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sosldnatuiuratslninnduazarunsaasideauls nsldnseaunemeueazslelaiuis
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UNNALINADAIALINDUNAUILISUAS1S cone A9t $1UITeilRg

a v

¢ A e
TogUszasdiefnwiaiy
wANENIVeUgN T sEINAueduaziunadleluUssana Cycas lngldinsosmnemiduiei
a1u150959aeUlaRTREvaEAwALY wazieRmuATeINgluanand iz saineluysFal
¥4 (C. chamaoensis, C. siamensis C. clivicola wag C. edentata) AUUANANNIIRUTATTY

' v o = = a fal @ Y v v 1Y v oA
seriunaluazinadevilagluTouimeuateiuina weveInguaum LAz nauAuMIllgveIUs
wiazaldd lneldivata AFLP S1u3u 64 alnswes wud @ 3 glwswesnliliuaufiduie fe T-
CAC/E-AAC T-CAC/E-AAG wag T-CAC/E-ACA 8n 61 glwsweshiuauiduesglugig 6 fs 58
oy WwaeUszann 30 wauseglnswes Uswis 4 alddliuaumidueludwiulndifesiu fie 1893,
1850, 1882 Uay 1864 uoU {ULAUADUOTILAAIAIUUANAITEMINGUAUWAR WA NFUFULNA
e 67, 67,55 way 113 wau vseaadudesay 3.54, 3.62, 2.92 uay 6.06 1 C. chamaoensis,
C. clivicola, C. edentata wag C. siamensis MUSISU L1aFALAURLOULDALAAIANULANFT
serInquAnnAkaAdy 31u3U 141 uauannviavae 302 wau tilulaauuagymaiduiua la
o U dld ! 1 1 g U o fdl o o
aAuLUandvnng1INg1 100 Ava waglieiu 91uiu 57 @1e seniuulnsiueindimizdiuiu
54 ¢ Wilwsweslunageuiufduevesunaiiasinads wui 3 35 ¢ Aamnsoivduamy
Aduelduagliuauidisaniaau uivs 35 glikauluisaeuna FalidiglnswesialumAdein

a1usaldiduasaamunedinsudnunmaludssle

Aman : Uss, Cycas, NMITIUUNNA, LASDIMINURALOULD, AFLP
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Project Title : Genetic difference of male and female cycads
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Project Period : 1 July 2011 - 30 June 2013
Abstract:

Cycads are dioecious that male and female plants can be identified only by their
reproductive organs or cones. However, it takes several years for plants to grow before a
cone is produced. To identify sex of cycads at early age, DNA markers are an efficient
mean that facilitates the identification. Therefore, the objective of this research is to scan
genomes of four Cycas species (C. chamaoensis, C. siamensis C. clivicola and C. edentata)
for a polymorphic region between male and female plants using multi-locus markers and
later develop it into a specific marker. DNA fingerprints of male and female bulks of each
species were compared using 64 combinations of AFLP primers. There are three primer
pairs that do not yield any DNA bands. Sixty-one primer pairs gave 6 to 58 DNA bands with
average of 30 bands per primer pair. 1893, 1850, 1882 and 1864 total bands and 3.5,
3.62, 2.92 and 6.06 % polymorphic bands were obtained from C. chamaoensis, C.
siamensis C. clivicola and C. edentate, respecitvely. Out of total 302 polymorphic bands,
141 bands were cloned and sequenced. Fifty seven non-redundant and >100 bp-long
sequences were obtained and designed 54 specific primer pairs. The primers were then
tested on male and female pooled and individual DNA. Thirty five primers pairs yielded a
single amplified products for both sexes. Therefore, none of the primer pairs designed in

this research can be used as a specific marker for sex identification in Cycas species.

Keywords : cycad, Cycas, sex identification, DNA marker, AFLP
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AunsAinu I Tunisvesie waziuivnlianudrgmaesegia 1duliuszau vseiind
1RGN wasinlauanansadunsulsenula
Usauiiwifiotensduiugmaduasinadeagusnsuiu (dioecious plant) luusadesld

U ¥ ¥ I

SreaeIuIY WendumeklazsunaAdlsdidnuazlaeva lumilouiu Asunisuenine
YaaUsensdunaneTensduiugnisenitlay (cone) wintuy

e lumedvsamadevesddidioty. wenwmdoannismnunlagiugnssuna,
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faonTuagiutadedus wu sedvgesluu annwingen Wudy Fansifsuudaaniniingey

wianflenavinlideunals ludnddlng mamvuslaglaslulomnal 1 ¢ Tumellelasluloy
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weavsaosdidnuusniouty udlunadleslulsunaazdisusafiuandsiu (heteromorphic)
Tuvadluiivdanlng Testuleunneluisaeanaazlivnnsieii (homomorphic) ann1sAne
Y94 Sangduen uagAy (2009) nuiuaslelnlvasiumaduazinadevesUssuninluana
Cycas wag Zamia flasklenunaumisiisl satellite unnsineiu @ C. siamensis Mig. nu satellite
vunruirsevedlaslulongil 14 5 wag 6 Tusuwer] wazuunvuinsenvedlasiulougi 3 Tusy
medle Ssenavhanlflumsduunmavesussls uinsnaglasiulendonitluszosiwadinds
fnsuisi Faneiareudisgeendudon msthirdesmnefiduemldaziielinssuunime
shldieuarmaiity washldfusssesiugeu shlsuseudanan iufl uassuuszanalunis
Auakardnn1slaunn

a |

ANYUEANATILANA NN ULAAITIAIUUANAIINIIIUGNTTY T981AAAINAIUUANFN
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fundureLUaveIRlauLe vsen1silseaunyusalumdueaeiy vilrduniladuiuaiuy
Wweanukanseenwanaeiulula (epigenetic) nMsiwatianndluanaavyiglinisdnuunmaitla
NeTU wazilafuaszaznng vesnasyiiulavetlse vilrliseadonan Nun way
sudszanadlunisugnlunewiiesenlauy
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LARIAINLANANNTENINAIDENTTANYIZA1SAU (polymorphism) duaansathlumansuLua

wareonwuUlnswasnImnziuanwus NAnwUule
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nnUszasA

1. ivefinwAuuana1anIsiugnssuTEnIsuwAuaauneilelulsana Cycas
InglipIamunedioue

2. Wamupsawngluanandmgdemeluyse

ad

N8R

1. iusegsluamndunauassiunadovesuss 91w 4 alTd (Cycas chamaoensis,
C. clivicola, C. edentata way C. siamensis) 310 Nong Nooch Tropical Botanical Garden
° L .Y = 2 o ' 1% B = I Y 1 o aae A gy
gunedniiu Jaminvays Wneiiudegsluandunaguazineilieognas 3-5 duseaUdd liveld
< o = = J 19 ! v = ! N 6
JudunulunisidSeufiguanuwansdenisiiugnssusenitanagiasinadiovosUssluusiayalad
eniu C edentata wedulditiies 2 faegns iesnddwiudusgiosuaziunnumed

FIUIUINA (A157199 1)

a6

P o o ' A
15790 1 91UIUANIDYNUTILYAAIULNA hazaUud

GRRTS e (fw) ey (du)
C. chamaoensis 3 5
C. edentata 2 3
C. siamensis 3 3
C. clivicola 5 5

2. afpAdweanluveudaziegnsmenainuay Invisorb® Spin Plant Mini Kit
(Invitek GmbH, Germany) AM138N13YeAENER SaUsuafiduediewnded nanodrop wazUsy
Audnturenfeg1adu 50 ng/ul w3sy pool DNA solution taeti 50 ng/ul ALBWLEVDILA
avegeiifinaieaunsuiulusinasiivindu WeldiluasasarefdueSudulunsad
AeRUWALDULD (pool DNA)

3. @danefiusiuemswmaiin AFLP a1uian1sues Vos et al. (1995) Tngldioulasisn
§1wny 2 wiin fe EcoRl was Trull wasifinySinadumiduesemaia polymerase chain
reaction (PCR) $1uau 2 ads Ing pre-selective amplification Ttlwsiues (E-A/T-C) uag

selective amplification Tdlnsiuesinuau 64 dlwswes 10 16 Tnswas (m31991 2)



M1519% 2 SRULUAT adapter wag Tnsiesnluluduneu pre-selective amplification Wag

selective amplification

Primer sequence
EcoRl adapter-1 5'-CTCGTAGACTGCGTACC-3'
EcoRl adapter-2 5'-AATTGGTACGCAGTCTAC-3'
Trull adapter-1 5'-GACGATGAGTCCTGAG-3'
Trull adapter-2 5'-TACTCAGGACTCAT-3'
E-A 5'-GACTGCGTACCAATTCA-3'
T-C 5'-GATGAGTCCTGAGTAAC-3'
E-AAC 5'-GACTGCGTACCAATTCAAC-3'
E-ACC 5'-GACTGCGTACCAATTCACC-3'
E-AAG 5'-GACTGCGTACCAATTCAAG-3'
E-ACA 5'-GACTGCGTACCAATTCACA-3'
E-AGC 5'-GACTGCGTACCAATTCAGC-3'
E-AGA 5'-GACTGCGTACCAATTCAGA-3'
E-AGT 5'-GACTGCGTACCAATTCAGT-3'
E-AGG 5'-GACTGCGTACCAATTCAGG-3'
T-CAA 5'-GATGAGTCCTGAGTAACAA-3'
T-CAC 5'-GATGAGTCCTGAGTAACAC-3'
T-CAG 5'-GATGAGTCCTGAGTAACAG-3'
T-CAT 5'-GATGAGTCCTGAGTAACAT-3'
T-CGA 5'-GATGAGTCCTGAGTAACGA-3'
T-CGC 5'-GATGAGTCCTGAGTAACGC-3'
T-CGG 5'-GATGAGTCCTGAGTAACGG-3'
T-CGT 5'-GATGAGTCCTGAGTAACGT-3'

4. wonuuafdueTiiinUiuals ne3saidninsinsdaly 6 % denaturing
polyacrylamide gel sherdsindnnsd 7ow W@unanUssuna 3 vu. wddoumadewaia silver
staining MU33N15UBY (Benbouza et al., 2006)

5. m’m‘mLLaU%uﬁL'Sul,aﬁLLammmLmﬂm'Niwdwéful,wﬂQ’LLasé\’umeﬁﬂ

6. FauauiiduleiiuanimuuAnsLazatatuRBueeanulae Uiy TE buffer
60 L 71 65 °C 1fhunan 2 v, geansazanglish PCR lngldlnsmosuagiBnadudentu
pre-selective amplification Lﬁal,ﬁmﬂ%mm%uﬁﬁmaLLazm’maaU%umﬁlu 1.5 % agarose gel
\Jeuste PCR product Aumanafinlagld pGEM®-T Easy Vector Systems (Promega, USA) wae

a

oenanailaing competent E. coli mMAIBTNTVOILHER

' (%
= a

7. AnldenlalatinfidynuazaunsainUinaduiidwe ndvuiaaunaianislalu pool

DNA v83a U8 dnuuLa UAa e NLaAIANULANAISTENINNARIE A INSILaSTINULOY



Adwety anawaralinainlmausie FavorPrep™ Plasmid Extraction Mini Kit (Favorgen
Biotech Corporation, Taiwan) WagamafuLUae3TuRLeULe (Macrogen, Korea)
8. ATINARUAMNNYBIAWULLA lagidenaeaunsasuualataiau danuendlides

s

N1 100 Auua uazligniu dhdduuadiuiiogserinsglnawosves AFLP moonuulnaiwesi
Fnelnglyluswnsy primer3 (v. 0.4.0) (Untergasser et al., 2012 way Koressaar and Remm,
2007) wazduasizilnsesandisuiuadile (Macrogen, Korea)

9. NAgUANNINIEHaNAvDd NS uAaE NN A kA AL TuwsasAY

10. WIBUBUAMUMLDUTENINEIRULUE (sequence identity) melUswngy MAFFT
(Multiple Alignment using Fast Fourier Transform) 489 EMBL-EBI
(http://www.ebi.ac.uk/Tools/msa/mafft/ 23 n.n. 2560) lngld default algorithm parameter
wailSeudlsupnundneadasudduuanisenuneuntisie nucleotide blast (blastn) ves
NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) Ineld database Nucleotide collection (nr/nt)

using Megablast (Optimize for highly similar sequences) wagld default algorithm parameter
NANIINNEBY

AYULANFNNIIHUTNTTUTENIINFUAUN AR LT NALTY

nsasaaneRuYifLduevealss 4 aldd (C chamaoensis, C. siamensis, C. clivicola wag
C. edentata) femaiia AFLP Tngldteules] FcoRl uay Trull udafiuuBnadufiduedemain
PCR $1uu 64 glwsies wuin 1 3 glwsiwesililiuaufidule fie T-CAC/E-AAC T-CAC/E-AAG
uay T-CAC/E-ACA 3n 61 glnswosliuauduiesglurag 6 fs 58 uau 1asUszanal 30 wausie
Alnswed Useis 4 adTdliuouiduelusuiulndiAsty Aoeglutag 1850 e 1893 unu wasdl
suwuuveawaudlveymilouiu Ine C. chamaoensis, C. siamensis uWag C. clivicola agilguiuy
findnefunnnnin C edentata  Sluauiduteiiuansanuunnsitssenitangusumaguazimeadls
5711 302 U 1@ 5 uavsieglnsued laalddnTanuunndsseninanmnniigade C
edentata ($owaz 6) luvaizdl C. chamaoensis, C. siamensis ua C. clivicola ANuLANGNS
szyhamedlndifesiufeussnudesas 3 (39fi 3)

Tu C. chamacensis Usnguaufiduiesuiu 1893 unu Andurniade 31.55 unusie
Iwsiwed glwswosilvuaufiduieesdignie T-CAC/E-AGT (7 wou) uazanniigade T-CAA/E-ACC
(58 wav) wnuiansmuLAnAsTEINgUFuNAdLazmaTlefis ol 67 wou Andudesay
354 gosuauinun lusuauiidusnuiBuefivangemslumaiiasamslunads 17 uas
50 ua swddu Tneglnswesilvuauiiduefiuansanuunninaseninesngudumaguasinede
lﬂﬂﬁ?j(ﬂ (4 wav) Aw T-CGA/E-AGT, T-CGC/E-AAC, T-CGC/E-ACC, T-CGC/E-AGG, T-CGG/E-AGG
uaz T-CGT/E-ACA (A57971 3)



Tu C. siamensis Usnguauiduteduau 1850 uau Anifuaade 30.83 uausesinsg
wo$ glwsiesiliunuiiduetiesiianie T-CAC/E-AGT (7 uav) wazanniigafe T-CGC/E-AAG
(58 wav) unuikansnuLAnAsTEINgUFUNAdLazmalefis o 67 wou Andudesay
3.62 vosuawinun TudnuiifusoufiBueiivsnganslunaduazanglunads 33 way
30 uau sy Teeglnsiwesilikouiiduefiuansnnuunnsinsszrinsngudumagiazineide
1nflan (4 wou) Ao T-CGC/E-AAC, T-CGC/E-AAG, T-CGC/E-AGT Wag T-CGT/E-AGG (31471 3)

Tu C clivicola Usnguavfiduedou 1882 uav Aaidudieds 31.37 uausioglnsies
dlwsesflyiuaufiuetosiigaie T-CAC/E-AGT T (6 wau) uazannilanfe T-CAA/E-ACC uag
T-CGC/E-AAG (55 unv) uaudiuansanuunnsinesssinenausumeguazsmedofisium 55 way
AnLdufesay 2.92 vosauiimun lusnuifuwuiiduedunngemelumaiuasiamyume
o 22 way 33 wau muddu Teeglnswesiliuaufidueiinansanuunneszninangusiume
Huazinediosnniian(10 uu) fie T-CGC/E-AGG (51971 3)

Tu C edentata Usnguauiidued i 1864 uau Aniluaade 31.07 uauserlns
wo$ dlwswesiiliuauiiduetiosiigaie T-CAAE-AGT (7 wou) uazanniigndie T-CGC/E-AAG
(55 uav) wauilansmnuuAnssEIanguFumAdazmals S1uu 113 wou Andudosay
6.06 vowautiavun Tuduiiduwouidueiivnngemylumaduazsianglunade 33 uay
80 uavu Ay Taeglnsiweslvikoudiduefiuansnnuunnsneszrinsngusumagiazineide

1Nniian (8 wnu) fie T-CAC/E-AGT (An519i 3)



o o a & dl o a & = 1 1 ¥ 1
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=
BASbNELLE

rfj‘lwnua% C. chamaoensis C. siamensis C. clivicola C. edentata
FIWAULAY  MUAULAY  MUIULAY  MUAULAY  F1UIULAY  1UAULAY  NUIULAY  I1UULAU

= < ' a = ' = a ' = = '
nusng  vwenene dsIng vwensne vidsIng vkenene Yivsing waneng

T-CAA / E-AAC 34 0 33 0 35 0 28 0
T-CAA / E-ACC 55 2 50 1 55 2 54 1
T-CAA / E-AAG 36 0 35 0 36 0 37 0
T-CAA / E-ACA 39 0 38 0 36 0 41 0
T-CAA / E-AGC a1 1 40 1 40 3 35 7
T-CAA / E-AGA a5 2 42 0 40 0 38 1
T-CAA / E-AGT 12 0 12 0 12 0 6 0
T-CAA / E-AGT 37 2 37 0 37 1 41 1
T-CAC / E-AAC 0 0 0 0 0 0 0 0
T-CAC / E-ACC 51 1 a7 3 48 1 52 1
T-CAC / E-AAG 0 0 0 0 0 0 0 0
T-CAC / E-ACA 0 0 0 0 0 0 0 0
T-CAC / E-AGC 39 1 38 1 38 2 32 8
T-CAC / E-AGA 31 0 34 0 32 0 36 1
T-CAC / E-AGT 6 0 7 0 6 0 7 0
T-CAC / E-AGT 32 0 35 0 31 0 46 3
T-CAG / E-AAC 38 1 34 1 33 0 43 1
T-CAG / E-ACC 31 1 31 3 29 0 30 2
T-CAG / E-AAG 26 2 24 1 23 0 10 0
T-CAG / E-ACA 36 0 35 0 35 0 39 2
T-CAG / E-AGC 31 3 31 0 31 1 33 4
T-CAG / E-AGA 33 0 29 3 26 0 32 1
T-CAG / E-AGT 45 1 45 2 43 1 45 3
T-CAG / E-AGT 41 0 39 1 36 1 37 0
T-CAT / E-AAC 12 0 13 0 12 0 10 0
T-CAT / E-ACC 24 0 24 0 23 0 25 0
T-CAT / E-AAG 15 0 15 0 15 0 17 0
T-CAT / E-ACA 12 0 12 0 12 0 13 0
T-CAT / E-AGC 27 0 24 0 25 0 33 0
T-CAT / E-AGA 32 0 32 0 32 0 30 1
T-CAT / E-AGT 15 0 15 0 15 0 20 0
T-CAT / E-AGT 21 0 21 0 20 0 20 0
T-CGA / E-AAC 26 1 23 0 28 0 36 0
T-CGA / E-ACC 39 1 37 0 37 0 39 0
T-CGA / E-AAG 28 0 25 0 26 0 32 4
T-CGA / E-ACA 31 0 25 0 28 0 21 0
T-CGA / E-AGC 19 1 20 2 25 0 25 4
T-CGA / E-AGA 22 1 20 2 19 1 22 0



ﬁlwnuai‘ C. chamaoensis C. siamensis C. clivicola C. edentata
FWAULAU  MUULAU  IMUIULAU  TWIULAY  IUIULAY  DIUIULAY  TIUIULAYU  91UIULAY

msng  Awendie YT fwendne AYsng dwendne Aisang Auendns

T-CGA / E-AGT 28 4 20 0 26 1 20 1
T-CGA / E-AGT 20 3 16 0 16 1 14 0
T-CGC / E-AAC 45 4 45 4 a4 0 41 2
T-CGC / E-ACC 34 4 32 3 39 2 32 2
T-CGC / E-AAG 51 1 58 4 55 2 55 6
T-CGC / E-ACA 42 3 38 3 41 1 41 5
T-CGC / E-AGC 24 2 27 1 29 2 29 3
T-CGC / E-AGA 36 1 30 0 31 1 29 3
T-CGC / E-AGT 31 3 35 4 31 1 27 5
T-CGC / E-AGT 32 4 34 3 35 10 26 5
T-CGG / E-AAC 36 1 35 2 39 5 37 0
T-CGG / E-ACC 27 0 28 2 29 0 33 3
T-CGG / E-AAG 21 1 23 2 20 1 21 0
T-CGG / E-ACA 31 2 29 0 31 1 24 2
T-CGG / E-AGC 18 0 15 1 15 0 23 1
T-CGG / E-AGA 36 2 35 1 41 1 28 0
T-CGG / E-AGT 11 0 10 0 10 1 9 1
T-CGG / E-AGT 24 4 25 1 28 2 24 3
T-CGT / E-AAC 24 0 25 1 27 1 30 1
T-CGT / E-ACC 43 2 42 0 a4 0 34 2
T-CGT / E-AAG 36 0 37 2 37 1 33 0
T-CGT / E-ACA 41 4 43 3 48 3 42 2
T-CGT / E-AGC 38 0 39 2 39 0 38 7
T-CGT / E-AGA 34 0 38 0 36 0 36 4
T-CGT / E-AGT 39 1 41 3 40 2 41 4
T-CGT / E-AGT 29 0 28 4 32 3 32 6
33U 1893 67 1850 67 1882 55 1864 113

A1SHAILILATBINLNEN TN ABLNA

Sedinuauiiduefinanseuusndnassninengudiumaguasinadounsdunillnay
(141 uav) WWleladfiisuiBuedmantunsney $1umu 263 Talad 910 91 wov thlmdd
wanunisauisuenansuauitisduamiioutu duinozfunaudsumisiiafy (doublet)
WU glwsiues T-CAA/E-AGC uau A uas B 983 C. edentata vi3erdunauiifidumafeiiures
Use919aU%d 1w dlwsiwes T-CAG/E-ACC was C. siamensis wa C. edentate Ja1AULUd
wilouty Wudu (Mndl 1 n way 9) Wiednamzasiisuefiamnsasuualddamy Svuinen
N1 100 ALua waglslgniu Idanefiduesiuiy 57 a1e 9nuauiiEuwe 46 wau Sauaudi 11 wau

fimduennuifefufidrduiua 2 SULUU Wu T-CAG/E-AAG 034 1 uaz T-CAG/E-AAG 034 2,



T-CAG/E-ACC 029 1 wag T-CAG/E-ACC 029 2, T-CAG/E-ACA 036 1 uas T-CAG/E-ACA
036_2 \udu (nanuan) msSeudleufiuers 57 a1e Tasn1svh sequence alignment Wu1
dnllngiiianumilouvesinfuiua (sequence identity) aglutisdosay 13-60 enviu 2 ¢ A
T-CGC/E-AGC 114 1 waz T-CGT/E-AGC 202 1 fianduiuamilouriusosas 98 way T-CAG/E-
MG 034 2 ua T-CGA/E-AAG 056 1 fldwuuamileuiufovay 82 \ehdsuivais 57 ane
TUSeuiisuiugiudeya NCBI ldnuanuadieadsiuasuiudalaiay
Mnduuailiinesnuuulnsiuesisimizdiuam 54 4 (16, 11, 8 uag 19 gl
C. chamaoensis, C. siamensis, C. clivicola way C. edentata maaisiv) ilenaaeulnsmesiv
Aduevesnausumeguazngusunailelualdndauauiiduien wui il 35 ¢ fawnsaia
Uninaduiidueldusrlikoufiduefisuoude sgslsio Weidlwswedmdriluneasy

v oA ] o [ % a & & ! -
FNUANLDULBUBILLARSAU Vlﬂ@lWiLmaﬂwLLﬂU@L@UL@INWﬁ@Qﬂ@@J (mi’]fn/l 4)

A131991 4 Susauiduetlulaau Swulaladidwnaduiug aduuaninunmiues
ATHE1INTY 100 Alua UIUlNTLesToankuy kavtuaaauaAIULANGTY

FEMINNGUALNARLAZINALTE

C. chamaoensis | C. siamensis | C. clivicola | C. edentata
SM
& Wy § | We | f | e | & | e
SuuLaUREweTleay (wau) 6 26 18 9 11 9 23 39 141
Sruullaifidemduia
- 10 49 33 18 17 14 30 92 263
(elad)
Sruuauilalalad (wav) 3 18 14 7 6 5 12 | 26 | 91
Sduadilgianun (@ne) 5 31 19 12 9 7 20 a5 148
fduLuaiifivune1anda 100 bp
1 16 6 6 5 3 6 14 57
(d9)
Srunuglnswesiioonuuy 1 15 5 6 5 3 6 13 | 54
Sruauglwsesiinyiunald 1 9 4 3 4 2 4 8 35
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(1) C. chamaoensis, (2) C. siamensis, (3) C. clivicola wag (4) C. edentata

) Aknsiues T-CAVE-AGC wau A Uag B 484 C. edentata sdutuamileusiu
) glwswes T-CAG/E-ACC * iluuauves C siamensis uay C. edentata Tiflsumus
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AdTBARIY wanstanIuAdIeAdnIsiugn NI vUswrandl Budumediuiuavasaufiou
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eifuaRe e winalTdniadumiioudu sumealuasmealisAlinnuaaienianig

[ 1 = = Y1 a & PN 1 1 .
UgNTINREIUN FaziulainduoumdueNLanInIULANAITEIIRNA (polymorphic band)

Nea 1w

agiieaUszanSeay 3-6 vaaLaUTIviNe lngal¥dnngualmaALas NauAuWATIANULANGT

9

fusnftando C edentata W3l AruMANAIeTUgNITUTE IS ARSI AT LA nauFueLTe
finsraaeuldenatioonitauusis minmsfinuiuauiiueunsuauiidrsuualdunnniimils
stuuv ileshedodiavonadanadidnlnslnitadlinmoaeudsasusnfiuonuvun fady
Mduefiflvuanintuuiinasliosdusenouvesvaineiuianmnsandeuiinnuaaldidurii
AFLP Wumafiafifiuszansannlunisnsiaaeuilunldndouiunans sumiduasiufien
uazliunufiduefuaninuansssziengusumaguasmadiodusuiunn wudetuild
fiyeaunsimuieissmneisumesomalunaieadid wu Asparasus officinalis (Spada et
al., 1998) and Rumex acetosa (Rahman and Ainsworth, 2004) WWudu agelsAnnu VLW’iLiJa%ﬁ
Igponuuuandfuluavesunuiiduie AFLP lunisfnwedall ndudsngihifiginswedlaiei
ansoduundumaiuazinadveenainduld Gie1vesugliinlnduesiduveauauiduely
anefiun AFLP 1in91n variation luslunfiliAedestume viooafnandduiuadinum
aaﬂLLUUIWiLM@%LﬂuﬁDuﬁagjmaiw‘?’fuﬁLSUL@LG&’I’]MW’]W‘TWLLWWMWLLaz selective base Fane]
wazmadloradimiloutiuld fufu InswesSeunsoduiumisuwesuuuuaiausunalalust
aeane vnagluangllléiin insertion/deletion wiinneluamefidueasdidfuivaduuansiy
fu FuiSueildfsivuneliunnaneiy fjlWiL;J@%ifﬁﬂ@iﬁ’]MiﬂLLemmmmeﬁmizwimwmlﬁ
Tutsemszga Cycas fanumsiamadossnefdueriiessymealu Cyeas circinalis
Tne Gangopadhyay et al. (2007) 3sldldindowmune RAPD $1uau 10 primer wWisuiisuaany
uAnFsvesUA LB STMINGNFUAdLaz ATy nulauRBueRid Iz AUmAE 1 fuis
warsumgiumendle 1 dumis luad@ddug nusenuanuunnsiiewessiuiy satellite
chromosome LUSBUBUTEIN karyotype %aﬁﬁULWﬂéjLLaszmﬁﬂIu C. pectinata, C. clivicola

subsp. Lutea, C. edentata, C. elephantipes, C. siamensis Wag C. tansachana u®N3N

'
=

satellite flogaruuansuruvesndlaslulouuds lasllumweanaguazinaielifdnuasdiuled
WANAN9Y (Abraham and Mathew, 1962; Sangduen et al., 2009) 3adululainauunanatania
fugnssuvounaiuasnadisvesssenaiduiiosfiduotisdun 1w single nucleotide
polymorphism (SNP) n38813gnAuUALlAY epigenetics (Kanchanaketu et al., 2007; Osbome
and Gorelick, 2007)



=l a o w a & 5 v v 1 1 1% v
MsiSeuieudduuaresRd e 57 a1e Augiuteyares NCBI linuiiaeiubu
G| o W pRp ¥ 1 ay a & 1 dy < 1 at = 1 1 .
vIeaduuandluguteyaas wanaivumduewmai e dudiuvesdlunililygu (non-coding
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weseanliudl wazusnaunladuldrslnsweinlaesniuulidunigaduiuaanatiue

ST-CAAE-ACC 017 3

CCTCATCTAGGTCTAGCCTAGTCTCCAAATACCAAAGGACAAGT TTCTCACCTCAGTCTGCCACTTGATACACCTTAC

AGCCAATGGTTTCTTCTAATATCTGCAGAATTCATCTCTTCATCCATAGCTGCTTTCTACGTTTGT

>T-CAA/E-AGC 019 2
GCCAAGCACGGGAACCCGCAGGACGGAATACAGAACGCACGGGAGTCGAACCCGGACGGGCGAGGTCGGGGCGAAA

CGCGGAGCAGTTCACGTGACGGGGCGET

ST-CAAVE-AGC 022 2

GCTAGACTGGGACATTATGCATAATAGAAGTCGACTAGACTATAGAAAGAAATGCTACAAGTCCCACCCCATGAAAAC

ATGATTTGCTICTCAAAGCATGGGTAAATTGAGGT




>T-CAA/E-AGG 024 1

GGTATATCAATGGTTATGGTAAAGGGATAGTTCCATTAGCGTTCCCTATCACCAGATGGAGGGAGATCTTTAGGATCA

AAAGAGATGACAAGTTTACGACTTAGGGTGATACCCAAGACATGGACATACGT

>T-CAC/E-AGC 011 5

GCTTGAAATATAAGAAAGGAGTTATCAACAAAATATCCATTGACAAGCTACTCGCAAGACTCCCCTAGGAGAGTAATG

CCTCTGACAAGATCTTGGGAAATTGTGTCCTAGAGAAGATAACAAAGGGCATCGATTGT TAGCACATATGGGGATGGT

>T-CAC/E-AGC 013 2

GCACCAGATTCGAAGCCAATTATCAAATACAGTCAACCATTCCAAGTAGGATGGGGGGTGTATATATACTGTAACTCT

CTTTATTGGAATCAAGAGCTAATGGAAAACATTCTGCTGGT

>T-CAG/E-AAG 034 1

AGGTTCATCCATATGGAGGAGCCTAGAGTCCATGAGAAAAATGATAACGATGGGAGGCCCAATGGAGCTTGGGAGAT

GGAAAAGATACGGAC GGGAGGACACTTGACATGGGCATAGACAATTGAACAAATGACCTACTTTCGCCTCCTTG

CAACCTGCCT

>T-CAG/E-AAG 034 2

TCAACTACTTTGATGTAGCCCATCCATTTGAGAGAGGAATGAAATCCCTCTTATCACTCAAATAAGGTTACGATGAAAT

GAATCGTGA GTAAGATGATTACATGACCTCCTTCGCTCTACTAAGGCCACGCTGCCCAAGGAGCTAAAGAGATA

cC C

>T-CAG/E-AAG 035 1

AGAGGAAGCTGGACCGAGTGGAGAGAGTAATAATGAGGAGTTGTCACTTGAAGAAATACCTACAGCACCAAGTCCTAT

ACCAATATGGAGAGGGAAGATAATAGAGGT TTCCAGAGTGGCGGTGCAAAAC CTGATGACAAAAGAACCAGAAG

CCAACATGTTAGTCAGACTTTGCT

>T-CAG/E-ACA 036 _1

CAAAACTGCATCTACTTCGCTTATGGGCATGGCAAACATACAAGTTGTGAACT TGTAATCATTGATCTAGAGAGTCAT

GTCTTTGCAGTATCCTCCACACAGCATTGTTCTCCCATTTGCT

>T-CAG/E-ACA 036 2

CATCAACAATAACAACAAGAACAACAACCTCAACAACAAAGGCAACATCAACATCAACAACAATGCAAAGAACGACCA

CCTGGGCAATGIGGTCAAGTTTCGAATGTAGTAGAAAAGTCACCT




>T-CAG/E-ACC 029 1

CCATCATTAGGTGCTCCTAAGCAATGAGGTTCTACTACTAAAGGGACAACATTTCCTAGCTATAAAGAATGGTTAGGA

GTGGTACCTATTAGGTAAGTACATGTATACATCCTCACCTCTTGCCCTATTCACTTTGATGGCT

>T-CAG/E-ACC 029 2

CCATCTCCAGGCTCTAGTGGTGTGTCAAATAGCTTCCTTGTGAAATAGATCTCCCAAGATGCCACAAGACCTTCATCT

ACCTTCTCTTTG CAGTCATGCTCTTTGAGCTATCCTTTGAAGTAAGATTTCCCCGAACCACT

>T-CAG/E-ACC 0301

CCCATACTGGTAGTCCATCTACCAGAACCTCCTCTCTCATCGCCCAGGGATAGAGCCGAATTGAAATCTCCCGCCAAC

AGCCAAAGTTGTTGGTAGTCCCTATGAACCTCCAGTATCCTATCCCAGAGTTTCTTCCTGGCCT

>T-CAG/E-ACC 031 1

CCAAATAATGAAGAATAGATTACCAACATTTGATTGATCCAAGATTAGCCCAAAATCATGTTGAACTCAAGATCAAAGT

CAATGATGGTGAC ACTATAATAGTCTTGCCT

>T-CAG/E-ACC 031 2
CCATTATATACCTTACAAGAACATTTGGATCCCTGCTTTTCTGGGTTTATAACTTATCATGTTATAGGACCACACCCTT

TCAACGGAGACAGTTGATCAATGAAGTCGTATCCT

>T-CAG/E-ACC  032_1

CCCAA GCAAGGATAATGGTATCAAACGATAGG GCCCCTTACACACCTTAGCAAAATGGAATTGTTGAGA

GAATGAATTGGATCITGGTTAGTAAAGGCAAAGCCATGCTTGCT

>T-CAG/E-ACC 032 2

CCAAGGCCTAGGTTACAAATCTTCAAACCCAAGCATGCCCGCCCTTCCATTTCTAATGTCTATTTATCACATGCCCTTT

GCCATTCITGATGGCCTTTAGCATTTACTTATCTGCT

>T-CAG/E-AGA 045 2

GAAGGGAAAACGACCTATAGGAAACTATAGCAAGGAACAAGATGGCAAAGATGAAAAAGAAACTACATTCATTGTTGC

ACTTACAGTAAGCCTTGAAGACGAGGAGGTGTGGTACATTGATTCCAGAGCATCAAGACATATGATTAGGCAAGAGGA

TTGGTCCAAATCCATAAAACACTACACCTCCAACAAGTCTGTTGAACTAGGGGACAAGCATCCT

>T-CAG/E-AGA 047 1

GACTCGAAGGCCACAATTGTGGTGTGAGTTGGTTTGTTGGATGTCATCTGAAGGCGATTGGCAATCTGTAATAGTGAT

TGAAGCCAATAGAGCACGTTCTGATGGTGATTCGATGCT



>T-CAG/E-AGC 041 1

GCTTTGTAAATCTGCACTGTGCTGCTAAATTTCACTGCTGTTATGAACTCAACTTTGTAAATCTACACTGTGCTGCTAA

ATTTCACTGTTGTTATGAACTCAGCTTTGTAAATCTGAACTGTGTTGCTAAATTTCACTGCTGTTATGAACTCAGCCTG

GTAATTCTGCCT

>T-CAG/E-AGC 041 2

GCAGGAATGGCAGATGATACCAGAAGACGACAAGAGACGCCAGTTAGTCCGTCACATAGAGTTGCAGAAATTCGTGA

CAGTGGGAGTGTTTGGAAATGCAGAAAAATTCATGCAAAGAATACT TCCGCTACTAGCTAAGTACCCGCAAATGGTAC

AAATAACTGAAGACCT

>T-CAG/E-AGT 049 2

GTAGCAGATTGGT TGGCAAACTGGGCAGTGTCAAATAAAAGAACAAAAGT TTAGAAAGAAGAATACCTAGAGGAGTTA

TTGAGACTGGTCAGGGTTGATGCACATATGAGGGAGGTAGTCTGACAAGAACGAGGGATCTAACCTTGGGCTAGACC

ATGGGCTTGTCACGGTTATCCTTGCTAAGCGGTTTGGCCTTGATGTACAAGGTTTGGGGACCCT

>T-CAG/E-AGT 0501

GTGATAACTGGATATGCAAGTTTGAATAGATTGTCTCAACAGATGGAGACTGAAGAGTTTGTGCCCAACACAAACTAA

CTACTATAGACTGGCATGCCAAATGTGAGAGCATAGAGGGTGCGTGCAAAGTGCTTGACAATATGCT

>T-CGA/E-AAC 055 1

ACGGTTTCATTCTATAAACGGGCGCATTTCTATAAACGGGCGCAGTTTCAGAAATTTCCAGGACTGGACTCACGTCAC

GGGATGTGAGTATAATCAAAGCACTCCACCAAAAAACATCTGTCCCTAATAAATCTAATATGATTAGAGCATTAGCAG

CAGCAAAAGGGGCCAGTCTTTATCTGAGAATACCTCTGCCTCGATCTAAATTATCAA GAACTATC

>T-CGA/E-AAG 056 1

TCAACTACTTCGATGTAGCTTGTCCATTCGAAAACGAAATAAAATCTCTTCTATCACTCAAACAAGGTTATGATGAAAT

GAATCATGACTTTGTGTGATGATTCCATGACCTTCTTCACTCCACTAAGGCCACATTGCCCAAGGAGTTGAAGAGAAA

CcC

>T-CGA/E-AAG 056 2

AGGTGTTTATACCCAA GTAGTATGTAGATATGTATTAGGTTAGTTTATTTCTCATC AGTGTGTGTCTT

GGTTGA ATTCTATTGGTGATATATTGCGATCTTGCCCATCTCTTGTGCCACACGTC

ST-CGAVE-AAG 057 1

AGGGGTATGCACCA CAAATAGATA GCAGAATCCTCCACAGGGTGCTGTCTTCCAGTTGGCAATTGAGA

CTTGGAAGG CAACAGTTCCACCTTTATTCCTAGA ATGCTGTTGATTTGTC




ST-CGA/E-AAG 058 2

AGCAGAAAGAAGGAATTGACTAAGACGTTTACACCAGTCTCTAGAATGACAACAGTCTGTTTACTCATTTCCTTAGCA

ACTGCGTTAGATTAGGAGTTACACCAGATGGTC

>T-CGA/E-AGA 065 2

GAGGAGTCAGGTAAAGACCACGGGGAGTGATTGA CCCCATTTGGGTAGGAAGAGAGGACTTAGTTCTCTGGTT

CATGTCTTGTGACTTCCATGATAGAAGACATATAGAAAACACTCAAACATGACCCATATATGCAAAGCCCTTTATCCTT

TTAGAGTAACAGT TGAACCTCACCTATGGTGAACAACAATGTGGCTGGAATATCCTCCTTTAGTAACTGTGCCATCTA

CATCGATGTC

>T-CGA/E-AGC 060 _1
GCACACATACATAGCAGAAATCAACCTGGCTCTGATACCATGTTAGAATGAGGGATATAAGCTAGCCTCACAACATAA
GTCACGTGCAAAAAAAAGCAAGAGGTGATGATACGCCAATAAGACTAAACTCTCTAATTCTCATTGAAAAAATTCTTG
ATGATACAAGTACATATTTATAAATTTGCATCATAGCTAAACATAGGGGTTGGTTTCAACGAACTCCAACTTCCCTTTA

GGTGTGCTCAAACTACCTC

>T-CGA/E-AGC 063 1

GCTTCACAATGCATAGGAAGAGCCAACATCAAAGGATCAAAAAGTAATGTCGCTATGAACACTTGGCTGCCACAAGCC

AGTTATACCTATGGTAAC CTAACACGTCTAGCCTCAAATTCTGTAAATATAAAGGATTGATAGGCCATGCTTTCA

TGATTTGTATTCATACTGAAAATCAAAATCAAATGAGC ACCC GTTCCACATGAGATTTCTGTTCTC

>T-CGA/E-AGG 074 1

GGCATAATTTAGAGACCATGATATGCCTTGAAGAGCAATCTTATTGGCCGACATAACATGCCAATACTATTGGCCCGT

TATTCGGCAAGGAGCAAACTCGACAACATTATGCATTACATTTCAATTACAATATGGTACAACTCATGATACATAGATA

CAAAGGGTACATTTACAAATAAGATGTC

>T-CGA/E-AGG 075 2

GGGATGAGTTGTGTAGGGTCCCAACCACGTAAGCACTACGGATATAAGCGCTGTAGAGTCATAGTCTATCGCGAATTT

TCCGAGGCAACGGAAATCACGTGGTAAATTTGAAGGCTATATACCCATCCTATCGCGACGCAAGTGGTTTCATCGGTC

TCCCAGTACCTGCGCGCCCATCCGATC

>T-CGA/E-AGG 0761

GGTACAAAATCAAGTGCCTTCGAATAGACAATAGTGGGGAGTACACATCCAATGAAT TTGAAGACTTTCTCTGCCACC

ATGGGATCAAACATTAGACTACCATCGTAGGTGCCCCGTAACAGAATGGAGTC




>T-CGA/E-AGT 071 1

GTCGGAAGGATGGCCTTGGTTCCATAAACCAACTGAAATGGTGTTTGTCCCATTGATC ATATGTCGTTCTGAAG

GTCCATAATACTGATAGTAGTTTCTCGGCCCAATCTGACCTTCCTACATCACAAATCTTCTGCAAGCAATTCTC

>T-CGA/E-AGT 0721

GTCGGTGCCTGATGTTCGGCGATCAAGGTACAAGATTTATGCTATGCTCAACATTCAGCATCTATATGGCCTTAGAAT

TTGTGAAAAGAATAATA GTATTGGTTGTTCACGGCTC

>T-CGC/E-AAC 078 1

ACAATCAAAAATACTAAAACCCACTAGTTCTGGGCTAAAAGGTATCTTCAGCCTGGAAAAA GGAAGTTGCAATT

CTAGATGGCCCAGAATGA AGGCCCATGGAATGGGCACTTAGGAGCTCCAAAAACCCTAATGCCCCCAAATAAA

CCCATTAGCCATGACAATCAAAGGGCAATAAAAATCTAATAAAAGGC

ST-CGC/E-AAC 079 2
ACCAATAAGCCATTGCCCAAGCTGGTCATTCATTGTGGAGCCACAAACACTTACTTATCACCTTGCCATGCCTATATG

CAACCGTAACCTATGTTGGATATTGTGACAACAATA AGC

>T-CGC/E-AAC 0801

ACAACTCGTATTGTTATAGCTTGGAAAATGCACCTGTATGGTGCATGAGAGAAATATGTATGCTTGTAACACGTTGCA

ATATAGCCGACACGTCACGAGCAATTAGTACTAG GC

>T-CGC/E-AAG 094 1

AGGGGGAAGAAGATAAAATATATAAACTCAAAAAGGAACTTTATGATTTGAAGCAAGACCTAGGGCCTACCATTCTTG

CATTACTCAGGACTCATCGTCAGGGAGCTCCATCTAGATATCGTCTAATAAAGGCTTATCTAACCTCACCAGGGCACA

AATTCTGGC

>T-CGC/E-AAG 094 2

AGGCTATGCAAAAGGTGATAGCGATGGCAGATGAGGATGAATAGGAGAAAGTGATAGTAGAAGGAGACTCCTTGAAT

GTGATTAGGAGTATAAAGGGTGAGT TGGAGGTGGATTGGGGCAACTAGGATATGGTTAGGGATGCTTAGGATACATAT

AGGGATGTTCAAATCCAGTATACATATAGGGAAGGAAATGCTACAGCAGATTGGCTTATAAATTGGGCTGC

>T-CGC/E-ACC 086 _1

CCCATTGAATATCAATATGTAGTGATATAGTCACCCA GATGAACCTACTACCTGTGCATCCATGATATATACTAG

GTTCACCTAGCATATAATATTTGCAGTCGTCCACATCCAAGCTGTAAATGAAAAGTCACTAATTCACAAGTTACATTTG

TACGGTGTATTCTCTGCCCTGCTTGGGTAATAATGGC




>T-CGC/E-ACC 090 2

CCCCTCAACC AGAACTCCTAATAAGAACTACCCATAAGTTGAGGTATGTGATATAAATGTTAGAGAAATTTAGTG

AAGAAACTATGGTATTTCATCCCAAAGAATACTAGC

>T-CGC/E-AGC 114 1

GCCCTACCACTGTGCCTATAGTTTGGACCTCAGTAATGTGCCAGAACCCAACGCATTCACACCCAAATAAGCCAGTGC

AGCAGAGATCTATAAGTAGAAAAGGCTCAATCAACATCCAAAATGTAGCCAACCTTGTTGTATTGCTATAAGAACACA

GTAGGTAATGC

>T-CGG/E-AAC 148 1

ACAGICTGATCTCTCCCTACATGCCTCCAAAGTTGGGTGGCACTCCACTGTGTAAGGGAATGGCTCTAGTTCCTCATG

AGAGCCAGTGAAAATGAATCCA CTATTTGATTTCCTTATATAGGCGAGGGCCCCAATGGGCACTTCTTCCA

TGGCCTCACGACAGCC

ST-CGG/E-AAC 150 1

ACATAATATATGATAGTATGGCCTAAAAGTGGAGTAGAGGAAGT TCATGCAAGGAAAAATCTAGCATCATATAATATG

AATGGGTTTACCCAAGGTTAGGGAGCAAGCAAGAGTTGGTAATGTTGAGAAGATAAGGTCCCAACC

>T-CGG/E-AAC 150 2

GGCATATATGCATCAGTCTGGTCAGGAGTAGTCTAGGCCAGGAACCTGTTCTCAGTCTTTCATTCATCTATAGGGATT

GATACAACAGGCAAGAATATGTGAGGCAGTGGCAAGACTCATGTTCAATATTTACAGTCGTGAATCAATCTCCTGATT

CATCTGTAGGT

>T-CGG/E-AAG 161 2

GAGGTCAGGTAATTAGTAGTCTGGTTTAGAAAGCTACTTCCTTGATCCGACATTATCTCTAATGGGGATCCAAAACAA

GCAATTATCACCTCATAGAGGAATTTGGTTGTACT TCTCGGATCACATTGTCTCATTGGCTTGGCCTTTATCCA G

TCATGAAATTCGTGGCC

>T-CGG/E-AGG 173 2

GGAAAAAAGGAAAACCTAACGGTAAGATTTCTGGAATCTAGCACGGGCACCGCGACCGCCGAACTTCTTGGGCTCGC

AGCGCCTGGGATCAGCCACGAGTAAAGTTCGATCGTATCTGACCAAGATGTCTTTGATCTCCTTCTTGGACTGCTCGT

CGACGTATTTCTGGTAGAAAGCCACCAGAGCCTTAGCGATGCTCTGCCGTATGGCGTAAATCTGTGAGGTGTGGCCGC

CCCC



>T-CGG/E-AGG 176 1

GGGGTTGAAGAAACATTCCGAAGACTCAAAGAAGCAGTGGTTACTACACTAGTATTAGCCCTACTTGA CTGAA

cC A AGAATGCGATACATCTAGACTCGAAATGGGAATGGTATTACTACAGAAAGAGCATCCAATAGTTTACG

AATGTTG CCTACGATTTCCCC

>T-CGT/E-AAC 182 1

ACATGGACCTTGTAGTATGTAGGCTATTTATACTCTAGTGGTGAACTATCATAGGATTTCCTTAGTTGGATGGGATTGT

AGAGTTTCGCTACATAAGATGAAGGCCATGCCTAGAGTTGACAGTAAGGGTCAACTGTGTAGATTAGCTAACAC

>T-CGT/E-ACA 197 1

CACAAAGGGAAGGCATTGACTACACTAAAATCTTTACTACTATAACCAAGTGGCCTACAATCAGAACTC AGCCTT

GGTTACTCAACAGGATTAGAAAATCTACTAACTCGAC

>T-CGT/E-ACA 197 2

CATGCCTTATTGTGATCATCACTCTCATCAACCCTAGCCCCTCTTGATAAACAACC CACATCACTCATTGGCAT

TCTTGATCATATCTATGCCACACTCTATACTAAGGAC

>T-CGT/E-AGC 202 1

GCCCTACCACTGTACCTATAGTTTGGACCTCAGTAATGTGCCAGAACCCAACGCATTCACACCCAAATAAGCCAGTGC

AGCATAGATCTATAAGTAGAAAAGGCTCAATCAACATCCAAAATGTAGCCAACCTTGTTGTATTGCTATAAGAACCCA

GTAGGTAATAC

>T-CGT/E-AGC 202 2

GCTTGCAATCTGGACTCAAAATGATCCTCTCTGTGCAGCCACATGAAATGTCAGACTTGGATGACTTTACGATAAATC

TGGTCTCTTCTACTCTTCTGGCAGACTCGGCTACTAGTACAGACAGCAGGACAAAATTGGGATCACCAAAAAACCTAC

TCTGATACCAC

>T-CGT/E-AGG 228 1

GGACAGGAGCTTGCGAGATTATCGGCGCATTTACAGAGGCTTGGAGGTTTTTCACAGTTTCTCTTGGGGT TGCAGTTC

CTG GG ACATTA GGCTTTAC
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Genetic difference of male and female cycads using AFLP markers

Chatuporn Kuleung
Kasetsart University, Bangkok, Thailand

Cycads are dioecious that male and female plants can be identified only by their reproductive
organs or cones; however, these organs take several years to develop. To identify sex of cycads at
early age, DNA markers could be an effective tool for identifying gender of these plants. AFLP is a
technique that can be applied to define many polymorphic regions in a whole genome at a single
run. Another advantage of this technique is that it does not require a prior knowledge about the
sequence of the organism of interest. These advantages make it an efficient tool for studying genetic
variation of novel organisms. Therefore the objective of this research is to investigate genetic
difference between male and female cycads using AFLP marker and to develop a specific marker
that can be used to differentiate gender of plants in cycads.
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Genetic difference of male and female cycads

Chatuporn Kuleung
Deptartment of Genetics, Faculty of Science, Kasetsart University, Bangkok 10900

Abstract

Cycads are dioecious that male and female plants can be identified only by their
reproductive organs or cones. However, it takes several years for plants to grow before a
cone is produced. To identify sex of cycads at early age, DNA markers are an efficient
mean that facilitates the identification. Therefore, the objective of this research is to scan
genomes of four Cycas species (C. chamaoensis, C. siamensis C. clivicola and C. edentata)
for a polymorphic region between male and female plants using multi-locus markers and
later develop it into a specific marker. DNA fingerprints of male and female bulks of each
species were compared using 64 combinations of AFLP primers. There are three primer
pairs that do not yield any DNA bands. Sixty-one primer pairs gave 6 to 58 DNA bands with
average of 30 bands per primer pair. 1893, 1850, 1882 and 1864 total bands and 3.5,
3.62, 2.92 and 6.06 % polymorphic bands were obtained from C. chamaoensis, C.
siamensis C. clivicola and C. edentata, respecitvely. Out of total 302 polymorphic bands,
141 bands were cloned and sequenced. Fifty seven non-redundant and >100 bp-long
sequences were obtained and designed 54 specific primer pairs. The primers were then
tested on male and female pooled and individual DNA. Thirty five primers pairs yielded a
single amplified products for both sexes. Therefore, none of the primer pairs designed in

this research can be used as a specific marker for sex identification in Cycas species.

Introduction

Cycads are dioecious that male and female plants can be identified only by their
reproductive organs or cones; however, these organs take several years to develop. To
identify sex of cycads at early age, DNA markers could be an effective tool for identifying
gender of these plants

The genus Cycas consists of eighty species (Schuster, 1932). It is considered to be
the most primitive genus among the cycads (Stevenson, 1990) with a chromosome
number of 2n = 2x = 22 with similar karyotypes in all species. (Sax and Beal 1934; Kondo,

et al. 1995). Karyotype of many Cycas species showed different number of satellite



chromosomes between male and female plants; for example Cycas siamensis Mig.has a
satellite chromosome on the long arm of the 1 st, 4th, 5thand 6th chromosome in male
plants and only 2 satellite chromosomes on the long arm of 3 rd chromosome were
found in female plants. (Toahsakul and Sangduen, 2009). Other than the saltellites,
chromosome size and shape of male and female are the same. Therefore, the genetic
difference that determine sex may be only a sequence difference or a very short region.
By using a molecular technique, these difference can be detect at any stage of
development. However, genomic information of cycad is very limited. Therefore, using a
technique that scan multiple regions of genome at them same time is suitable these
species.

AFLP is a technique that does not require a prior knowledge about the sequence
of the organism of interest, making it an efficient tool for studying genetic variation of
novel organisms. Therefore the objectives of this research is to investigate genetic
difference between male and female cycads using AFLP marker and to develop a specific

marker that can be used to differentiate gender of plants in cycads.

Materials and methods

Leaf samples of 4 cycad species from Nong Nooch Tropical Botanical Garden,
Chonburi, Thailand. (Cycas chamaoensis, C. edentata, C. siamensis and C. clivicola;
2n=2x=22). Genomic DNA was extracted from both male and female leaves using Invisorb
Spin Plant Mini Kit (Invitek, Germany) according to the manufacturer’s instructions. Of
each species, the DNA samples with the same sex were then pooled. The DNA bulks were
digested with EcoRI and Trull and ligated to their adapters. Next the ligated DNA was pre-
amplified with EcoRl and Trull primers with one selective base (E-A and T-C, respectively).
The PCR products were used as the template for selective amplification using 64 primer
combinations. The amplified products were then separated in 6% denaturing
polyacrylamide gel and stained with silver nitrate. Polymorphic bands were cut, cloned

withy pGem-T easy vector and sequenced by Macrogen company.

Result and Discussion
DNA fingerprints generated by 64 combinations of AFLP primers showed high
similarity between male and female plants (Table 1). The highest polymorphism was

found in C. edentata (6.1%) and the lowest was found in C. clivicola (0.5%). A total of



302 polymorphic bands were observed in all species but only 141 bands were selected for
further cloning and sequencing. Fifty seven non-redundant and larger than 100 bp
sequences were obtained and 54 primer pairs were subsequently designed. The results of
testing these primers on male and female pooled DNA showed that 35 primer pairs
yielded a single amplified products but none of them gave a gender specific banding
pattern (Figure 1). This result suggested that sex determination in cycads is possibly not
related to genetic difference between male and female genomes but it might be
associated to other regulatory systems like methylation (Kanchanaketu et al., 2007).
Therefore, other methods may be applied to differentiate male and female plants of

Cycas.
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Table 1 number of total and polymorphic bands generated by

combinations in each cycad species

64 AFLP primer

species total bands polymorphic Polymorphism
bands (%)
C. chamaoensis 1893 67 3.5
C. siamensis 1850 67 3.62
C. clivicola 1882 55 292
C. edentata 1864 113 6.06
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Figure 1 Ampilification of AFLP primer tested on male and femalebulks (1: C.
chamaoensis, 2: C. siamensis, 3: C. clivicola 4: C. edentata M: male pooled DNA

F: female pooled DNA

a) Primers T-CAA/E-AGC shows A and B bands of C. edentata sharing the same
sequences.
b) Primers T-CAG/E-ACC AGC shows bands on the same position of C. siamensis

kay C. edentata sharing the same sequences.





