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Abstract

Marian plum (Bouea macrophylla Griff.) is renowned as one of the native
typical fruits in Southeast Asia which need to be conserved and continuously
cultivated because of economic and ecological significances. In this study, the genetic
diversity among 30 marian plum genotypes collected from seven provinces of Thailand
were determined by comparing their molecular inter simple sequence repeats (ISSR),
inter-primer binding sites (iPBS), start codon targeted (SCoT), and sequence related
amplified polymorphism (SRAP) markers. We found a percentage of polymorphic
fragments 34.09, 43.04, 40.80 and 22.31 obtained from ISSR, iPBS, SCoT, and SRAP,
respectively and were used to define the genetic similarity among the marian plum
genotypes by neighbor joining (NJ) dendrogram and two dimensional scaling by
principal coordinates analysis (PCoA). The genetic similarity coefficients among 30
cultivars of marian plum were relatively high with a range of 0.831-0.985. The Marian
plum genotypes were divided into two groups. The studied populations showed very
low genetic differentiation (Gs = 0.034) and high gene flow (N,= 12.080). The very low
of genetic diversity within-individual Marian plum varieties suggests that it is critical to
develop long-term strategies for enhancing genetic diversity within Marian plum
cultivars. In conclusion, ISSR, iPBS, ScoT and SRAP have proven to be the marker of
choice in Marian plum genetic study, because of their variability, easy of using,
accessibility of detection and reproducibility. Especially, ISSR marker is better marker

for genetic diversity to study in B. macrophylla.

Keywords : Genetic diversity, ISSR, iPBS, SCoT, SRAP, Bouea macrophylla
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1.1 anulunuazanudrAgyvaslam

uzUT19 (Bouea macrophylla Griff.) 1ulinaduduvuinlng Tulidnwasisensn wadl
samAlanuannzE? wasamu wWien wavisoumu dlnawsaduleldalusay
pliomawnieu lnslanizegddueiens fusenideddideindugudnarmsdinm
Jnagluanauzysng (Bouea Meisn.) Ingag1eduzaiaeiuniug (Anacardiaceae) (Chayamarit,

v A a

2010) Yaguiiwdaillunaulanninensnseaziinerveslunisduasuiielmdunald

9

Ao o

AsugAafiddyvesdszimalne (esnnanulanduvessawd silddglunguipn
Ussnduifusuardsooniudusemanniy (Freinnuasusianisnuns, 2557) aenslsh
muamnanurUauiisiiinsmnzvgnludanunsnssuuvaiefest wuieafuiiy
AugRriadu 1wy yiSeu Sae iy SduBinsededldsanilunissunuzyss
ponaniudu 3 ngu (Subhadrabandhu, 2001) 1#i neatzUTUTeT ndumgUs19MY
LATNANNTEITA InwAsNIHeNUgnizesBnunnIuglseiliinn1siauateiugain
aitlygveanuning dawalvilagtumenusuesmzdsieiiuinni 50 Jeaeiug 1wy
y1a0e osunsntl astia nadlua) gassuIm qawa wargeUsgiiu Wudu Tnenisisdoves
uzUTIaAnnnsReteInIuIANG 5a31R udiivgnudaliunaiudeinumsns Sse1adwma
nsznuluswanmndasnsusulssaneiusliduinasgia fauidiennudiduedieby
nsvmANgIU waziaesilefundedaviinduy Whanldamtunsfne WesainnisAne
shednuazmangnumandifiesediafeniivediia suademmnensanaidudniedesile
vikfiannsatiglumsinndnwazmaiugnssivesddivinldiduegned
\w3esminegnisluians (molecular marker) Ingianigarofinsiaiduielfidinni
unumlusnusuiugnssulagansUiuUssiugivegnann Wosnnmsdangunienisdiuun
AaiFAnlngodednunrdusuive Inglaneivdaduddiinfddnuuzadiondaiu
(@swsd, 2554) praviliiAnaNuiawatalunIsLenauLaneld msldaeanungnig
Tuanathglunsisdauuenisvesiiglfidnanielinissuunanuuandisesae sl
faugnieausiugiuindelu (a3ns, 2506) uardududeyadrdylunisandvsoasiugi
(Paterson wagAny, 1991) wazdiuzendldlunisussliuninumainualen1snugnIsuves
Asdi#indnde (Mondini wazaaiz, 2009) iadssmnevisluanadidesldlunis@nwinim
nanuangveIiy taun Lﬂ%wmalammaam% (ISSR: Inter Simple Sequence Repeat)
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Julussmsudeyadiuiva dndnnmshsldlnswesndaduindlelnadululasuaniia-
a1 (microsatellite) wagiauiindlelnannidon (Predeep wavmue, 2002) lnglusiueiag

1

Y v v a '3 o 1 2/ [y 1% a a a aa !
Wrdudululasusniialasy 2 dunuds Tnde AuuduinuSuatuneueseninslulaswsy-
a ¢ o o Y 2 A A ad =i Ny oo oY v <
Wialasing 2 dunisiu Fasendufiduwetiinlewateaeislaeiiven fe vilad1 53157 wae
aunulias ddedosfoluiniasnuneiinaninisvuwuuanysal (complete dominant)
(Powell uazmniz, 1996; a3uns, 2552) Favuneauitguduainsovudunesls sy
lofidiea (iPBS: inter Primer Binding Sites) 1uiaseamneiilaidnduseamaudeyaieaiiv
anuivavesdduemunsnteurlanelidudoulideyauin Aldieligs Tdusuu
Awetos 25-100 wiluniureufisen uarlisuuuuiduefinnumsiigs (Kalendar waw
ANy, 2011) LASBevUIELEaTTaTl (SCoT: Start Codon Targeted) LuiASaevanefdnLUas
« s N a [y v v oa a o P aAa v
NnATeMINETsefinlnedelua ATG lUdudumbuediune Usinsuniesnisusunis
nenTia (Collard wag Mackill, 2009) uaziAsosnIeteaaI1stafl (SRAP: Sequence-Related
Amplified Polymorphism) tlutazesnuneildlnsines 2 vfla Feunnmngainiaioavune
Psgunlglnsmesiiivsdudsn laun Tnswesisusu (forward primer) 8w 17 1ud way
Iwswwesny (reverse primer) 43u1n18 L@ (Li wag Quiros, 2001) og19lsAn1uilifies
57891489 Ghazali wagans (2015) NUszandldinIosnutenisluianaloeaioaansiu
uzUTiissAsemnewfel dauiidelansendnuazwiuanudifgilddninnisideises
“nsldiasoamunemslananaluni1sussiliuanuraINnaIen1siugnIsuveINsUsNe” Lie
AnwAuduiusBaiugnIsuvesmzys i Toyadldaunsadudsslostd miunisinnis

s

FuteayaniminginsauraInuatenedinnlulssmalnenslusiuniseusnyaionug

9

wavugudoyaddasioly

1.2 TnguszaeAvasauidy
1) iefnwiAmnuduiusIgaiugnIsuvemsUI
2) ienagaunisidinsedvanenislianatuuzyss nsldinsemuneloleaioanis

lofidioa Loadle? waviadansLaN

1.3 YaULUAVDIIUIY

Ao w

ANwIane RUNADULEVIWZUTNUAZUZEATADINUNEUNEATNTTUNGAYIINNIANAY
lawA damdauasuien JaminUsduys Jminegsen wazdawminanys wazainnianile
mouans boun Jmdnmesysel Jmdngledie wazdwmindunanys ieldlnseilisudieu

wagAnwiadruuand1aniteiugnssuedesluuuateiiuilaeldiaioanuny



loteaLadaans lafidiea eadledl waziean1sai 1nUULINANALIMIANUFURNUS LAY

AATIENATIAS U TEIINTINNGBL 1N LT LUNNTAN Y

1.4 Uszlevunaininaglasu
1) nuANUduRusLazlasEsIadeiugNIINveINs U9

2) laasawmunenunnzaulunisAnenate iunALd weNz U



=).

Unn 2
QJ

NauHazUIENALIUD

a a

21 FIINIVUTUTN

fiwanauzUsns (Bouea Meisn.) ilufinludsduzaiasiuniud (Anacardiaceae) finlu
anauzUsdaindwunldornidesnnddneusniedugiuinerindroadetu (15a
wazANY, 2557) Usenaumigaundng1i 3-4 viia neangiegluuauusemaduiieuasialte
nziusenidodldl (3UT 2.1) Weiriunasiniinegiiguinansvesenuvainyansnistinngs
aglugiinialaidensiueanideld dmsuussinalneny 2 viln (Chayamarit, 2010) fie
uzU34 (Bouea oppositifolia (Roxb.) Meisn.) dslutszimadulafidaisanin Raman Padi
739 Kunangan d@2uUsetnaANLaldeL38n31 Gemis, Kundang- Siam %38 Remnia (Lim,
2012) waguzUs19 (Bouea macrophylla Griff.) wulaluvnainvesUseinalng vieisenin
ureedn nsfudeluniudanguin Marian plum uag Plum mango luuseinadulafide
138171 Ramaria %38 Gandaria @uUsznALILaI@eI38n11 Kundang, Rembunia %39 Setar

(Subhadrabandhu, 2001)

. VI ¥ \\C

2

F—‘

P

- ‘ “
’l. - N

N

* NI REBRNIII
\

JUN 2.1 UHunNINIEaefvesivanausUsa

anvaznIIwgneransvewzUs andu WuliiBususuianarafsuialvg e

2%

WAL gelatia 15-30 wns AgunseiuAutsuanfinsinszuaninsniuaIuAeudng
uuegvwnveiaraeusildenldd@mesuduiina Wegndnenlnasenuiugyss
fisnuiinfianuudassausedanziuaulaegned Tu Wuluien senainfsuunsey

aauniu (opposite) Tugus (elliptic) vaululidnwauziseu (entire) Yangluiseiuvay



(acuminate) lauludnuwazunauLuuuay (cuneate) fdluiidneaiesiuig (lustrous) Auly
817 1-2.5 lufiluns dvu1avedanunitelszunn 3.5 wuilunseniedeseuin 14
wudluns aen sendutenszazienuaug (recemose panicle) WausauUatsns denen
g1 8-15 Lwufiuns aenilunenauysal (complete flower) N1suUusNAINAUESlUEUaNe
Yanen AuAeNg1d 3.5 Tadkuns naunendmass duwiawinAudIuiIu 4 nau gIUnaulaes
ﬂl a L Ya L U a % o ! % [ 1 1 1
Woudaiy inasnagil 10 §u duazeaunsall 2 vied unnauend 155l 1 du Selvegaand
wnasiney g1usessilvegsenirenasmediunasedle wa Wunadies (simple fruit) wuy

waldl (drupe) Hdnvagnsanauguly YaneiSeauvay 31uu 1-15 wadete wWaenualiey

a a 1

& 2 o a o =~ v aNa A = cs v =
RGNS Na@cUllaLGUE’J']@QU-LSUHQLGUQJGWN@qqmaQNaQﬂmﬁLﬂa@ﬂwiaWTa@Qallalll,ﬂa@ﬂma
a & o oA N v = Vo Y a & & <
UL LUDALAABILLAY Wi@ﬁﬂa@ﬂLL@ﬂmu@%ﬂ‘Uaﬁlﬂ‘WUﬁq SAVIRNIIU UBN-LUTHD LUT80 LUaR

NANTNAL TN ULAALFAEY ANPULINAAADUTIILULLT RrvauNaniidanvalurduled

(%
a v A =)

thmatuindes LﬁamaqLmﬁmumammmamwﬂmjw fsavurinLayvd (87w Wagduns,
2558)

Hagtusunanezuzesdniduiaulaludaasugia LAUKAKENILOBNEINAIN Faus
Woudurauautanguniay taaludl 2546 ﬁﬁuﬁﬂqnswﬂ%ﬂimm Uszuad 17,421 13

nanansanUszunal 14,162 du drulvglruiianateludszing nua1daninuasuien

Juwnaenfiiunnisugnugysisuasuzeslinuniignia 3,000 15 annsadiviienandala

FaumaanusNdNavuIntdn Alansuaz 100 UM NaYUINNETS Alansuaz 150-200 U

]

Aa o a

dsuaneiuginavuIaing aunsadvinglataflaniuas 200-250 v m SuNINE NN
Wseaninsngsaunsaviglalusal 30-40 v Fetenlasahunndisiisuiuldnasinoug
Jgymadadglunisudalinasieiinfe a1gnisiiusnwdu (Ugiiva wagasadd, 2531)
1 @ a 2/ M | v a o v 1 1 1
ag1elsfanluganisarfisulgsasidlunisdnuunesndaandulagwiaiu 3 nqu
(Subhadrabandhu, 2001) laun ngungusial3e walisamfiuseandusnagnuainaiy

o 1 a o v a = ra [% [ X 1 =3 =
b ELFAIUNANYINBIUUNAU VLlI‘UEJlIUQﬂ WUVL@WWNUWLLaS?JUL@QWW?Aﬁ?u EJ'EJ']\‘IiﬁﬂV’Y]JJlI%TJﬁWQLUTEJ'J

a

feuuslaawuundnaeinguugusvnu deudaniulaeiluianudAgnisiuasygia

v '
v 6 1 a =

Maflawn wavsavin Tudsemelnesdndulute ueUse Inelugusisaeiugindgdalun

]

Ave o

feuuanunidndusn 100 Yuds Tavgnegidaminuumys wazlulagiuidalundey way

(%
= J =] IS

nduuzesda Gesnguilaziianuadefuugsamau uiuandsiuiisaniidesanuzesdo
donaanasdisanfmiuenion iesndinsnunsiin Snvsdedvunaunaiilvg uaziudn
Wdnniwzdsne luusemalneinuasnsiontgnuzesdnuinninuzusne d5auunneig
spyianrUsetunzesiaty Tasinnisduivguiuzynatunvsdaduduiivsidadetu
uiosannisveneiuglaelfdaduinlfiAansnareiusluaniy dmalvidnuousi

wanseantuwanang drulugazduunlagldsavid saudveuinveswatiunan 1iesain



anwaznsdugiudulianusasenlaegrsdnau TneazuSauiisunsUswazusesdnain

dausngg fagunn 2.2 n-

i

JUN 2.2 dnwagresiuuzysn (n) duuzesdin (v) Tungds (A) lutgesdin (3) Anvaeves

ABNUZUSIY (3) ADNNLZENTA (R) NauzUse (¥) waznaNzesTa (%)



220 anuvanuane waziesesiunenelaana
AUVAINVIAENTUGNTTH (genetic diversity) MuN8fe AUaINTaIevesduni
agludlinusazylinddldinyiameriuenaliBunanseiulumuaeiuganuuansiani

v

fugnssufianvgainnisnatewug (mutation) Feoraiinluszduuvielaslulenlunis
duusuuuodemaendonalnnisnisladivaeu (crossing over) MlduAnnsaduiivie
samfulmindignanglugiuse Wluuszang edslsimuuszvnsaaddinvielanin
nilvgmududunguuasnauiugfumelungusiniusvessuwhliinnsdenenduiaiu
vnznglulsrnsiafetunguiuvesussinsvesddidiniieaiuFonin fuwa (gene
pool) mm"]smam@uwiazéuﬁaqmzauﬁuﬁmmL%ﬁi’wmﬂﬁ (evolutionary forces)
i N3AnEeNlAesITUYIR NMsenenAMURULUINITRUgNsIY WWudu vinlilassadianig
fugnssuvesszanslundaziuivasunasiunelianaiamainnatonieaiugnsslu
UszvInTHee vewiniu Ussvinsvesvindueneesiidnvassnnis (speciation) Tullsiay
fuiidsanngainnistaniismisgiianans (ceographic isolation) Sutinainnisuenngs

[
a

Useu1ns (Spllttlng) suaﬂaﬂmmimmmmam%uﬂumaﬂmﬂu (barrier) vinl#adi33nsinns

[y

fiaunnsfianiziituan Juaiialndlasnswaudiuiugnionauduesnealddediianig

QiA1aasyIN AU RaINNa8N1IRUGN IIUUY (March wag Grossa, 1996; Smith waz

54

Smith, 1989; 81slne ALY, 2552) uenaninuhdnwuzmnsduguinudsuudadiua
anminilennia wazammuandeuiitnzugn ylrAreuianaialunisuenauuaneis
yosaeiusld uenniimaulsuileusnunsmeuondliaansausnauuanedusgd
Foaeiugld dudufdndusomieiemuneviafustninduinyssney Wovaslinig
FuUNANULANANYBIEERUSIANgNAe Msdunalulagseauluanauildlunisfing

) a ada va & o A & !
ﬂ')']lﬁ/ia']ﬂMaWEJVl']QWUﬁﬂiiﬂJGU@QaQNGU’JW IWEJISUWL@‘UL@L‘UULﬂﬁa\TVIiJ']EJUQGUﬂ'J']NLLWﬂGﬂQEUEN

'
aaa a

ﬁqmm E‘ﬁiﬂﬁmﬂ’ﬂﬁiﬂﬂﬂ’ﬁL‘LJ?EJUL‘VIEJ‘UﬁﬂUm dL ULGVIﬂﬂUWﬂUﬂ\‘id ma‘u GZNF"I’J’]ZLILLG]ﬂG]’NW

4
0% Avo o ! a fal &

AATY MUY LS U TS e AT intula e S uRssniuin aneRuvimsule

(DNA fingerprinting) (&35, 2546)

%

AIUATNTAIUT N1 2sTuAUA1T d1m5unszurunIsUSuUTaRuglauen

W)}

2D

ANTAENINAIUNITNYATAE unlfifieuinuse ansanlunisusulgaiugliged

Y

U (F3ns,

E

2546) Usznaumiuanwasdagiunisuan (morphological markers) L‘Uummsm/iﬂimg

Tagnluftannsadaunald Wy dnvazanugavesiuiivdnuuzdvomenvie dnwauzam

uansiawesly Wudu waziesesunenialuiana (molecular markers) Ao n1sldlaiana

TUsiu Aduie wazorfiduennduaiominglunsnsaaeuianuuanidludedldin i

yihnsfnen Falaugnieausiugt uazdaudumizannitedesmneviindu Jagiu

nsnwilaelfiaiosmnelmanadeldtngduatimiosiiduoilueiomusvsd
v Beid

AU NNIBVRIFTINUINNINMIGDU 9 awsadiyszenaldiudadidinnaglvinanisfing



7 lnglaniginaiaordeujisengnldnediueisa (Polymerase Chain Reaction: PCR)
AAnAwnAtiall Ae Mullis uazanzlud 1983 (Mullis wazane, 1986) Fuduiznisiiiy
Uunaiududiduedulunasaveasssisnisinufiseiegsseiios lnserdatoulsd DNA
a ANy A Y a a & a v v v & v

polymerase walla PCR 990 As ToUsSuaadueEuautoy T15zesia1dU Lssutioy
Aldinen wazwlanadie wedaufisengnlenedwesalunszuiunsdunsiziyudiu
P . . o Y ¢ . &

Adutelunasannasd (in vitro) Insendun1sguiuvasinsiues (random primer %138
arbitrary primer) WiatinuSuadtoutousnamidaludlun Ineldeunuunseuiunis DNA

3 . ¢ v a a & o a & PRI a o
replication neluwad (393 wazuun3, 2536) 3NUULIALDULBNANUTUIULAINILENAIY
YualneIsieadianinsinida (gel electrophoresis) Usngiiusauluwsiuatlunsiaaeu
1 a fal @ A a & Av Yo [ a
AULANANUDIAIANUNALIULD LATOINUIBALDULONLATUNITHAIUINIAINATIA PCR
vy = s Ao s a o

anusanusladu 2 Yssavmusiauadlngwes As Uszanndlnsuessdadnizianzas
(specific primer) A19819LATRIRNNBUAL 19U Sequence-tagged site (STS) (Olson wag
ARy, 1989) wazUsytanfifilwsiuesvdaludninigiangas (random primer) #0819
LAT09MU18¥AELYY Random Amplified Polymorphic DNA (RAPD) (William hazaady,
1990) waz Amplified Fragment Length Polymorphism (AFLP) (Vos wagatug, 1995) WJu

U

AU

21 mstwunaenusielaaasesmunenslaana
nsAnwIugnIsuvesivluszauAueliaud AN INTY HBINHUGNIINVD Y

Judmnuednwasnidug uing Msednwauziusngeeni1vesiy wazanyuznig

—

@ Q{'

WugnIsunwanaeiudlilanianosuansanvugdugiuninilouduls (Gottlieb, 1977)

3

cA aa

dnsAinwamadianiIngamansnazuiuilduseloviiuauaudbunAugneIsn1snig
= dd‘ = 1 a a a 2 = a 6 ) dl = 1 L4
FupdNFunandlaninslnsda lnsadauasfnvigtavowouladluiviianinlolylesl
(Pasteur uazAe, 1981; Ytna1, 2541) 8nianilsdainallaniugadiugaians lnefnw
U AnvAE wazngAnssuveslasiulen (nguga, 2519) sounlaimu1isn1smieg e
dnldAnwiuity fenisiiesemuneniduianaunsvdeulaegainaleiuifidue ¥
WUAMUMAINTAIUEWINIURY a11150TMUNANULANANEN B A IWINeT wavyliald
Tnelvinaiigneas 590157 wazudug weinisnsivaeulagldaefiuifduieniy wu 159
WNUTINI9AUNTIUV8IU1Y (Nakamura wazaniz, 1997) nsiarefinsidduelud1ilne
(Zea mays L.) (Bernardo, 1980) 912114 (Sorghum bicolor) (Xu wagamg, 1994) lagle
w3osIngesoNeail uiluneufiResenuazdudou Tdanu fdueldiodivsuia
o & Ao vy Y I3 v & A

WIN UazAuA AW NltAodiaNAIEe (BUIA wagay, 2552) Asluiaidunisan
) LY J v =2 o a aaa ! a LY ]

Tunau Usendaiaiwazailddng Jsinisnimeliaufisengnlgnediueisauusuldilu

WASBIVMUNDI5LNG (Saiki warANy, 1988) FaAspanuedanunsaunluleuselesuratennu



wiu Tludeyaatuayunsusulsmiudiivuasdndondn varveaiugiiviioanssesiiaily
N3 (@305, 2551) Aneld (2536) TEATeansngansioiaiouenALLANFAYBINYANS

A¥WaN (Brassica) mwammé’uﬁuﬁ‘maaqﬂwamzwj’]wﬁm LATHTIVLYNAITULAN FUDI

¥ A

LY v sa & ' ! ! o d' s N a &
anuaudvateiuinduneud wudauisadiasemuigeisieninluuszendldiioan
F281N15UN U UU T augle wasgelsinuaiosnungaisiefiad il

° = o 5 v A A a o o A 1Y)
ANUTNNIELITBRINTIININAaeTInd A la lilvileuin lulagduiiinTe g seau

Tanauinune Fededldfdueduuuuniaiuadigs daunisadamoue Jadutuneu

= a

wsntunsfineilussauluana 3alnnudAyuIn Weeniinugen wagdudauniinis

o a & a ada a

afnfdwelugdunsdnioddllTinvlndus ssiadnduyasdaduarsnanindugaailse

a

P a & ¢ X Pt v a & &
wazdasvaviilussauszna AM5URL U UYRIAN AU UNSANARLDULDILLTUNNS

Y

Taren1sviauveeulaiindunizrioioulad Tag DNA polymerase 16 vinlsidaiduien

a A 3

Taflaauninen vananntvdnvesiuniazsiniiesnussnavvauiladalumilounu JedesUsu

q
<

Bnsadasioueliinuzaniuianfnunlunsdily (@vann, 2553) Asluazensiodig

4

v

LATOMHNENLANATIINEI TR UNUARY fall

2.1.1 \aSewmunelaasiadans (inter simple sequence repeats: ISSR)
mnaaummLLmﬂﬁhw%mmwmﬂwmmaﬁua"su@iLémaﬁagjﬂ%nm

serinlulasuaniiialan 2 dunds Fuinuinnanidueseufisen PCR (3UTl 2.3)

Py \
— 4—}
rd
- S -%
.
-
- — S,
U
.Y ~.
LY ~o
\ Smmmm e ——
- 1R -
—_— PR S o
\’ -~
55 S~
s .

.

i . . LY

PCR amplification with primer containing ri oDNA (template DNA) .
short repeated seguences [
a o ATGIGIGTGIGIGIG | 3§

Samples 1

-
-

Gel electrophoresis

UM 2.3 wanaannmsnugiuvedinsweslunisdiduienismungloweaedsis

v

a

U1 : Ng wag Tan, 2015

wiownglaaeaensuTulTnaneseminglulasueniialan (Bao wag

Jonathan, 2002) 9531tev8Rvasasaanuig lulasweniialan teteneai wagansafia b
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Fromu Inswesidiiusng wuululaswemdialas Tnsdrulngesiinueivszunn
16-25 damdlelva i agJ: 2 WUU A® WUU unanchored (Gupta WagAE, 1994; Myer LagAeuy
, 1993) L‘“ﬂu"LWiLma%ﬁﬁl,awwzﬂmammuaszm LU (GA)s, (CGT)g, (ATTA),, (CGTTG), (Predeep
wazAm, 2002) 1udu Snuuufe anchored WWulwswesiigniAusneiua 1-4 dandlelned
Uaie 3’ 139n71 3’-anchored U (CTT)GC, (AG)AT “3ofUa1s 5’ 138n91 5’-anchored
WU CA(CGTG),, GCATA), Femnifsiuadiuate 5 vaslnsiues agviliAnduiuuaumiduy
X a ] X a v . . a d' y
LONINTU LazlANAMULANANLINTUDNMY (highly polymorphic) winifutiuanilaiy 3° ue9
Insiues azvhliaudueniialinuandndudiofisuiu 5’ -anchored primer (Predeep
wazauz, 2002) iasevnglowaeanfiiuniominsluanaiivdansonizanvuziay W
A Aa v = o A s aa [ sala I = o
LA 0INUNBNTNAUATIEARIIULATOMNIEBNSIONA LalslnsiesNinLe1ILINNTT T
Tyigaumail annealing Nl¥gendnnsggamgivuegiuiiuiy GC content Falnevaluay
Tuaing 45-65 aerwalded (Predeep wazamy, 2002) J9AMUNAINKA18UINATT LAzl
AMUEIUNTO I UNISYIGIANTT (Fang way Roose, 1997; Ge tay Sun, 1999; Ratnaparke o
Ay, 1998) uenaniidefveaasesunglowedieaes daunnludndudeamsiuaiduiua
a Ay o ] %% v Y oo A a a
vosauetmneRsesns@nwinau lunesldasiuiunssdiiofsaain (probe) 1AW
LANG19g9 (Bao way Jonathan, 2001) Malunisnsiedeunadu ausansrvaeulsne
oznlsaan uazlndezaianludian uazsiaign deauannsovedleleaioaniiasd uasﬂi v
Avvanuaty kagadnsaveslilasueniiialailaearuansistulumuusiassinvesiiegig
N2gfAnwr (Morgan wag Olivivieri, 1993; 814la8 832558, 2547) WUI1NITANYIAIY
nannatgueivanausUs19liiies Ghazali Lagang (2015) Anwa Kundang (Bouea
macrophylla) was Remia (Bouea oppasitifolia) Mnuainusemanadeuuadu Kundang
§1UU 56 F29879 Way Remia 71U 23 H19819 @NARLOULOAINATUDY Murray Way
Thomson (1980) Ingldiasewmineleteaiedensiduinisamuieluana annsdentnsiues
& s a ¢ g v a g gy a & a
Ravue 52 Tnsiwes Mdies 10 Inswes ARRawaUALO UL NTALIU LaZLAAILAUALOULDT
WANANITILILLNN Feanfed1s Kundang aglvinaunudduelilnanesiin (polymorphic)
duu 45 wavu Anvdusesay 50.2 WeuiAdleg1earLANIAENUSEANS AU B Y
wui1eglugia 0.659-0.955 luvausl Remia azliinanaufiduieiuanaediuiu 54 uau
a I 2/ al o 1 % 1 gj % a £ = 1 I 1
Anlusegay 59.5 WauAfeg1avimuaNIMIA1duUTEANSAUWiaunuItaglugle
0.591-0.977 Tuvagfin193As1zingudieg19wes Remia woneanidu 2 nqu way Kundang
I 1 Lo a v A o A a A a 1
woneandu 3 nqu wenanidlinenunisldesemunelaeaoaonsiviivsiindus n wu
gfuns wagU3en (2550) ANWIANMAINAIENIINUGNITUVDIELNNIT (Hevea brasiliensis
Muell. Arg) 91w 13 areiuglulszinalne wiadu 6 areiugiduiugnisdi lagld
Tnswesdruau 20 wfia wunanlwsiwes 5 e Adenldamisaduaszilinaudiouie

799%UA 1,112 WU Ineila UNLEAIANULANAIIAY 31U 789 au (70.95%) kasuenaini
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Fanumduuseansanumiouiilaannnisfinwiasell dd1egsening 0.608-0.879 F1a1n

nsanwiluansliiuinesomuneluanalewaeaesaiuisatulinsrvdounuwanmg

VNINUGNITUVRIENIN TN ERUGNAN WL

2.1.2 in3eamunelefilias (inter-primer binding sites: iPBS)

wseeanglofitied (inter primer binding sites: iPBS) LIulAIo M8
FluanasvuuulndiWaundulae Kalendar hazany (2010) erdendnnisasiaateiia
a & 9 A aa s v cala a a ¢ a
Adwemenalinfigensainnislegusuuvesinswesiduuin 12-18 dandlolnauiim
tRNA W lUguduiufdwertnuneves long terminal repeat (LTR) U3kaad retrotransposon
= a Ao o a & v a o o Vi a ada J
Feduusnandruarsfiduedniinnisdundsnienugnssulaienuluddidinlungy

va

geilonynaiin lnslanizegdsitmununneindaiudefvonndomuneifofifoluiduiud
G’TEN‘VITTULﬁ&l?ﬁU“aj@mﬂaﬁ’lﬁUL‘UﬁGU’e]\‘iaL5ULEJLﬁ’Wm’lUmﬂﬁ@uﬁﬂlﬁx‘hEJVLEJ“?JJU‘%IEJULLazﬁﬁﬂ%T\]'WEﬂu
nsvitiey warliUSunaesfbuetdosyssuna 25-100 wilunsuseuisen waglvizuuuy
ﬁLﬁuLaﬁﬁﬂ’awmenqﬁaqa (Kalendar wazamg, 2010) wuin Mehmood wazAguy (2015) Anwn
ANEMANTANESUENT IS (Psidium eugjava L) Alassilaslefitieauazioaienens
nfege 70 Mo ngldlnsweslofidiea sauau 6 Tnswes wudwiuwauisuedilsy
ALANGNITanLe 97 wavAailudesay 96.63 Lﬁ'av‘l’wmﬁmiwﬁsﬁagaﬁ%m%"awma
lofiTioauayioaioasns wanmudUTuSTE NI van 70 §I9879 LagaLN3aLeN
AMUANRUSNI LN TSHRENI KRN LA NmEansle tneanis Ussinauifaniu

HIngln 8178 warduLde

2.1.3 \aSesunewoadladi (Start codon targeted : SCoT)

i30amusLeadloft (Start codon targeted: SCoT) tHutATBINUIENI
Tuwanagnitaunulag Collard kay Mackill (2009) TnglHlwsisiasounn 18 dandlelnsidios
Guden TnelnswesiuduldfilnsuesiSusu (forward primer) warlnsieiniu (reverse
primen) g lUguiuiuiduuTnaluslumes (promoten) Faduuinaiiianisnonsia
#ugnssal (transcription) Msfilwsiesuazdusuluslumesldtuasdesiidwuindlelnd
ATG Usznaveglulnsmesdsgy 2.4 wuihluvilinsmesazdszneusedfuaidmng fo
ATG T +1 +2 Uag +3 ANUEU LUa G AIRunius +4 wwa C fishunia +5 uaziua
ACC Tisuvias +7 +8 uaz +9 muddu antufinuSinamsueseds polymerase chain
reaction (PCR) udusnvuiamiduielaeifornilsanadidnlnslnida unIemuned

Ufuanisladne aldanglias lnswesaldidu universal primer nan1snsaaaeuiiniiy

A A a

WLgede Linlwauesiin (polymorphic) kaslidsednsann dan13seuAIULANAIINIS

v

ugnssuveenvle (Collard wag Mackill, 2009) WuI1NTBIMBY kazANe (2556) LaAnwiay
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$nunusie (Rhus succedanea L) $1uau 96 fegns Tnglfiaiomuneioatlofinylnswesd
JAuMNNzauIIuIL 5 bnswuas As SCoTas, SCoTa7, SCoTa8, SCoT52 way SCoT55
anusaliuouiiduorionn 36 uoufuineglugas 800-3,000 gua lne 34 wouifuuny
Fidueiliwduesfindnilusosas 94.44 WothAmuninngusieds unweighted pair
group method with arithmetic average Wudﬁmé’mﬂizﬁmémwmé’wﬂﬁamqﬁuqmsmﬁ
AUIAI8gnTv8e Jaccard 9glurag 0.130-0.923 a1xnsautaiieg1sdusnunuuod
yhnsfnweanifiu 10 ndu nisAnwaSsiuanddiifiuinmessiusnunusedaufuuls
yaugnIsugs ansnsolffudeyafiugiulunisiulssusuareudnbundeiugnasaly

Usznalnela

GENOTYPE #1

5— mmm GeneA ¥ [—
SCoT primer
SGCoT pri -
primer
> <3 EEne Bl — 5
PRESENT
GENOTYPE #2
5———-puﬁéﬁ§\\ 3
— L/
SCoT primer
3 s
ABSENT

SUN 2.4 §nuarnIslnauvedlnsiuesioadlon

=1

U1 : Collard ez Mackill, 2009

e

2.3.4 \A309NUELBEON5LOR (Sequence-related amplified polymorphism:

SRAP)

\A3pvneeaDsIef (Sequence-related amplified polymorphism: SRAP)
Juedesnevisiidwnaiefidorsunld fuadosmnsiignandu uasiinulae Li ua
Quiros (2001) Azeanwuulnswasaosviinfe forward fuun 17 Lud du reverse Huun
18 wa Inswosvin forward Uszneusedduivaunuiimileutuen 14 wa fadudmves
dduuanuuguEent filler 81 10 WasesBLUa CCGG (U7 2.5 n) tiledulsiiugu exon
vide ORF Feasiniduuinauifiesduszneuvesuafiu GC gemssaney 3’ voslnsiwediduiva
finidion (selective base) n 3 wailAsuuvadld 1wy 5-TGAGTCCAAACCGGATA-3" du
wswesuila reverse Usznausedduiuannuiwiloudusnn 15 waidudwes filler s
11 wa (endfuivaveslnsiesuia forward) dafewua AATT (U7 2.5 @) tilelddu
Aumdueludlunuina AT gsfsfmuludn intron wazluslumesvesdunsaats 3’ veq

Tnswesiluuadadeniiudsundadlesn 3 1wa 1y 5-GACTGCGTACGAATTAAT-3’ 911
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Insiesnoanwuulivilrdiwudsnaursasinusualaludluui vyl dududiuve sy

A Y A

WINNINATOIMUBALBULERUUdNTTADY TafvaanIamunaedeisiof fe Mldde waz
ndlidewmsudeyadiduivaresdadidiniiseansfinw uandunisnsisdeudiouenss

agvati ety vilade eldanegnuazsinida (@5uns, 2552; Li wazaoz, 2001)

Forward Reverse
b
5’ end filter
Selective 3" end
Core motif ACG Core motif
CCGG TGA n AATT .
AGG

JUN 2.5 dnwauzvedlnsiues forward (n) waglnsiues reverse (¥) vosmallAaeIsion

31 : fiaLUaIgUIN Poczai uagang, 2013

s

Uaund wazame (2551) Anwinnes (Cucurbita moschata Decne.) Wug
n3fn 11 aneiug uasilnmestusiuiios 2 aeiug Wednwanuduiusmstugnssuves
flnnessisnandersemngluanaiedensiefiuardnuvasauniig fio Wesldudivosuded
avaeild Ymidnuste uasAdiionadaeds Hunter System Wuls wIuLaUALE w7
wananeiy 919U 43 kav 310 8 dlwsiues diA1 Dice similarity coefficient ag 321N
0.425-0.925 91AN133nNgulAgIT UPGMA mmia%’mﬂajuﬁﬂwaaﬁq 13 anenugle 3 nqu
waziinnesqitu ligndneglungule fnnesgnuauiiinnvaaeugnineglunguiieiiu uas
Fnegsnanguivsiuguay wothdnvasamuawranIaszinnuduiusiieds Principal
Component Analysis U1 PC1 wag PC2 oSuenanuSuTLEl ST 82.88 %

To9n15 uaziilesi (2557) Anwidnwaznisfugnssuveslisinasy
(Thyrsostachys siamensis Gamble) T,maﬂisqnﬁlsﬁméammaLaam%LaﬂLLaﬂaﬁﬁLaa WU

a

wsesmneeaansiei uagleitiea anunsauuussandldlunivisdlilavazmangnazinly

= =]

Anwitwsdliselulueuan esnyhnsmeaesldielizuuuiauresiiduefidanung
Mgears igalefisuiueiomunedug

Kaur uaganiz (2004) diATamuneoaoniteitumsiaenauanae
NNUGNITUYVDY Brassica rapa 31U 19 §39E14 Fallaununusesiglusouwaneiaiy
lusewdusnemssed (micro nutrient) Ndnduamsunisiasgivlavesiivdnluiniu

& a1 A Y = v | P ' S|

woz luiiwsoy lnann1sfinyiiied e B. rapa NllaununIusiesgluseunuIdnaln
n1sminsnluseudluiveananTndruiusnludumu ldaunsandnsgluseulsnie

[

indnlates Wefnwianuwansmisiugnssulaeldinsemuneoaonsief wuaaInnIsuy
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Yunauiiduelagldlnsiues 15 ¢ dlwswes 14 ¢ NlvRnuwnnd1avesuwauAduLeNmNn
128 wau tieu1vayau1aine phylogenetic tree @115k UINGY B. rapa WUFNHAAIY
Aumukazlifuniudesinluseusananiule vilvaiunsadadeond nauvesnousiiio
asasgnsilddmsuriununguniunusesigluseusialy

Talebi wazAny (2012) Anwdfinnde (Pistacia) 311U 36 Fweg1e Fadu
=~ ¢ . = 1% 44' s Ao [ s
#oluiad Anacardiacese 1nN1sAnwITIEIASoMINELRAR I SlENT UL 11 Alnsiues wu
FIUIULOUALDULDNINUA 202 WOU wazdwauAduLaNllnauasinT1UIU 168 oy
Antludovaz 83 wuauuUsUTIUNIITUINTIUAEWUG P. vera wunaonaInalenugin
P. vera (Sarakhs) a@an3aduilyguladndnvausaunaiugnIsuvedaenug P. vera Waiun
Wnaeiugul P. vera (Sarakhs)

Zhao uazAme (2009) Wnasawangleaaisiofiuldlunisseyaeiiusues
wilou (Morus Lin.) 23 faege ngldluswes 12 alunisifiusnamdue nuwoufoued
a 1 [y :.// a [ v d' o a @ c{' 1
TAum19U 59 LaUAMNINUA 83 wauAALdUSaay 71.1 1RA8IIUIULAUR LD UL TILANAN
[ 1% ) a & 5 1 I 1
AULAUTEUA 4.9 BAZINUIULD UMD ULDNUA 6.9 AlNILUDS MUIEAINNIIAILNAINKANY
Y838U WazA PIC (Polymorphism Information Content) 8g# 0.1611 uaz 0.1353 Anuansu
AduUsEANSANNmllauiunsiugnssuegluti 0.6905-0.9524 lagildA1iadie 0.8330 uax
anusadanguuemeuld 3 nau e Yaosang \unguil 1 Lijiangshansang ungudl 2 v

Ao g a 1 o el v & oA
#9NquUInTUNQUBEsSY uasulouNugaus anlunquyn 3



uni 3

A5N15ANLUUITUIY

3.1 fegneiitunldlunisAne

Ausegndlunzusanaruzesda Aldlunsine S1usu 30 fegne wiaduuusns 18
mvens Ingliswaidu MP Lasuzeslin 12 Medrs Ssiadu MY lnatiufegisainaianans
loun Sminuasuien Smineysen Sminuniuys uazdminanys dndunguuszvinsi 1
(population 1: pop1) wazniamilenauans tawd Janinglery damdamysysal wasdmin
AWNILNY S %’@Lﬁuﬂa;mﬂszﬁuWﬂsﬁ 2 (population: pop2) (113197 3.1) Fesfaeeredulng
lasuAuoYAIIERANAINUNSAL 1ag 5.9.0.871198 MedN Lagld1veIEIuITANITINYAT
Taoqaidn Insasatad twhedrddadlugeduien (zip lock) udniluifulifigamad -20

DaAALTYE IUNTEYUINNANET

M157°99 3.1 §19U Foaneiug afI08 wasunasiiy

Number Name Variety Code Population  Province
1 XEATEAN! WUBUIA MPO1 pop1 UATUIEN
2 Nz UTN NOIUNSAL MP02 pop1 UATUIEN
3 NPUIN noslngy MP03 popl UATUIEN
4 YEALPRN NOIUNSAU MP04 Pop1 UATUIYN
5 NzUTN FITINUM MPO5 pop1 UATUIEN
6 UzUsN Unknown MP06 popl UATUIYN
7 WU Unknown MPO7 popl UATUIEN
8 NBUTN naulng MPO8 pop2 sy sed
9 EATRRN MIUNAY MP0O9 pop2 sy sed
10 EATRRN Ugnumnes MP10 pop2 gluiy
11 wgdse JeeT MP11 popl U513uL3
12 12U LNYTUAIE77 MP12 pop2 ALWILNYS
13 12U WIUNAU MP13 pop2 ALNILNYS
14 NyUT WA MP14 pop2 sy sed
15 1zUIN LNYTUNLNA) MP15 pop2 AMWILNYS
16 RPN AADIAY MP16 pop2 ATLNILNYS
17 ugUse lug MP17 pop2 AMWILNYS
18 NzUTN Viaadu MP18 popl 9858




A15197 3.1 §10U Foaiug TEMI9E1S LazUNEIIAU (A0)
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Number Name Variety Code Population Province
19 ANk UMY MYO1 pop1 UATUIYN
20 LI Taad MYO02 popl UATUIYN
21 NLYUITA YA MY03 popl UATUIEN
22 AEAINGIY UNYUUUA MYO04 popl UATUIYN
23 AEAINGILD ANy MY05 pop1 UATUIYN
24 Nk Unknown MY06 pop1 UATUIEN
25 UrgdR  NaNaI MYO7 popl1 any3
26 NLYITA Wilipaesu MY08 pop2 gluiiy
27 NLYUITA Waign MY09 pop2 gluiy
28 USEIUA UNYUUUA MY10 pop2 ALWILNYS
29 ULET LINYINANNAY MY11 pop2 ALLWILNY S
30 NEAINGILY INYIARDIAY MY12 pop2 ALWINYT

3.2 aunsnl
321  indesilehdeuuuldussiulom Gutoclave)
322 fdueamall 4 waz -20 oeAwaLded (refrigeratior)
323 seriaemudunsnnig (pH meten)
324  \A30INaNa"s (vortex mixer)
325  psesshideansau (hot air oven)
326 3095 2 Fuanis (balance)
327 pSedidninslnEda (electrophoresis equipment)
3.2.8 n3zUan®A (cylinder) ¥u1a 10, 50, 100 ag 1000 ladans
329  VIALAIUTIYENT (duran) uIa 250, 500 Lag 1000 ladans
3.2.10 apanAanIvuIn (microcentrifuge tube) 0.2 way 1.5 UadanNT
3.2.11 Umonlugld (autopipette)
3.2.12 \nTesinuinamsiugnssuuuilu (nano drop); Themo 2000C
3.2.13 91AIUANgUN)H (water bath)
3214 pdsafinusuiafiduie (Polymerase Chain Reaction Machine); Thermo

Scientific hybaid PX2 thermal



3.3 gnsiadildlunsaiafduelaeds CTAB
3.3.1 CTAB (cethyltrimethyl ammonium bromide)
3.3.2 EDTA (ethylenediamine tetracetate)
3.3.3 B-mercaptoethanol
3.3.4 Absolute ethanol
3.3.5 Tris-HCl
3.3.6 Liquid Nitrogen
3.3.7 Phenol
3.3.8 Chloroform
3.3.9 Isoamyl alcohol
3.3.10 RNase A (Geneaid)

3.3.11 NaCl

3.3.12 Deionized water

3.4 gsndildluesemuneloediedens lefitios wadledi uaziosensiof
3.4.1 PCR buffer Auitudy 10X
342 MeCl,
3.4.3  dNTPs (deoxynucleotides triphosphate)
3.4.4 ISSR primer BAAIAIANTIIN 3.3
3.4.5 iPBS primer wAAIAIN1517 3.5
3.4.6 SCOT primer WARIRIANTINT 3.6
3.4.7  SRAP primer wan4fIn151971 3.9

3.4.8 Tag DNA polymerase (Geneaid)

3.5 gaadildlunisinseilaemaiinaznilsanadianInsingda
3.5.1 Tris-borate-EDTA (TBE buffer) A7ulUudu 10X
3.5.2 oznlyda (Agarose gel)
3.5.3 @douiaa (Radsafe)
3.5.4 aLEﬁULamﬁmigﬂu (Marker 100 bp plus DNA Ladder); Vivantis

3.5.5 Dye ANULINTY 3X
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3.6 25N15NNABY
v A« Y] 3 a &
3.6.1 NTaNAALDUL ATIIFDUAMAINLAZIAUTUIUALDULD

T¥38nsannfiduelneds CTAB Jadnutasanisnisveslesnis (2555) Tneidl
Bnseiihidedediuluiivressiogiaszana 100 fadndu dadutudng ldadulnssun
dalulpsiumaiudiunaunsyiiluaziden 9ntuin CTAB 71 10% B-mercaptoethanol
U3u93 800 lulasans uaseauasiudeiontu gaarsazanesegisiiualdldadlumaan
naapvLn 1.5 fadans naulyidniuse Vortex mixer danusitgamgil 65 ssmiwaldea
shesrsmuaugumgll uszeziian 60 Wil uazndunasamn 15 Wit 1iloasuawdIlv
1nuRu Phenol: Chloroform: Isoamyl alcohol (25: 24: 1) Usuas 500 lulasdns waul
dnfulaenisndunaenluinetnesedase S dludumiefianuiisou 13,000 saudeud

al

Hunan 15 it udgransazanedndlasuuulanasanaaesvuin 1.5 fadans luvuzdige
sy Tillignaufiiummsadun nduiu RNase A axndudu 20 fednsusiofiadans
U3uas 2.5 lulasang daiislidquugiivos 30 undl Wiu Phenol: Chloroform: Isoamyl
alcohol (25: 24: 1) U3a1ws 300 llasdng wauliidriulnemsndunaenluinagessdnseia
Ul Humissiinnndaseu 13,000 seudeund Wuan 15 wf walanasazaiedula
suuuldnasanaaosun 1.5 faddns luvuzigaesseTahilsigaamiduevioadun lu
fupauimndmuihmsasavdanlaiigauldeglilalsivheduseu Phenol: Chloroform:
soamyl alcohol (25: 24: 1) Bn 1 5eu wieldarsazaefilawdrninuiia lsopropanol fu
arsazawdnlalusnindn 1:1 udihluvuiigavgll 20 ssmwaidea uiu 1-2 9l
rndudiniduimieafiaauiiasev 13000 seusoutd tuiaan 15 uad
mansazasdlanen a1angneufiduladie 70% Ethanol Usunas 1 faddns dnlutu
wissfiannai§iseu 13,000 seuseund 1luiian 15 uift andumdaniiiu Ethanol aen

WAy Absolute ethanol Usuas 1 fiadans drluduwesiininusiseu 13,000 seusauli

a

Huaan 15 wiit andumdruiilu Ethanol pon WnzneudiBuieiildluvnfigunad 65
psmwaIla U 5 Uil LilelWi Ethanol sy udn3sazansfdulese Deionized water
U3u1ns 100 lulasdns uazifivansazaiefduielifigamgil 20 ssawaidea lagas
PINEOUALNTI WarUSinauABuenounsldan Seilawsd
3.6.1.1 NM13ATIERUAMMNLALUSINAURD W InENTIAAINTITAANA LS

theegafduetildnmsatniduem 5 lilasdns Wuhndufisnide
ué 495 lulasans (udnan1:100) adluvasaneasaudmanlminiu garsazaroiogied
Foraudaldfang fadnisgniunasiieiaiosiadinisganduuas Tagldindudud
1173514 (Blank) Ine¥asn O.D. iAruenandy 260 waz 280 unluliasddlddmiunis

AWINANUSAYBURIAEWE (41177, 2553) lAR1nans
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OD ratio = A260/A280

o A260 = AMNNSAANALLASUBIALIUE, A280 = AIN1SARANGULAIYRIlUIHY

3.6.1.2 M3nsIvdUAMMNIAZUSINRLD W lag Teadiannsinles Y
iiBuefiadald 5 lulasdng naudu 3X Dry Tuuduia 3 lulasdns
asvukHuvueznalsafiflannududy 1 wesidud Taelduninas Tris-borate EDTA
(1X TBE buffer) finszualndin 170 Taad wiu 30 wnii Jeudiaaldde redsafe daldvinag

a

nauddouneludunaun1simseuasn1lsalaa Wnawiy redsafe 0.05 lulasansmeliadans
Qd‘d

(nadluvaeNansazangiaaionmginiieaunsadulameiiolUdn) uaziilulaseiainag

p18 Gel documentary system
3.6.2 N1SUUSUuAD e laaAsa NIl

Piisuefiadalauiinusinalesd uaIsaiinlsuamsueendosmng
loleaioaen Tneuasididudulsenevvesfitenadunasamaassuin 0.2 fadans
(M5799 3.2) leep3amnglowaean1sldlnsuesdiuiy 20 nswes (Gonzalez uazmne,
2002; Vanijajiva, 2012) (A157991 3.3) waawaulidanusie Vortex mixer Laz Spin down
mﬂﬂfuﬁ’]d’mmauﬁlﬁﬁwLﬂ%aLﬁw%mmﬁlﬁmaﬁﬁqmmﬁ 1987 BATSIUILTAUATLAISIT]

3.4 (Vanijajiva, 2012)

A151991 3.2 druUsenavansailunisiiuuSinuRd uemsesomInglotaLaes

lofiUiea warieadlodl (Collard wag Mackill, 2009; 1aen1s waztasiln, 2557)

Solution Initial concentrate  Volume Final concentrate
PCR buffer 10X 2.5 1X

MgCl, 25 mM 5 5mM

dNTP 1.25 mM aq 200 uM
Primer 50 pmol/pl 2 4 uM

DNA template 50 ng 2 100 ng

Tag DNA polymerase 5,000 unit/ml 0.5 2.5 unit

DI water 9 ul

Total 25 ul




20

[y

o a s ° a a ¢ a s
M1919N 3.3 SULLWIGU@QIWiLlI@ﬁ LLaean Uu’JﬂaIE]VLVWIGEJ@QLﬂi@QWN’]UVLE]L@ﬁL@a@']i (Gonzalez

wazAe, 2002; Vanijajiva, 2012)

Primer Nucleotide (5'-3") Primer Nucleotide (5'-3")
UBC801 (AT)s T UBC824  (CT); CCG
UBC807  (AG); GT UBC825  (AC), T

UBC810  (GA)R T UBC826  (AC)g A

UBC811 (GA) C uBC827  (AQ)k G

UBC813  (CT)y T UBC861  (ACC)

UBC815  (CT);G UBC863  (AGT)

UBC817  (CA)A UBC868  (GAA)

UBC819 (GT)z A UBC870  (TGCO)s

UBC820  (GT)s C UBC873  (GACA),
UBC822  (TCO)g A UBC881 GGG(TGGGG),TG

M13199 3.4 uanseumall L kazduiuseuvetiastuneunliluensomueleloaeaens
(Vanijajiva, 2012)

Step Temparature Time Cycle
Initiation denaturation 94 DI ALTYE 5w 1 59U
Denaturation 94 DA ITIALTYE 40 Ui
Annealing 50 DA LTAG 45 U9 35 59U
Extension 72 DamaLtyd 1 W% 30 A

Final extension

72 p9ALALT Y

8 U 1 58U

3.6.3 NMauUSuandwelaewalAsa g loNdied wazioadlad

o a & A v vy a a 1% .:4' a a o a 1Y K
u’]ﬂL@uLaV]aﬂﬂl@@JqL‘WﬂJﬂiﬂquIﬂEJL‘SU']Lﬂi@ﬂL‘WNU?&H@J@LQUL@@'JEJL?]TE]QMN']EJ

lofidioa wazteadled lnednasiadifdudiulsznavvesisenasluasavnassuuin

0.2 1a38A5 HIM15719% 3.2 Inewesaanunglandwaldlnsiwasanuiu 30 twswas (Kalendar

warANY, 2010) (M54 3.5) LaLLASaaUNewaT e 7Y lnswasiuIu 30 nswwas (Collard

v Y

wag Mackill, 2009) (115797 3.6) wadwaulidiuAY Vortex mixer Wy Spin down 91011
o 1 A v oy al a a a aa a o a
durauladuaIosinUsiumdueN Toumngil 1381 LagduIUTOUAIUAITIN 3.7

(oams uazilasiin, 2557)



o a s o ¥ a s 44' aa
M1919N 3.5 %uﬂm@ﬂlWiLﬂJ@ﬁ LLaga']@‘UurJﬂaI@lmﬂsUaﬁLﬂi@ﬂ‘ViNWU‘IE)W‘UL@a

(Kalendar wazmgly, 2010)
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Primer Nucleotide (5'-3") Primer Nucleotide (5'-3")
2076 GCTCCGATGCCA 2295 AGAACGGCTCTGATACCA
2077 CTCACGATGCCA 2374 CCCAGCAAACCA
2079 AGGTGGGCGCCA 2378 GGTCCTCATCCA
2080 CAGACGGCGCCA 2380 CAACCTGATCCA
2081 GCAACGGCGCCA 2382 TGTTGGCTTCCA
2083 CCTCTAGCGCCA 2389 ACATCCTTCCCA
2085 ATGCCGATACCA 2391 ATCTGTCAGCCA
2251 GAACAGGCGATGATACCA 2392 TAGATGGTGCCA
2252 TCATGGCTCATGATACCA 2393 TACGGTACGCCA
2253 TCGAGGCTCTAGATACCA 2394 GAGCCTAGGCCA
2256 GACCTAGCTCTAATACCA 2398 GAACCCTTGCCGATACCA
2272 GGCTCAGATGCCA 2400 CCCCTCCTTCTAGCGCCA
2273 GCTCATCATGCCA 2401 AGTTAAGCTTTGATACCA
2277 GGCGATGATACCA 2402 CTCAAGCTCTTGATACCA
2279 AATGAAAGCACCA 2415 CATCGTAGGTGGGCGCCA

dl a s o Y A al 13 = IS a
19199 3.6 %umaﬂwsmai LLEI%@’]@UU'JQE!I@I‘V]W?JENLﬂi@ﬂ%ﬂﬂ&@ﬁﬁﬁia‘ﬂ

(Collard wag Mackill, 2009)

Primer Nucleotide (5'-3") Primer Nucleotide (5'-3")
SCoT1 CAACAATGGCTACCACCA SCoT16 ACCATGGCTACCACCGAC
SCoT2 CAACAATGGCTACCACCC SCoT17 ACCATGGCTACCACCGAG
SCoT3 CAACAATGGCTACCACCG SCoT18 ACCATGGCTACCACCGCC
SCoT4d CAACAATGGCTACCACCT SCoT19 ACCATGGCTACCACCGGC
SCoT5 CAACAATGGCTACCACGA SCoT20 ACCATGGCTACCACCGCG
SCoTé CAACAATGGCTACCACGC SCoT21 ACGACATGGCGACCCACA
SCoT7 CAACAATGGCTACCACGG SCoT22 AACCATGGCTACCACCAC
SCoT8 CAACAATGGCTACCACGT SCoT23 CACCATGGCTACCACCAG
SCoT9 CAACAATGGCTACCAGCA SCoT24 CACCATGGCTACCACCAT
SCoT10 CAACAATGGCTACCAGCC SCoT25 ACCATGGCTACCACCGGG
SCoT11 AAGCAATGGCTACCACCA SCoT26 ACCATGGCTACCACCGTC
SCoT12 ACGACATGGCGACCAACG SCoT27 ACCATGGCTACCACCGTG
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AN57199 3.6 vievadlnsiues ward1nuiiedlalndveuasesuewea e
(Collard wag Mackill, 2009) (s1®)

Primer Nucleotide (5'-3") Primer Nucleotide (5'-3")

SCoT13 ACGACATGGCGACCATCG SCoT28 CCATGGCTACCACCGCCA
SCoT1ld  ACGACATGGCGACCACGC SCoT29 CCATGGCTACCACCGGCC
SCoT15 ACGACATGGCGACCGCGA SCoT30 CCATGGCTACCACCGGCG

d' a [J 1 :.J/ q‘ d‘l A
M990 3.7 LA LIRN wagdnuIuseuvesazduneaunldlunsowmnngloiioa

LYY hazlaaa1sLaN

Step Temparature Time Cycle
Initiation denaturation 94 pIAITALTYE 5 U 1 59U
Denaturation 94 DIATIALTYH 1 4% 30 U9
Annealing 35 DA ALTYE 1 W 5 59U
Extension 72 DAL Tud 2 U
Denaturation 94 DiFLTALTYd 1 W 30 U9
Annealing 50 a9FTALTEE 1w 30 50U
Extension 72 a3ALaLTYd 2 U
Final extension 72 D3P LaLdd 8 Ul 1 59U

3.6.4 NSNNUSUUAD UL LALASDINIELEEDNSON

o a & A W v a a v = a a a < P A
PR UeNaNA AU ALUSIN B LAT AL US LA UL AELAT D9YILNY
&  a a Aa & | aaa A aa
aensien lnawanasnidudiulsenouvesfisenadlunasanaaesuin 0.2 1adans
(m157197 3.8) IneARALLEDISLN LY NS UBTIIWIU 30 tNSLUas (1151971 3.9) waINaulATN
ffuAle Vortex mixer Wag Spin down 3 ntudukanflamdasoufinuSuumouendl

gl e wazduuseunldnwmisen 3.7 (1oans uazilesil, 2557)



o ! =~ a a aa 1 z:{' s
M19190 3.8 ﬁ')u‘u53ﬂ@Ua'ﬁLﬂﬂJIUﬂ’ﬁLWllﬂiiJ’]m@LEJUL@G]'JEJLﬂi'E]QWﬂJ’]EJLaﬂ@qil@w
(Li wag Quiros, 2001)
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Solution Initial comcentrate  Volume Final concentrate
PCR buffer 10X 25 1X
MgCl, 25 mM 5 5 mM
dNTP 1.25 mM 4 200 uM
Forward Primer 50 pmol/pul 2 4 uM
Reward Primer 50 pmol/ul 2 4 uM
DNA template 50 ng 2 100 ng
Tag DNA polymerase 5,000 unit/ml 0.5 2.5 unit
DI water 7l
Total 25 ul

o a s o v a =X L3 ~ s a
f1919N 3.9 ?JU@]?JENIWiL@JEJi LLﬁ%ﬁ']@'U‘U'JﬂﬁIEﬂ‘I/IW?J@QLﬂiENVTﬂJ’WEJLEJﬁ@’]iLEJW

(Li ttae Quiros, 2001)

Forward Reverse
) Nucleotide (5'-3') . Nucleotide (5'-3")

primer primer
Me1l TGAGTCCAAACCGGATA Em1 GACTGCGTACGAATTAAT
Me2 TGAGTCCAAACCGGAGC Em?2 GACTGCGTACGAATTTGC
Me3 TGAGTCCAAACCGGAAT Em3 GACTGCGTACGAATTGAC
Med TGAGTCCAAACCGGACC Em4d GACTGCGTACGAATTTGA
Me5 TAGGTCCAAACCGGAAG Em5 GACTGCGTACGAATTAAC
Em6 GACTGCGTACGAATTGCA

1NAIT19 3.9 NINSIeS forward 371U 5 sues wazlnswas reverse 311U

6 lnswes anansadueinswefieldluujfisenladnuau 30 alwsiwes (Li wag Quiros, 2001)

3.6.5 M3AUIULALIATTYA

AUNAINITALUSUIUALBULRIZATIINANEANT o 1T AremaTlnaEn1ls a

adlnInsInsda lnsldeznilsaanianuudun 2 Wosigud Tu 1X TBE Tasvuiuanin

fdo15U3ums 7 lulasdns nauu dry 3X) Usuins 3 lulasdes wagldfduennsgiufe

100 bp plus Ladder 91n1u3LAT 1 ToyaMNLATOMUNEAIIY wazhUaNaLaUALIULDT

Waduluwsaglnsiues lnenistiazuuuuuy Binary lnsazuwuilmdu 1 lunsdiuay
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Mdueusng uaglviazuuudu 0 Weldfiuaufidue w duninieriuresusagiiogne 1
azuuuldiFosafundiinsgsinudiusmaiusnssu

MUz ansANLAGIeRaS (similarity coefficient) (Nei and Li, 1979)
vosusazalaedosmneluanalunuuiesgidiu ngldaduUssansunsguedlad
(Dice coefficient) (Dice, 1945) [D = 2M / 2M+N)] #28lUswnsy Past version 3 ¥1AN
ﬁ'uﬂizﬁw‘éﬂaﬁuﬂﬁﬂEJﬂﬁﬂma%J’Nﬂfjmmmﬁ'uﬁué (Principal Coordinates Analysis: PCoA)
uazENAUNUSWUU neighbor joining (NJ)

nsUszdiulassaiameiugnssvesseeng (K) fuanganlunisinsei
Tnssa$ravosnguinogaiilidnuesldisiseinnnuinazduluuiud (Bayesian) sy
TUsun3a STRUCTURE v.2.3 (Pritchard wagame, 2000) Iagagfiuiam1ves K saus 1-10
MntuthuAiaszsiman K ud3sinsgilaelusunss CLUMPP version 1.1.2 (CLUster
Matching and Permutation Program) tiie3iasigsinas K ﬁmeamﬁ’uma%mgmwmm
NINLARNILATIATIINIIRUGNITUAINNGUeE 19wl (Earl uas Vonholdt, 2012)

Yoyaitlsannisldrziuunuy Binary vesusaziedasmnensluianaazgn
thuniinsgiussansameaaiomngdniuiaiominsidumeidaryia felusunsy
POPGENE version 1.31 (Yeh wazamiy, 1999) wioliaszsinasiusouiiiounanuduius
sEMIanguUIEIINTIBsTIRENY Usznause Aladgsodumisuesindueiiin (percentage
of polymorphic fragments: PPF) §1u2uleada (observed number of allele: N,) 9111
Wlilaiviueada (effective number of allele: Ne) ANATHAINNAINWAIENIRUGNTTUYDS
F1UdU (Shannon index; Hp) ﬂ'wm’mmmﬂwawaquﬁuqﬂsiuiam (expected heterozygosity:
He) Tiseilassadamnaiugn TiveenguUsysIng Aduuseanivesnnuiandnsvosdy
(coefficient of gene differentiation: Ger) Tinamuilsauusznielssansgesiuiouiiiou
fuUsEANTTIavan AULANGIsEiIsE TN sEoIinaInANLANG9TBIA LT Sada
sEnIneUsErnseee MsuusUssransialmdudssansdesdnagyinlvanenmelslelnga
(Heterozygosity) anas AdNUsEaNSANLLANAI9898Y (Goy) Faindanduulnsening 0-1

MnnsanwlasiEdsUsrrnslnemduUseansanuLanawesdy (Ge) Tng
Wright (1978) lalmanumungvemn Ger Tuusiazgesadl

A3E1319 0.00-0.05 wansliitiunuunneaemnIeiugnssutos

AN521319 0.05-0.15 wansliliuauuanAanaiugnssuUIunas

AN521I19 0.15-0.25 UansliliuauunnaIenIaiugnIsuuin

A1 0.25 YUl wansliiuanuunnaIImniugnIsuLInign
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NAN1SIAYLAZN1SDAUSI1HE

4.1 msanaadweanTuuzusne
nsfinwasilldnsadaiiduelaensuszgndliitatnmisueniuleanis (2555) T
FawUada1n Doyle waz Doyle (1987) Iansazanstiasdmiuaniniisueiifidunauves
cetyltrimethylammonium bromide (CTAB) %ﬂﬁﬂmauﬁaﬂumiamwdﬁﬂﬁ? (surfactant)
wazdl ethylenediamine tetraacetic acid (EDTA) FeflauUmduansaisiian (chelating
agent) lumsUszneudsouiilanzgniveglulinanaliilalenaliuszeauainiidudn
dUfAzenld desiunisiineandindunesansd Haafidnusssued 1wy aaslsflad
(chlorophyll) woulnleenilu (anthocyanin Wugu usnarnilluasasarediiesdmsy
afnfBuedufn B-mercaptoethanol adluifiatesfunszuiuniseendladuesindiiuea

(polyphenols) luiduansusenauailuu (quinone) Feagsilvmbuieiduddimaldemele

(%
v aAa a v = o

Falnnulufigandou WudeituuzusanuInleuiouenlalindddendusuiaima
(Agrawal wazAnie, 1992) udann1suszandlginadaiUessunuinfioueiia 30 d1e819
Tngianzegnidulugeunuinlivinin wazaunimeasiduenfnitluwn (Yunjiang wag
AN, 2003) saudldinanlunmsaniniies munsavilaviangiieg1wensy lieIaseiamnmn

= A d A vy a a N i a v v ¢ & &
wazUSunaiAidiefianinlarisnadianinsinidauuniuegnilsandanududy 1 Wesidud
Weuduwaufiduennsgiu Aguil 4.1 saudaianispanfiuiasiieiniesinusuineis

WUFNITUL LU iAU81IARY 260 Wag 280 WLULINT (ANTNNANWINT 1)

Y 1 a ®

3UM 4.1 JUnnefneg1emdueNzUsedI 13 fIee Nadanieds CTAB uulkuaznlsa

Pflaududy 1 wWesidud Wisuifieuiuaduennsgiu (M) vuie 100 guud
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4.2 m'mvimfmaﬂawﬁqﬁuqnssmamzﬂswﬁwLﬂ%f'ammalaLaaLaami‘
4.2.1 midadanlusmafuaznsiiasgiauduiusmaiugnssudieiaiaamung
lolodiadens
anmsvaaedasldlnswessiuiy 20 lnswes (15199 3.3) fuusUsiesiuau 2
feeg19 lAun UzUs1e 1 @2e879 (MP02) wasuzeada 1 dre819 (MYO1) wuiidl 12
Insiues (UBC807, UBC810, UBC811, UBC815, UBC817, UBC819, UBC822, UBC824,
UBC825, UBC826, UBC827 way UBC873) fianunsauaniuaunidueld ualun1snaasiay
Bonlwswesiuanauauiidulenudn yidrldnawuiiy siuluiaAnuausumizlunisda
uunmegnela 310 12 Insiwes @enldiiies 6 lwsiwes lawn UBC807, UBC810, UBCS11,
UBC817, UBC827 way UBC873 antusahlnswesidadenlasiuiu 6 nswodunldly
N13ANYIAMUNAINTAIENIRUEN I TNIUNGUFI9E79 30 Freena lawn ugUs1e 18 deda
UazdzeaTa 12 A29819
Blotnan1Imaaesaniiog198uau 30 §1081e NUIEIIITAFUATITRLAY
nAdueld $1uru 88 wou a0 6 lusiwed snduthunndiassideys n1sduan
FulseAvsrnundae (similarity coefficient) (Nei waz Li, 1979) veundswndloaodens

Y a

TneldrduUszansuinsguvesiad (Dice coefficient) (Dice, 1945) Wuitlwsuesva 6 lns

¢ o a £ 1%

wos Hduuszansauadieedlugag 0.814-1.000 (emanwInd 2) Tngdegediiing
wiloufuanniign Ae #Ieg1939a MPO1 fiu MPO2, MP13 ffu MP14, MP13 /U MP15 Wag
MP14 ffu MP15 wagsnegeiiamLaneIsneiusnIsuaIngs fie feessia MPOd fu
MY08 A ndutinA1duYseandantuniiounnadienduaituduius PCoA (Principal
Coordinates Analysis) falusunsy Past version 3 wuitanunsauuingusiegslunisine
annsausneenliiu 2 ngu fagUT 4.2 aeandestumsiiaszdlusuiuuvesansduius
1n873% NJ (Neighbor joining) Tugﬂﬁ 4.3 wudnnguvesdegtlunisfinwiaiunsanenaanta
Hu 2 ndu nguusmsEneufenzyse $1ua 16 Fogs uarngufiaes Usenaunzesdn 12
feens TnefiugUsna $1uru 2 fegis fie MP17 (Wuslua)) uas MP18 (Wugviesiiu) iy

1 a s

TndBnfungunzesdauniign ilegainsiamoganuindregesiia MP18 iHunzUseiug
visfuiifonguinnindesy Ienszaredluaglunguioisveszesdn dsfimnandululé
UzUs195Wa MP18 zifinn1snaneiug wasnunueUsiesia MP17 Ianulnadaiuiu MP18
Fugruirenadueiog ity viefuwaliuiasduduiugifedtu edunnied esia
MP13 (ugvaunau) MP14 (Wuswa9) wag MP15 (ufinasumind) dudiaulnddady
o1zt dusiuiusifen ddegnaiilinsuieiugio MPOs, MPO7 uaz MYO06 Hunliiiiay
Hualetusdy esansedrsdananlaiflanedusiusiuiusle snifu MYos enaaziduane
Wugna1e3Eving MYOd (ugurayuuwi) fu MY11 (Wuginswnansne) luvuegifegng

MP02 waz MPO4 tWusiiageaniugiieaiu Ao Wugnowunsny us MPO2 Auiuguieusd
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v 6 U !

(MPO1) fanudusiusinddadu Fetinuildunazidurianusifetuuinnia MP0O2 AU MPO4

]

A& 1 v v w

lusieg1a MP09 Au MP13 lusaegreiugminunauiiiunsdniniu nawanslimdiuii

s 1

MP13 o1vaziluiugauiildlyiudniunay wwheaduduiedis MY03 du MYOT Midu

9

o oA

Megniugnainduandeiundmin nudrerafanisnatgiugiinlvdiegauenaen
NAU ﬁgaﬁmmﬁmmﬂﬂaﬁaﬁm ﬁﬁﬂﬁiﬂiaa%ﬁqmaﬁuqﬂﬁuLU%sm Heiiegng Myo7 §
a1eduiusiuiiegne MYOs 11nndn MY03 Tuiuguresyuuuy (MY04 waz MY10) Wuin
freg1e MY10 Siealnd@afudiaegns MY0s (fugyanine) 1nndn fuwlduiiianisnany

u§91n MY05 Ay MY04 Tuvaugil MYO1 (usaumanu) fu MY02 (fusBaadn) ilusioeis

Aa Ya o [ v ¢ a [
nfeulnaTaiuuin a1avsluiugideaniy

@ VP10
03 @VIP08
‘MPﬂMPOg
& ®
* W04 P L
MY06
* e MY09 HrMY03 ®
011 MPO5
Y05 @® \Po7
o~
g ArvY12 Ay 11 : ' ; MP15 @ MP13 '
S -0.300 -0.225 -0.150  MYO1 /5 0.075 0.150 @ 0.225
8 * w ®yp1 ®upi2 WPy "™
MY08 * vvo2 -0.11 N A
-0.24 ®
:MP‘]? 0.3 MP03
MP18 -0.31
04 ® o1
@ VP02

-UIE

Coordinate 1

JUM 4.2 uansnguanuduiusvesitegameinsomunglaledaiaaeis InggauaumLand

A708719UL U LATAIEANLARNIRIDE UL TN

— o017

MP02 Mpo1

MY11  MY12

MPQ8

MP10
MP0OS

MP06
MP17 MP18 MP16

JUN 4.3 wansareduiusveanguiiog14lagnisIATIERLUU N A18LATRININY

loloalpanns
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INANANITNAADINLL DN UNUITUII8UDY Ghazali wazAmy (2015) ALY
wiowmiunglaeaeaenslunisuenuzUsna (B. macrophylla) senilu 3 ngu NAduuszans
AMUMLBU 0.659-0.955 LALHIdBAARBINUINUII8UDY Pan wazAny (2007) kay Kubo way

A (2009) NEnwlutIallasldAsauNeLeaLRa1s karloLaLaasiuNSAN®INN

anunainuatglutinaiewiln nucifera i lutea sauvisiilugnuanves 2 ¥ia wuin

wisnglaleaeannasakentiidesngueanainiuls uiindirmanuvainvaeiien

6

= ) v Y o Aa o al' A4 a a v g v o
"?N'E]'T“UilLﬂu‘lﬂlﬂ?qﬂqimﬂqﬁwuqsﬂaﬂU?WNaﬂUmﬂﬂajquﬂwsallﬂauwallllﬂiswEJ']EJ?"]EJ‘WUﬁ

9

nmimseaduiunisveneiuguuuldondumwadundn (Chen wazmaz, 2008)

4.2.2 N153ATILALATETNNNNUFNTTUABLIATA MU BLaELRE1S
nmsaaTgianadululavedlasadiamisiugnisuaeinguiiegwsysng

WAZUEEITA 91U 30 Fegraaniasemunglateaeansime T Tzvanunas Ul U

a & 3

W8 (Bayesian) selusunsy STRUCTURE v.2.3 anntiuthuiiiasizviman K daduanan

[

Juldldvedlasastaiugnssy wudie K Aldiiniu 2 lnegdafl Delta K geiign Aegui 4.4

Faflanuunnsieegraaudaainan Delta K Tu K 8uq anduadiafunsvuansdaseaing

MINUGNITUAIFUN 4.5

200 |- @
\

150 | \

Deltak = mean(JL"(K)]) / sd(L(K))

i

o -

U 3 a 5 3 7 8 e)

K

JUN 4.4 n3vluaned K vangauvedlassaiianisiugnssulunguiegiemeinisamung

lotpalpanns

9n3UT 4.5 uandliiiiuialassairmaiugnisuvesUssansanndiesnamsUsns
Lagazeada S1uru 30 Mog1e numaildanmeneilassaiiomaiugnsmUszeng
Tagld STRUCTURE annnsminanslassairamaiugnssilunguinegausnieinionsnele
lwaleanfanunsausniulsogiadaiaulag MP1-MP16 szidunzUsafissodiafion vy
Tassafslunguiiaes Uszneuseuzssaaswiafio MP17 way MP18 uazaneusuzeadn

(MY01-MY12) a@nAdadiun1s AT e niuguhuuraengudunusiugun 4.2 wag 4.3 Nudaiy
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yipifuaeangundnlnednyasnanugnssuvewzUsne MP17 uaz MP18 azlndifvsiy
aenusuzesdn lnalwigsanives MP18 Fudunzussanduiudviesdulusssummdiony
niwanefest fvwanaitlilvgfunidlafisuiuizysiivgnlulaasugiayingue saums

SATIRNNITUDLLUTBIAANEAULLEITA

1 2 3 45 6 7 89 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

JUN 4.5 nsluanalassaiimnaiusnssulungdudegiemneinsamunglateaeas lne
e 1-18 WWudegnamedsn uag 19-30 Wused1auzeadn Wedindosuaningy

UspYINTVRWEUTN WagdLALAnINGUUTEIINTVRULLITN

4.3 mmwmnvimﬂwwﬁuqnssmamsﬂswﬁaaLﬂ%f'awmﬂ‘laﬁﬁl,aa
4.3.1 m'iﬁ'mLﬁanlwsLua'iLLaznqs%Lﬂ‘mzﬁmmé’uﬁ'uémaﬁuqmwé’wLﬂ‘%awms
lonUiod
nmsnssdeunuiaslimeiiniinnsitauisuemenismuiglefition
wreulunzUsnasizesdn wazaInnsnsIvde UM insiuesseuadsuglefitioalngld

YY)

wsiedduan 30 lnswe$ (M3neil 3.5) fufogisuzusng 1 fegs (MPO2) uazazosdn 1
§29819 (MYO1) wuandl 30 Inswesiduasimsuels 1ned 6 lnswes (2076, 2080,
2085, 2252, 2398 wag 2401) MduaziLauAdweluyniods waglisuuuuuauAdued
faumainvans Fsamnsntanlflumsinwifiolieseinuvanvansvesiialunguils

MnUNUUANIMAINTaIBTeLaURE ulselrTe g lefiTiea thuiins1zd
Toyalasldnsdurndulszanianuadiolagldrduussansunsgiuvedlad wud
Insiodina 6 Tnsiwed ferduussanianuadioaglutie 0.833-0.992 (M3en1AHLANT 3)
Tnefeehsiianuiviloudunniign Ae daog1asiia MP12 fu MP16 uagfeesiiinm
WANFNNIRUGNITUNINGR Aa g 195Wa MP15 fiu MY12 LLazLﬁaﬁﬂﬁa;ﬂaﬂgﬂuma%’wrwjm
AMuALTUSUUU PCOA Wudamnsautangufiogslunisdnule 2 ndu fagud 4.6

donAnodiunTATIErlugULUUTesEeduiuslag s NJ lugui 4.7 Nanunsouuseysnale
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Ju 2 nqulvg A ngudl 1 YszneulUsmeuzusns $1uau 18 679819 uazngud 2 Uszneu
Lufeusesln 12 fag1s lnefraganlimsuteiugliun d1ee19 MP06, MPOT uaz MY06

WU F20819 MPO6 fiAuduiuslnddaiuiiagne MPO3 duAeiusnaslvg 1f9931n

= A

Y ! Y v & ' N a a a v v 3

fo819 MPO6 vunduduianed waviilefinnsanusnanugnegusiinmamio Jaliaiy
& 1 = [ v s 1 a & a a = v ) v §
Jululdinenafiwdavesiugvedduganasusnatunaziasoduls Jafluunliunsduiug
noslugliiuiiediuiufiieg1s MPO3 suzfidieg1s MPO7 faeduiusiu MP17 Jaduiiug

Tnaiinulsandminiiunanas anUseiRvesdaeg s MPO7 waz MP17 fiaudennand

fudlosaniluduiivgnunuiusasiivweduilvg Fsduunldufissidudunaieiugrsonug

9

a 2 I

WREINU LA MANATNUALEIIULATIUUNE OO AeED1T MPO6 kay MPO7 hiflanedunusinadn

fuiuglotae d1ufaaeg19 MY06 wuindlaneduiusinaniusiiedis MY12 (uginysAaes-

]

a1) Tuvagdaagns MPO2 wag MPO4 (Wugneosunimil) Wudiagraaniudideaniu us

9

asfuiisannnulusieg wauasdiuiu wuil MPO2 fu MPO1 (Wugidlausd) Senuduius
Tnéd%nfiu duuilduisgdurliaiugifedduuinnia MPO2 filu MPO4 FINAINLATEINNNY

lofiiwalsasnadasiunsasnuisloloamanns Wwudeafuf19813 MPO9 fiu MP13 MY03

FU MYO7 way MY fu MY10 wsndunudn MYOT way MY10 thudlaneduriudlnddniu lu

[ v 6

druvpanugnulng (MP08) faeduiusiuiugaufundetauinnindest (MP18) Fua

9

TAuSITULATDIMUNLALDADSN MP18 fanudunusinadaiu MP17 anawdulunlnsiues

¥93A598laNTeatud19uaA1usanulnswesvewasesnunslaledLedans 399N

Tvinasiansnaiu

0.4 -

0.3

MP14
021 ® VP16 @
MY12 e @ VP12
0.14 MPO4
MPO6
& i @0~ @
2 MPO7 ® MP17 @ .MP15
g . j i .
5 04 Mpo8 ® o1 02 @ 0.3 0.4
% ® P09 ® \ipos5
MP11
[&] -0.1 . ®
[ ®
* 021 MP13 Mpo2  MP10
MYO2  MYO7 :

@
MPO1
-0.3

041

-0.5-

Coordinate 1

JUN 4.6 uannguanuduiusvesiiegiswieinsamingloidioa lnggnuauduansiiogns

12U519 WATAIAMLARNIAIDE UL BTN
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—_ 0.07

mpo7  MP17

MPO1

JUN 4.7 uanseneduiiusveingusiegelagn1siagikuy NJ saginsasnglofidioa

NHANITNARBIABARG BN UITIBIIUVBY Mehmood Wagany (2013 way 2015)
Tunismaaeuiiviasugianguids nuitmslngitoudiduledeinismngleiiiea
mmamwnﬁ%mwsnaﬁ'm%’ﬂ (Psidium guajava L) senaniule Tneuendseifnuesnidu
5 g Tusieauves Guo wazamy (2014) wenadu (Vivis vinifera Lin.) oanilu 3 ngu lny
2 nguusnaauenAIetugnIsugeedaiiulddniledinaandnguauduus LUy

PCoA

4.3.2 Malnnzilaseademnsiusnssudieiniomanglantion
nnisiaszianulululsveslassaiameiugnssuveinguiiogauzUsng
Lazuzesdn 99uau 30 Mo nzemanslefidiea Inglusunsy STRUCTURE v.2.3 uay
Amnamen K uaginszilaelusunsu CLUMPP version 1.1.2 wuinen K fildiviniu 2 &

JU7 4.8 uavaiadunsiuandlassasimiaiugnssusagun 4.9

Y 9
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Deltak = mean(|L"(K)|) / sd(L(K))

25

N\ , ‘
2 3 4 5, 6 7 8 9
K
UM 4.8 n5mluanse) K Amnzauvedlasaiimnaiugnssulungudisgremeiniomang
lLofidoa
I

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
UM 4.9 naluandlassasimaiugnssulunquiiegnsniemsemunglefiiea laedias
1-18 WU uf79819us U519 way 19-30 1Uuf0E19uz 8930 LA ndouaningy

UTEUINTVRLLUTN WAz ALALLAAINGUUTEIINTVR WL EITA

913U 4.9 uandliiitufilassaironsiugnisuvesUszvinsaindiegauzUsng
LAzNZEdn 1191 30 FI9819 nuimadildaInnTiinseilassa e siugnIsaInms
ArTelasiasienguusensingld STRUCTURE @onaaadiunisinsneingumudunus
wazansduiusiiannsoutsiiviognnduiioanld 2 ngu annmluanslasaadiamng
fugnssulunguiegiusnseiaissmnglefifisaannsousniuliegradaaulngvia
MP1-MP18 aztiunzUsaiissngnaien varilassairslunguilass Ussnoudeaoius
uzesdin MY1-MY12 denndostunsiinsgilusuuuuresnguanuduiuslusuil 4.6 was

4.7 wuindieg1el 8 (MPO8) uay 18 (MP18) HuillassasiemaiiugnIsuveszeslinUzUueg
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[

39717 MPO8 waz MP18 ugnaanundunguiu wazilagainuasnunisuuideuves

vuﬁq
(% [
Wug

1 c$ Yo Y & .:4' Na a v A =2 =
nssuegrniulade uandviuinasemuiglendieatuwildunazldlunsfnuiiien
anwaule uenaNil Faheen wagany (2015) Anwilaseaiieuseynsveeda (Pisum
sativum) WU K fivaangaude 3 sauviadanuindeanuisalssenalglaiuiiavaieyile

(Kalendar waganiy, 2010)

4.4 AMUNAINVANENIIRUENTTUVBUUS1FIBLATE NN B AT i
4.4.1 msRadeninswesuaznsiieszianuduiiusmaiugnssudseiniasvang
sl
ynsAndeninsiweifivuizanlumafinuinuiduie Tneldiadeanune
atlafivis 30 Twaios (madl 3.6) nudilnswesfiannsossyauuansassinteiaegs
NzU51916 Ao Twsued SCoT03, SCoT11, SCoT21, SCoT22, SCoT23, SCoT24, SCoT25,

v

SCoT26, SCoT27 way SCoT28 unlwsiuasny 10 InsiwesAfmaanuilglunisdneininy
wannvaneneiugnIsaluuedsne 30 faegna
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nuan1IaassiiinnulnalAesiuuidevss Luo wazamy (2011) laAne)
wzshsnmsilnsiuesvanun 18 lnsiues wenuziig (Mangifera indica L.) MAvananei
[y 1 1 Y | A a s 1 a dycu =
i anunsauUaeililu 2 nqu nendudssansanueaien 0.81 wananlduliseanly
= Y . a ' Y A a A a =
Wyanadu (CGitrus L) Anudnaiunsaldinsomuneieadlonlunisuenyiia wasiaiiy
nanuarglunguivanady (Mahjbi wagane, 2015) dallsreauinasesnuieweadloilv
v Aa cs' s s A= T | .
Joyananinateminglateaeanisuararsiofingdldlunisnsiraeuiiunuaru g (Gorj

wazAny, 2011; Luo wazmaly, 2011)

4.4.2 N1531ATILALATETNNNUINTTNAIBLATDINUBLDAT BT
nnshasznal K 3aduardiassanuduldlivedassadimnaiugnssuves
NaNABEmMEITIATIwiANLasTuLUULUE (Bayesian) melusunsy STRUCTURE v.2.3

WUI1A1 K = 2 A9gUil 4.12 antiuadradunsviudaslassadnamnaiugnssudegui 4.13

Deltak = mean(|L"(K)]) / sd(L(K))
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sheusniaiomneeatlefiliogistaau nuinguusnazdseneuie ugsafissediafien
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Aasgsitugukuuveainguauduiuslugui 4.10 uaganeduiuslugun 4.11
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MPO4 LJuiugnasunsaunvuasududnniusinauiaeduiusimeiu viluiiuuilduie
Tyllaudifeniu wiowinsudnluiugnesundnu luraesiiiugwunay (MP09 AU MP13)
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DeltakK = mean(|L"(K)]) / sd(L(K))
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a v o a cay o | 1Y) a o a ca .
aztpsoanglnIuulnduesinusnssiulaeiigTesazuslnduosiin (polymorphic)
agluyiefoay 22.31-43.04 lngisoaaneilniesazvadniuesintesgaroinioamuneg
waasef Iiesazveslnduasiing 22.31 Felunuidoves Li wazamy (2014) Nl

dl 6 3 = &Y 1 Y
vTeanungloteatedens waziaasisiof Tuday (Prunus L) wuisevasves
Induesiinegd 84.5 uag 79.6 mua19U Chen wazany (2014) NlnIewansloleaiaaans
wazieaesiof luuunlude (Magnolia wufengensis) wuSesazvadlnduesiinegn 87.7 uas
88 AUAIAY

91NNTIATIZRRAUAD W NLAIINAISTUATIZRAIBIAS D NN sloLeaL A S

= = = A A 41' s A o N %%

wwsewminglofiUied insemeeadled waviasewmngieaension tiuninsendeyalay
ldrdudseans arelusunsu PAST version 3 wudnfiandudseansainuaaigeglugas
0.831-0.985 (m191901ANUINT 5) Ingddeg1endaumiloufiudinian fe Aiet1esiia
MYO04 ffu MY08 fianudulanisiegwenvesiduiugiieniu iWesanuzesdadunalindey
Ugnifianisfn ilegaindseifinuiamedis MY08 Wuiegniiiuldainunasnizugn
ALY LAZMIBgNIAILLANANMNIIRUENSTUINGA Aa Madesiia MPO8 fu MY12 Lile
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1nMFAATIRA K Fadudidiassaanduldldvedasaiamaiusnssuves
nauseg e ITlAseiAuinziluLuuug (Bayesian) saelusunsy STRUCTURE v.2.3
wudnAn K = 2 fguil 4.20 nduatradunsmuandassadionaiusnasudui 4.21
MNgUT 4.21 uandiifiufdlassaioneiugnssmesUssmnsandes Ui
LAzNzEadn 91191 30 FI9E13 NudHalFaINnsinTElaTsaiIemaRLsNTINAINANS
AATelasasenguusevnsingld STRUCTURE @annaadiunisiinsieringuminudunus
wazaneduiusiianusoutsisieginguiioantd 2 ngu nnsnuanslassadionis
fiugnssulungusedrausnsoiniomangleiealeaensannsansniulsogisiaaulnevia
MP01-MP18 aztliungusafissesuien vngilassaidlunduiiaes Uszneuseaoiug
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Deltak = mean(|L""(K)|) / sd(L(K))
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JUN 4.21 nmluandlassaiameiugnssulunguimegmeinssuanuleitiea lofitiea
wadledl waziednisied lnadaay 1-18 1ufeg1eusUse way 19-30 1u
AUz eTn WadndowaninauuszyInsvemsying Lazdunuanengy

UILANTUDINZLITA

4.6.3 N153LAT12ALATIATIINIINUGNITNVDINFUUTLYINTAIBLATOINUY
latagiasens latitied toadlodl uazianaisian
Weansanandeyaiudus InlunmsinvesUszvnsveaussauazuzeling
Tlun1sfnwiasetiannnguuseynsdioge 30 A39819 310 7 39nin LaTLATIENR
ANMUFUINUTN 1T UFNTTUVRIUTEVINTNGUMIBE 19Uz UTMIIAToInNN g loLadIeaD1S
lofiioa wadledl uazioaeisiofiselusinsy POPGENE version 1.31 PPF (percentage of
. 1 Id 1 1 a A [ A
polymorphic fragments) laguusaanily 2 nguUszyINInULNaIin1ANAUAINIT197

3.1 Tunmsaununianaasd 34.38 IneAsiuiukeada (N,) evuail 1.343 + 0.476 way



aq

(%

Sruusifiefiviueada (No) 1 1.195 + 0.321 uazifiedaszieainasiuemnelslsings
(He) Tunmsauveannlsewing A9 0.115 = 0.180 wagArdunaamalslaln (Ho) S
0.173 = 0.261 WuALadsAUnaINVatYeiusnssulusEfuUTERINT (H) 71 0.110 +
0.030 TngAnlneAAILMAINMaTEuENSSY (Hy) BEffl 0.115 + 0.032 wenanilddlrdy
UsEANSANMULANANaIBU (Ger) wazansaeadeudiedu (N,) 7 0.034 waz 12.080 #

AN5197 4.1

M13199 4.1 MIUATIENTBYaNITUENTTULAELATIAT U TN TVRILUTNIELATOIMINY

lotoalpans loUiea 1oadledl wazieaai1sion

Population Sample Polymorphic Observed Effective Expected Observed
Size bands (%) number of number heterozygosity heterozygosity
alleles (Np) of alleles (Ng) (Hp) (Ho)

1 16 30.51 1.305 + 0.461 1.197 + 0.333 0.137 + 0.185 0.168 + 0.267

2 14 30.27 1.302 + 0.460 1.184 + 0.325 0.107 + 0.179 0.159 + 0.259
Total 30 34.38 1.343 + 0.476 TN95 & Q4321 0.115 + 0.180 0.173 + 0.261
Average gene diversity Total gene Coefficient of gene Estimate of gene flow
within populations (Hs) diversity (Hy) differentiation (Gg7) (N.)

0.110 + 0.030 0.115 + 0.032 0.034 12.080

N15ANYIATIASIUTLI NS AL AU USEANSAINULANS19U898Y (Ger) WUTIAN
AULANAIIUBILDARA TENINNUTEYINT mmﬂéawmaimaqaﬁa 4 w3in Tneidoi
W30eMNEs ¢ wnuiesslunnsamuaduUsyandaanuanmvesdulunuife
193 Wright (1978) Tufinwassiivindu 0038 Fauamsliudnfieuunnsinsmeiugnssly
Uszmnsilszaudn esnndrednadildlunisinuniusiegrsiiiinainaruiios 2 au
?J'ﬂmﬂlﬂﬂ'jwﬁ?umﬂiwLLazmaq%mﬂumalﬁﬁﬁamﬂ@mﬁamwgﬁﬁ] 3elalfongniemdn
9199z AN snateuglaing Jsaoandesiun1sAnuires Diaz-Matallana Lazans
(2009) Anwuziae (Mangifera indica L. cvar. Hilacha) 112 fees fhewa3emueasien
§ luussnalaaully lnedinn Fo= 0.035 ?ﬁqﬁmﬂwmmmEJ‘vmﬁuqﬂiiuﬁﬁ?’l LULAEINY
UzUS1991AN Ger = 0.034 oiflaufueudse Hirano uavame (2010) MS1891UAT For V04
123296 18LA30IMUNBLAL8@015 (simple sequence repeat: SSR) aguh'?i 0.123 Fefiau
wmﬂmawmqﬁuqﬂiiwmﬂaN Tuvued Galvez-Lopez Wazanz (2009) Anwiuzaag (M.
indica) 112 feene Inedemueraionieail (amplified fragment lensth polymorphism:
AFLP) uaztoaoanns 910 16 35 luussmadn@ln wuinden Fer = 0.1921 dwiunisdnu
FruiASeanuigietenioadl uway 0.1911 d1miunisfnuidieinieanuie

LALEDNT BalAuraINaIENIINUgNIINNIN TuvneN Hirano wagany (2011) A58
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A For U090zaine 1191 41 fegna wirdy 0.440 eflanumannvanemisiugnssasnniian
Souza wagAn (2011) ldAnwinzaing (M. indica) 42 feehs selrdesneloaoslef an
UIemAUTIZa ansgelusni wazduie wudnlen Fo = 0.271 wonanil Galvez-Lopez Wag
Atz (2010) Sslafnwmzsing W, indica) feipdesmuneteiewieadifu 41 fegia 91nm1g
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Marker ISSR iPBS SCoT SRAP Total
percentage of
34.09 43.04 40.80 22.31 34.38
polymorphic fragments
Observed number of
1.341 + 0.477 1.430 + 0.498 1.408 + 0.493 1.223 + 0.418 1.343 + 0.476
alleles (Np)
Effective number
1.178 + 0.302 1.214 + 0.327 1.250 £ 0.340  1.138 £ 0.303  1.195 + 0.321
of alleles (Ng)
Expected heterozygosity
) 0.109 + 0.170  0.129 + 0.180 ~ 0.148 +0.193  0.077 + 0.165 ~ 0.115 + 0.180
He
Observed heterozygosity
) 0.165 + 0.251 0.197 + 0.262  0.220 +0.281  0.114 £+ 0.236  0.173 + 0.261
Ho
Average gene diversity
0.102 + 0.027 0.120 + 0.030 0.144 + 0.036 0.076 + 0.026 0.110 + 0.030
within populations (Hs)
Total gene
0.107 + 0.029 0.130 + 0.033 0.147 + 0.037 0.078 + 0.027 0.115 + 0.032
diversity (Hy)
Coefficient of gene
0.048 0.074 0.023 0.026 0.034
differentiation (Gg7)
Estimate of gene flow
9.827 12.223 20.717 19.061 12.080

(Nm)
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Application of molecular markers to assess genetic characterization in Bouea macrophylla

ANUR wiakasd ' gWmsn nsiaen’ uazlaanis adiandas”
Sombhat Keawpongumpai1 Supattra Poeaim' and Ongkarn Vanijajiva2

UNARER

LAFRINHNNNRUENITHILd T uATa e A ATY TUNNF398 AN NUAINNA BN NALENITHUALRTMBIN 9994
A Ada Ao o = o o a aaa a Ao Ay % a A A
AeTInndnAny TnaaniznisAnEanusiugnIsneesRelTinefingie o muddeililssgndldmatinlen diag
(inter primer binding site) uazlaedledans (Inter simple sequence repeats) L‘ﬁﬂmm@@@uzﬁ"ﬂwmwwﬁugﬂﬁmm

dgl b o a @ dl o v A =2 1 o aa o‘d‘ = v b a &
nxdadessiu TnathaduenadaldainlusnElunasfnm wodrlunnsinideninmnizaniandinduaeshidu
1aNzl99FiuUL 100 nglay MgCl, 5 mMannmsmagaulnamaiialafifiealdlnsmes 20 Inswes wudiaunem
fuanziuaumduevestvsaliianns 179 unulpaeduuausduewindy 8.95 uau aannismaaauinawmaiiale
waledans 13 lnawed nudnainnsndsasgiinunibueeinslaeliviomn 83 unulagedauwnuaduemiy
6.38 unu agUlidmataleiidiea uazlaeaeaefidumaiiaininisAnediauazsanizaainisatinnn 14l
NIANEANHOILAUGNITNTINTNgUNEL 919 1A
AdAy: weeanungluana wxiling landiea lawawasis

Abstract

Molecular marker is an important tool in biological research, particularly of genetic diversity and evolution
of organisms. In this study, iPBS (inter primer binding site) and ISSR (Inter simple sequence repeats) markers
were preliminary applied to assess genetic characterization of Bouea macrophylla. Genomic DNA was extracted
from fresh leaf samples. The result clearly showed that at 100 ng template DNA and MgCl, 5 mM concentration
are suitable for further PCR analysis. Twenty primers of iPBS makers were primarily screened for analysis and all
primers were chosen for further analysis. For iPBS technique, DNA band was 179 DNA fragments by 8.95 per
DNA primers. Thirteen primers of ISSR makers were applied for further analysis which DNA band was 83 DNA
fragments by 6.38 per DNA primer. Therefore, iPBS and ISSR are simply, rapid and suitable methods for analysis
of genetic study for Bouea species.

Keywords: Molecular marker, Boueamacrophylla, iPBS, ISSR
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Tt Funnuansvonua s By umduiewiam 25 ul fatlsenauidag 10x Promega reaction buffer (100mM
Tris-HCI pH 9, 500 m MKCI, 1% Triton X-100) 2.5 pl, 25 mM l\/lgCI 5 ul, 2.5 mM dNTP4 pl, 100 pM primer 2 pl, 500
unit (5 unit/ 1 l) Tag DNA polymerase (Promegay), 50 ng, AldueNzilsng 2 ul mnuuﬂ@uﬁmmhim 25yl fnoang
Farinnduudarildirreafiut By ufidue Thermohybaid ~ PX2 wu@mmﬂumumumﬂ fall initiation
denaturation AQUUNHA 94 °C WIUBWTNRIUIY 1 FAUANFIIAMIUYH 94 °C WU 30 IWTAUUNR45- 50 °C WU 30
FUNTNUATHIUNYH 72 °C WU 303U AU 40 3BU UATAINHAE final extension ‘ﬁlqmmﬁ 72 °C WIUEUT AU 1
301 nanmagaulnamaiiamaiialeledieganivinnisnsiituaaiumeialefidieaiieAnaen Insiuef
desgulumenad 2 LLﬁiﬂ%ﬂﬂqmuqﬁme'aulumiﬁ’]ﬁ%m%ﬁqﬁﬁlu%wﬂqmuqﬁ 94°C WU 5 WINRIULU 1 saUANAE
HIUNYH 94 °CUIL 1 W7 30 FUNNGOMAR52°C WIUT WINUAZAMAH 72 °C WIL2UNTNRTUIUZ0 TBLUATATUUNH 72
°C WU 8 W AnuaK 1 U n1gmgaalaellinatiniansaianinsiWsiaunicuesnnlsalaadingy 1.8 % flausion
wimenTusludRaufuAsuesn 100 bp laammaseuunuAEwenialiusdanslalamadneiaios Gene
Genius Bio Imaging System (Syngene, Cambridge, UK))
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Table 1 Code, sequence and nucleotide length of primers used in the iPBS analysis

primer sequence (5'-3") primer sequence (5'-3")

2081 GCA ACG GCG CCA 2380 CAA CCT GAT CCA
2272 GGC TCA GAT GCC A 2392 TAG ATG GTG CCA
2076 GCT CCG ATG CCA 2393 TAC GGT ACG CCA
2077 CTC ACG ATG CCA 2394 GAG CCT AGG CCA
2079 AGG TGG GCG CCA 2273 GCT CAT CAT GCC A
2080 CAG ACG GCG CCA 2277 GGC GAT GAT ACC A
2083 CCT CTA GCG CCA 2279 AAT GAA AGC ACC A
2085 ATG CCG ATA CCA 2382 TGT TGG CTT CCA
2374 CCC AGC AAA CCA 2389 ACATCC TTC CCA
2378 GGT CCT CAT CCA 2391 ATC TGT CAG CCA

Table 2 Code, sequence and nucleotide length of primers used in the ISSR analysis

primer sequence (5'-3") primer sequence (5'-3")

UBC801 ATA TAT ATA TAT ATATT UBC824 CTC TCT CTC TCT CTC CG
UBC807 AGA GAG AGA GAG AGA GT UBC825 ACA CAC ACA CAC ACA CT
UBC810 GAG AGA GAG AGA GAG AT UBC826 ACA CAC ACA CAC ACA CC
UBC811 GAG AGA GAGAGA GAG AC UBC827 ACA CAC ACA CAC ACA CA
UBC813 CTCTCTCTCTCT CTCTT UBC861 ACC ACC ACC ACC ACC ACC
UBC815 CTCTCT CTCTCT CTC TG UBC863 AGT AGT AGT AGT AGT AGT
UBC817 CAC ACA CAC ACA CAC AA UBCB868 GAA GAA GAA GAA GAA GAA
UBC819 GTG TGT GTG TGT GTG TA UBC870 TGC TGC TGC TGC TC TGC
UBC820 GTG TGT GTG TGT GTG TC UBC873 GAC AGA CAG ACA GAC A
uBC822 TCT CTC TCT CTC TCT CA UBC881 GGG TGG GGT GGG GTG

NANITNARDILAZIANTD

[INNMsAnEINIsATAAEUeTe9NELsAEdE CTAB Tnanisarinnudtiszgyniuealasnis (2555) wudia
WuefiilnnnnAeutnednanlunisaintiesaunsainlivarefetnsiafuuazassaramsueanluseuas |y
unnuazamnnaastidueiandrlusiaiunsain iUl lunmeseddisely uananfigaansnsadiuaey
Paanmansludusing 1 Wenzauiuigsieaulfiouazman bigunndedouisheddalunsataiidue Ty
mnmianmmL@um”LumquwmwmLfaw,@‘wmmimummmmmm”mmmmuumnmqnm}mmmmmLfaummmfmmu
mmngmimmﬂu'ammmwmmm@mﬂ@uummﬂmﬂmimim:mumewmmmmmu 260 uaz 280 WIUNAT WA
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2,000bp (Figure 1-2)
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Figure 1 DNA profiles of iPBS primers: A 2081, B 2272, C 2076, D 2077, E 2079, F 2080, G 2083,
H 2085, | 2374, J 2378.
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Figure 2 DNA profiles of iPBS primers: A 2380, B 2392, C 2393, D 2394, E 2273, F 2277, G 2279,
H 2382, | 2389, J 2391.
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Figure 3 DNA profiles of ISSR primers: A (UBC807), B (UBS810), C (UBC811), D (UBC815)
E (UBC817), F (UBS819), G (UBC822), H (UBC824), | (UBC825), J (UBC826), K (UBC827), L (UBC873).
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Abstract. Kaewpongumpai S, Poeaim S, Vanijajiva O. 2016. Sequence-Related Amplified Polymorphism (SRAP) analysis for studying
genetic characterization of Bouea macrophylla. Biodiversitas 17: 539-543. Bouea macrophylla Griff. is well-known as one of native
typica fruits in Southeast Asia which needs to be preserved and continuously cultivated because of economical and ecological
significances. More recently, sequence-related amplified polymorphism (SRAP) markers have been developed, which are used to
amplify coding regions of DNA with primers targeting open reading frames. This technique has proven to be robust and highly variable
and is attained through a significantly less technically demanding process. In this research, SRAP method was preliminary applied to
assess genetic characterization of B. macrophylla. Genomic DNA was extracted from fresh leaf samples. The result clearly showed that
at 100 ng template DNA and MgCl, 5 mM concentration are suitable for further PCR analysis. Thirty SRAP primer combinations were
initially screened for analysis and 26 primer combinations were chosen for further analysis. A total of 222 DNA fragments, varying
from 90-2500 bp, were amplified. The produced band number for each optimal primer set ranged from 3 to 12 with a percentage of
polymorphic bands spanning from 33.33 to 80.00%. Therefore, SRAP analysisis suitable for further analysis method on genetic study of

Bouea species and related genera

Keywor ds: Bouea macrophylla, SRAP, genetic characterization

INTRODUCTION

Bouea macrophylla Griff. is a tropical fruit tree
indigenous to Southeast Asia. The species belongs to the
cashew family (Anacardiaceae) (Chayamarit 2010). In
appearance it closely resembles the mango, to which it is
related, but its size, foliage and fruit are all smaller. It is
commonly known as Marian plum or plum mango, also
caled ramania or gandaria in Indonesia and kundang,
rembunia or setar in Malaysia, mayun in Myanmar, and
maprang, mayong or mayongchid in Thailand, respectively
(Lim 2012; Rajan et al. 2014). The species is one of the
oldest fruit crops, which has been cultivated in Southeast
Asia region for more than hundred years. The immature
fruit is pale green when the fruit is small and becomes dark
green as the fruit develops. The ripe fruit is yellow-orange,
mango-like in character, roundish, and juicy with a sour to
sweet taste according to the variety, and has a faint
turpentine smell. There is one seed in a fruit; the seed is
similar to that of the mango but smaler in size (Rifai
1992). The endosperm is white and pinkish purple, and has
a bitter and astringent taste. Ripe fruits are consumed fresh,
but sometimes they are made of whole or pieces of fruit in
sugar syrup. On the other hand, unripe fruits are aso
consumed by local people as an ingredient of chillies paste
as well as traditional salad dish. Many researchers found
that an extract of unripe and ripe fruit exhibited various
bioactive compound and antioxidant activity (Khoo et al.
2008; Rajan et a. 2014, 2016).

With the introduction of sweet-flesh ripe fruits, B.
macrophylla has received more attention in recent years.
This edible fruit species may have good potential for
commercial development if subjected to more research on
marketing and postharvest storage. Marian plum is gaining
popularity among local consumers in recent years
particular in ASEAN countries. The Thai government, for
example, is trying to help in exporting this fruit as many
exporter firms have started to advertise Marian plum fruit
for export. This suggests that B. macrophylla has good
prospects for wider commercialization. Over the centuries,
various B. macrophylla cultivars have arisen in Thailand.
The plant is normally cultivated in small-scale mixed
orchards and is usually grown together with other
economic crops and usually sold at local markets when in
season (Subhadrabandhu 2001). B. macrophylla used to be
grown with mixed results from seeds of trees bearing
superior quality fruit, but are now propagated by layering,
or more commonly, by grafting, including bud, veneer,
wedge, whip or grafting onto seedlings of randomly
selected rootstocks. One of the reasons for this is the
selection of cultivars with high quality fruits. Growers in
the central and lower northern regions of Thailand cultivate
these high quality Marian plum cultivars in their orchards.
More than 50 B. macrophylla cultivars have been named in
Thailand. However, the difference between its cultivars is
practically not studied. There is not much information
available on the genetic characterization between cultivated
Marian plum cultivarsin Thailand.
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Knowledge of genetic characterization within crop
species is a fundamental resource, which has been
employed in breeding programs for the improvement of the
crops. Detection of polymorphism among germplasm
collections for selected species will provide insight into the
genome evolution, origin of cultivated species, and current
level of diversity in modern agricultural crops. One of the
most promising is the molecular marker technique as it
offers great possible to the analysis of plant genetic
structure, diversity, and functionality that are required for
marker assisted breeding schemes. Nowadays, molecular
markers have been incorporated in conventional breeding
programs or utilized as a substitute for conventiona
phenotypic selection on the assumption that efficiency and
precision of the genetic improvement could be greatly
increased. The available molecular marker techniques
include random amplified polymorphic DNA (RAPD),
restriction fragment length  polymorphism  (RFLP),
amplified fragment length polymorphism (AFLP), inter
primer binding site (iPBS), inter simple sequence repeat
(ISSR), and simple sequence repeat (SSR) and sequence-
related amplified polymorphism (SRAP) (Agarwal et al.
2008; Kalendar et al. 2010; Zheng et al. 2015). Of these,
the SRAP technique is recognized as a simple, efficient,
and cost-effective marker system that could be used in
multiple molecular biology studies, including genetic-
diversity analysis, genomic and cDNA fingerprinting, map
construction, gene tagging, and map-based cloning.
Compared to other marker systems, this technique is
specifically targeted to genome open reading frame (ORF)
sequences, which provide more genetic information
associated with phenotypes. For successful application of
SRAP, the most critical step is the selection of optimal
forward and reverse primer pairs that permit an effective
polymorphism characterization of various fruit species,
such as apple (S et a. 2010), pear (Zhang et a. 2013), citrus
(Hazarika et a. 2014) and guava (Padmakar et al. 2015).

The objectives of this study was to survey the
variability of B. macrophylla collected from maor
cultivated area in Thailand and to evaluate the availability
of SRAP technique in terms of genetic characterization and
significant marker-trait associations, aiming to profile these
cultivars properly for further utilize. Currently, no specific
SRAP marker is available for Anacardiaceae including this
species, and the development of a new marker for this
species would be time-consuming and costly. Therefore a
more practical approach is to use SRAP marker on Bouea.
To our knowledge, this is the first report on application of
SRAP marker to detect variations among Bouea species
and related genera.

MATERIALSAND METHODS

Plant materials

Bouea macrophylla was mainly collected from
central and lower northern regions of Thailand (Table 1).
As for the 30 accessions collected in our survey, 29
samples are under cultivation and one sample (MP18) is
uncultivated. The obtained fresh leaves were stored at -20
°C until further processing.
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Table 1. The names Bouea macrophylla cultivar and origins of

samples for SRAP analysis

Cultivar name Origin Code

Maprang-Mae Anong Nakhon Nayok, Thailand MPO1
Maprang-Thong Nopparat Nakhon Nayok, Thailand MPO2
Maprang-Thong Y ai Nakhon Nayok, Thailand MPO3
Maprang-Maha Chanok Nakhon Nayok, Thailand MP0O4
M aprang-Suwan Nabat Nakhon Nayok, Thailand MPO05
Maprang-Chao Sua Nakhon Nayok, Thailand MPO06
Maprang-Lung Chit Nakhon Nayok, Thailand MPQ7
Maprang-Waan Y a Phetchabun, Thailand MPO8
Maprang-Waan Thong Phetchabun, Thailand MPQO9
Maprang-Patum Thong Sukothai, Thailand MP10
Maprang-Rung Arun Prachinburi, Thailand MP11
Maprang-Phet Wan Y ao Kamphaengphet, Thailand MP12
Maprang-Waan Kom Kamphaengphet, Thailand MP13
M aprang-Puang Phetchabun, Thailand MP14
M aprang-Phet Noppakao Kamphaengphet, Thailand MP15
Maprang-Cheong Lan Kamphaengphet, Thailand MP16
Maprang-Y ai Phetchabun, Thailand MP17
Maprang Ayutaya, Thailand MP18
Mayongchid-Suan Waan Nakhon Nayok, Thailand MYO01
Mayongchid-Chit Sanga Nakhon Nayok, Thailand MY 02
Mayongchid-Tan Kao Nakhon Nayok, Thailand MYO03
Mayongchid-Bang Khun Non  Nakhon Nayok, Thailand MY 04
Mayongchid-Tan Tawai Nakhon Nayok, Thailand MY05
Mayongchid-Tadaan Nakhon Nayok, Thailand MY 06
Mayongchid-Tan Kao Lopburi, Thailand MY 07
Mayongchid-Neang Siam Sukothai, Thailand MY 08
Mayongchid-Mae Ya Sukothai, Thailand MY 09

Mayongchid-Bang Khun Non - Kamphaengphet, Thailand MY 10
Mayongchid-Phet Kang Dong Kamphaengphet, Thailand MY 11
Mayongchid-Phet Cheong Lan Kamphaengphet, Thailand MY 12

Genomic DNA isolation

Total genomic DNA was extracted individually from
young leaves of 30 accessions using the CTAB method
(Doyle and Doyle, 1987) with minor modification. The
leaves (500 mg) were ground in a mortar with a pestle.
Extraction buffer [(1% (w/v) CTAB, 50 mM Tris-HCI (pH
8), 0.7 M NaCl, 0.1% B-mercaptoethanol)] 500 puL was
added and the solution was incubated at 60 °C for 30 min.
The homogenate was mixed with 25: 24: 1 phenol:
chloroform: isoamyl acohol (v/v/v) by gentle inversion.
After centrifugation at 13,000 rpm for 15 min, the upper
aqueous layer was transferred to a fresh tube. RNA was
removed by treating with 2.5 pL of the RNase (10 ug/ul)
for 30 min a 37 °C. The extraction of DNA with
phenol/chloroform/isoamyl alcohol was repeated one more
time. DNA in the solution was precipitated with 0.6
volume of ice-cold isopropanol and washed with 70%
ethanol. Following this, the DNA was extracted using
CTAB DNA extraction protocol without RNase. The
process was repeated until the DNA pellet was free of color
(two to three times) and the final pellet was dissolved in
sterile deionized water. DNA quality and quantity were
determined on 0.8% agarose gel. The DNA was stored at -
20 °C, for further use as templates for PCR amplification.
The quality of DNA was aso evaluated by reading the
absorbance at 260 and 280 nm.
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Table 1. SRAP primers used in this study

Forward primer Sequence (5'-3')

mel TGAGTCCAAACCGGATA
me2 TGAGTCCAAACCGGAGC
me3 TGAGTCCAAACCGGAAT
me4 TGAGTCCAAACCGGACC
me5 TGAGTCCAAACCGGAAG
Reverse primer Sequence (5'-3')

eml GACTGCGTACGAATTAAT
em2 GACTGCGTACGAATTTGC
em3 GACTGCGTACGAATTGAC
emd GACTGCGTACGAATTTGA
em5 GACTGCGTACGAATTAAC
em6 GACTGCGTACGAATTGCA
SRAP analysis

Primers pairs used in this study were synthesized by
Ward Medic Ltd., Part. Thailand (Table 1). The PCR was
performed using a Thermohybaid Px2 (Roche Molecular
Systems, Inc., USA). The PCR reaction mixtures (25 pL
total volumes) consisted of 10x Reaction Buffer, 100 ng
template DNA, 0.6 mM dNTP mixture, 5 mM MqgCl,, 1
unit of Taq polymerase and 0.6 UM of each primers. The
SRAP amplification conditions were 5 min initia
denaturation at 94°C and 5 cycles consisting of 1 min
denaturation at 94°C, 1 min primer annealing at 35°C, and 2
min extension at 72 °C. In the following 30 cycles, the
annealing temperature was increased to 50°C and a final 8
min extension at 72 °C.

The SRAP products were all analysed by agarose (1.8%
w/v) gel electrophoresisat 150 volts for 30 minutesin 0.04
M TAE (Tris-acetate 0.001 M-EDTA) buffer pH 8. The
gels were stained with ethidium bromide (10 mg/ml). The
gels were viewed and photographed by Bio-Imaging
System (Syngene, Genegenuis). To determine SRAP
profiles, the size of each DNA band was inferred by
comparison with a 100 bp DNA ladder (Promega), used as
a molecular weight marker (M). Polymorphisms at all loci
were confirmed by three repeating tests for each primer at
different times.

RESULTSAND DISCUSSION

DNA isolation and optimization of SRAP-PCR
parameters

The extraction of high quality DNA from Bouea
macrophylla is challenging because presence of high
polyphenolics in the tissues. A high throughput DNA
extraction protocol is prerequisite. The presence of
polyphenoals, which are influential oxidizing agents show in
many tropical plant species, can decrease the yield and
purity by binding covalently with the extracted DNA
making it useless of most research applications (Vanijajiva
2011). The extraction of high quality DNA was optimized
by re-extracting the DNA using CTAB DNA isolation
protocol and  phenol: - chloroform: - isoamyl acohol
extraction instead of chloroform: isoamyl acohol
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extraction. The polyphenolics with the DNA were simply
removed and good SRAP electrophoretograms were
obtained with al samples. DNA extracted from B.
macrophylla leaf using an above modified gave a good and
sufficient quality DNA for SRAP-PCR reaction. DNA
isolated by minor modification method yielded strong and
reliable amplification products and the amount of DNA
extracted from the accessions ranged from 125 to 245 ug/g
fresh weight leaf material. The ratios of A260/A280 varied
from 1.84 to 1.98. The quality of DNA was also tested by
PCR, which confirmed that the DNAs were suitable for
PCR reaction. The parameters for the sequence-related
amplified polymorphism protocol from B. macrophylla
cultivars were also studied. Several parameters had an
effect on banding patterns and reproducibility such as
concentration  of  dNTPs, magnesium  chloride
concentration, concentration of enzyme, concentration of
primer and concentration of template DNA (Sun et a.
2011), but the concentration of template DNA and
magnesium chloride were most important. The result
clearly showed that at 100 ng template DNA and MgCl, 5
mM concentration are suitable for further PCR analysis.

SRAP analysis

Genetic characterization is one of the key successes to
crop breeding programs. Knowledge of the genetic
variation between the different accessions supplying this
diversity can greatly assist the development of efficient
germplasm-management  and  -utilization  strategies.
Currently, genetic marker technology designed to detect
naturally occurring polymorphisms at the DNA level had
become an invaluable and revolutionizing tool for both
applied and basic studies of plant. In this study, Bouea
macrophylla was used for analyzing molecular
characterization using a novel molecular marker sequence-
related amplified polymorphism (SRAP). The selected
primers were based on earlier reports of Li and Quiros
(2001) and Vanijgjiva and Kundee (2014). There were 30
sets of primer combinations that combined 5 forward
primers and 6 reverse primers. Based on preliminary test,
26 sets of combination primers which steadily produced
well-defined and scorable amplification products showed
polymorphismsin al 30 B. macrophylla cultivars. Figure 1
was the illustration amplification electrophoretograms of
MP18 accession of B. macrophylla.

Total and polymorphic band number and polymorphism
ratio of Bouea macrophylla accessions were processed in
Table 2.The main criteria by which the primer selection
was made are: clarity, reproducibility of amplified bands
and high rates of polymorphism. The 26 primer
combinations generated 222 electrophoretic profiles, of
which 150 bands were polymorphic (57.27%). A high
degree of polymorphism was revealed by these
combinations that ranged from 33.33 to 80.00% across all
the genotypes studied. The size of amplified bands ranged
from 90 to 2,500 bp. The number of fragments amplified
by each primer ranged from 3 to 12 with the average of
8.53 per primer combination. By scoring the bands from
forward or reverse primer directed primer combinations,
the results showed that the amplification ability of either
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Figure 1. The representative SRAP profiles in this study. The electrophoretograms are employed as representative of clear,
distinguished, stable profiles from 26 combination primers of MP18 wild accession

the forward or reverse primers varied significantly with
each other, revealing a genomic bias of B. macrophylla
cultivars on different forward- and reverse-primer
nucleotides. In fact, primer preference for successful
SRAP-PCR assays has been widely recognized in many
plant species (Agarwal et al. 2008).

This preliminary result indicated that the SRAP
technique could be used as an aternative molecular tool on
B. macrophylla. Recently, ISSR and SSR has been applied
in the molecular biology studies of Bouea species
(Damodaran et al. 2013; Ghazali et al. 2015). However,
SSR and ISSR techniques provided limited functional gene
information associated with the traits of interest. In other
plant species, such as buffalograss cultivars, SRAP
technology prove useful for varietal identification than SSR
and ISSR markers (Budak et al. 2004) as well as Dianthus

accessions, the information given by SRAP markers was
more concordant to the morphological variability and to the
evolutionary history of the morphotypes than that of ISSR
markers (Fu et a. 2008). These contrasting levels of SRAP,
SSR and ISSR correlation with morphological traits may be
related to the fact that, unlike SSR and ISSR which are
targeted to microsatellite regions, SRAP markers
preferentially amplify ORFs (open reading frames). Exons
are usually GC rich and, thus, the ‘CCGG’ sequence in the
core of the forward SRAP primers is designed to target
such coding regions (Li and Quiros 2001; Shao et al. 2010).
Thus, SRAP technique may be helpful in deciphering the
genomic basis of complex traits that are related to the
economic value of B. macrophylla and are likely to better
reflect genetically determined morphological variation.
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Table 2. Total and polymorphic band number and polymorphism
ratio of Bouea macrophylla accessions

; Poly-

Primer Total mor phic % Poly- Size (bp)

combinations bands b mor phism
ands

meleml 10 7 70.00 120-1400
melem2 7 6 85.71 330-1190
melem3 11 8 72.72 180-1100
melem4 6 3 50.00 390-1570
melem5 10 7 70.00 280-1070
me2eml 8 6 75.00 320-910
me2em?2 11 6 54.55 200-810
me2em3 5 4 80.00 290-600
me2em4 8 3 37.50 330-1550
me2em5 11 8 72.73 200-1000
me2em6 8 6 75.00 190-540
me3eml 3 1 33.33 240-1300
me3em?2 6 1 16.67 250-1200
me3em3 8 3 37.50 190-600
me3em4 10 7 70.00 180-1550
me3em5 11 8 72.72 240-2500
med4em3 10 4 40.00 190-1550
medem4 6 4 66.67 90-1480
medem5 10 8 80.00 200-1000
medem6 10 2 20.00 160-890
me5eml 7 5 71.43 180-1600
me5em?2 7 3 42.86 230-1100
me5em3 12 8 66.67 210-1000
me5em4 11 6 54.55 190-1500
me5em5 10 4 40.00 210-660
me5em6 6 2 33.33 180-2500
Tota 222 130 90-2500
Mean 8.53 5 57.27

In conclusion, the present study is, to the best of our
knowledge, the first report of genetic investigation of
Bouea macrophylla, using SRAP markers. It is concluded
that SRAP is a useful DNA fingerprinting tool for
evaluation of genetic diversity of species, cultivars and
breeding lines, especialy for species with underdeveloped
marker systems. It is a fast, low-cost and efficient
molecular method applicable to plant breeding.
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Abstract

Molecular makers have significantly aided in evaluating crop variations that can lead to an early
identification of useful variants. One recently described retrotransposon-based molecular marker technique has
been used to identify the varieties in many crop species. In this preliminary study, thirty Bouea macrophylla
Griff. cultivars were evaluated for their molecular variability based on markers for an inter-primer binding site
(iPBS). The 12 and 18 iPBS-retrotransposon primers generated a total of 267 scorable bands, and 126 of these
were revealed to be polymorphic (46.23%), with an average of 9 polymorphic fragments per primer. This study
showed that the iPBS marker is a simple, informative, reproducible and suitable method for evaluation of B.
macrophylla genetic diversity.

Keywords: Retrotransposons, genetic variation, edible fruit.

1. Introduction

Molecular markers have a key role in the study of genetic variability of organisms. The appearance of
marker systems has closely followed developments in biochemistry and molecular biology for the past 40 years.
The shortcomings of biochemically derived markers, such as isozymes, drove the development of markers based
on DNA polymorphisms. A DNA molecular marker in essence detects nucleotide sequence variations at a
particular location in the genome. A variation must be found between the parents of the chosen cross for the
marker to be informative among their offspring and to allow its pattern of inheritance to be analyzed. DNA
markers can generate ‘fingerprints,” which are characteristic patterns of DNA fragments resolved by
electrophoresis and detected by staining or labeling. The introduction of the PCR was an advance for molecular
marker technologies, and made potential many fingerprinting techniques (Agarwal et al., 2008).

Retrotransposons are a class of repetitive and movable sequences and are ubiquitous and abundant
components of virtually all known eukaryotic genomes. In higher plants, they can constitute often 50-90%.
Retrotransposons have played an significant role in the establishment of genetic diversity and are also useful for
marker developments due to their high abundance and specific genome distribution (Schulman et al., 2012).
Several PCR-based marker methods have been developed to reveal insertional polymorphisms of long terminal
repeat (LTR) retrotransposons, including retrotransposon-based insertion polymorphisms (RBIP),
interretrotransposon amplified polymorphism  (IRAP), retrotransposon-microsatellite and amplified
polymorphisms (REMAP) (Kalendar et al., 2011; Schulman et al., 2012). At present another exceedingly
universal and efficient molecular marker based on the conserved sequences of retrotransposons, which are inter-
primer binding sites (iPBS), have been developed by Kalendar et al. (2010). The iPBS primer was designed on
the conserved parts of a primer binding site (PBS) sequence for tRNAs for reverse transcription during the
replication cycle for the retrotransposons. Significantly, the iPBS amplification technique can be a powerful
DNA fingerprinting technology without the need for previous sequence knowledge. In addition, they are highly
reproducible due to their primer length and the high stringency achieved by the annealing temperature. The
iPBS marker has been successfully applied for identification of cultivars and genetic variation analysis in many
Crop species.

Bouea macrophylla Griffith, commonly known as Maprang, Mayong or Mayongchid in Thailand, belongs to
the Anacardiaceae family in the order of Sapindales (Chayamarit, 2010). The species can be found growing in
home gardens or orchards as well as in wild forests. B. macrophylla is native to Asia and Malaysia, extending
from north-eastern India to the Moluccas. It is a tropical fruit tree native to Southeast Asia and commercially
grown in the ASEAN areas. B. macrophylla produces fruits, which look like, small mangos. The fruits are green
in color when young and yellow when matured and encompass brightly colored purple seeds. The endosperm of
the seed is bitter but edible. Ripe fruits are normally consumed fresh or cooked into syrup or made into a very
delicious compote or jam (Subhadrabandhu, 2001).
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In Thailand, B. macrophylla has gained popularity among local consumers in recent years. Approximately
50 cultivars names are now known. ldentification of B. macrophylla cultivars is one of the main problems at
present due to misleading transliterations, local names, synonyms and homonyms. Cases of synonymies and
homonyms do exist in accessions collected frm different sites, and the possible names for a given genotype
that did not correspond to the denomination of the true to type accession held by the germplasm reference
collections of the original.

The aim of this study was to use iPBS markers to evaluate genetic diversities, especially to the extent of the
retrotransposon related variability, of a collection of 30 B. macrophylla cultivars mainly from Thailand.
Furthermore, we aimed to explore the potential of these markers for B. macrophylla characterization and
discrimination between cultivars.

2. Materials and Methods

Samples of Bouea macrophylla cultivars were mainly collected from the central and lower northern regions
of Thailand (Table 1). Young leaves from these samples were well washed in distilled water and stored at -20
°C until further processing. Another related species Bouea oppositifolia (Roxbh.) Meiss from Krabi province,
Thailand was also included as an outgroup species in this study. Genomic DNA was extracted from the leaves of
four cultivars using the CTAB method with a minor modification as outlined by Vanijajiva, 2011.

Table 1. The names of Bouea macrophylla cultivars and origins of samples for iPBS analysis
No. _ Cultivar name Origin Code

1 Maprang-Mae Anong Nakhon Nayok Province, Thailand MP01
2 Maprang-Thong Nopparat Nakhon Nayok Province, Thailand MP02
3 Maprang-Thong Yai Nakhon Nayok Province, Thailand MP03
4 Maprang-Maha Chanok Nakhon Nayok Province, Thailand MP04
5 Maprang-Suwan Nabat Nakhon Nayok Province, Thailand MP05
6 Maprang-Chao Sua Nakhon Nayok Province, Thailand MP06
7 Maprang-Lung Chit Nakhon Nayok Province, Thailand MPQ7
8 Maprang-Waan Yai Phetchabun Province, Thailand MPO08
9 Maprang-Waan Thong Phetchabun Province, Thailand MP09
10 Maprang-Patum Thong Sukothai Province, Thailand MP10
11 Maprang-Rung Arun Prachinburi Province, Thailand MP11
12 Maprang-Phet Wan Yao Kamphaengphet Province, Thailand ~ MP12
13 Maprang-Waan Kom Kamphaengphet Province, Thailand MP13
14 Maprang-Puang Phetchabun Province, Thailand MP14
15 Maprang-Phet Noppakao Kamphaengphet Province, Thailand ~ MP15
16 Maprang-Cheong Lan Kamphaengphet Province, Thailand ~ MP16
17 Maprang-Yai Phetchabun Province, Thailand MP17
18 Maprang Ayutaya Province, Thailand MP18
19 Mayongchid-Suan Waan Nakhon Nayok Province, Thailand MY01
20 Mayongchid-Chit Sanga Nakhon Nayok Province, Thailand MY02
21 Mayongchid-Tan Kao Nakhon Nayok Province, Thailand MYO03
22 Mayongchid-Bang Khun Non ~ Nakhon Nayok Province, Thailand MY04
23 Mayongchid-Tan Tawai Nakhon Nayok Province, Thailand MY05
24 Mayongchid-Tadaan Nakhon Nayok Province, Thailand MYO06
25 Mayongchid-Tan Kao Lopburi Province, Thailand MYO07
26 Mayongchid-Neang Siam Sukothai Province, Thailand MY08
27 Mayongchid-Mae Ya Sukothai Province, Thailand MYO09
28 Mayongchid- Bang Khun Non ~ Kamphaengphet Province, Thailand MY10
29 Mayongchid-Phet Kang Dong ~ Kamphaengphet Province, Thailand MY11
30 Mayongchid-Phet Cheong Lan = Kamphaengphet Province, Thailand  MY12

Thirty iPBS primers were initially screened for analysis (Table 2). PCR was performed using a
Thermohybaid Px2 (Roche Molecular Systems, Inc., USA). iPBS-PCR reactions were conducted in a 25 pl
volume containing 10x reaction buffer (100 mM Tris—HCI pH 9, 500 mM KCI, 1% Triton X-100), 100 ng
template DNA, 0.6 mM dNTP mixture, 5 mM MgCly, 1 unit of Taq polymerase and 5 uM primers. The iPBS
amplification conditions were: 5 min initial denaturation at 94 °C; 42 cycles consisting of 1 min denaturation at
94 °C, 1 min primer annealing at 47-55 °C, and 2 min extension at 72 °C and a final 7 min extension at 72 °C.

The iPBS products were all analysed by agarose (1.8% w/v) gel electrophoresis at 150 A for 30 minutes in
0.04 M TAE (Tris—acetate 0.001 M-EDTA) buffer pH 8. The gels were stained with ethidium bromide (10
mg/ml). The gels were viewed and photographed by a Bio-Imaging System (Syngene, Genegenuis). To
determine ISSR and SRAP profiles, the size of each DNA band was inferred by comparison with a 100 bp DNA
ladder (Promega), used as a molecular weight marker (M). Polymorphisms at all loci were confirmed by three
repeated tests for each primer at different times
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3. Results and Discussion

The extraction of high quality DNA from Bouea is challenging because of the presence of high
polyphenolics in the tissues. A high throughput DNA extraction protocol was a prerequisite. The presence of
polyphenols, which are influential oxidizing agents present in many tropical plant species, can decrease the yield
and purity by binding covalently with the extracted DNA and making it useless for most research applications
(Doyle and Doyle, 1987; Vanijajiva, 2011). The extraction of high quality DNA was optimized by re-extracting
the DNA using a CTAB DNA isolation protocol and phenol:chloroform:isoamyl alcohol extraction instead of
chloroform:isoamyl alcohol extraction. The polyphenolics with the DNA were simply removed and good iPBS
electrophoretograms were obtained for all samples. DNA extracted from B. macrophylla leaf using the above
modified gave a good and sufficient quality DNA for PCR reactions. DNA isolated by a minor modification
method yielded strong and reliable amplification products and the amount of DNA extracted from the accessions
ranged from 125 to 245 ug/g fresh weight leaf material. The ratios of A260/A280 varied from 1.84 to 1.98.

Table 2. Total and polymorphic band numbers and polymorphism ratios of Bouea macrophylla accessions.

primer Sequence (5'-3") Total bands  Polymorphic bands % Polymorphism Size (bp)
2076 GCTCCGATGCCA 11 5 45.45 180-1400
2077 CTCACGATGCCA 13 6 46.15 190-2500
2079 AGGTGGGCGCCA 8 2 25.00 170-800
2080 CAGACGGCGCCA 10 3 30.00 180-1300
2081 GCAACGGGGCCA 6 3 50.00 370-990
2083 CCTCTAGCGCCA 10 3 30.00 80-950
2085 ATGCCGATACCA 7 3 42.86 250-950
2272 GGCTCAGATGCCA 10 3 30.00 170-980
2273 GCTCATCATGCCA 13 7 53.85 170-1200
2374 CCCAGCAAACCA 11 3 27.27 140-700
2277 GGCGATGATACCA 8 5 62.50 270-600
2279 AATGAAAGCACCA 12 5 41.67 150-610
2378 GGTCCTCATCCA 6 3 50.00 170-900
2380 CAACCTGATCCA 10 6 60.00 120-1300
2382 TGTTGGCTTCCA 5 3 60.00 270-600
2389 ACATCCTTCCCA 6 0 0.00 230-600
2391 ATCTGTCAGCCA 5 2 40.00 410-520
2392 TAGATGGTGCCA 6 3 50.00 210-800
2393 TACGGTACGCCA 4 1 25.00 250-1000
2394 GAGCCTAGGCCA 11 9 81.82 150-1000
2251 GAACAGGCGATGATACCA 10 5 50.00 190-520
2252 TCATGGCTCATGATACCA 11 6 54.55 250-1100
2253 TCGAGGCTCTAGATACCA 8 5 62.50 190-780
2256 GACCTAGCTCTAATACCA 8 5 62.50 220-700
2295 AGAACGGCTCTGATACCA 12 7 58.33 220-1150
2398 GAACCCTTGCCGATACCA 9 7 77.78 210-1100
2400 CCCCTCCTTCTAGCGCCA 8 2 25.00 210-1500
2401 AGTTAAGCTTTGATACCA 8 3 37.50 250-800
2402 CTCAAGCTCTTGATACCA 7 4 57.14 200-1000
2415 CATCGTAGGTGGGCGCCA 14 7 50.00 180-850
267 126 46.23 80-2500

For the iPBS-PCR, a total of 30 primers were screened, and all of them that gave clear reproducible
fragments were selected for further analysis. A total of 267 reproducible fragments were amplified with the
number of amplified fragments ranging from four (2393) to fourteen (2415). The band size ranged from 80 to
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2,500 bp (Table 2). These results indicated that the iPBS marker system used in this study revealed a wide range
of genomic DNA diversity in Bouea and its related genera.

4. Conclusions

The present study was to the best of our knowledge, the first report of a genetic diversity investigation of
Bouea macrophylla, using iPBS markers. It was concluded that iPBS was a useful DNA fingerprinting tool for
evaluation of genetic diversity of species, cultivars and breeding lines, especially for species with
underdeveloped marker systems. It is a fast, low-cost and efficient molecular method applicable to plant
breeding program.
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