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Abstract

The research was aimed to generate new EST-microsatellite markers from EST
database for Doritis orchid, to examine the transferability of genomic microsatellite
markers from other orchids in Doritis and to evaluate their potential of those markers
for genetic diversity assessment and hybrid identification of Doritis. Eight thousand and
nine ESTs and 88 mRNA sequences belonged to family Orchidaceae and 14 Doritis
MRNA sequences were collected and analyzed for microsatellite. A total of 177 EST-
microsatellite were identified. Of these microsatellites, 38.42% were di-nucleotide
repeats, followed by mono- (33.90%) and tri-nucleotide repeat (22.03%), respectively.
(TC/GA),, (A/T), and (CGG/CCG), predominated in dimers, monomers and trimers,
respectively One hundred novel EST-microsatellite and 35 public G-microsatellites
primer pairs were tested for DNA amplification in Doritis, of these 25 novel EST-
microsatellite and public 8 G-microsatellites primer pairs were successfully amplified
and used for genetic diversity assessment in 24 Doritis accessions. A total of 92
polymorphic alleles were generated from 20 microsatellites markers which consisted of
13 EST-microsatellite (57 alleles) and 7 G-microsatellite (35 alleles) markers. The
average of polymorphic content (PIC) value was 0.620 and ranged from 0.124 - 0.844.
Dice’s genetic similarity coefficient among 24 Doritis accessions ranged from 0.19-0.70.
Cluster analysis based on unweightedpair group method using arithmetic average
(UPGMA) and principal component analysis (PCA) clearly grouped 24 Doritis accessions
into two major clusters. Hybrid progeny from 2 intergeneric crosses, Doritis sp. x
Phalanenopsis sp. and Doritis sp. and Ascocentrum sp., were identified using 32
microsatellite markers including novel 25 EST-microsatellite and public 8
G-microsatellite markers. Six EST-microsatellite markers (A48, B34, B27, B28, B2 and B41)
and 4 G-microsatellite markers (KNU-CC-32, KNU-CC-71, PGB209 and PGCT17) were able
to distinguish hybrid from the crosses between Doritis sp. x Phalanenopsis sp. whereas
3 EST-microsatellite (A48, B9 and B28) and one G-microsatellite markers (KNU-CC-55)
were able to identify hybrid between the crosses between Doritis sp. X Ascocentrum sp.
Theses microsatellite markers developed in this study enrich the current resource of
molecular markers which would facilitate further genetic studies and molecular

breeding of commercial Doritis in future.



Key words: Doritis, microsatellite markers, expressed sequence tag (EST), transferability,

genetic diversity, hybrid identification
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a s

lngagaoin1sIUNUAIUNSINYATTENSMansog9asadalariuszaniam Usemelngana

o w

nanewdugihdunisndnndielindrdguedlanild wenanllanmgliennia uazanmuinaey

199 Tudszinalinnumngauegdsmanisnannaisld Jaanulululdgeivssmelneay

naneidugudnananuuaznisnannaiglindrdguedantueunn

néavlfunsguadneglungundaslianadiiie Wundreldiuiiosvosdenta
guaTwsnil dnvngidudeanunsaigdulaldluannnndeuiireutnauonds Jaumnsg
mnndaglimnymefiveveiniauuufeutiuninndt (assdn, 2501) SnuasvemasiuLay
ponimngdmivianiaundundelingzans Yagdudalifinsimunienisdeeanly
AnaUsgine andinanunaziiuldinndeliuasgualidnenwdmiunimanludansdssiu
9AEMNTINVRIUTEIWMAIESEnINsEnAale Manansaiaulnlsemalnesziindglinszans
dienisdsennadaluifiuziniy venanddudunisimunfiviesduldidnsainly
saulssinanazsyavlandniie  nsimwiuguaznsuTulgeiugnaeliunsgua Jsdeidu

[

SnunummilsidrAgguesnisiaunienisldusslonidudulinszans Inglulagiudnvued

tnusulssiugdeanisfie anuvainvatevesdnen wasnssiuifiawiniangs nevinsnmunzay
funisilundagliinszans 3alesBulasensuiuussiugnaneldunsgua tneiitnguszasdiiio
wawmuglnllimunzaudenisilundiglinszans winswauniuddesddsyazinaiuiu Feeq

afiAasiemamaluladTinimduiesy Weaunsafndengnnauinensiatussezusn

Y9INTITYLAUL anszezIalumMITaLITLg wasiinussansnmeesnsasieiuglng
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WuglenieIesilowaiunliusslovdluvainranesuiuy WieUseansnmniswmuniug wu

3

o

nldAnwaunaInaten1aiugnIsuvesUssnsidnUsuUsanugsusiiuglidmsu
Anvdenwiaudfivzldlunisadauseansiusiely Felaevluisunauiugseninguauiiiniy
wand1am1eiugnIsaes elvifnauvainvatevesgnuanlususiely n1sviunuiduiiie

[
¥ v = A

anldidudeyanugnssuiiugruvesisiugiu 4 wasinlugnissaulasiugnssuiioasi

v o

geuININUTuUTTuEAINT kagn1sAnwanYMEiuINITN (genotype)  AIUANUANYME
13104 (phenotype) nseiiseniuil QTL (quantitative trait loc) WeLiuUsEdNSAIMNIS
o A o v o o v o o Ao v 1% - =
AnLdenanranvasinUFuUTsiuglvnseiudnwaziiugnssunlegvesiugnuaslmnniian vse
WoanuNUIMIBIENINIIR BN NINaaN 1 sHanIanvasanwarUTINg luAugnraylvitesian
s

n1siLIEIdeAngItesiuuUTulTeiugnalelll n1sdndnuuniugnalely

9

nsfAnuiugnIsuvesUsErInIndaslyl waznisimuaiesmnefiduediianiziazasiy
Usgwnsndawlifanainis fednflanudidydenisnanndaslifanaiiisludseinalneg
alaerhluisnmadaiunsiauuasdadeniugasinsanandnvasmedugineniivang
Ty Fesfesldszesnauiu dwmdundeldanaiiis ensldinanededes 4 U dmiunis
Wiivlafeusisdnsenausonaen nsufURfeudsgeenuagenainderianainlade 1013
A9 UEIAIUATITAUAKAZNITIUANTIN UDNINTNITUARIDENTDIFNBUEUIINgAIeY
(phenotype)  vesndaelsfanasidainduulsmuanminndoniiléiu nande findelifana
fAdldsuLh 1o waranmuadoumngansomasyduln agvilidudauuiuss uaznen
fiaunmid Tumenssududlduanmnndeuilimngansenisiaiaiuln enesilviu
wgarzinn1ssyivle wazlisannen Wusy feg wndasdiuldndruumdulamiviali
mswamiugUsEauiuamdumadld wwamandsianansathanliuidamdnando nsld
wmaflansnTadeudnvarnafugnssufitnu vl ssiusdeanismeiaIosmnefduledad
1a1875 1wu RAPD (Random amplified polymorphic DNA) (William et al., 1990) AFLP
(Amplified fragment length polymorphism) (Vos et al., 1995) SRAP (Sequence-related
amplified polymorphism) (Li and Quiros, 2001) #Faduidnmanuudulnenisniaaey

Aouelinssazraiadunis T35 suUsnafidwelaefidesuuudszend 35n15viavans

(%
I A v aY 1

wianiddidaunnsedluiiasvesnnuaniziaizaiteswazldanunsair ldussandldiu
WesuuRn1sauq 16 (@3ums, 2545) Yagtulalimsdunuinsomunefidweniiussdnsnings
n11 loun insesunglulasianmaladn (microsatellite marker) ¥ simple sequence repeat

(SSR marker) &4l4351ALUSUNUABUEMeRTD S URAEIAY waTinstglnswasnsmwizwazdl



nsfiuvsinafiduelusumdsiiutuey anunsavienldluiesuftiinisdneg deuldlunns
pyvEeUAETInATugnssulndBafuws s luedosmnefiinnuusiugngs annsadsuen
anmitugnssuuuulelulelng uaziawmelslalnnld Fsaursadsdoyauaniddousening
vesUFTRNTl mngdmiunmsnsaeuiiieannsiloulazuseaiug vield@nuilassaing
199Us¥UINT NITYUNUATY wagn13Anwl QTL Jusiu Tufivfinnswauiiadeamang
lulasusnnalast tielflunsaseaouuaznsiamniugnanesiin wu fvmsegads (Huttel et
al, 1999; He et al, 2003) Jwivu1ewia Uuillet et al, 2003) Arabidopsis way Arabis
(Clauss et al, 2002) naweldana Ophyrus (Soliva et al, 2000) uaz nadeliana
Dendrobium (Boonsrangsom et al., 2008) 18ugu Tnsnsaunademunelulaswsmalan
Tudaquuld3s enrichment ifteifislanafiaeasanuiduvadifululasusinalarinnndy
(Cordeiro et al,, 1999; Rivera et al, 2003) vilimsimunatesmnglulasusninalaviviale

SULALTINLEITU

dusulundreliivridaladiniswauesaaunglulasheninalaninwan fog1gu
ndregliianauiuii (Us1saun, 2550) wasnaeldananineg (Rania wazane, 2548) usidalid

wipaanlulasuanimalaindunizdmsundieldluanadnie Fatunsunisiauignuay

al

nanellanainielu anudndusgedifesnsiaeuaudu true to type vognNaNNgN

Y
WauAuInAnunansuiudnewlifenisasamselimelddudulumansdiBaonaiag dau

=

Weausansivaaumandu true to type vesgnuaunaeliianadnis Fsfianudnlued1ads
v @ - ¢ X A gy o g v o
eaimunIawanglulasugninalaniduin ieldlufuwnsiaaeugnuanveainalgliiana
fasiely

[

nnUszaeAYalATINIsIY

1. 1eimuILATaINe EST-microsatellite 970 BuNiin1suanseon (expressed

sequence tag) vasnaelil lu Genbank

2. Wonsiaaeunisldusslevivennismmnelulasuanimalavivesndqeldananis o

Mdin1sieunsty public domain cross transferability funaaelslanadinig

3. WlouuATeanuny EST-microsatellite wagin3asnunelulasugninalasiain
néelifrnsanann nsraaeuanuluendnvaivesgnaaundieliianasisildinsiauans
ﬁuﬁ:%u (hybrid identification)

4. fleviA3eaang EST-microsatellite uazia3osvanglaulasuevinalaian

nagliinsanaunAnwanuraInaIenIaiusnssNYesnae ldanagnie



N13RM3IALDNET

tayaniluvainaqeld

ndeldiduiivluidennen (Subclass  Monocotyledoneae) agluasdndqelil (Family
Orchidaceae) #stiuiluedilvngignsdnilsvosiiviinen (Class angiosperm) ndngldiduiivd

Niauinisuaznisusuiegiadunategluuy Jsaunsanseaeiugeglaluynglininves

Tan sUnuunsnaigivinvesndeliiivatswuy annsdrmanundasldituuuduls
(epiphyte) 73% Fidonuiumuiuln (terrestrial) 1w Hufu Aufin wasiituuas Ay
wanatsvesiandigldagnuunnluiniou (tropic)  wazdnaziundagldiennid (epiphytic
orchids) dundelsifieglulumeusu (temperate) sinifuminndaelsffiu (terrestrial orchids)
(5539, 2541) Amdlulan dndqelduseana 17,000-35,000 wila Jagdudrsrauazdnwunle
796 ana Usvanas 19,500 wila (Dressler, 1993) dwiuludszimalveiidiuiu 178 ana iy
1,128 wila (A3de, 2548)

o
= ¥ v v

Wasnnnarelddduiuslauinune duiadidnuvaedunainraly Madnuaens
WigAule JUSeveeiu Feenalidnvusiduis (tuber)  aglddu 1w (thizome) aginile
iy viserduninasyeguuiuld (Ugfiva, 2547) Arugavessiu nudiws 1 93 waglinent

v ® =% v A Ao & ! Al
i Taudsiuas 3 wes viseddnduinien unndi 20 wes waglivenanyn

019 15 9l (Shuttleworth et al., 1970)

anwaEmawgneaansvasndieldanadinig

néeilsfanadinls (Doritis) ifundaeliiau fndudunelvguuaiuiiu senmniiu wioaiu
AUNTUULYIGS freudnausuds viofnusuluuinaidfulifoqualuse Suudndes
adugUnsInszuenaszana 512 wufwes. dvatede luiluguSunuvevsuiunie 24
WuRRTEN 7-12 lwuRng eeniite fnanely Sesaduszuuifen lunuuagaoudouds Tu
gouiusanmuem Torgvansgy nulufnadu Aiferfedunsed aonfdnusndurosuas
Fanse Autenenym 20-50 iwuRwRS. uiazdeUsEneufenentoss LaLINN 3eadeu ndu
A9 waznduaenifudiheeeu viedune  Tulsedulinanss Tenen Ausen wagssld
nAes nduiissuazndunenuendudasy nduidissnsglunsdiiunds slinanenuiuudag

3 a ~

AANIIINANENWZTY J0NBUNTIMINANEULFINGNIIN “313e”7 navUnDudYILYLTUINN

Y

TAUNaU U9Yde usaasuaneaiuiiuledaau daedunatsd wu dv1n 2wided und way
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néelifanainisnszaeiugeglumii ne a1 e wiale Sulaide wuly
5350l Iiissliaiieddie Talsia yairelsun (Doritis pulcherrima) v3eidenin “shis” wag
fnvieniledadumeiudees (variety) fnenlugnitsssum wumenmamieuazniadany
voslng fAw “d10u” (Doritis pulcherrima var. chumpornensis) Wag “wAsgua” Fawendu
stusaladioun (Doritis pulcherrima var. buyssoniana) suasguail nutillaslulsadu 2
winwesieing T ndeliluanaiisdanlngfemilunauivanaviausuda Iéanaln
“IalswueuBa (Doritaenopsis)” uwenaniidsiinmitlunaudvanadudn wu anaifu wiudn

v =3 ¥
LaZYIN LUUNU

WA5D9AUNEALAULD (DNA markers)

LP30WINEALOULD (DNA  Marker)  wunefls drduivatiwmilavssiduenlddu
spanueUandulenanealvesdeliiin lngealidundsvulaslulauluiinios
(nuclear DNA) w3slupoiiniuaa (mitochondria DNA 438 chloroplast DNA) uagaiunse
drenanludesugnla fvudazvliaudazaneiuginisdniseinvesindlelnaluluianaves
a < A & 1Y 4 1 = a fa = . o o
Aduedwendnual ANULANANUIBLNGNaSHTY (polymorphisms) vesasuualuluana
Yosfdwediesivilidsdiddndauuansieiu wazarunsathuiuszendldiiueiasmung

Luanald (g3ws, 2546)

va & I3 ‘:4' ' ' a ada °
ﬂ’ﬁIGUWLEJULE]LU‘UL@?@QMN’]EJELUﬂ'ﬁ‘UQUE)ﬂﬂ'J’]lILLWﬂW’NGUENanIGU'JW mmmmlé’ﬂmma

[y

Wisuisudnuaizresiduevesdaldintug lnewedaneainendadunidniulaeilui
“@aneRunAdwe” (DNA Fingerprinting) FInNNeDIMUULHUALDUONTWNza0ddiTInnils 9
T aNS0UIIATIIABUANNUANAI VTelNALDTHTUVDFWTIn Ieaneiugiivndens

as9daule

w3samneluanadidueffdentanldlunisnisinens daulvgjagidu PCR-based
marker  Faduniemngluanafiduefiiaundulaserdendnnisfiudimafiduelag
UfAsegnlgdnaesimioue w3e wallafides (Polymerase chain reaction technique)
fog19 ia3eamneduefenlilunuuiuugaiusie 1iun wieamaneesiedia (RAPD
marker) (William et al., 1990) wSasneteLeLead (AFLP marker) (Vos et al,, 1995) uay

wsaanunglulaswesvinalan (Microsatellite) %139 woaLoaa1s (SSR marker) Ludu



wsssiunglulasugnmalayt (Microsatellite Marker)

lalasusnnalasi (Microsatellite) {unguilduiofifivuat (repetitive DNA) sty
Flunvesdelindugs Arwiusvesiuuuadiludiuinaquesilunvesded@inause
thussgndlfifuedemelianalunisuenanuunniisesdaldinldmla AlnduesHgu
Antuty Wumalesnaniiuuedmoivadmeslulasuemmalasilulatanias (Powell et
al, 1996) lulasuevnalasi f¥eFonuandnaiuly Wy “Simple Sequence Repeats (SSR)”
“Simple Sequence Length Polymorphism (SSLP)” ez “Sequence-tagged Microsatellite

]
aa

Site (STMS)” \Jusiu (a3ns, 2546) aeuiu lulasuenialad Jmuneds aduuanianvasgiu

€

= oA v Ao | = = ! Y v a9 o & |
3 SQQQWQLu@QﬂUW@qLLMUQMUQ"] IUQIUN LLG\ﬁS“q@%'}‘Uizﬂ@Uﬂ'ﬂﬂLUﬁ 1-6 LUd ﬁqmwmﬂuu%ag

AAfuLUUTIRenIe Wy (A), (CA), (TCO), uway (GATA), Wudu e n Aesiurugng wuly

fallFavnutian@Anw
v A ¢ w | fo oA ¢ | aa Y
wihivadlulasuanmala delainsivuude dlalaswanmalanuisdiuiiniseysng
(conserved) Wngnuagfmuniaieiuludd@invateyin Tuvaeiuidmihntmilailessin
agludiuhsavedu venanddmuilulasuanmalaviunselin aunsaduiulshundimng

o v A& W o P~ ° 5 a

gyt dudinseAun1suantoanueddu (enhancer) lngAulUsUsIueId1LILeT dna
ABNIIAIUANNTTYINIUYRIEU arduiuaveslulasusnmalaiuiwuudilinadelasiasaves

dulelasuifunie (Godldstein and Schldtterer, 1999)

Llaswsnmalaviidudduivanliiiaies fonsinsnaneiuggenindiuuaniag U lae
nsnaneuguatlulasugnmalaidniinainnisviameluvesdiiuiuadn (deletion) w3813
WILTUYDIARULUET (insertion) fsaInanuLuayalufdniAnnsnatswuunIsunuiiua lng

a X oA 9 44 = & Ao o a
NsLAUVToanasUeagl dnaln 2 wuude 1) nsideuvesamefduleduaiuvaeinnis
ﬁﬁaaihnaqa(SUpﬁhand mis pairing) M#39ML3ENILAR slippage (Levinson and Gutman,
1987) wag 2.) msuwanidsududunouefliwingu (unequal crossing over) (Richard and
Paques, 2000)

P o o ¢ N v & v

Wesnaruiuanuulalasuenmalan T8nsinsnateiuggelsenauiuiinisnszane
agylUTudluy fadimsihAdueludmlinldd@nwilumaiugnssuiuegiinineens fsludu

v & = a & ° A = av v &
nsldiduaiemunsapuelunsyiunuilasiuley n1AnYITAUINTT LazAUudNRUsYeq
2931930 InoannzludliFdnndanuwdsusiulusesumduienn (Areshchenkova and Ganal,

2002)



Bnswmunassmnglulasuennalaiuuasiutduszldmatanieduiugaans
Tuana wisuviesayailuy (genome library) Taenisdndlufinfiduie (genomic DNA) ¢g

cow o L. Y A L A Y] ' v &
oulgddndnig (restriction  enzyme)  UaloundumULEAINAIRUADWENITE (DNA

i [ Aa A a o VI al 5y g

vector) angLdnguuafiseiiiolfindiuiu antudadentaaulaenislausladiulnsuiniuy
lulasugnmalari (SSR probe) wiuenfdueeanainuuaiisaiemaduuanioguuiudieiu
Lulasuanimalavifiowe wazosnuuulnswes Jaduisnisigeennuazldaiuiu (He et al,
2003) Tullagiumsiamnasewnglilasuenmalaniealdds enrichment Tngnisiiaysunmn

a & [y

2 ] a & ! LY a o & A cala 1%
"U‘Uﬁ’l‘uﬂL@‘L!L@S’Jllﬂ‘l.lﬂ?il%ﬂ‘UiiﬂL"Zisdu“U‘UG]L@‘L!LEJﬂ‘UI‘WSU‘V]LUUIEJIﬂﬁLL"’EI‘V]LVI@I&VWWIWUH]EJWJEJ

¥

Tulefu (biotin) WATLENTURLOUBTRBINITAIY magnetic  bead  NIviueae streptavidin

q

v a ! Y A

(Edwards et al., 1996) Fwdsanfdnnsuediuiueonluudiasitumsueniaduvaiuy
Tulasugnmalast 50-90 Wesidus neuszideniuiiduenmesnsly (Butcher et al, 2000)
13 enrichment HiiUsyAnEnngs uaznisliinalumsimuniiosniniidaiy @Bilotte et
al,, 2001) 1nYOAYBIID enrichment ﬁaﬁ@ﬁ%ﬁjﬁwmmimLﬂ%wmﬂﬂmmwmalav‘u,ﬁa
A1REeUAETIntUsE 19T 199919 9Ty PRI ILASIILNE SSR vadluaeu Taeviinng
Trauadulvaveslulasieamalasilauinds 700 Taau 970 Tsp-AG/TG microsatellite
enriched library wazansnsoadslnsweslade 144 nswes lusuudanansadndenlnsiwes
fiszavsamlel 67 wswed Fegnihanldiduiedesmnefiduedmiunssuunaudusiug
maugnssuluiaau (Ritschell et al,, 2004) wenniifsiinstmaiagananunliluses
(Pinto et al., 2004) #18 (Qureshi et al., 2004) 913 91@1d wagulstad (Rota et al., 2005)
dwsulundwldvning  Dendrobium Ss1s9unswauAIoLneAlEuefI83S enrichment
Wiy wasUszauanudisaduegned lnsaunsoadinadomuns SSR lesuou 8
1538 (Boonsrangsom et al, 2008) NISWAILLAZEMINNY SSR $1uu 4 wp3oaangly
néelsl Gymnadenia conopsea (L) R. Brown (Campbell et al.,, 2002) N1sWmuILATDIMINE

SSR f1uau 8 wiseamunelundaelsl Ophrys fusca (Cotrim et al., 2008)

[

wiosmunglulasugnnalaiiwauiladdaunsaiilydseyndldladng el

LAZDINLEREWETLEISN TS IAlAe3FRTe S FedeenisAvuefuLuuSINatRsuae
2 a v @ @ =g va & v I VIR ] @
Fudrumduefein1Invaeuiduuindn Jeldaduediegsnlinesdinuninuinin
waNNU Han1InTIvdeUdllinuLNgT a1unsadsdeyadiduiuavedlnstesiielulen
wesUfURNslaAld dinduesiduas uwazdslin1svuuuy codominance  3a1150LENAIN
wansingsevinalalulalng wazamelslalnale dn1snszateninadluy wangdwsuldlunisi
WHUNTLUY ATIRERUeNANBAlYRIANiTIn ATIvERUAUAUTLSINIRUgNIIY wavausatll

a s

Uszgnaldlususng q Bnunung (@5uns

q

, 2549) 19 NIANWIAMUANRUTNIIRUGNTTULAE



NEANLAIUNAINNANYNIRUTNTTUGNHANYDITUATINIBATEMUNEY SSR (Hwang et al., 2002)
N5UNATOMUIY SSR FIUUNAIUUANANNINHUINTINTENINGNKANTVBIEN (Oliveira et al,
2002) LTugtu

JagtuladniswauiaIesnunelulasuemnalanduuiaingiudeyaansisue

Expressed sequence tags (EST) #iaglu GenBank @435tz divansunulun1snmu

D.

\3eamng SSR wazdildiaiensnsluanaiidudvesdulasnss EST Wuddufduiediu
i complementary DNA (cDNA) 289 mRNA fivimtihiidnasnsiamiuauidiuesdiuy &
YU 500-800 Tndlelnd lneifsateaiuiudiinisuanieen deazvilianunsnszydud
L‘ﬁ'mﬁﬁaqﬁué’ﬂwmzmaﬁuqﬂiimlﬁﬁa (Poncet et al, 2006) uoNANILAZTBIALNY EST-
microsatellite ﬁﬁwuﬂsﬁuﬁ anansailuanelou (species/genera cross transferability) Tufted
Sauduiudmeiugnssusnsin viassana fogluddeniuld veildeananfivmanids
UsTNYTWIIAU (common ancestor) MlsEuiluansoeniinnisensnt (gene conserve) il
WaguuUawhfin1svineu (Feng et al., 2009; Naresh et al., 2009; Poncet et al., 2006) N5
fimuasonsnglilasuevmalailuangdeya EST Yagtuaunsaimunlfegianiiewang
sislufinludeaden warludie ddmuddymaasugia Tnefaruivedilasusmmalasii
wulu EST vasnguiteluidoafiotUszana 1.5-7.5 Wedidud dunduiivluifiesdaenulszaa
2.65 1 16.82 Wosidus fnenunmsliimedaifnudalidianaesin wu nmsvauiuagns
vhunuilashilsuvesinaalasliinieming EST-SSR uaynsUszendiitedumilaslulen Rye
lut1and (Li-Fang et al., 2008) N15UsE I UNANIRUINTTUYDY EST-SSR Flgunange (Yu et
al., 2008) mﬁﬂ’wmm'%lawmaluimuwmalavﬂw@’mwﬁuﬁ: gramineous (Linzhi et al.,
2008) wagn1sussdiupuaInatenatugnssukaslasaiaussrInsveseatounUlagly
Lﬂ%wuw EST-SSR (Omirshat et al., 2009) msﬂ’@umm%wma EST-microsatellite L‘ﬁmwﬂ
ANLUANENSTENINeEeWUSWEN (Capsicum  annuum L) waznsaneleulaieamng EST-
microsatellite luiiwnszNa Solonaceae \iu UiYo B1EU ks wazuzdowe (nce et al,
2010) nsenelouedeng EST-microsatellite vasdades (Glycine max L) ludaden
(Arachis hypogaea L.) (He et al., 2006) n1slduseleviangiutoya EST-microsatellite vas
anwusiaas (Arachis hypogaea L) Wagfaawiugin (Liang et al, 2009) nmsaielou
WSy EST-microsatellite vost1ursiagiug1nand 4179151 (rye) wagdin (rice) (Varshney
et al,, 2005) msteleuieamneLAiasNg EST-microsatellite Yaduaninev (apricot) Tu

94U (Decroocq et al., 2003) \Jusiu



= o v vy = '3
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Igdnsiaunaismunslulasuennalaiangdd enrichment Tngnnsa$1s DNA library
waziinmesesmnglulasuenimalavionngiudoya EST dwiunsdnwiiugnssulundaeld
anasne 9 wasadesmnslulasusninalaififaunduannsniiludelou Tundreldivseia/
#19ana (cross species/genera transferability) 161 19U mswawuaTomsnglilasuammalayi
ilefnsanuduiudmaiugnssuvesndaelifiiugang 4 Tungu Dendrobium (Boonsrangsom
et al, 2008 Lu et al, 2012) nsauwesemunglulaswenmalaiiioUssiiuaing
nanvae wazlassassuszvinsuesnaqwlsl Dendrobium loddigesii (Cai et al., 2012) 1%
Wauedemuelilaswemnalarilundqels Phalaenopsis gigantea (Rodrigues and Kurnar,
2009) wagnaeliiluana Phalaenopsis (Fatimah and Sukma, 2011) ANSAUILATDIALY
lulasuavinalaviaannalulsl Cymbidium goeringii wazdluanalaulu (cross-amplification)
lu Cymbidium sinensis wag Cymbidium hybridium Lﬁ@ﬁﬂ‘lﬁ’]ﬂ?’]uﬁaﬂﬂﬁa’]EJV]NW‘IJﬁqﬂiiiJ
yaanaaeliiluana Cymbidium (Moe et al., 2010) nswauesemunglulaswsmalanves
néelsl vanila Wuugn uazdnelouniomnelulasusvimalarily vanilla sinsvia (Bory et
al., 2008) miﬁmmm%wms EST-microsatellite Lﬁa‘imiﬁzﬁmwwmﬂwmmaz
ANNFURUENIBTUgNIsNvaIndleldlunguwes Chinese orchid (Cymbidium spp.) 37U 6
¥Un (Cymbidium goeringii, C. faberi, C. ensifolium, C. kanran, C. sinense kag C. goeringii
var. longibracteatum) (Huang et al., 2010) ﬂ?iﬁwmm‘%a\mma EST-microsatellite Tu
ﬂé’aalﬁaqamuﬁw (Teh et al, 2011)) ﬂﬁﬁ@umm%wma EST-microsatellite a1n
Dendrobium  nobile wagihluldussloviifeofnuianuduiudyadiannnmsvesndaelifana
Dendrobium (Dendrobium phylogeny analysis ) (Lu et al, 2013)) LATNITASIUNLT
Wuqﬂiimmaﬁ Dendrobium moniliforme wag D. oﬁc/naleﬁwméaﬂmm EST-microsatellite

(Lu et al,, 2012) Wusu

N13ATIRERULENANYlgNHEY

Hagtufinmsiiaiesmnelulasusninala (Microsatellite markers) al#nnsdauun
AULANANIINIRLgNSSUvesiavateviln uazUszauaudniaulued1ad Ritschel et al.
(2004) msiamesemuelilasuenivala 910 enriched genomic library Wan1sswun
fugnsIuvesmanu wui iedesmnglulasuevivalayi  fiaunlddauau 55 iedeang
4111709 MUNANUUANANN T UTN ST IgnNaNlulATINISUT VU TaT UG WA uliag1ed

UsEANTAINLALTALAU LAZNUIINITNTZINUAv099adaLdulUA 1 undnNN1ISVR BLUULAE
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(Mendelian expectations) fis 95 Wesidua wansliiuinasowunelulasianvalast @amnsa

Uldniadeuiugnssuvesgnuauliuegieg

dwilundelifldfinmstanieiemnglilasusmmalar wudoatu lnedsosi
Ussoun (25500 Idimuniedesnnglaulasusmimalasidmiundaelifanauiud uaznuin
ﬁaqagﬂﬁiumﬁlﬂmmmu dinucleotide (CA),s waz (GA);s Iolpaufilinauindsiilulasuanina
lavivszanm 82 Wesidud uarldiedommnelaulasusnmalavildnsiaaundrelsianawiud
1§81uau 9 13pemane  Boonsrangsom et al. (2008) vmsiauedemanglulasusninalasi
Tunéaelsfanamne (Dendrobium sp.) waganunsathiAsessnefsnaunlddnduungnea
néglifdan 49 aesiug Tngldindesmnelulasuemimalasi $mou 42 edesvane feensdl
Uszansam uenanildiliiannaiemnglalasuenmaladt aanfuiiinnsuanseen (Express
sequence tag) N IUTBYAAS1TAILYRY EST iilonsanaeutendnuaiviensivaeunuuiqns
yosgnuaxlsl 9INN1351891Uv09 Naresh et al. (2009) Aildianedosmsnglslasuamimalar
Mnguteya EST  vesnenAwes  iilensiaaeunnuuignignuay lilnsiwed EST-
microsatellite 97U 119 A nagouNsIiNUTaMSue IeiaTeamne EST-microsatellite
ansafinUSinaidueld $1u 74 ¢ MNTUIININTIRAOUANLLANAT S TUS WO
feleFeang  EST-microsatellite §117u 74 ¢ wuindlifleaadesvisny  EST-microsatellite
$1un 5 ¢ wirufiauisanenaiiuunneissendtsaeRusnous waziaesvuiy

EST - microsatellite 11U 5 Al ansansiadeunuusansvamandtosgnuaule



35015998
< P ] Y a
1. msmus‘mswnmEfl&laqamw

N1359UTUWeRUgNIsUveINae lanaddluwnneng Jueanilaanile andulay

v P i =

la3en1s Msusulsiugnaneldanadndaieduliuszaunszans (nsensdesil 2 neldyn

9

1AM 3Ty “msimuaeiugnagldanaindaneiiindnanmdaniged”) dsneyuiaty

9 9

SRUNIZT AUZINYATANENT UNTINGIFUUATIVEIN
v aa v v Y a
2. ﬂ']'iﬁﬂﬂﬂLQULaﬂaﬂﬂa?ﬂluﬁqaﬁJ'}')\‘]

nsafnfiouevendisldanainie Inglds 2% CTAB with phenol-chloroform

(Sue et al,, 1997) lngisuaziden fail

ualundgldlazidealululasiaumal waranensluadlunasnauin 2,000 pl LAy
Extraction buffer 650 pl (100 mM Tris 1.4 M NaCl 20 mM EDTA (pH 8.0) 2% CTAB 0.3% f3-
mercaptoethanol) wazifiu PVP  Uszanas 50 me  wauliidniu dudl 65°C wiw 25-60 wai
theenunaslifigangiivios 4- 6 unfuazifisl chloroform: octanol (24:1) U33As 650 pl Wat
Taendunasaluan Juivies 3000 seuseund igampiivieaunu 20 uiit gedwlaldanasall
\iu chloroform: octanol (24:1) 8nifterndn PvP TuansazanePuwies 3000 seuseud
figuuaiiveautu 20 it gedlalanaonlvsitia 1/2 volumewos 5 M NaCl wasiliidiu
Lazifn 2 volume w89 95% ethanol  Mudanaulidniu Juwides 3000 seusound
flgamagfivesuny 20 wiit wdndladis &ranznaude 70% ethanol mnpgnaudl 37°C vislu

vacuum JUu azanemsnausie TE buffer 300 pl i 4-6°C 1 Ay

Ay 3 pl RNase A (10 mg/ml) Uufi 37°C 60 w7l wazifiu Proteinase K 3 pl (1
mg/ml) ‘U'mﬁl 37°C 80 15-30 W9l LAY phenol: chloroform ﬁumﬁlmﬁ 14,000 59UFBUN
W 10-20 w1 gedlalavaenlval i 2 M sodium  acetate USu1ms 1/10 i1 uae
absolute ethanol U3u1ms 2 win iiulludiugavndl -20°C wiu 1 Au duiwidesil 14,000
FOUADUI U 10-20 W9 a9mznaunIe 70% ethanol mnmaznauliliis 1A TE buffer 100-

200 pl ioazanenznaumoue Wiudl -20°C

N13ATIVHDUUTUIUUATAMNINALDULD

ada &

a v v a & A o v N a
71579@9UUS U AU UTUIBIALD UL NENALA tagdsBantnsinsdalulaansnilsa
(Agarose gel electrophoresis) 1.0 % g siU3euiBuRUALOUONIATSIUINTIVUTUIUTN
wuuaumeLsadaulniia 80 Thad Tuansazane 1x TBE buffer N15R519@UUSUNUALOUL

Aeleas UV waznmanelngleasas Gel document

11



12

3. nsnauasasnnglulaswanmalanain EST database vasnaleld

3.1 nsnauasasunglulaswanmalanain EST database vaanalelsd

duAumaduluaves EST - a1ngiudeyaveindigldanadiag uagsiusiudeya

lnglanzangiudeyalu GenBank Database (http://www.ncbinlm.nih.gov/) 3nUUENTA

ﬂﬁjmﬁwiﬂﬂmiu CAP3 Sequence Assembly Program (http://pbil.univ-lyonl.fr/cap3.php)
(Huang and  Madan,  1999) aauenilaiiiu 5.4 lwunziud LLé’aﬁw%’ayjaﬁlé’mﬁum
Lulasuennaladi wazesnuwuulnsweslulasuanimalas delusunsuaeuiamesdniagy

Troll software (http://wsmartins.net/websat/) IngfinvuaaAINIsAUMIIUILLUaS1ToY e

\as e (mono-repeat motif) @aiud (di-repeat motif) @1ULU# (tri-repeat motif) Awa
(tetra-repeat motif) #1LUd (penta-repeat motif) waznnLua (hexa-repeat motif) Tiidiguau
g1tfoniigailiu 10 6 5 4 4 uaz 4 Swudiy Weldduaiidululasuammalasiugs vhms
senuuulnswesTivuuieiululasueninaladt nedndninasiluniseenuuulnsiwed el
AEIaslNsIes (primer length) Sewing 18-27 Alud U3 GC (GC content) 40-80
Wesiud gaumaiilunis annealing 531313 57-68°C uazvuIATILAUAB U ANUTALLS

(product size) Usganad 100-400 ALUa

3.2 nadauMINUSINARBuaAI8ATamINg EST-microsatellite Tundagls]
anasiile

pyadeuAIannsavesinamelun iU uelundelianaiie  lu
UAATENT015U5019559 20 pl Usznausae Adueduluy Uszanas 25-30 ng, dNTPs 0.25
mM forward ILag reverse primers 0.25 uM 1x PCR buffer (with 1.5 mM MgCl,) (%uagjﬁu
Iwswesusiaye Afesiinsuiuiiiu MeCl,) waz 1 U Tag polymerase USudsummseeninduis
sude Tnglilusunsulumaiisiinafiduie i denaturation fignmndl 94°C w3 unil
PusIE PCR cycle $1u2u 35 59U Usznause denaturation figamil 94 °C w1y 30 3undl
annealing U 30 UM% Wag extension ﬁqm‘wgﬁ 72°C w1 Wi wag long extension 7
onumgfl 72°C Wy 10 wiilneldgamaiiluns annealing Muansnaiu Ao 48 50 52 54 56 58

ama =

way 62 °C M5IdUNANISINUSINUALD UL MeASBanInsinsdaluaznislsalaa Anuudy

1 Wosigus



3.3 N15M52980UN1561818UVBY G - microsatellite vasnalglsivindulundlelsl

aqaﬂﬁa (Cross transferability of G — microsatellite)

&y = ¢ 1% D N ! a o

duruniesamunelulasueninalavivesndleldvlingu Ndweunsluunanuidy
WML 313U 35 ¢ Useneumeiaseminglulasuenimalaiainnaielilana Dendrobium
91w 29 A ndaeldl Serapias vomeracea 91U 6 ¢ (M1371991 1)

o

1n1nsIgeuANaINIsavesinsiues lunalsldanatinie aivesrlsenoveas
UHATeNT013U3U19559 20 Ul Usznausmiemowefuuwuy 25 ng dNTPs 0.25 mM Forward

ez Reverse primers 0.25 pM 1x PCR buffer (with 15 mM MgCl,) ez Tag polymerase

05 glln  USuusumsieiinduiiange legldlusunsunmsiiuuiinafidue el

denaturation figauvindl 94 °C un 5117 muse PCR cycle 1uau 35 50U Usznoude
denaturation ‘ﬁlqmwﬂ”ﬁ 94°C U 30 U9 annealing (Gradient annealing temperature )
U1 30 FUN7l uaz extension Tgaumgll 72°C utu 1 unit wdIRuY Long Extension 1 72°C
Uy 10 Wil 1 aveseumaiindnamduwelundelianaiie  feisdianinslnida lu

¥ ¥ & @ 6
LWaRYNLTE AMUTNTY 1 LUaSIguUn
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100Z “1e 32 OulIsa)2d soidoias GG DD1D1DVVYOLDLIDVOVYDLOVIOVIY  99OVOVLIDIDIVODDL IDOVIVY.L cons 8l

1002 “1© 3® ouusa)ed soidpias 89 BRLSINSBIBDSIBDINNEN VOVDOVOLLIOVIDIDOVOLID1D CONS L1
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6VSC BELMA 'ds swnigoipuag qq D1D19VOOLLIDDVIIVODDLY 1919VOVVYOLVYDOOVOVYDOLY 891040 <1
69SC BELMU 'ds swniqoipueg  §§ YVODLOD1OVODLVLIDDOLY VVOOVLIVIDLIVODIOWYDDD 291040 11
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6vSC RELML ds swniqoipuag 0§ IDIDRRINSRIBLARIDINA L BIRIAANNDRINBL SRS 171040 2L
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69SC BELMU 'ds swniqoipueg 0§ DVVYIDIVOLYIDLYOVVYIDD DDOOIOVYYOLLYYIOLIDL  ¢9VDHO ¢
695C BELMY 'ds swniqoipuag G DLLIVIVDLIDDIDVIOVOYYD DLVOLIOVOVOLLOVIOOWYD  0bvDdO 1
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4. NMsANEIAMNREINNAIENIIRUENTINYRINd e llianat e

4.1 n5ad19aeRunALIULe (DNA fingerprinting)

6

iwevenfoiugnssundleliianadnls madwareiunmdue Tuujiseridens
Ingldlnsiwes EST - microsatellite #ildannisnaaaunIsiinysuamduelundqeliidniig

(Y9 3.2) waztaseanunglulasuennalaivesnaleldvilndu (1o 3.3) Juiindoyadaiaves

a

L3RI lulATuNMAlaLan 1A URANFI9TENINRIBE 19BN S SUNG e Ldana

]
Y a a o =

fandandneitugduuuluus leedmualivaufidueiiusing wazlivsing \u 1 waz 0

AUAIAU

4.2 A1 Polymorphic information content (PIC)

N13AUIAIAT Polymorphic information content (PIC) %38 Heterozygosities
Y99 RAPD markers @aduaivsvanlonianaznusdiegeiguailaedy (random sampling)
a09f19819NTAMULANAITY (polymorphisms)  MidwAUauas marker  Aifi1vun tnsuUsziiiy

10

H = 1_Zf:1pl‘2

Qll ) d‘ ,th v A A o v A
a7 pi Ao ANAVEY i daaa (allele) way k AoduIuvesdaaa (Ott, 1991)

4.3 NMFAATIRVEANNREINNAIENINN UGN TTNYINE g llianadn e

Uszifluanuduiusnisiugnssuvesateiugnaeld  Ingldlusunsunauiiomes
NYSYS-pc (Numerical Taxonomy and Multivariate Analysis System) (Rohlf, 2000) lngade
AduUszananuwmiiouves Dice (Dice’s Similarity ~coefficient) TR ArTRr-arorae
Genetic similarity szyisilulndvesaneiugndeldfitnndne afadu Genetic similarity
matrix #aazldidu Teyalunsilasiey cluster analysis Litednnauanesiugnaelsifisian
Ina%¥ann1aiugnssy (Dendrogram) Ine@1AuN1TIATIENAEIT  unweighted  pair  group
method on the basis of arithmetic averages (UPGMA) (Sneath and Sokal, 1973) uag

Aaszitladendn (Principal component analysis: PCA)



5. nsassaugnuauna e ldanadnds

gnuausRananlasunIsimwaeiug Inn1sasisgnuanseninanaslianadnic

fu ndreldfananwaueu@a S1uau 4 ¢ waznaaeldanadns v ndeldanadu drwau 2

Anan 9nlAsINTg “n1susulssiugndeliianainiuiedulivssdunszans” (asinisgesd

2) wazaneiiugweud afinAduenuis 2% CTAB with phenol-chloroform (Sue et al., 1997)

A9 2

M13199 2 SeerNaNvandelanalinie fu ndeldanaviuaweuda d1uu 4 ¢ uazndiglyd

anadinie Au naneldanady 91U 2 AraN 53U 6 Anay

CHT TR REITIVGTEL

AEWuINe

1

Phalaenopsis wedding
Phalaenopsis wedding
Phaleanopsis ember var wedding

NK13 (Doritis pulcherrima var. buyssoniana)

UN10 (Doritis pulcherrima var. buyssoniana).

NK4 (Doritis pulcherrima var. buyssoniana).

NK14 (Doritis pulcherrima var. buyssoniana)
PK3 (Doritis pulcherrima var. buyssoniana)
RE4 (Doritis pulcherrima var. buyssoniana)
Phalaenopsis-Red

Ascocentrum sp. (131A4)

Ascocentrum sp. (Guuan)

17
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5.1 N13ATIVFRULINANYAIYDIGNNANAIBLATBMAY EST-microsatellite

n5I9a0Ulandnualvesgnuan $1UIU 6 4 (A15197 2) FIBLATes NNy EST-
microsatellite  AildannsmaasunininvTinafduelundelifanaiiis undaden
\AT0vINETiaNNsanenANLLANANITEHIEsRusWeulls deUfATRTens Usuasta
20 pl Usznousme Aueduluy Usyanu 25-30 ng 0.25 mM dNTPs 0.25 pM Forward Lay
Reverse primers 1x PCR buffer (with 15 mM MgCl,) tay 1 U Tag polymerase Lausu
Uunsseinduilenide neldlusunsluufisefidens @il denaturation figaungfi 94°C
UM 3 17 Ay PCR cycle 9117w 35 58U Usznause denaturation figamadl 94°C
30 U specific annealing U 30 AU WAz extension ﬁqmwgﬁ 72°Cuu 1wl uaz
long extension flgaumgdl 72°C umu 10 wI Mt uNTLIAKAYANLLANITE VIS
Wua: Ineldinaila denaturing polyacrylamide gel electrophoresis A28 7 % polyacrylamide
gel ssusaindeuliii 60 Sad gamail 45°C uw 2 $alus udnhnszanudendae silver

nitrate [BMNTIAADULAUALDULDNLANTUY

5.2 n1snsdvseuendnvalyssgnraudeiassmnedlulinlulasuanmalarives
ngqeldiudndu o

ATI9EeUINdNYavRsgNNaN 11U 6 § feirdesmnedlufinlulasusninalarives
néelsfvdindu AlFannsduduanunaiaide awnsafvTnafdueldlundeliana
s druau 8 ¢ indnideniAdesvanefianansausnanuuanssEninsaeiugriousls e
93AUENEUDIURATENT1S USuinssan 20 pl Usznausmeiduienuuwuy 25 ng  dNTPs
0.25 mM Forward ez Reverse primers 0.25 pM 1x PCR buffer (with 15 mM MgCl,) e
Tag polymerase 0.5 giln USudsanmnstetinduilssinge Tngldlusunsumsifinusuna
Ao Kl denaturation figuvindl 94°C w1 5 WIf - M PCR cycle 1wy 35 50U
UsgNounIY denaturation ﬁqm%qﬁ 94 °C w1 30 U9 annealing (Gradient annealing
temperature ) U 30 3UN{l WAz extension Migamgll 72°C utu 1 Wil wdIAuE Long
Extension 7 72 °C uiu 10 unii 1 avaseunmsiinySinadiduelundglianaiiis feis

Sannsnsga Tuasznilsa WUty 1 Wosidus



duduniedeaminedluinlulasusmnalaviveandaoldviaduiindn S1udu 25 4
(51971 3) Usznoudne ndelifana Cymbidium $1uau 5 ¢ wazana Phalaenopsis §117u
208 mse@euMsHnUIAABuefsUieiidensUTungsain 20 pl Usznaudae
AOUBAULUY Uyuad 25-30 ng dNTPs 0.25 mM Forward Lag Reverse primers 0.25 uM
1x PCR buffer (with 15 mM MgCl,) uag Tag polymerase 1 giln Tngldlusunsunisyiiy

USunuAduLaNuanenaiusadl

Inswesitldanndaeliana mbidium  1lusunsunsifiuuiinuiidue f
denaturation flgamnll 94 “Cuw 3u1fl musie PCR cycle 50Ul 1 §1uau 35 50U
Usgnause denaturation #igaumnll 94 °C U 30 3undl annealing figaumgil 55 °C Uy
30 3l uay extension fgauvinll 72 “Cuu 1 ui PCR cycle 50U 2 $1u9u 10 50U
Usznause denaturation gamgll 94 °C 1w 30 3l annealing figaumail 53 °C unu
30 3unfl wag extension figamndl 72°C utu 1 W17 uaz long extension Agaumgil 72°C w1y

10 W

Inswesfldnnnéelianaananiwaueuda 1lusunsumaiuviinuiidue
denaturation figauvafl 94 °C U 3 Ul mudie PCR cycle $1uu 35 50U Usenause
denaturation ﬁqmwgﬁ 94°C 1w 30 Ui specific annealing W 30 AU Wag extension
figauvindl 72°C w1y 1 Uit waz long extension Migamgdl 72°C w10 Wil uaz AFI9EOUNNS

dnUsnaRdwelundieldanadnie deisdiantnslveda lueasznlsa Wudu 1 Wesidud
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NAN338
1. mMsiiusausaunaielfianadnie

nsunundeldanadniduenniengiusendesniiauaniuneyuialuFaumnizd
AN EAIANENS UINeaEgUaT1wsTll Usenaume naneldivasgua 91uiu 15 feg1s uag

naelIN3e 37UIU 9 Feee (AN5199 4 )

M15199 4 eFondlelianadnIisiusanananuiiang o luwanesgiueenideanilodnuiu

24 faENg
dfu wiiug  Fewug an1ufisIusIn
1 RO4 WARUA Foanytiu 7. 5euidn
2 RO10 WARUA goanyrtiu 2. feuidn
3 M8 WAIAUA m. Fouln 0.35U55 2.9UaYs1H
4 CM11 WAIAUA m. Foudln 9.35U55 2.9UaYsH
5 CM16 UAIRUA n. Yeadin 0.d3us5 2.9Uas YNt
6 DB6 WASQUA Fovnymtiu Youdin 8 3uss 1.9uam19511
7 DB8 WASgUA Fornymtiu Youdin 8 Auss 1.9uaT1911
8 MDD2 WASgUA Fofinandulniu o.dos 2.unnms
9 MDD3 WASQUA Foinandulniu oo 2.unnms
10 MDD6 WASQUA Foiinandulniu oo 2.unnms
11 MDD10  up9gua Fofinannduladu e.dles 2unmms
12 MDD11  up9gua Fofinannduladu e.dles 2.unmms
13 MDD15  up4gua Fofinannduladu e.dles 2unnmns
14 MDD20  uAdgUa Foiinandulnu o.dos 2.unnms
15 MDD22  uAdgua Fofinandulndu e.des 2.unnms
16 MV4 fs Fonnymthu deadin 0. a3uss 2.9uaTieed
17 PT1 1 PNYURINANH AU 2.4NANMS
18 PT2 fis NYMUUNIYIAYH AU 2.4NAMNS
19 MDM14 i3 Foftnannduladu e.dles 2.unmms
20 MDMI18 s Fofinannduladu e.dles 2unnmns
21 MDM21 s Fofinannduladu e.dles vunnms
22 MVP2 1 0. In5lns 2.9uanusil
23 MVP26 s 0. In5lns 2.9uanusil
24 MvP27  ffs o Inlns 2.9ua 50l




2. NN5EANAMLOULD

asrvdeuUsnaeuduiure s uefiatnldaindietandelsl Sy 24 Fegas
TneU3sufisuiuuiunanududurefiouenInsgiu (Lambda  DNA) Asdudu 50 was
100 w1 lunsy seissianinslnsda lnoldiaanznilsa (agarose gel) AMMTUTY 1 WosiGus
luansazate 1x TBE buffer Ingldausnadndlain 80 Thad Wunar 60 widl a1en1miaa
avmlsa Tngld Gel document nui Uinaiidueiiadals fanududulssanm 3 - 10

Tulasnsu salulasans (N wi 1)

MIMZ2 1 2 3 4 5 a7 8 9101112131415 16 17 18 19 20 21 33 33 34
= - == - -

- —
- -.-"-F-l— - - .- "-n'.l

a a < aa a a a a & Y v o
AN 1 azn1lsaLaadtantnslnsdanansusuiradlulinfdueveanalelyl 31uu
24 fege lnarlSeuifisuduUSunafioweninsgiy (M1= DNA  standard

100 ng, M2 = DNA standard 200 ng (Fermentas))
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3. nsnauasaaunglulaswenmalanain EST database vasnalalsd
3.1 nMsnaluAsawmanelulastanmalanann EST database vainaaglsl

IINMTAUMIATULUAYDALATOMINNY EST  a1ngudeyavesndeldanasie 4 910

51udfeya GenBank (http://www.ncbinlm.nih.gov/). Fuudloiiteununiug 2553) ledoya

a1duLug EST vaanaigldivianun 9113y 8,009 dwiulua Yoya mRNA veanaelilana Doritis
14 @fulua war mRNA waenmeldanesiugau q 8n 88 dwiuiua Juiinteyadduiualy
JUKUU FASTA - anntuvinisdnngudeyauazAniennuninvesteyalngldlusinsy  CAP3

Sequence Assembly Program (http://pbil.univ-lyon1.fr/ cap3.php) (Huang and Madan,

1999) Tngfimuamnugliiu 5.4 waziwa nui lideyaidanummnzausenshluldny
Wanue 1,261 aeuiua dum EST Aillulasuavnalast wazesnuuulnsiwosidu
unique  sequence vunuvedUlulasusninalan lagldlusunsy Troll  software
(http://wsmartins.net/websat/) wu Iédeyalulasusnmalayiinaiwes dommn S 177 ¢
Usgnaude Tnsiweiiildainniseanuuudduiuat 1 wa (mono-type ) $1uau 60 ¢ Anidu
33.90 Wosifust drduiuadh 2 wa (dirtype ) $1uu 68 ¢ Anu 38.42 wWedidud ruiuadd

1 a

3 10 (tritype) 3797 37 / Aanvdu 22.03 Wosidud arduiuadi 4 wa (tetra-type) 3113U

U

1%
& o o

5 ¢ Andu 2.82 Wasiiud d1duiuad 5 la (penta-type) 31w 1 ¢ Aty 0.56 Wesigdud
wazduLuaTT 6 La (hexa-type) 311w 6 ¢ Aoy 3.39 Wosldud Ineguuuuvesdduiudg
41 1 wa wunniigade AT Andudesidudanudfinu 32.20 Wesldud sedawnfie wad
2 \ud Ao TC/GA  Anduasidudmnudiiny 15.17 wWesidus waz AG/CT AnduiUasidud
AUDANY 11.24 Wesidud  UuuUTesEIAuLUaYT 3 walnuninfe CGG/CCG  Amdu
Wesi@udanudinu 843 Weosdud  JULULesdIAuLUaT 4 Lualinuninfe AMAC/GTTT
a & s 2 & a - o w 5 i Y v

Andulosidudnnudiinu 2.81 Weosduddindiuiuad 5 wa waz 6 L asnureudton

(NINA 2 M15199 5)



120

100

20

mono-  di- tri- tetra- penta- hexa-

AW 2 Histogram WanIAUnves EST-microsatellite S1uIUNIMUA 177 7 7
Puunauviavesarduiua lawn mono- di- tri- tetra- penta and

hexa — nucleotide repeats
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A15199% 5 911U kagAudvesaRulUag1vinenee) Anulu ESTs vesndaelil

Repeat unit SSR motif Number Frequency
mono-repeat AT 57 32.02247
G/C 3 1.685393
di-repeat AT 10 5.617978
TA 8 4.494382
CA 1 0.561798
AC/GT 2 1.123596
AG/CT 20 11.23596
TC/GA 27 15.16854
tri-repeat AAG/CTT 3 1.685393
AGG/CCT 2 1.123596
ATC/GAT 2 1.123596
AGA/TCT 1 0.561798
ATA/TAT 1 0.561798
CAA/TTG 3 1.685393
CGG/CCG 15 8.42697
GAC/GTC 1 0.561798
GCG/CGC 3 1.685393
GTG/CAC 3 1.685393
TGA/TCA 1 0.561798
TGG/CCA 1 3.571429
TTC/GAA 2 1.123596
tetra-repeat AAAC/GTTT 5 2.808989
penta-repeat TTGGT/ACCAA 1 0.561798
CCCAAA/TTTGGG 2 1.123596
hexa-repeat CGGCAG/CTGCCG 3 1.685393
TAACCC/GGGTTA 1 0.561798




3.2 vegeUMsSHNUSINMABUIYBAIBmMNTY  EST-microsatellite  Mwamldly
néeldanadinie
910 EST-microsatellite  fisonuuuldl §1u9u 177 @ vinsidonlnsiwes  EST-
microsatellite AiflvuinvesuauASuIeRiAAMLNG (expected size) Uszanal 100 - 400 gua
$1uan 100 ¢ AlFarnniseenuuulnswestmun S 177 4 wmeseumafindTi
Adwelundelifanainds S1uau 1 dedrs Taemsusugampilunisdigsevinsiidule
suuuiulngwes (annealing  temperature) o4 @aUMAAFNN 9 (381379 48 - 65°C) WU
fllnswos EST-microsatellite 113w 12 § (g7 1-12) (1wl 3 uaz M15197 6) Tlanunsasiia
Uhinuiidueldlundelanadinls andurhnimageunisfiuUimamduelungliiana
{1 Tnsmsufunnuidudureauuniifounaslsfifindu bu 1.25 fadluans nuildlnswes
EST-microsatellite  flansnsaifisdFmamidueldlundislsianasiafindn s 13 g (9
13-25) (Al 4 51971 6) Talnsiued EST-microsatellite MianunsaifisuTunasmiduelaly
ndeliianadivie $1uau 25 4 Amidu 25 Weddudvedinsweifidenuianan (m3afl 6) was
Insiwedflddazinluadaaefiuifiduoludetugnssuvasndaslianadiiie $1uin

24 g4 WagaTIvdoueNaNwalvesgnnaNseninaelilanai’ie dundeldanadustely

M 2 7 9 10 11 15 26 32 47 48

awil 3 oznlsaaadidninsiFavesnmaiinTinumduelundlifanadinis
Aaglnsiues EST - microsatellite (M = DNA marker 100 bp (Fermentas)
2 = ORESTM5 (A2) 7 = ORESTM59 (A7) 9 = ORESTM109 (A9)
10 = ORESTM115 (A10) 11 = ORESTM127 (A11) 15 = ORESTM136 (A15)
26 = ORPHESTM16 (A26) 32 = ORESTM27 (A47) 47 = ORESTM27 (A4T)
48 = ORESTM35 (A48))
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11 1520 26 M 28 35 M M 27 29 33 34 35 36 39 42 M

awil 4 exnlsanadidninsifavesnsiuiinuiduelundelfanaivis felnsued
EST-microsatellite fifinsifiau3ung MgCl, (M = DNA marker 100 bp (Fermentas)
11 = CL491CONTIG1-(B11) 15 = GI|109152185-(B15) 20 = Gl|110663752-(B20)
26 = CL340CONTIG1-(B26) 27 = CL455CONTIG1-(B27) 28 = GI[109151933-(B28)
29 = GI|109153057-(B29) 33 = GI|109153889-(B33) 34 = GI|109154341-(B34)
35 = CL106CONTIG1-(B35) 36 = CL275CONTIG1-(B36) 39 = CL106CONTIG1-(B39)
42 = CL32CONTIG1-(B42))



3.3 MIATIEBUNSEETaUVRY G-microsatellite vandellivtindulundeliiana

'
Y a

4124 (Cross transferability of G-microsatellite)

'
=

msduduezesmnglulasusnalavianndelianaduifimeunsluumensdds an
néelsfana Dendrobiums §1u3u 29 A uavana Serapias vomeracea 3113 6 ¢ (AN197 6)
Iiedomnelulasuenalarivianun S1uan 35 4 Ysmeseunsfisuinafiduelundaels
s neldesauszneulumsiinUSmnamidueruioriuiummeaeunsifinunamidue
foiATesmang EST-microsatellite Inousugamgildlunisiigseninsdidutefunuuiy
Twsiwes (annealing temperature) nan1sasavaay wuii Wlulasueninalariinswesfiaunse
WinUsinaiduelundelifanaiialdediedaiou 1 8 g Anlu 22.86 wWesldudves

el o

Tnswaslulaswemmalaniiiuimeasy wazlnswasnlaazilladearefiusisduevaute

v U

Wugnssunaeldanadinis 311U 24 f79819 wazilunaaeulun1snsivaeulendnyalves

9

ansauseninndgliianadinne dundeldanadusiely (Nt 5 as199 7)

M 1 5 19 20 23 28 32 33 M

awil 5 oznilsaaadidninslyiFanaiinuTinusuelundlifanaiinis
shelnswesitldanndelsvindu q $1uam 8 g (M = 100 bp
(Fermentas), 1 = ORCA40 (C1) 5 = ORCT6 (C5) 19 = OA20 (C19)
20 = sv04 (C20) 23 = OA08 (C23) 28 = S130 (C28) 32 = S122
(C32) 33 = OA19 (C33))
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4. nsAnwANuaINRaIENITUgNIsUvaInd g llianadiie
4.1 nsadeaneiunauiduelundigllianadnie

thlnsiwes EST-microsatellite fiansnsauiisysunafiduelddaaulundelianaiis
$1wiu 25 g uarlnswesiildanmsiuniaiemanglulasuvimalasiannndeldviindus
(G-microsatellite) $1u 8 @ (5197 6 wazp 9l 7) snasanefanidduelundqelifana
fhAs $1uu 24 fhegna (M5 4) TnensavaeumuuAniswBsLauRLBuelnelfiaSos HAD-
GT12" capillary gel electrophoresis system (Qiagen, Germany) Wua1 31nlnsiues
lulasueninalayt sioun S1u7u 33 @ Usenouseweieaving EST-microsatellite $1uau 25
f (AN5197 6) waziAIEIMNE G-microsatellite $1UIU 8 A (571971 7) anansaadsansiiu
Aduweludeiugnsmmasndaglianainia S 24 fed I¥Sadavinun $1uu 142 Sada
Tneflwsweshilasusnalayt AlFuanuaviduefunnddudeiugnssumesndaeliana
fas §1u9u 20 ¢ Yszneuse Insiued EST-microsatellite $1uau 13 ¢ I@dadafiuanininy
uANA1Y §1uau 57 §ada way G-microsatellite §1u2u 7 ¢ I9Fadafluaninnuuandng $1udy
35 Safin Tudadaiiuanseuuandsluderugnssuvesndlifanaie S1uau 24 fegns
viavn 92 Sada 1l 4.6 Sadadteglnswed vurmveswouRiBueilld (size range) agszming
70-419  dwa  Sadadilddduiudud 28 Sada landlwswesiilésadagean Ae
G-microsatellite Twsiues 20C (5V04) ddada $1uu 8 Sada uazlnswesilddnnusadalion
an Ao EST-microsatellite fininnlel dlnsiwes A1l (CB032260), A26 (C0742605.1) uay 28
(CK859111.1) $1uru 2 dada Fudulnsiwesiwwuiinaingruteya EST (EST-microsatellite)

(mi']qﬁ 8)
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4.2 A1 Polymorphic information content (PIC)

A" Polymorphic information content (PIC) veupdewmuglilasuemnalar $1uau
20 iAo fiAdaud 0.124 - 0.844 A8 0.620 (N51971 8) UsildinUseAnaamuns
inseamnglilasuavimalasilumniluldluns@nviiugnssuvesndelifanaidegluszdu
Ununans fareutnegs Gaszneuse A1 PIC veaA3esvsng EST-microsatellite $1uu 13 ¢
fiAnegsening 0.124 - 0.828 Ancfudadewindu 0.615 Usdie PIC voundosmuny EST-
microsatellite Fnoglusziuiunansiisiiugs Insia3eamane 348 (CK855825.1) i1 PIC
qqqmwhﬁ’u 0.828 5998931 35B (CB855825.1) 36 B (CK856598.1) 39B (CK857960.1) A1 PIC

oY

Winfu 0.784 0.751 wag 0.733 anudidu wanslifiudn tA3eemune EST-microsatellite

(%
Y

7ia 4 13 WueTeamnefiiiussansamvsngdmiulilumsinuanumainmaienig
fugnssa Wag L3esviney 2B (CK859111.1) il PIC shga witdy 0.124 wihiwedlusiuves
\A309MNE EST-microsatellite §1uu 13 ¢ Aldannisdumlugiudeya NCBI  (BLASTX
search protein databases using a translated nucleotide query) wu1 Budiulvea1ninag
ausadansizidulusiu (predicted protein) waziduduiilinsrundfivesiusiiv
(unknown) (A3147 8) waze PIC YeLASBMIANY G-microsatellite S1uau 7 ¢ Hr1egszning
0.289 - 0.844 AnLfuAnadewiity 0.627 Ustiina1 PIC vosaTaavany G-microsatellite fid
oeflusefuunansiiediugs Tnewedesane 1C (SV04) flA PIC gegawinfu 0.844 583a3
32C (S122) il PIC Wiy 0.789 uagiA3eananeg 23C fA1 PIC sinaa windu 0.289  uaw
\3eamNg G-microsatellite  siaunanandruifuiluiindiduedslinuvihiinisdauasei
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4.2 M3fn¥IAMNRAINRAIENIUINIIHYaINa e lianadinag
Aminadan1eiugnssy (Genetic Similarity)

31NN151ATIEYAdNUTEANSALINaTANITUTNTIUTDS Dice’s Similarity

Coefficient  vosndreldanadniediuiu 24 freee wud Ardudssansanulnadania

(%
Y |

fiugnssuvesnéelifanaiisdiannaus 0.19-0.70 Taedldadewiniu 0.53 Tnendaelsiinaasia
MDM14 #u MDM18 fianasilnd@afumsiugnssusnnilan (0.70) wazndelsiunsguasiia
MDD2 fu MDD11 faranslnddafumsiusnssudeniian (0.19) faderailosnanndaels
fMisuazuniguaiidnwausnsduginefiunndsiutios visliunndstuillesgluszozid
nssaule NMsdunenunanaslaglddnyaeneduginetseninnmeldunguatay
fiaty vldreudneenn sniulusvenssadulndud warluszereanaen lnsauanonves
n&gliunsguasslnginindeliinis sunfafudenenndliunsguaszeninindaslsiinl

o
[V Y]

AL TALENANNRANANTENIINTIE AR UaKazdN iR 19 TRY (AN51991 9)
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n159ANguN1Ugnsssl (Cluster analysis)

nsIanguaiugnssuvendlgliianadnis 91wiu 24 fegne Meds UPGMA wuin

q

12
v a

ansadangulaidu 2 nqulvg) (A i 6) Aail

ngud 1 (Cluster I) Usznaume 3 nauges Aenaigliinasgua 2 nau waznaeldainis

[

| &
an 1 nad Ay

NquEeedl 1 (sub-cluster ) Uszneumendielduasguadnuiu 6 faeene taun
MDD2 CM8 CM11 CM16 RO5 uwag RO10 launadgliiunsguasvia CM11 fiu CM16 dau
Ina%aiun1aiiugnssuuIniign (0.60) 813LUBNIININEBAIDENTIVTINLNANAN TR Y

(. Foudln 0.83u5 9.9UaT1Y5H)

-nguglasdl 2 (sub-cluster -HI) Usznausendelsiinsguadiuau ¢ feens leun DBS
MDD2 MDD10 gz MDD11

-Ngugae? 3 (sub-cluster HI) Usznausiendeldunadnisdiuu 2 dreegns taud PT1
WAy PT2 91198090788 1N5IUTIUINAN WAL (@NEURMVIRANNTIU 2.4NAMT) WA

fiAnmnulnaganiaiugnssuAaunegs (0.58)

[

ngud 2 (Cluster I1) Usznausie 2 nqueay Aanaelduasgua waznaigliiinie Al

naugosl 1 (sub-cluster IH) Uszneushendeliiunsguasiuiu 4 foga liun
MDD3 DB6 MDD6 gz MDD15

-nguganil 2 (sub-cluster IHI) Usznaushendelsiinissiuiu 4 deghs léun MDM14
MDM18 MVP2 uag MVP26 lng@ieg1e MDM14 fiu MDM18 fiaaulnadnnieiugnssuiniu
0.70 (@ofinannduladu o.iilos 2.4namns) uay MVP2 fu MVP26 aailndBanieiugnssy

Wi 0.67 (2.1nlns 2.9uas1wsi)
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n153lAsIzvitavevan (Principal component analysis: PCA)

mMsdangueauduiudmatugnssuvesndasldanainie s1umu 24 degs Taenns
Aas1ztadendn (Principal  component analysis: PCA) anuiadsusnanansaeduigainu
wUsUsle 26.93 Wedldust Tnvosdusznaundnil 1 2 uaz 3 AseUAuANLLUTUSIU 10.74
Wosidud 8.58 wWesidud way 7.61 Wosidud veseuudsuniuimuamud iy nuiinsda

nqulagds PCA Tinagenndaiun1sdnnguaies UPGMA cluster analysis (11 7)

0.80 <

WD 1

048 -

10

PCA3 015

.Hll

PQ
-0.17 4

069
-0.59

PACI ' 043

AN 7 MsTangunaiiugnssulaen1sinsetdadendn (PCA) vasndmeldanadnic 91uiu 24

feg Ingliasomunglulaswenmalan s1uu 92 dada



5. MIATIVABULDNENYAIGNWES

YAsoug EST-microsatellite iaunsarfinusuafidwelalundreldanadni
F1UU 25 A (115797 6) bATRIMINY  G-microsatellite YaandIgliivilndu 91u3U 8 ¢ (15197
7) uagduAunIAIeaINYg  G-microsatellite LWSLANEN 113U 25 ¢ (M15297 3) WIATIFEBY

& 1 I

LaAANTBLATOIMUENAITALENAULANATEN I eiugiaule Ban1sAnwiaselliinas

Waundglifanainegnrauilaannswauseninndeldanadnis du anaviuaueuda waz

anadinie Au anadiy 539U 6 guaw (115199 2) egldnaeldanadnds S 2 dee

anawuaweUTa (Phaleanopsis ember) 31u3u 2 §79819 wag @nawlu (Wuwan Ascocentrum
o Y 1 Ao v & v ¢ ! I | {

sp.) 911U 2 Meee MG TuRU§nTIEeU (Check) LagduiFongnHaNIINLARY AN

[

1 10 - 15 g1 nan1sasIvdeuenanualgnuauilaluliaze desil

@jﬁl 1. Phalaenopsis wedding x NK14 (Doritis pulcherrima var. buyssoniana) ag
\dongnway (hybrid) 11953980V 31931 10 A39819 Wudn dlwsiues EST-microsatellite
$1utu 5 ¢ leun A48 B2 B28 B34 uaz B4l lmela3eaving EST-microsetellite $1udu 4
\3eavang A B2 B28 B34 Wag BA1 anunsaufinTinamazkonanuuanmeseninaaneiuswe
wilal LLGiiJJﬁ’]@JﬁOLLEJﬂﬂ?’]@JLLGIﬂGi’N‘UENQﬂNmﬂ;I{‘i 10 fegale Lﬁmmﬂgﬂmauﬁq 10 soghadl
uIRve U vaeiugwl Feldanunsarhunldlunmsszylendnualvosgnuaula du
\A3eaMNY EST-microsetellite  Ad8 m’mwuqﬂmaﬂuﬁaa&mﬁ 4 6 8 uAY LALLATDIMINY
G-microsatellite yaandaelsfuindu S1uam 4 ¢ 1éuA KNU-CC-32 KNU-CC-71 PGB209 uay
PGCT 17 #ianunsausnanuunnsnssyninsanesiudwoudls usliannsouwsnanuunnsisves
anwaNsia 10 fegeld ilasnngnuawiis 10 Fegsdvunadadamiiouansiugual (s
10 71wl 8-9)

@j‘ﬁl 2. P. wedding x PK3 (Doritis pulcherrima var. buyssoniana) taggnigas (hybrid)
117w 10 Foghe wiidlasnanesiusweldaunsaiuuiuuiidweld fuduiddndaelsana
fmsiduiusivisudisudusunulunisassaeusuiavesunudiduleansiugie nanis
nTI9a0U WU Insiues EST-microsatellite A8 gnuauiils 10 fogrsflvundadamilouas
Wugwe sniiumeened 4 ivuindadamiloumeriugusl nswes B2 gnuandils 10 foga &
yurndadainiouarsuswens sniiudiedeil 6 Aflvuinsadainiouarswugus
lwsiues B28 gnuauietned 1-5 fvundadamiiouanewusul drusiodned 6-9 flvuindada
ileumeituswous nswes B34 gnuauiildfivuindadawmilouameriugreus 1Hounnfogis
onviusogned 2 iflvuindadawmiloumeiususilnsies Ba1 fgnuansegnedl 1-3, 5, 7 uas

10 MdvuIndadawiiouangiugnan A108199 4 wae 9 dvuindadamilouaisiuguy wag

43



44

Meeeil 6 wag 8 dvwindadamilauaigiugnelnsiues G-microsatellite 143U 4 @ lown
KNU-CC-32 KNU-CC-71 PGB209 wag PGCT 17 WuvwIndadavesgnuauyniiag1amileuay

v

ugvowd enLiumegei 4 Nilvwndadamilouaeiuguil (1519 11 A9 8-9)

Phalaenopsis wedding x NK14 (Hybrid 1- 10) Phalaenopsis wedding x PK3 (Hybrid 1- 10)
A

' —- N ' N
M Pt P2DiD2FiM112 3 45 6 78 910 PtP2DiD2Ft M21 234 5 6 7 8 9 10

nwil 8 Indozaanlusinadidnlnslnidavesnisnsivaeugnuan serieandglsfanavuaueyda
fu anadiis $1uau 2 ¢ Tagldlwsiues G-microsatellite KNU-CC-32 (M = 100bp ladder
(Fermentas) P1 P2 = Phalaenopsis ember (Check) D1 D2 = Doritis (Check) F1 =
Phalaenopsis wedding M1 = NK14 M2 = PK3)

“anAsae fie Sadavesaneiuguil / gnasdvund e dadavesaneiudre / gnAsUse Ao dadavosgnwey

Phalaenopsis wedding x NK14 (Hybrid 1- 10) Phalaenopsis wedding x PK3 (Hybrid 3- 8)

A — f—%
e N

Pr PDiD2 Ft M1 1 2 3 45 6 7 8 9 10 P1 P2DiD2 Fi1 M234 5 6 7 8

awil 9 Indozaanluinadidnlnslnidavesnsnsisaeugnuan seriesndglsfanavuaueyda
fu anadiis $1uau 2 ¢ Tagldlwsiues G-microsatellite KNU-CC-71 (M = 100bp ladder
(Fermentas) P1 P2 = Phalaenopsis ember (Check) D1 D2 = Doritis (Check) F1 =
Phalaenopsis wedding M1 = NK14 M2 = PK3)

“*anAsae fie dadavesaneiuguil / gnasdvund e dadavesaeiudre / gnAsUse Ao dadavosgnwey
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4 4 4 [4 4 4 4 [4 4 4 1 4 1 1 4 4 L1125d
¢1 ¢1 ¢1 ¢1 ¢1 66~ ¢1 66~ ¢1 ¢l 66~ ¢1 4 66~ ¢l ¢l 60295d

[4 4 4 4 [4 66~ 4 66~ [4 4 1 [4 1 1 4 4 TL-22-NNX

4 4 [4 4 4 [4 [4 4 4 [4 1 4 1 1 - - ¢2-2D0-NNX
(4 €z (4 4 o4 4 4 4 (X4 € 1 X4 - - - - 1vd

1 1 1 1 1 66~ 1 1 1 1 4 1 4 4 1 1 cd

4 4 [4 4 4 66~ 4 [4 [4 4 1 [4 1 1 4 4 8cd

1 1 1 1 1 1 1 1 1 1 4 1 [4 4 1 1 ved

4 1 A 4 A 66- A 66~ 14 4 1 4 1 1 14 4 8vv

0TNMd 6NMd 8NMd LNMd INMd GNMd PNMd eNMd CNMd TNMd PIAN - pameyd ¢iod 1og ¢ 'eyd T BYd BLRELY / SISYIe

(LT1D9d ae1t 60299d T2-DD-NNY 2£-DD-NNM) @ P NEnLE 21)21esonIW-H 281 (Tyd R8N 29 829 ved 8hV) @ G MEmnLE =21)=1esoidiu
-153 BLITMDELWIRLY (DUDIUOSSANG uoA bLIBYIINd SRLIOQ) BTN X SUippam sisdouan)oyd ?gngmzcmﬁmc\mc@:@m@nmgmrcmz OT WbLELY



(oupuossAnG oA bwiLaydINd SHOQJ) ¢)d X Sulppam sisdouab)oyd ?gnmnmzcm Y OTNMJ b3 TNMJ L1 (DUDIUOSSANG JDA

owitiayond siog) ¢)id m\mﬁmpvvsﬁ BY £d Suippam sisdouap)byd Bl pameyq Smm@nwsw:\gv ‘sog = zlog =en 140Q A:@menwgwx\ﬁ 1aqWa sisdouan)oyd Y Z #EM T eYd BAIBLIE 4y

1 1 1 1 1 1 z 1 1 1 - 66- 1 1 14 z 11125d
¢t 1 €T €T €T ¢C ¢l €T ¢C €T - ¢l z 66- ¢'1 ¢l 60295d

2 1 z' 1 1 1 14 1 1 1 - 4 1 1 14 z T2-DD-NNM

1 1 2 1 1 1 14 21 1 1 - 4 1 1 - - Z€-DD-NNM

1 €T 1 1 1 1 €T 1 2 1 - o - - - - 47|

z'1 z1 z'1 z'1 A A 1 z'1 A z1 - 1 4 4 1 1 I4:|

66 1 2 1 1 4 4 4 14 z - 4 1 1 14 z 8zg

1 1 2 1 1 A 1 1 1 A - 1 z 4 1 1 ved

1 1 1 1 1 1 14 1 1 1 z 1 1 14 z 8vv

0TdMd 6dMd 8dMd LdMd 9dMd Gdmd bdMd cdMd ZdMd TdMd id  pameyd zioQ 1100 Z'®yd T 'BYd BLRELY / S1xiely

(LT1D9d 2L 60299d T2-DD-NNM 2¢-DD-NNM) @ P MEMLE 23121esonIuW-9 28N (THg 281 29 8¢9 ved 8hv) @ G MErLE 21)=1esoloiu
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@jﬁ 3 Phaleanopsis ember var wedding x RE4 (Doritis pulcherrima var.
buyssoniana) argnuay 31U 15 feee wuddlnsiues EST-microsatellite 31U 5 ¢
9w A48 B27 B28 B34 uay B4l wazlwsiues G-microsatellite 9113 2 @ laln KNU-CC-32
LAgKNU-CC-71  fianunsauenaanuuansinssevinsaneiusowsls uazuaninanisnsiadey

[
6§ Y

NANwAlYBINNEN N3 15 f3ee1e ladaaunnieg1e (13199 12 A 10-14)

@:Vi 4 NK13 (Doritis pulcherrima var. buyssoniana) x Phalaenopsis-Red Wu31
filwsiues EST-microsatellite 911U 6 @ laun A48 B2 B27 B28 B34 uav B4l uay lnsiues
G-microsatellite 1y 3 g léiuA KNU-CC-32 KNU-CC-71 uag PGCT17 flansnsausnaina
uAnAesEVeEeugiows] uasnTndeugNNaNTY 15 Megldogdaaulasianizlnswes
EST-microsatellite A48, B34 wag B4l fiannsnnsiaaeugnaasldnnsegis Insgnuauiia
15 §20819 wanwunuAiduiewmilousansiusneuazusl uasiaaesaefuiidlulndiidy
Tolulwria vilduaudidueilduansdadaiiunnsiisiu Wethunsvaeuiendnualvesgneaands
annsoszylddaanihgnaandldiuduauiduomanaeiusweriomeugul (maadl 13

AW 10-14 )

Pha.wed x RE4 (Hybrid) NK13 x Pha.red (Hybrid)

awil 10 Tndozaianludiaadidninslnidavesnisnsivaougnuanszuinandeliananiuausuda
fiu aqaﬂﬁa Inglglnsimes EST-microsatellite - A48 (M = 100 bp ladder (Fermentas)
1-2 = Phalaenopsis ember (Check) 3-6 = Doritis (Check) @'wamﬁl Phaleanopsis
ember var wedding (Phawed) x RE4 Wy gnNaudIwL 15 diaes fjjmau‘ﬁ 2 NK13
(Doritis  pulcherrima var. buyssoniana) x Phalaenopsis-Red wag Qﬂmawﬁmu 15

A08n9)
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Pha.wed x RE4 (Hybrid) NK13 x Pha.red (Hybrid)

A il 11 Indezaiarludiadidninslnidavesnisnsiaasugnuanszninendasliiana
vuaueUTa fu anasiia Iagldlnsiwes EST-microsatellite - B28 (M = 100 bp ladder
(Fermentas) 1-2 = Phalaenopsis ember (Check) 3-6 = Doritis (Check) @:Nauﬁ 1
Phaleanopsis ember var wedding (Pha.wed) x RE4 Wag gnHaudIwiu 15 f39e19
@:Nau‘ﬁ 2 NK13 (Doritis pulcherrima var. buyssoniana) x Phalaenopsis-Red Way

gnuaNdu 15 faeeng)

Pha.wed x RE4 (Hybrid) NK13 x Pha.red (Hybrid)

andl 12 Indezaianludiaadianinslaidavesnisnsivasvgnuanszninandaelsdana
vwaueyUda fu anasiis Tnoldlwsied EST-microsatellite - B34 (M = 100 bp ladder
(Fermentas) 1-2 = Phalaenopsis ember (Check) 3-6 = Doritis (Check) @:Nauﬁl
Phaleanopsis ember var wedding (Pha.wed) x RE4 uag gnuandIwiu 15 f79e19
@:Namﬁl 2 NK13 (Doritis pulcherrima var. buyssoniana) x Phalaenopsis-Red W@

gnuaNdu 15 fIee)



M Pha.wed x RE4 (Hybrid) NK13 x Pha.red (Hybrid)

a il 13 Indezaiarludiaadidnlnsliidavesnisnsraaeugnuanszninandaelifana
WikaueUda fu anaiiia Tagldlnsied EST-microsatellite - B41 (M = 100 bp ladder
(Fermentas) 1-2 = Phalaenopsis ember (Check) 3-6 = Doritis (Check) ﬁjmauﬁl
Phaleanopsis ember var wedding (Pha.wed) x RE4 udy gANaudIwIL 15 f1aeg
@'wau‘ﬁ 2 NK13 (Doritis pulcherrima var. buyssoniana) x Phalaenopsis-Red &y
gnaNdu 15 fee)

- Pha.wed x RE4 (Hybrid) - NK13 x Pha.red (Hybrid)

£ A n b A

éﬁ ~ \._-u:é ~ ~
M12 34568 1 23456 782101112131415= 123456 78 5101112 131415

F

300 bo'

A il 14 Indezaiarludiaadidnlnsliidavesnisnsraaeugnuanszninandaslifana
WiwaueUTa fu anasi’ia Tagldlnsues G-microsatellite - KNU-CC-71 (M = 100 bp
ladder (Fermentas) 1-2 = Phalaenopsis ember (Check) 3-6 = Doritis (Check) ﬁjmamﬁ
1 Phaleanopsis ember var wedding (Pha.wed) x RE4 Uag gnwas 311U 15 flegna
@'wau‘ﬁ 2 NK13 (Doritis pulcherrima var. buyssoniana) x Phalaenopsis-Red &y

ANNENTILIU 15 fae)



(pubjuossAng uon bwiiayIINd SIIOQ) Y34 X SUPPIM IDA 1BQUIS SISAOUD)DYJ BLEUALIEEMUE BY STHA DY Tdd M (DUDIUOSSANG oA bwiuaydINd

SUoQ) vy m\_ﬁrwm:mgj ey vy Sujppam JoA daquia sisdoupa)oyd QY pameyd A:@m@nmgw:\é ‘spuog = va b8 10 Smm@nmgw@t 18qUWa sjsdouan)oyd GY Z 2N T eyd BIIRLIE

1 ¢1 1 1 €1 €T ¢TT 1 ¢TT €71 ¢T €T 1 ¢TT €T 4 1 4 [4 4 48 SRR S T/-22-NNX
1 ¢1 ¢1 v'e'T ¢ €T veT v vel veT ver v 2T P b1 b1 ¢ A R S ¢ ¢ 22-DD0-NNX
v'e v'e v'e 1 vz vT 71 66~ T A A 1 b1 b1 1 4 I’ 66~ I’ 1 4 4 v4
Gp'eT SY'eT SYeT veT v vT veT veT veTT veT vT YT veT veT veTT €T P z §¢T ¢ v 1 1 8¢d

1 1 1 1 1 4 AN A 1 [ S 1 1 1 A 1 4 1 1 1 1 [4 4 lc4

1 z1 1 AR AL S AR A O A A S A N A A A A BN | 4 1 [4 ¢z g7 ¢t 1 1 bed

4 4 4 1 4 4 A NA z1 [T A 1 1 z1 1 4 1 1 I’ 1 4 4 514

GTdd  PIdd ¢ldd ¢Tdd 1Tdd 0Tdd 6dd 8dd l4d 94d GYd bdd  ¢dd <¢dd Tdd v34 pameyd pd ¢d <2d 1A Zeyd Teyd siSjlew/vLReey

(T2-DD-NNX AT ZE-DD-NNY) B 2 LLnLE S1N21esoniu-0 26 (1hg 291 8vd /2d bed 8pY) B G NLALE 1N1SIRSODIL-] ST RLIUDELYS

ALY (UDLIUOSSANG UDA DWILLBYIINA S3LIOJ) H3Y X SUIPPaM DA 18QUI3 SISAOUDS)DY ?g»mnmzcmﬁﬁc\mc@Jp@m@mwgmrcmz ZT wbLELW
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pay-sisdousn)oyd x (bubiuossAng oA owiuayond siuog) ¢TIN vrt\rnmnmzcm Y GT dN BB T dN AL1 pay-sisdousn)oyd

QY pal eyd (oupjuossAng oA owitiayind siLog) ¢THN m\mﬁmpng BY ¢TIN A:@mmmwgwxﬁ spuog = va ve 1d A:@m@nwsw:@ Jaquia sisdouan)oyd BY Z aef T eyd @Emfns,**

1 1 1 1 1 1 1 1 1 1 1 1 1 1 A 4 1 66~ 1 1 66~ [4 [4 L1125d

€71 €T ¢T1 ¢ €T €T ¢ ¢ €T €71 ¢ ¢TT ¢TT €71 ¢ 1 4 4 4 4 1 1 ¢1 TL-22-NNX

T et vT P peT veT peT peT peT b v oveT peT T pel ¢ vl ve vl vl b1 ¢ ¢ ¢2-DD-NNM

A €1 ¢TT €1 Al 1 1 1 1 rAR SO A S AL S AL 1 1 o4 1 1 66- 1 1 4 4 1vd

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [4 1 1 1 1 66~ [4 [4 cd
GCTT S CTT YT §'¢TT ¢t §'¢T ST §'¢TT v'eT v S G'¢T §¢T veT vee g'c oy 4 §'ec 4 v'e 1% 1% 8cd

z1 1 1 4 4 4 4 1 66~ 1 4 z1 A 4 4 4 7 7 7 T T 4 4 lcg

1 A Al A 1 (A A 1 1 A 1 1 1 A 1 1 o4 4 €z o4 X4 1 1 ved

1 66~ 1 1 A 1 1 1 1 1 A 1 A A 1 [4 1 1 1 1 1 [4 [4 8vv

GTdN VIdN €TdN ¢TdN TIdN OTdN 6dN 8dN ZdN 9dN GdN PdN edN <2¢dN TdN Paieyd ¢IMN  vd ed cd 1d gyd 1yd sidjew/sLpeeY

(L1109d #81M T.-DD-NNM Z£-DD-NNM) @ ¢ MEMLE 937191esONIW-D 2N (THg "8 2d 8¢9 L29 vEd 8pV) @ 9 nemnLk sijejesoniu

-1S3 RLIEKDELYIRLY pay-sisdouab)oyd x (oubjuossAng IoA puiiay2INd s13o0Qd) TN ?gnwnmzcmﬁﬁc\mcgp@m@nmawrcaz CT WbLELY
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@'ﬁ 5 UN10 (Doritis pulcherrima var. buyssoniana). x Ascocentrum sp. (Iuag)
wazgnuay (hybrid) 31uu 15 6799819 wudi Alwsiues EST-microsatellite 914U 3 ¢ Lo
AG8 B9 uaw B28 uarlwiiues G-microsatellite $1uau 1 gllduA KNU-CC-55 flanunsauen
AMLLANANYBsEN B LT O UAzLAnINaNIATINERUNENYAlvasgNNaNlATRRuYNIRE

gL IugnraNimegna 1 uay 13 Nldannsoinusunamdueld (319l 14 ami 15-17)

@:‘17% 6 NK4 (Doritis pulcherrima var. buyssoniana). x Ascocentrum sp. (suan) wag
anuay (hybrid) 91u3u 14 639813 wudn dlwsiues EST-microsatellite 91171 3 @ Lawn A48
B9 uwa B28 uarlnsiues G-microsatellite $1u2u 1 llA KNU-CC-55 ianansanenaan

LANAIIVBIEERUTNOY LaZRANINANITNTIVFRULDNENBalvRIgNNaUlATALIUYNFAI9E1

(mmﬁ 15 A9 15-17)

A

NK4 x AB (hybrid)

A

UN10 x AA (hvbrid)

ASco)

L)

M1234 5% 12345678010111213 1415

AB (Asco)

o+
é 12345673910111213 1415

a i 15 Indozaianludiaadidninsinidavesnisnsreaeugnuausznineandaelifanadiis fu
aqméﬁu Ineldlnsiued EST-microsatellite - A48 (M = 100 bp ladder (Fermentas)
1-2 = upsgua 3-4 = \uuan ﬁjmﬁmﬁ 1 UN10 (Doritis pulcherrima var. buyssoniana). x
Ascocentrum  sp. ({uuna) uazgnuay $1uI 15 fedne guandl 2 NKd (Doritis

pulcherrima var. buyssoniana) x Ascocentrum  sp. (Fuuan) hATYANEL U

15 $79814
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UN10 x AA (hybrid) NK4 x AB (hybrid)

A fAsco)
AE (Asco)

=
= 2123456789101112131415 M
AR g R =

-
—

o
%{12345 8 78 9101112121415

. -....,_,P‘ -

a = a I3 a aa i 1% v Y a o
a il 16 Indezasanludiaadianinsliidavainisnsivaeugnuanssninanaieliianadiie du

aqaﬁu‘[mﬂﬂwsma% EST-microsatellite - B29 (M = 100 bp ladder (Fermentas)

1-2 = a3gua 3-4 = e ﬁjmau‘ﬁ 1 UN10 (Doritis pulcherrima var. buyssoniana) x

Ascocentrum  sp.  (WHUAY) WAZGNNEN 31U 15 (99879 ANaN? 2 NK4  (Doritis

pulcherrima var. buyssoniana) x Ascocentrum sp. (Fuuan) hAEHNNEN 71U

15 29874
15 Is)
o o
= UN10 x AA (hybrid) b NK4 x AB (hybrid)
- =
=% m
M1 2345 123456 789101112131415 2< 1 2 345 678 9 10111213415 M

150 bp

a = a I3 a & aa ! 1% v Y A o
AN 17 I'Wﬁaé‘ﬁﬂia’ﬂ»llﬂLf\]a@LaﬂIV]iIWi"UaEUENﬂ’]i@i')"\]ﬁﬂ‘UQﬂmaﬂigwqqﬂﬂajﬂiuﬂf!ﬁu’n\i nu

aqavﬁﬂmﬂ#ﬂwnma% G-microsatellite -KNU-CC-55 (M = 100 bp ladder (Fermentas)

1-2 = upNgUa 3-4 = WDauen fjwauﬁ 1 UN10 (Doritis pulcherrima var. buyssoniana) x

Ascocentrum  sp. (WNuA) Waggnuay S1u 15 699879 anawdl 2 NKd  (Doritis

pulcherrima var. buyssoniana) x Ascocentrum  sp. (Fuuan) HATYNHEL U

15 $79814
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Gg,_,_;wa.am WINJQU320ISY X (DUDIUOSSANG 1oA pwiayand siuod) 0TNN ;mzcm@m STHY b8

T HY (butires)ds Wnguadodsy ey W (DUDIUOSSANG 1A pwiiaya)nd S1og) BREMON Y OTNN (NBBELLWENM) BBTNRT BY ZSY ALH TSY (NRBLELLVENM) BNBNYT Y HTMN RSN 89Q [WAIRLI A

- - 1 1 A 1 1 1 1 A A 1 1
- - 1 1 1 1 1 1 1 A 1 1 1
- - ¢ AN A 1 €T ¢TT ¢TT ¢t (4 o4 (4
- - A 1 1 1 Al 1 z1 A 1 z1 1

z1 z1 4 1 4 4 I’ - GG-DD-NNX
A 1 4 1 4 4 1 1 8¢d

(4 (X4 [4 ¢1 4 4 ¢1 1 69

1 1 4 1 4 14 1 1 8V

¢IHY THV GIHVY PIHY ¢ZIHV TIHVY OIHY 6HVY 8HV LHVY O9HV GHV VHVY

EHY ¢HVY VvV OINN ¢svy ISV PN  88d sidxlew/sLRRLY

(GG-DD-NNM) _@ T TLFLE D}))23eS0DIW-D 281 (829 ALT 69 8hY) _@ ¢ MLMLE 9})193es0I0IW-] ST

RLIEMDELWIRLY (MYTINERI) S WNUSI0DSY X (DUDIUOSSANG 1A DWLLIaY2INd S13IOd) OTNN ?gnwnmzcwﬁpc\mc@pmmemwgmrc@z b1 UbLELY
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() ‘ds wniua202sy x ‘(bubluossAng oA obuiriayd)nd m.c.:oSnmzcm@w GTHE PG T

Hg (8tRs) “ds Wnpua20sy eY gy (DUDILOSSANG UoA DwiiaYINd SHLOT) PHIN BAENEN BY PYN (NEEELLVEMM) BETIER BY ZSY BLT TSV (NELLLLWEIM) BNBMEN BY PTNN BLT 89Q UHIRLIM

1 1 A 1 1 1 1 1 A 1 A 1 A 1 [4 1 4 4 1 - G9-DD-NNX
1 A 1 1 1 1 Al 1 1 A 1 1 1 1 4 1 4 4 1 1 8¢d
A S AL SOV A S A S A T A SO A S A SO A S A SN A S A N A A A 14 ¢l ¢ 4 ¢l 1 69
1 A z1 1 1 z1 A A 1 1 1 1 A 1 4 1 4 4 1 1 5147

viHd ¢IHd <¢IHE 1IHd OTH8 6H4 8Hd /H9d 9H9d GSHEd vHE ¢Hd <¢HE TH4d av PIN  2sv  IsV  PIN  84d SiSxlew/pLRRLY

(SS-DD-NND) © T MEALE SU))2ILSODIW-D 26T (879 R8T 68 8Y) b € NEALE 21)2ILSODIW-|S]

RLIEUDREWIRELY (BRTIERI) dS WNQUSD0DSY X "(DUDIUOSSANG UDA DWILBYIING SIILOQ) YIN PLEMREIEEMUBIBAULURINGLLELLILLUEN GT UBLELY
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3150INAN15IY

Asnaasaavdnglalasweninalan

nsWAASoMANe EST-microsatellite waandaelsfanasiiia aingrudeya EST ves
ndelifng 9 Turedndelsl et dueiommneiiamylundelianainis 91nnns
duAugiudoyaainuivavesnalglianasie 9 lu GenBank Database
(http://www.ncbi.nlm.nih.gov/) Taginsduduidieidiounuanius 2553 ledouaiiduddiu
\wwares EST v09ndelshiavn s1uau 8,009 drduLua Toya mMRNA vanaeldana Doritis 14
dfuiua uag mRNA  veandaglifaneiusdu q 8n 88 difuiua Wevinsdangudeya
(assembly) uwazeenuuulnswed lalnswodtanun sauu 177 A Srunulnswesfildlunis
ponuuLty Juagiudladerng 4 wareilade Téun nisfvuandnunasiiildlunisdum way
sonuuululasueninalant Wy anuedvedinsiues (Primer  length) gaumgiilunisidngves
TnswesAufdueduuuy (Tm) Wesidus GC (GC content) waz TUIATBIAOULEAINNLNY
(expected size) WWusiu S1uauvestonaismuaiildanmsnusudoyangiutoya Tusunsu
lalumspumudazlusunsuiiuanaesiu wayiansiaszsauanaeiu (Castro et al, 2012;

Varshney et al., 2005) Jadeaanandwmaligruiulnsiuesinaunlaunnsnanu

ANSWAIULATDINUNE EST microsatellite WU 9¥928aAU0T1NA LUNITNAILILAT DALY
lulangnnalarivuunawdule Wasainaiuisanmuiladie anszezial wazalsanglunng

Ly

- 8 Y wyy A A o a Ao | Lo W
Wamaseming dnadilainesmneiimuisnanduniinisuansesnlaense drulvgdadu
Joyaves EST  finvlugrudeyaasisuziuasilutoyadiduivavesiiaidnnnudidgmni
\AYENY dmsuiivanisduvseiwiulessnudinudeyaves EST lugrudeyaraudnates

=) 1 % gj v = 3 L o v A
vsekinuay fanulunisiawiesemunglulasuennala a1ngiudeya EST  dmSuiy
wngdusangn Jedldteya EST  vesiiviegluananiondingiiuniainuduiugnig

[

Wauinssiy Fedudugiuiniiazunangunisuniiafeddiu (common  ancestor)

=

a a v v =l [ 1 [y} £ = a ¥ 1 <
FaasoaanenmunlaanfissananiaiunsanmununltUselevidluivianizdula agrelsiniu
Afa9lin1sns19aeUUsEans N nvauAS oL eNWau lasana 1 luiisanizdunfeIn1s@n Y
(Chapman et al., 2009; Dendoum et al., 2012; Naresh et al., 2009; Poncet et al., 2006)

NSAAULATEIMINY  EST-microsatellite 90§ udaya EST vaanadgliinig o Tuied
naeld dwlngidduaginugegaasidudiiuuadt 2 wa (38.42 Wesidud) sedawnfe
S1AULUEDT 1 LUd (30.90 Wesidus) waz L&Y 3 wa auaiu (22.03 Wesidud) auaidiu

Ing3URUUYRIEAULUEDT 2 Wa Ainuanniign fe AG/CT ddudauluagihuu CG/GC agliiny



iy aoandesiunmsianaissmnglulasuanmalaviveandelivng (Dendrobium nobile)
(Lu et al,, 2013) wazanadudiiiey (Cymbidium genus) (Moe et al., 2010) ﬁwudwdauslmyj%
WUSIFULUAST 2 WUd WUV AG 1nnfign uazdfuasuy CG agnulddasannlundaeliivis
2 ana savidtunguiayfin 1wy 4§12 41alne dundes (Nicot et al, 2004) uaznguiinluidesy
Hudu (Poncet et al, 2006) uargUuuuvasdIuIUAT 3 LA fiwuin Ae CGG/GCC s
aruidfuasn 3 wa sieadaenuldtieslundaelivang (Dendrobium nobite) (Lu et al,
2013) anadudifien (Cymbidium genus) (Moe et al,, 2010) uagnguiitluidssg tnegUuuud
wugnilvgjazfuuuy AAG (Yu et al,, 2004) drvlundrelifanaususmunnudvesdfuiva 2
WA WU AT/TA annfian sesasfonuidnesuat 3 La WUUAAG/TTC wa AGA/TCT uay

sUuvrasaduaviindussnuladeslundieliianall (The et al., 2011)

nsAnEIANaINaIENIINLgNIINVRINAeldanatne

1NMIATIAdeUM st UTINAALSuLLAT 8 AN EST-microsatellite 4a31n
G-microsatellite A57UTWANUNAMNATE MU 1ATEMINBIATOMINY  EST-microsatellite
uaz  G-microsatellite 31121 25 4 uay 8 g awnsariuUTinadduelundelianadiidld
ihiedesmnglulasusnmalavifngn inadraefuifidueludeiugnssuveandeliianadn
A9 MU 24 F9E1s ATITEBUANLUANFNYDILIUAL LM EIATEY HAD-GT12 " capillary
gel electrophoresis system (Qiagen, Germany) Wu31 Ihedemuglulaswevmalarifiuans
AnsuanssweaLauAduelundelsianasiii Sy 20 ¢ lésadaniuaninnauaneing $1uu
92 §ada Usznouse Insiwed  EST-microsatellite fiuansamuanslundaslsanasiis
F1uau 13 ¢ lidadaiiuaninnuuaning S1uau 57 8ada Lade 4 Sadasielnsies S1uludada

Aa o 9

nldegsening 2- 7 §ada lnedllnswes B34 uag B35 Nild1uiudaiagean As 31w 7 §ada

A1 Polymorphic information content (PIC value) 3if1 0.828 uag 0.786 AIUA1AU
J99R9NNA Lnskes B27 B39 war B2 91uduU 6 dada A1 PIC HeA1 0.751 0.733 way 0.667
puddy Usdleind PIC vesiaiamang EST-microsatellite 114 5 in3aavang firogluszsu

Aoutneas uazillnsweslulasuaninalasi (G-microsatellite)  nndeldanaduiiuaniniy

a_a

wansnslundelifanadiiis S1uau 7 4 ledadafivansainuunnsng d1udu 35 Fada wade
5 Sadarielnsiued dnnusadaildegszning 2-8 sada lnedllwsiwes Vo4 fdunudadagsgn
fio 8 §afa A1 PIC Tewvindu 0.844 Usilédn A PIC  vpaedesmuneiidmeglussdugs
19991713098 G - microsatellite fimuandluindidue oraidudruvesdu wiolily
fuld ailnnuuususiugs uazilemainlnduesiidulsgsninedesmuneg EST-microsatellite

WALAIDIMINY EST-microsatellite @mnsathlulalunisanelou (cross transferability) Tuiiasil
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a 4A

Anuduiusinadanegluanafieddu nIesanawagluldifeiiuliganinaismuneg

[V
v a A

G-microsatellite Vadliilosun9ania3anune EST-microsatellite Warn1u19ndudisinas
wansoon waziduduiinisoysnyardiuiua (conserve  sequence) o1amNANFUALAYEe
Uﬁwquﬁmﬁu (Barati and Arzani, 2012; Chapman et al., 2009; Datta et al., 2010; Fang
et al,, 2010; Gupta et al., 2003; Poncet et al., 2006)

dulsyandanulnddamietusnssuvesndaeliianadivisiiuan 24 foehs Senkeud
0.19- 0.70 WABWIAU 0.53 Msdnngumaiugnssy (UPGMA  cluster analysis)  Wagn1s
Ansesitlidondn (PCA)  anwnsadangu 1y 2 naulvey uaznielungalvgjduanusousn
Hungudesszninainguueandaelifinis uazunsgualdegredaau wansliiuii deanng
lulpsuaninalandusgansnmludiunldlunisfinwanuduiusniaiugnssuvesnaeldana

11179l9eg19TUsEANT AN

ﬂﬂiﬂi?ﬂﬁaULaﬂﬁﬂiﬂﬂjﬂaﬂQﬂNﬁ&l

nsfnnseandesvsnelalasusninalas S1uau 33 A (EST-microsatellite 314U 25 7
uay G-microsatellite) iansnsausnanuuansnsszinaaefugieus Aldlunsiamngnuam
néesnsana 91U 2 Ya Usznoude guauseninsndnsldanainafuanaiuaueuda
(Usgnausie Phalaenopsis ember var wedding wag Phalaenopsis-Red) LLazﬂé'aleﬁaqa

fafvanady lawsesmunglulasugsvminalas fanunsauenanuunnsisseninanaieldana

'
Y a v

fsvananuaueyda 19dwin 10 wTeanuny (Usenause EST-microsatellite $117u 6

A . . ° d' a ¢ o
LASDINUNY Ly G-microsatellite MWW 4 LATDNINNNY) LLa%Lﬂﬁ@ﬂ‘WﬂJqEJI&IIF"I?LWJ’WLVI@I@V] N

L o <

aunsanenaNuLaniasEnitanalgldanainisivanadu ladwiu 4 aseauny (EST-

microsatellite 91U 3 LAT99%UNY WAL G-microsatellite INUIU 1 LASDIVUNEY)

N13NTIRABUIBNGNYAIYRINKANTENIN Phaleanopsis ember var wedding x NK 14
(Doritis - pulcherrima var. buyssoniana) LLazqﬂNaMizﬁjﬂx‘i Phaleanopsis ember var
wedding x PK3 (Doritis pulcherrima var. buyssoniana) 313 10 faghs Tngldiadeamune
lilasuemnalast $1u9u 9 Sesmne (Usznausie EST-microsatellite $117U 5 LA309vaNg

Wz G-microsatellite 3117 4 LAToMH1E) WU gnuaudladulvgeddlulndmilouany

s 1

s enailisannangnrandulnguiainnismisideniede anllelevesdniiluany

o d o = : & o ¥ ,
Wugnliasaaulaluseninmsnnsideduanmiuasnie uwag Phaleanopsis ember var

¥

wedding \Jwiugndreldiilasunisusuugeiuguds ldvsiuunvesgiuiiugnssy (gsenetic

background) Aatau wazrddlulnduuuiemelsleia (heterozygous) AeiU FIUENAULANGA



laen  Usgnaufunsesmung G-microsatellite  MithaasivdeuiuimwInnaleldanadu
(Cymbidium sp. wag Phalaenopsis gigantea) insainnadeliiluananiiunassgnuauilaty
1A59n1391 1 (Phaleanopsis waz Doritis pulcherrima var. buyssoniana) 81 Jua s nilad

iliuauioweusinglidulunuiiaianisalld

N13ATIVABULDNGNUAIVRIRNHANTENIN NKI3  (Doritis  pulcherrima  var.
buyssoniana) x Phalaenopsis-Red ez Phaleanopsis ember var wedding x RE4 (Doritis
pulcherrima var. buyssoniana) 31uu 15 faegns lagldiasesmnelilasuanmala S1uau
10 S (Usznaumae EST-microsatellite 91174 6 \A3BIMINY way G-microsatellite
$1unu 4 Leesine) uaznInTadeULENANLAlUBINHALTEVING UN1O (Doritis pulcherrima
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ARTICLE INFO ABSTRACT

Article history: Doritis is a wild terrestrial orchid, originated in the Northeastern part of Thailand. With its
Received 28 January 2012 good floral structure and very diverse color, it has high potential to develop into
Accepted 1 July 2012 commercial ornamental plant or to use as a hybridizer with other orchid species. Unfor-

Available online 4 August 2012 tunately it has not been studied in detail for its potential of development. In this study we

developed SSR markers from EST database and examined the transferability of genomic
SSR markers from other orchids in Doritis. 8009 ESTs belonged to family Orchidaceae were
collected and analyzed for microsatellite. A total of 195 EST-SSR were identified. Twenty-
three EST-SSR and seven genomic SSR primers (from Dendrobium and Serapias) were used
for genetic diversity assessment of Doritis germplasm. 142 alleles were generated in which,
92 alleles (64.8%) showed polymorphism among 30 Doritis accessions (Doritis regnieriana,
Doritis pulcherrima and D. pulcherrima var. buyssoniana.). The polymorphic information
content (PIC) average at 0.6076 and ranged from 0.1244 to 0.8439. The phylogenetic tree
based on UPGMA showed three major clades based on their taxonomy indicating that SSR
markers developed in this study can be used for identification, conservation and selection
of appropriate parents for the Doritis hybrid production in future.

© 2012 Elsevier Ltd. All rights reserved.

Keywords:

Doritis
Microsatellite
Transferability
Genetic diversity

1. Introduction

Doritis, a monopodial lithophytic species, is a genus closely related to Phalaenopsis. It comprises only two species: Doritis
regnieriana Lindl. and Doritis pulcherrima Rchb.f. (Kamemoto and Sakarik, 1975). This orchid is widely distributed in Indo-
china, Burma, Thailand, Malaysia and Sumatra (Christenson, 2001). Three varieties are commonly found in Thailand including
D. regnieriana, D. pulcherrima and D. pulcherrima var. buyssoniana. D. regnieriana is known by the locals as “Ma-wing-krae”. D.
pulcherrima is known as “Ma-wing” because the shape of flower resembles the head of a running horse. D. pulcherrima var.
buyssoniana abounds in the northeast of Thailand, on the banks of the Mekong River in Ubon Ratchathani province, which
Thais refer to as “Daeng Ubon” (red Ubon). With larger flowers, larger leaves and longer inflorescences than D. pulcherrima, it
is considered a variation of D. pulcherrima distinctive enough to warrant a botanical variety status (Kamemoto and Sakarik,
1975). In general, orchids in genus Doritis can grow in a relatively dry environment. The characteristics of the plant, especially
the flower, are considered to have potential in the horticultural trade.

* Corresponding author. Department of Genetics, Faculty of Science, Kasetsart University, Chatuchak, Bangkok 10900, Thailand. Tel.: +66 2562 5555;
fax: +66 2579 5528.
E-mail address: fscicwj@ku.ac.th (C. Jantasuriyarat).
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Currently, the lack of information about Doritis genetic diversity and its evolution is one of the obstacles of using Doritis to
its maximum potential and developing new exotic ornamental hybrids. The use of molecular technologies will help to speed
up this process including using molecular markers in the selection of parents for hybrid production. Determining the genetic
diversity of Doritis is an important step in generating the information for breeders to breed new Doritis hybrids.

In this study we developed SSR markers from EST database of other orchid genera and examined the transferability of
genomic SSR markers from other orchid genera to Doritis. We then used these SSR markers (both EST-SSR and genomic SSR) to
assess genetic diversity of 30 Doritis accessions from the northeast of Thailand. The data obtained from this research will be
useful for the selection of appropriate parents for the Doritis hybrid production.

2. Materials and methods
2.1. Plant materials and DNA extraction

Thirty accessions of Doritis were collected from Northeastern part of Thailand including three accessions of D. regnieriana
Lindl, twelve accessions of D. pulcherrima Rchb.f. and fifteen accessions of D. pulcherrima var. buyssoniana (Table 1 and Fig. 1).
All Doritis samples were cultured in the greenhouse at the Faculty of Agriculture, Ubon Ratchathani University. The total
genomic DNA was extracted from young leaves using a modified CTAB method (Doyle and Doyle, 1990). DNA concentrations
were evaluated using a NanoDrop™ 1000 Spectrophotometer (Thermoscientific), then diluted to 50 ng/ul and stored at —20°C.

2.2. Development of EST-SSR markers

A total of 8018 EST sequences of Doritis and other related orchid species (Dendrobium and Phalaenopsis) were downloaded
from National Center for Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/) (GenBank) in September 2010.
These EST sequences were processed by trimming off vector sequences, clustered and assembled using the TGIL (http://
sourceforge.net/projects/tgicl/) and CAP3 program (http://pbil.univ-lyon1.fr/cap3.php). The unique sequences were used to
analyze repeated patterns and design primers by using the troll software (http://wsmartins.net/websat/), defining minimum
SSR repeats of 10, 6, 5, 4, 4 and 4 base pairs for mono-, di-, tri-, tetra-, penta- and hexa-nucleotide repeats respectively.
Primers were designed flanking the SSR and generated PCR products 100-400 base pairs in length. Primer size ranges
between 18 and 27 base pairs, melting temperature of primer ranges between 57 and 68 °C and GC content ranges between
40 and 80%. One hundred primer pairs were randomly selected and synthesized at Pacific Science Co., Ltd and BioDesign Co.,
Ltd for PCR amplification.

Table 1

Accession number, Taxon and collection site of Doritis for study.
No. Accession no. Taxon Collection site
1 S2 D. regnieriana Sarabury
2 S3 D. regnieriana Sarabury
3 S4 D. regnieriana Sarabury
4 M2 D. pulcherrima Sarabury
5 M5 D. pulcherrima Sarabury
6 Mah D. pulcherrima Chiang Rai
7 RO4 D. pulcherrima var. buyssoniana Roi Et
8 RO10 D. pulcherrima var. buyssoniana Roi Et
9 DB6 D. pulcherrima var. buyssoniana Sirindhon, Ubon Ratchathani
10 DB8 D. pulcherrima var. buyssoniana Sirindhon, Ubon Ratchathani
11 MDD2 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
12 MDD3 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
13 MDD6 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
14 MDD10 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
15 MDD11 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
16 MDD15 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
17 MDD20 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
18 MDD22 D. pulcherrima var. buyssoniana Indochaina market, Mukdahan
19 CM8 D. pulcherrima var. buyssoniana Sirindhon, Ubon Ratchathani
20 CM11 D. pulcherrima var. buyssoniana Sirindhon, Ubon Ratchathani
21 CM16 D. pulcherrima var. buyssoniana Sirindhon, Ubon Ratchathani
22 MV4 D. pulcherrima Sirindhon, Ubon Ratchathani
23 MVP2 D. pulcherrima Pho Sai, Ubon Ratchathani
24 MVP26 D. pulcherrima Pho Sai, Ubon Ratchathani
25 MVP27 D. pulcherrima Pho Sai, Ubon Ratchathani
26 PT1 D. pulcherrima Phu Pha Thoep National park Mukdahan
27 PT2 D. pulcherrima Phu Pha Thoep National park Mukdahan
28 MDM14 D. pulcherrima Indochaina market, Mukdahan
29 MDM18 D. pulcherrima Indochaina market, Mukdahan
30 MDM21 D. pulcherrima Indochaina market, Mukdahan
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Fig. 1. Map of Thailand showing the collection sites (circle: D. pulcherrima, square: D. buyssoniana and triangle: D. regnieriana).

2.3. EST-SSR amplification

PCR reactions were carried out in a final volume of 20 pl, containing approximately 50 ng of genomic DNA, 0.5 units of
DreamTaq™ DNA Polymerase (Fermentas, USA), 1 x DreamTaq™ DNA Polymerase buffer, 5 uM of each primer and 200 uM of
dNTP. Amplification reactions were carried out on a Bioer GenePro Thermal Cycler (USA) using the following cycling profile:
94° C for 5 min followed by 30 cycles at 94° C for 30 s, 48-62° C (gradient) for 30 s, 72° C for 60 s, final extension step at 72° C
for 10 min and the PCR products were stored at 4° C before analysis. The PCR products were separated on 2.0% agarose gel
electrophoresis at 75 V for 1.5 h and visualized under UV light after staining with ethidium bromide. The detection of
polymorphism of PCR products was carried out by HAD-GT12™ capillary gel electrophoresis system (Qiagene, Germany)
following the manufacturer’s protocol using OM500 method.

2.4. Transferability of genomic SSR

Thirty five genomic SSR markers developed from other orchid species including 6 SSR markers from Serapias (Pellegrino
etal., 2001) and 29 SSR markers from Dendrobium (Yoocha et al., 2006; Yue et al., 2006) were tested for amplification in Doritis
using the same PCR amplification protocol mentioned above. Those primer pairs that can amplify a clear band in Doritis were
used for genetic diversity assessment.
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2.5. Genetic diversity and phylogenetic analysis

For data analysis, the polymorphic of EST- and genomic-SSR alleles were scored for the presence (1) and absence (0) for all
thirty individuals. The number of polymorphic bands (PB), percentage of polymorphic bands (PPB), the observed number of
alleles per locus (A,), effective number of alleles per locus (Ae), expected heterozygosity (He) and Shannon’s information index
(Ho) was calculated using POPGENE v.1.31 (Yeh et al., 1999). Polymorphism information content (PIC) was calculated by
applying the formula given by Anderson et al. (1993). The NTSYS pc version 2.1 software package (Rohlf, 2000) was used to
calculate Dice genetic similarity coefficient (Nei and Li, 1979) for cluster analysis using the unweighted pair group method with
arithmetic average (UPGMA). Principal Coordinate Analysis (PCA) was also performed using NTSYS-pc software to resolve the
patterns of clustering among genotypes. AMOVA was used to investigate genetic diversity among and within species (Excoffier
et al,, 1992; Missio et al., 2009) using Arlequin3.5 software program (http://cmpg.unibe.ch/software/arlequin3).

3. Results
3.1. EST-SSR identification, development and characterization

From a total of 8018 ESTs of orchid species obtained from GenBank EST database, an assembly of high quality ESTs
generated 1765 unique sequences including 695 contigs and 1070 singletons. The EST-SSR search software was identified and
designed 195 SSR primer pairs, based on criteria described in Materials and methods. From a total of 195 identified EST-SSR,
there were 67 (34.36%) mono-nucleotide repeats, 76 (38.98%) di-nucleotide repeats, 39 (20%) tri-nucleotide repeats, 6 (0.38%)
tetra-nucleotide repeats, 1 (0.51%) penta-nucleotide repeat and 6 (3.08%) hexa-nucleotide repeats (Table 2). The TA/GA motif
was the most common among di-nucleotide repeats accounting for 14.87% followed by AC/CT (12.82%), AT (5.13%), TA (4.1%)
and AC/GT (1.54%) as shown in Table 2. One hundred EST-SSR primer pairs were randomly selected and synthesized for
evaluating the applicability of developed EST-SSR in Doritis. Twenty-three EST-SSR primers (23%) yielded unambiguous PCR
products among 30 Doritis accessions (Table 3).

3.2. Genomic SSR marker transferability

Transferability of thirty five genomic SSR markers from other orchid genus was employed for amplification in Doritis.
Seven SSR primer pairs (20%) were successful in Doritis DNA amplification and were used for genetic diversity assessment.
One primer pair belonged to Serapias (20C) and six pairs belonged to Dendrobium (1C, 5C, 19C, 23C, 32C, 33C) (Table 3).

Table 2
The frequency of repeat motifs in EST-SSR markers.

Repeat unit Motifs Number Frequency

Mono-nucleotide AT 64 32.82050
G/C 3 1.53846

Di-nucleotide TC/GA 29 14.87180
AG/CT 25 12.82050
AT 10 5.12821
TA 8 4.10256
AC/GT 3 1.53846
CA 1 0.51282

Tri-nucleotide CGG/CCG 8 410256
GCC/GGC 7 3.58974
GCG/CGC 3 1.53846
GTG/CAC 3 1.53846
AAG/CTT 3 1.53846
CAA/TTG 3 1.53846
AGG/CCT 2 1.02564
ATC/GAT 2 1.02564
TTC/GAA 2 1.02564
AGA[TCT 1 0.51282
ATA/TAT 1 0.51282
GAC/GTC 1 0.51282
CAG/CTG 1 0.51282
TGA/TCA 1 0.51282
TGG/CCA 1 0.51282

Tetra-nucleotide AAAC/GTTT 5 2.56410
AATT/TTAA 1 0.51282

Penta-nucleotide TTGGT/ACCAA 1 0.51282

Hexa-nucleotide CGGCAG/CTGCCG 3 1.53846
CCCAAA/TTTGGG 2 1.02564
TAACCC/GGGTTA 1 0.51282

Total 195 100
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Table 3
Sequences of 20 polymorphic primers, their accession number, repeat motif, annealing temperature, size range of product, number of alleles, PIC and protein
description.

Name  GenBank Forward Repeat motif T, Size range  No. of PIC Protein description
accession no. alleles and reference
Reword
7A CB034531.1 TTCTTCTGTGCATCTTTTGCTC (A)11 54 74-85 5 0.6794  Fiber protein Fb11
CACAAACCCAATTTAACACCCT AAN77150.1
11A CB032260 CTTGATGAATGTGAGGAAACCA (CAA)5 62  116-119 2 0.495 Not hit
AAACCTTACTGTTGGGCACACT
26A C0742605.1 TGGAAATGACAAGGTTTCTGTG (GGAGCA)4 62  183-189 2 0.4528  Not hit
TTGAGCTTAGGAGGCAAATAGG
2B CK859111.1 AGACGGGCTTAATGATGTCATT (TGG)5 56  244-247 2 0.1244  Unknown protein
TGGTATGTATGTAAATGCCCCA ACR34461.1
27B CB031838.1 CATTCCATTCATCTCTCATCCA (CGG)5 56  127-183 6 0.6672  Abscisic stress
TACAAATCAAAGTCATCGTCGG ripening
ACZ50749.1
28B CK857691.1 GAAGCAGCAGCAGAAGAGGT (CGC)5 56  122-129 3 0.6128  Not hit
GCTTTCGACTCCATTACTCTGAA
29B CB0343051 AGCACAGAAAACAAAGCATGAG (CAC)5 58 89-98 4 0.6397  Stress responsive
AACGGAAATCCTTGAACCAGT protein
NP_001149550.1
34B CK855825.1 AATCCAAATCCAACACCAACTC (GGC)5 58  136-165 7 0.8278  Unnamed protein
TAATTCCAGCCACAGTCTCCTT product
NP_001174118.1
35B CB855825.1 TTTCCATCCTCCTCACTTCATT (AC)7 50 157-178 7 0.7836  LLA-115 ABI4885901
AGTATCGTCAAAGCCAGGGATA
36B CK856598.1 AGTCCCTCTCCGTCCTATGATT (GAA)6 52 100-114 6 0.7511 Hypothetical protein
CTTCTTTCCAGTCATGTCCAGC XP_002443940.1
37B CK859137 ATGGCAGCAGTTGAGGTAGAAT (TC)6 48  393-402 4 0.63 Not hit
TCCATTACTCTGAAACCGTGCT
39B CK857960.1 GCACGAGGATCAATTTAGCATA (AC)7 48  145-212 6 0.7328  Cleavage
GGAAGATGATGGGTACGTCATT dioxygenase
Q48K96.1
41B CB034609 ATGGCAGCAGTTGAGGTAGAAT (CCG6 58  194-200 3 0.6039  Not hit
TGCCTTCTTCGGTCTTAGTCTC
1C ORCA40 CAAGCTACTTCAGACTCATC F(TG)8CA(TGCG)12, 46  200-209 4 0.6639  (Yoocha
GAAGACACTGCTCATATTTC R(TG)10(TGCG)6 et al., 2006)
5C ORCT6 CTCCTTGCTTGGATTTGCTTC (TC)5(GT)18 42 250-262 6 0.6533  (Yoocha
CACCTCATCACATCTTGCCAT et al., 2006)
19C 0A20 CATATATTAGCCACTTCACTCTC Data not shown 42 321-419 4 0.5828  (Yue
ATGTCCACCTCCCTAAAATAGTA et al., 2006)
20C sv04 CTGGTCTCTTCTTTCTGGAT (CT)8AC(CT)5 42 284-305 8 0.8439  (Pellegrino
AACACCAACACACATATACAT et al., 2001)
23C OAO08 AGGCAAAATATAACATACCTCAAT  Data not shown 42 200-289 3 0.2886  (Yue
AATCAAGCCATTTATCTCCTCT et al.,, 2006)
32C S122 GTGACTCGAGCCTTGGAATACG F(TC)9(AC)4, 42 333-358 6 0.7889  (Yue
ACGCCGGTGAAAGAAGAAGAG RAT(AC)8 et al.,, 2006)
33C 0A19 AAGGCAAACTTGAGTGCTTTATT (GA)31 42 260-374 4 0.5672  (Yue
CTTGTGATTTCTTTGCCTTTCTT et al,, 2006)

3.3. Polymorphism of SSR markers

Thirty SSR primer pairs (23 EST-SSRs and 7 genomic SSRs) were used for genetic diversity assessment of 30 Doritis
accessions, collected in Northeastern part of Thailand. Twenty of thirty primers showed polymorphic bands. A total of 142 SSR
alleles were generated, 92 alleles (64.8%) showed polymorphism among Doritis accessions. The numbers of polymorphic
bands were on average at 4.6 alleles per locus (ranged from 2 to 8). The polymorphic information content (PIC) varied from
0.1244 (2B) to 0.8439 (20C) with an average of 0.6076 (Table 4). The observed number of alleles per locus (A,) ranged from
2.25 to 4.15 (mean = 3.33) and the effective number of alleles per locus (Ae) ranged from 1.9227 to 3.0805 (mean = 2.49). The
percentage of polymorphic loci (PPB) per species was relatively high and ranged from 90% in D. regnieriana to 100% in D.
pulcherrima var. buyssoniana (Table 4).

3.4. Genetic diversity and phylogenetic analysis

The expected heterozygosity (He) ranged from 0.5233 to 0.6194 (mean = 0.558), of which D. pulcherrima var. buyssoniana
showed the highest level of He and D. regnieriana showed the lowest. D. pulcherrima var. buyssoniana exhibited the greatest
level of variability (PPB: 100%, He: 0.6194, Hy: 1.1235, respectively), whereas the D. regnieriana exhibited the lowest level of
variability (PPB: 90%, H.: 0.5233, Hy: 0.6768, respectively) as shown in Table 4. The AMOVA result revealed 10.59% and
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Table 4

Genetic diversity of 3 species of Doritis.
Species No. of SSR locus No. of PB? PPB® AS Al H.® Hof
D. regnieriana 20 18 90% 2.25 1.9227 0.5233 0.35
D. pulcherrima 20 19 95% 3.6 2.4675 0.5317 0.225
D. pulcherrima var. buyssoniana 20 20 100% 4.15 3.0805 0.6144 0.3036
2 (PB), number of polymorphic band.
b (PPB), percentage of polymorphic band.
€ (Ao), observed number of alleles per locus.
4 (Ae), effective number of alleles per locus.
€ (He), expected heterozygosity.
£

(H,), Shannon’s information index.

89.408% variation presented among and within species (D. regnieriana, D. pulcherrima and D. pulcherrima var. buyssoniana)
(Table 5) respectively and fixation indices from AMOVA was 0.106 (P < 0.001).

The UPGMA was used to generate a dendrogram, based on Dice’s similarity, for genetic relationship of 30 Doritis accessions
(Fig. 2). The dendrogram revealed 3 major clades, grouped by species of Doritis accessions. For example, D. regnieriana
including S2, S3 and S4 were clustered in the same group, same as D. pulcherrima and D. pulcherrima var. buyssoniana
accessions were also grouped based on their taxonomy.

The genetic distance between species showed the highest level between D. regnieriana and D. pulcherrima (0.3036) and the
lowest level between D. pulcherrima and D. pulcherrima var. buyssoniana (0.1739) (Table 6). The principle coordinate analysis
(PCA) separated 30 accessions into 3 major groups based on their taxonomy, which was consistent with the result of
phylogenetic analysis (Fig. 3).

4. Discussion
4.1. EST-SSR development and polymorphism

Studies of expressed sequence tag (EST) have generated a vast amount of publicly available sequence data from many plant
species (Li et al., 2011). EST-SSRs are different from traditional SSR (genomic-SSR) marker, which have some intrinsic
advantages over genomic SSRs in their direct association with transcribed genes, lower expense of development, and high
level of transferability to related species (Mian et al., 2005). In the present study, EST-SSRs were developed from orchid
species and used for genetic diversity assessment in Doritis. Twenty three primer pairs from a total of 100 primer pairs (23%)
were successfully amplified genomic DNA of Doritis. This percentage was low when compared with the previous reports in
which 952 successfully amplified markers from 994 markers (95.8%) in hops (Koelling et al., 2011); 31 from 35 markers
(88.6%) in cucumbers (Hu et al., 2010); 44 from 50 markers (88%) in sesames (Wei et al., 2008); 251 from 290 markers (86.5%)
in peanuts (Liang et al., 2009); 10 from 12 markers (83%) in oil palms (Singh et al., 2008); 170 from 239 markers (71.13%) in
Japanese chestnuts (Nishio et al., 2011) and 54 from 97 markers (55.7%) in teas (Ma et al., 2012). One explanation for the low
percentage of SSR product amplification might be due to the principle attributable to natural sequence variations existing
within the primer binding sites of different orchid species, since the majority of EST sequences were obtained from Den-
drobium and Phalaenopsis (only few sequences from Doritis). Another reason might be the poor quality sequence of the ESTs
from which the SSR primers were designed (Park et al., 2010).

4.2. SSR transferability

Genomic SSRs from other orchid genera were used to study the transferability in Doritis. From 35 primer pairs, 7 primer
pairs (20%) were able to amplify PCR products in 30 Doritis accessions. These percentages of transferability were similar to
previous studies in other plant species (Bory et al., 2008; Hu et al., 2011; Li et al., 2011; Tahan et al., 2009; Wunsch, 2009). The
transferability of SSR markers depends on the genetic relatedness among examined species which includes the difference in
DNA sequence, genome size and evolution rate (Xie et al., 2010). The low percentage of transferability may result from the
evolutionary distance between Dendrobium and Serapias and Doritis. The two genera are not closely related to Doritis as
Phalaenopsis. When compared EST-SSR and genomic SSR markers, the level of transferability of EST-SSR markers were higher
than that of genomic SSR markers. The result indicated that the conserved nature of coding sequences compared with non-

Table 5

Analysis of molecular variance (AMOVA) of Doritis germplasms.
Source of variation Sum of squares Variance component Percentage variation P-value
Among species 35.242 0.68184 10.59% <0.001
Within species 328.092 5.7559 89.4082 <0.001
Total 363.333 6.4379
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Fig. 2. The genetic relationship between 30 accessions, based on Dice’s similarity coefficient.

coding genomic DNA and that the mutation frequency of EST sequences is lower than that of genomic DNA sequence (Wen
et al,, 2010). In contrast when consider the percentage of genomic SSR and EST-SSR markers producing polymorphic alleles,
genomic SSR (100%) were higher than EST-SSR (56.5%) due to the conserved sequence in transcribed regions of genes (Hu
et al., 2011; Wen et al., 2010). Our result was consistent with previous studies in other plant species (Eujayl et al., 2004;
Gao et al,, 2005; Luro et al., 2008).

4.3. Genetic diversity of Doritis

The genetic diversity was measured by the polymorphic information content (PIC) and the polymorphism rate (P). The loci
polymorphism can be considered high, medium or low if PIC > 0.5, 0.5 > PIC > 0.25 and PIC < 0.25 (Xie et al., 2010). In the
present study the result showed a medium PIC value in both EST-SSR (0.6154) and genomic SSR (0.5064). The PIC values
average at 0.6076 and indicate the usefulness of DNA markers for gene mapping, molecular breeding and germplasm eval-
uation (Wei et al., 2008). This result suggested that EST-SSR and genomic SSR markers from this study could contribute
substantive information to the genetics and breeding research of Doritis.

A UPGMA dendrogram, inferred from the shared allele frequencies among 30 accessions, formed 3 main groups distin-
guished by species and variety. Three accessions of D. regnieriana were grouped together, twelve accessions of D. pulcherrima
were grouped together and fifteen accessions of D. pulcherrima var. buyssoniana were also grouped together. The D.
regnieriana group was placed closer to D. pulcherrima than to D. pulcherrima var. buyssoniana. This result was in agreement
with the chromosome studied and floral architecture and size as both D. regnieriana and D. pulcherrima are diploid species,
2n = 2x = 38 with small sized flowers and backward pointing sepals but D. pulcherrima var. buyssoniana is a tetraploid species,
2n = 4x = 76 with larger sized flowers and broad sepals. D. pulcherrima and D. pulcherrima var. buyssoniana were placed next
to each other as they both are the same species (Christenson, 2001). Both species have similar characteristics with the

Table 6
Nei's unbiased genetic distance among 3 species of Doritis.
Species D. regnieriana D. pulcherrima D. pulcherrima var. buyssoniana
D. regnieriana 0.0000
D. pulcherrima 0.3036 0.0000
D. pulcherrima var. buyssoniana 0.2623 0.1739 0.0000
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0.37

Fig. 3. Principles coordinate analysis for SSR markers using the genetic similarity matrix for 30 Doritis accessions.

tetraploid exhibiting larger structure than the diploid variety (Kamemoto and Sakarik, 1975). This result was also consistent
with Nei’s unbiased genetic distance between population, D. pulcherrima and D. pulcherrima var. buyssoniana was close to
each other (0.1739) while both were more distance with D. regnieriana.

In conclusion, the EST-SSR and genomic SSR markers, developed from other orchid genera, were successfully employed to
measure genetic diversity and relationships within this Doritis collection. Future studies with these SSR markers could be
useful for identification, conservation and selection of appropriate parents for the hybrid production.
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Doritis is one of the orchid family in the northern part of Thailand with
extremely high genetic diversity. Unfortunately it has not been studied in
detail for its potential development into high value ornamental export. In this
study we developed SSR markers from the EST database of other orchid
species for the use in breeding program of Doritis species and transferability
from the other species into Doritis. Thirty EST-SSRs primers and seven genomic
SSRs primers (from Dendrobium and Serapias) generated 142 alleles, among
them 92 alleles (64.8%) which show polymorphism between 30 Doritis acces-
sions, with the number of polymorphic band ranging from 2-8 bands. The
phylogenetic tree based on UPGMA showed three major clades of Doritis (D.
regnieriana, D. pulcherrima and D. buyssoniana) indicating that these primers
are useful for study in genetic diversity and they will be useful for breeding
program of Doritis in future.

Keywords: EST, microsatellite markers, Doritis sp.
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