 iuguuuuiduilvin suiuy €2 Wuguuouidudliuae Tne
i 2 JUuuuiltiu m nucfera femua kagguioy €3 dugdiooidu i lutea sisvua 8n
ﬁ’juﬁaﬁmsmgﬂLLUUImaa%’wmqﬁuqﬂﬁumﬁmmwﬂﬁﬂ SSR wmAlla SRAP Lag wAlla SSR
2y SRAP wua ligunuulassasimmtugns ivastmanasnendaiu saunsndudu
éin waflevs 2 wiladuszansnmlunmsiinseilaseadis wasaumainvaiemeiusnss

gaatalaituasnad
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SRAP uag AFLP

31nYaya dendrogram ildannmaila SRAP ARA-AFLP Lazmailn SRAP aufy
AFLP (U7 4.4 4.7 wag-4.9)wanslfiufisnnuadieniefuesnis danguiiegienseviou
Tnemuin dendrogram vis 3 wuu TuseAvBaTlunsdanduitatrenssieuseniiiunduues
nagvoumeiugilinalvy uavanevuiiilinadn adnalsimudlefinnsnn dendrogram 7
I#ainmaila SRAP azwuirinisuisnguiieg eiiuandnafy dendrogram 8ue tufed
segnmeusiinuaa wazvadlulngidunguegimduaeiugilinavuinlug Jewandl
wiud wiafia SRAP lilansausnsedne 2 aewugiiesnannasviounguaneus ilvina
vl (@owugyoiing 81 wazauvia) Ifeestaiau lurned dendrogram filsann
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wAtia AFLP uag ata SRAP sauiu AFLP fanuaiuisalunisinnguatewuinlinalue



2/

wazaneuslinaidnaonainiuldegnstaay Sniadsamnsauennszsisudioanainngy
fetensziounmualdandy oRvisundidulssaniaumilauvoanaia SRAP
wAtia AFLP uazinaila SRAP 3auifu AFLP wuiidsuasmdusyaniaumiiounois 3
wiadialirlnaiAsiu udinaila AFLP uazivalln SRAP $aufiu AFLP dalnalAseduannnd
MnuRugiin1snszneiilsianvaiin SRAP At AFLP uazimAtin SRAP 3y AFLP
(U7l 4.5, 4.8 waz 4.10) wuin1suusngusaogswaanaiia SRAP finuuansaiumaia
AFLP uaginaila SRAP $aufu AFLP adraiiuldda dufeimaiin SRAP a1u1sautsngy
fegnesnlsiiu 2 nguAenduiegnafiiiunssieumeiusilinasuinidn uaznseviou
aeugAliarualig wifinisnszatefvesiiogiann Jauanssainnaia AFLP waz
winilA SRAP 370U AFLP Tianansautsiegnsgisusenainiuidu 2 nqulfedsdaiau
Idun nduiegenseviouatiudilvavuInivng Lasnguiiedansyiouareius ilina
wandn Snvisdimunasnses lsyunguuassagansesiouln (KT55) fanszvioulniu
mewugiliwadnniinseiouiialy R1nnisdetamauEe3 Tadssumszna 1i1ve9au
azoasiwudnssieultlagnivlumuiunudiaudiauesas liiuastn auedivs
widaAearviinilesnsiieusull Savadddnumzddugs Linaidn wasdunndy
ngviouialy Sdliisennsstoudutiiinasyiaut 3neeRlAE DuduusyAninimuaanaia
AFLP fiannsnstuunnausiadseanidegasiiussdninim
NnEaNIARBITATIAT T LgNITHTBNTegInTE e lsa AT SRAP uaz
wafia AFLP(5UR 4.11A Uz B) nudiillassadhamnaiiugassn 2 guuuu (K=2) ldud suuuy
C1 Mduguuuuteanseieuarsiugilinain uazsuuuy C2-adusuivurgsnszviouas

v g

sugilinalve) Tnnadldtoudulsyans imlunisutadaednsnsgiounaia 2 wade
aeslsfmu dllefiansanlnsed$1anaRug NI TuTaUMATA- SRAP $auiy AFLP wuinilaanu
AdepaiulaTIasIIINusnssuTewnaila AFLP 11And7 vaumalla SRAP
NNIANEIYITING 1T (nATiA-SRAP Uas AFLP fia7alansnlunisuuangudiagng
nsevieuldagaiusedninm ataslsfinuiieRnisan dendrogram wazuHuINISNIEANY
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veslulvg uazliiwia Falunserisuaewuginlvinaidn sanvinngusieteidunssveu
angiugnlvnalugldegradaau annaiind il vilimsiudn wnaila AFLP dUszdninm
Tunsudangunsevieuiiganiumaila SRAP Bnvalleinsannanlianinailn SRAP sy
AFLP ldnazifumduusednsainumilou dendrogram n153LAS12WAMNWUSUSIUNG
WUGNTIU UWHUAINIINTEIY wavlnTaaseamaiugnssy auilauadieadanunanlaain
wAta AFLP vdu andadunatidunisdudulszdnininaaanaia AFLP fi3u1nn11

WIATA SRAP @edanmandiuauifdeuad Ammar et al. (2015) AladnwIAINUBAINNaINI4
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910 dendrogram vawAiln SRAP 321U AFLP wui1 dendrogram #ildaininafia AFLP i
AUATBARITY WATA SRAP $9ufU AFLP 1nnniumedia SRAP Snvailefinnsannisuus
06199 NANN MU WU dendrogram Tildanninatia AFLP ansautingusagig
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1. n1SATENEsazay 2X CTAB Buffer (Usu1as 100 Jadans)

ALy
1. Cetyltrimethyl ammonium bromide (CTAB) 2 n3u
2.0.5M NaCl 0.4  nfu
3. 0.5 M EDTA (Ethylenediaminetetraacetic acid) a4 ladang
4. 1 M Tris-HCL (Tris-Hydrochloride) 10 aafng
5. Polyvinyl pyrolidone (PVP) 1 n3u
6. Deionized water 1 n3u
TunaunahIoy

1/44 CTAB 2 %1 0.5 M NaCl 014 nu was PVP 103 weuriy
2, Uinansazaay EDTA Wuay 0.5 M Usuai 4 fadans wazaisazane Tris-HC
Wutw 1M USuans 10 Aaddng
3. naslarsamiadn sl Aludnnes sanduiuliiviuans. 100 faddas
gt Deionize water
2. M358 0.5 M EDTA (U3u1m35 500 Nadans)
anainld
1. Ethylenediaminetetraacetic acid (EDTA) 96.03 N3
2 N
Tunaunsiate
1. 49 EDTA 93.06 n¥u Tdasludinines azats EDTA Mepuinauyiuins 500
{iadanT AUA2Y Mmagnetic bar Aua1TasawlA
2. UsuAandunsa-ane (pH) Ivlawusianu 8
3. ihlushielumnifetisnleu (autoclave) figumail 121 ssmiwaldya
Wuaan 15 wii

3. n19wm3eN TE buffer (USu1as 1,000 Raaans)

ansailild
1. 0.5 M EDTA 2 1afans
2. 1 M Tris-HCl 10 dadang

3. Deionized water
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1. Ywmansavane EDTA wutu 0.5 M Usung 2 ladans

2. Dwmansazany Tris-HCL 1wty 1 M USuas 10 Hadans

3. NavansazaumefuLasUSulsunslndu 1,000 fadaniaie Deionized
water

4. n15M383 10X TBE buffer (Usu1as 1,000 fagaans)

angainld
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Santol (Sandoricum koetjape) belonging to the family of Meliaceac which is a common fruit
crop and fiuit processing in Thailand. The large numbers of santol varieties have been under
cultivation and a few of molecular markers have been used to evaluate genetic diversity. PCR-
based techniques require high quality and sufficient quantity of DNA. However, Satol contains
high amounts of polyphenol and other secondary metabolites. Therefore. the present study was
aimed to establish efficient protocol for DNA extraction and evaluate genetic diversity using
Sequence-related amplified polymorphism (SRAP) markers. Three stages of leaves. include
young, immature and mature leaves were tested and optimized for high quality DNA. Standard
CTAB method was modified by adding step to crush sample with 2x CTAB with an aim to
remove phenolic compounds. DNA purification was carried on only for young leaves before
experiments. Preliminary study of SRAP marker, two varities were selected to analyse with
thirty sets of primer combinations. The number of SRAP bands were observed with an average
of 9.7 bands per primer combinations, sizes ranged from 100-to 2500 base pairs. Nine primer
combinations showed reproducible fragments with easily recordable bands and gave
polymorphisms. Therefore, those primer combinations were selected for further genetic
diversity analysis.

Keywords: DNA extraction, Sandoricum koetjape. Santol, SRAP

Introduction

Santol or cottonfruit (Sandoricum koetiape (Burm.F.) Merr.) belongs to
the family Meliaceae which is a tropical fruit grown in Southeast Asia. In Thai
name, this fruit is called Kraton (nszsiou) that is one of fruit were making much

more income for farmers. There are over 10 different named varieties of Kratol

*Coressponding Author: poeaim@hotmail.com
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such as Puifai, Tubtim, Khunthong, Khiaowan, Nimnuan, Thongbaiyai,
Thongkammayi and Ela. The sweet varieties such as Puifai and Ela have
gained popularity for eating fresh fruit. On the other hand, the fruit from native
varieties such as Tubtim and Nimnuan tends to be smaller size and sour tasting
fruit. The higher value of fruit can be added by processed into delicious product
like a dried santol peel candy and chilled santol in syrup (Kathon Loy Kaew).
Furthermore, morphological characters alone are not sufficient to distinguish
those varieties as well as varieties names. Including, a few of molecular
markers have been used to evaluate genetic diversity in this plant. DNA-based
molecular techniques are require high quality and sufficient quantity of DNA.
However, Kratol contains high amounts of polyphenol and other secondary
metabolites that interfere with DNA extractionas well as PCR reaction
(Rajakani et al., 2013). Therefore, the present study was aimed to evaluate
efficient protocol for DNA extraction and to screen primers for sequence-
related amplified polymorphism (SRAP) marker.

Materials and methods

Collections and DNA extraction

The young, immature and mature fresh leaves of 4 samples (KT22: Puifai,
KT24: Tubtim, KT27: Khunthong, KT28: Khiaowan) of S. koetjape were
collected from Nonthaburi, Thailand. The leaves transported to the
laboratory in an icebox and stored in -80°C until used. The CTAB method as
described by Doyle and Doyle (1990) and its modifications have been used to
obtain good quality DNA. First, grind plant tissue into a fine powder in liquid
nitrogen. The samples were homogenized in CTAB buffer using a mortar and
pestle before incubate the samples at 65°C in water bath. The chloroform:
isoamyl - alecohol = (24:1) step was repeated at least  four times. = The
precipitated DNA was dissolved in 100 pL of TE buffer. Finally, the DNA
concentration and quality was observed on 1% agarose gels stained with
ethidium bromide.

PCR amplification and DNA sequencing

The ribulose-bisphosphate carboxylase (rbcL) “gene that in the
chloroplast genome was amplified using the rbcLN -and 840R  primers
(Yamashita and Tamura 2000). The PCR reaction contained a final
concentration of 1X PCR buffer, 0.8 uM each primer, 0.2 mM dNTPs, 1U Taq
DNA polymerase and 100 ng DNA template and add ddH,O to afinal
volume of 25 pl. The PCR reaction was performed in Mastercycler ep Gradient
S (Eppendorf) using one denaturation step at 94°C for 3 min followed by 35
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cycles of denaturation at 94°C for 30 s, annealing at 50°C for 30 s and
extension at 72°C for 1 min 20 s and a final extension at 72°C for 10 min. The
PCR products were determined by electrophoresis in 1% agarose gels in 1X
TBE buffer. The quality of PCR product was purified with a GF-1 gel DNA
recovery kit (Vivantis) prior to sequencing at  First Base Laboratories
(Malaysia).

SRAP marker

Thirty combinations of five forward primers (MEI-ME5) and
six reverse primers (EMI1-EM6) (Li and Quiros, 2001) were initially
screened in KT22 and KT28. The PCR reaction was carried out in a final
volume of 20 pl with 100 ng template DNA, 0.8 uM each primer, 0.25 mM
dNTPs, 2.5 mM MgCly,, 1U Tag DNA polymerase and 1X PCR buffer. The
PCR amplification program was as follows: 3 min of denaturation at 94°C; five
cycles of 1 min of denaturation at 94°C, 1 min of annealing at 35°C, and 1 min
of elongation at 72°C, then 35 cycles of 1 min of denaturation at 94°C, 1 min of
annealing at 50°C, and | min of elongation at 72°C followed by one final
extension of 10 min at 72°C. The amplified SRAP fragments were separated on
a 2% agarose gel stained with ethidium bromide and made SRAP profile by
PowerPoint program.

Results and Discussions

DNA extraction

Generally, the mature leaves were collected for DNA extraction due to
their continued availability whole year round. On the other hand, the young
leaves are not always available from limit the time of collection. However,
mature leaves are not preferred for DNA extraction due mainly to the presence
of high concentrations of polysaccharides, polyphenols. and other secondary
metabolites (Souza ef al., 2012; Moreira and Oliveira, 2011). These compounds
bind tightly to nucleic acids during the isolation of DNA and interfere with
subsequent reactions. Like, the isolation of genomic DNA from mature leaves
in Meliaceae was complicated due to high contamination of polyphenolics,
polysaccharides and proteins (Rawat er al., 2016). Therefore, most of the
reported DNA extraction protocols use young leaves for DNA extraction.

Initiation for genomic DNA extraction, the fresh young (Fig. 1A),
immature (Fig. 1B) and mature (Fig. 1C) leaves of S. koetjape were collected
and isolated from 2 varities, KT24 (Tubtim) and KT27 (Khunthong). When
leaves crushed using liquid nitrogen, the young leaves powder turned dark
brown color (Fig. 1D). While, the immature and mature leaves powder were are
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dark green (Fig. 1E-F). After the homogenization step, the color of solution
were deep brown and deep green (Fig. 1G-I). Finally, the genomic DNA from
immature and mature leaves were white color pellet. The light brown color
were observed only in the DNA pellet of young leaves showing very high
contamination of polyphenolics (Fig. 1J-L). This is according to previous
reported of Kit and Chandran (2010) which found in Chokanan mango
(Mangifera indica L.) extraction. The quality and quantity of extracted DNA
were checked by agarose gel electrophoresis. The higher amount of genomic
DNA can be obsearved from young leaves follow by immature and mature
leaves, respectively as in Fig. 2.
PCR amplification and DNA sequencing

First step, modified CTAB. extraction protocol by crush sample with 2x
CTAB before incubated in water bath and 4 times repeat of chloroform:
isoamyl alcohol (24:1). DNA samples were used as template for PCR with
rbcLN (5'-ATGTCACCACAAACAGAAACT-3") and 840R (5'-
TTGTCGCGGCAATAA
TGAGCC-3") primers. The result shown that DNA from immature and mature
leaves were showed good amplification. The averages of PCR products size
was 900 bp. While, no PCR product was obtained from young leaves DNA (Fig.
3A). Next, we attempted to modify the protocel for young leaves DNA with
purified DNA by GF-1 Gel DNA Recovery Kit (Vivantis, Malaysia). PCR
amplification was successful afler DNA pass. purification (Fig. 3B). No
inhibition  of Tag DNA = polymerase activity  was observed. = So, the
polysaccharides and polyphenols are problematic contaminants associated with
DNA isolated from young leaves. In contrast, other reports that accumulation of
polyphenolics increases with leaf development and- it reduces DNA quality in
mature leaves than in young leaves (Kit and Chandran, 2010; Moreira and
Oliveira, 2011) From this study, indicated that DNA extraction from Santol
young leaves that have secondary metabolites reduce the quality of the DNA.
By rbcL region sequencing, the size of the DNA fragments are 840 bp and the
results obtained using BLASTn program to identify the species. Sequence
similarity searching, the entire query has coverage only in the S. koetjape
(DQ238068) (Muellner et al., 2006) with 100% identity.

SRAP marker profile

To develop markers for reliable and rapid detection and to investigate
the genetic diversity using Sequence-Related Amplified Polymorphism (SRAP)
marker. In a preliminary study, two varities, KT22 (Puifai) and KT28
(Khiaowan) which have different fruit size were selected to study. Thirty sets of
primer combinations that were combined by 5 forward primers and 6 reverse
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primers were screened, out of which only 9 primers combinations showed
reproducible fragments with easily recordable bands and gave polymorphisms.
These distinguish banding patterns can be successfully, especially in 5 primer
combinations (Fig. 4). The number of SRAP bands were observed with an
average of 9.7 bands per primer combination, size of the amplification products
ranged from 100 to 2500 base pairs. Therefore, nine primer combinations were
selected for further genetic diversity analysis of Santol varities.

Fig. 1 Sandoricum koetjiape (KT 24: Tubtim) DNA extraction protocol: young leaves (A),
immature leaves (B). mature leaves (C), young leaves powder (D), immature leaves
powder (E). mature leaves powder (F), the color of homogenize solution from young
(G), immature (H) and mature (I) leaves, light brown DNA pellet of young leaves (J).
white DNA pellet of immature (K) and mature (1) leaves.
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10 kDb

Fig. 2 Genomic DNA fisolated from young, immature and mature §. koetjape leaves: 1 kb
marker (lane 1). KT24 sample (lane 2-4) and KT27 sample (lane 5-7) resolved under 1%
agarose gel.

1000 bp

500 bp

rbeL N/ 840R pruner
B Young

KT24 KT27 <

1000 bp

300 hp

rbeLN - 840R primer

Fig. 3 Electrophoresis analysis of PCR products: from the isolated DNA by the modified
CTAB method without purification (A) and with purification (B).
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Fig. 4 SRAP profiles MEIEM3 (A), ME2EM6 (B), ME3EM3 (C).. MESEM2 (D) and
MESEM4 (E) of two different Santol varities: KT22 and KT28.

Conclusion

Generally, young leaves are the first choice to obtain good quality DNA.
Because of the mature leaves contain high levels of secondary metabolite such
as polyphenols, tannins and polysaccharides which makes it very difficult to
isolate DNA of good quality. However, DNA extraction from Santol young
leaves that have secondary metabolites reduce the quality of the DNA. So,
DNA extraction of santol is necessary to consider Ieaf age of the santol. For
SRAP marker, thirty primer combinations were screened. Those quality DNA
is quite suitable for investigating the genetic profile. Nine primer combinations
showed reproducible fragments with easily recordable bands and gave
polymorphisms which were selected for further genetic diversity analysis.
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