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Thesis Title Genetic diversity of downy mildew resistant cucumber by using
AFLP technique
Author Miss Nattawan Thongthod
Degree Master of Science (Biological Sciences)
Supervisory Committee Dr. Panom Winyayong Chairperson
Lecturer Somrudee Onto Member
ABSTRACT

The genetic diversity of 47 downy mildew resistant cucumber (Cucumis sativus) cultivars
was determined by amplified fragment length polymorphism (AFLP) analysis. To perform the
AFLP analysis, 64 combinations of primers were used and the results were interpreted based on
total and polymorphic scores. For Cucumis sativus, the total of 912 AFLP bands were detected
using 12 combinations of primers, which were 575 polymorphic bands (~63.05%). The Genetic
diversity estimated by NTSYS — pc version 2.0l¢' analysis based on Nei and Li’s’ similarity
coefficients were calculated and a phylogenetic tree was then constructed using the Unweighted
Pair Group Method with Arithmetic mean (UPGMA) analysis to trace their phylogenetic
relationship. According to the results, these C. sativus plants were highly polymorphic and can be
divided into 4 clusters, which were 3 clusters of downy mildew resistant cucumber (cluster 1, 2
and 4). The similarity values in the range of 0.785 — 0.975. The background genetic information

would be useful for downy mildew resistant cucumber breeding programme.

Keyword: cucumber / downy mildew / Cucumis vativus / AFLP
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Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Cucurbitales
Family: Cucurbitaceae
Genus: Cucumis

Species: Cucumis sativus
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RFLP RAPD SSR AFLP
Restriction PCR of subset
DNA
endonuclease PCR of simple of restriction
amplification
Principle digestion, sequence fragments from
with random
Southern blotting repeat regions extended
primers
hybridization adapter primers
Abundance in the
High Very high Medium High
genome
Level of
Medium Medium High Medium
polymorphism
Dominance Co — dominant Dominant Co—dominant Mixed
30 - 100,
Multiplex ratio 1-2 5 — 20, adjustable 1
adjustable
DNA amt.
2-10 g 10 -25ng 50—-100 ng 1-2pg
required
DNA sequence
information No No Yes No
requirement
Radioactive
Yes / No No No/Yes Yes/No
detection
Development cost Medium Low High Medium
Start — up costs Medium / High Low High Medium
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(United States Department of Agriculture, USDA) paznaauIdeuarilneusumstneag
aha (Lampang Agriculture Research and Training Center, LARTC) uriIneaana lulag
9 ~ < d' Y o o 9 = o
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MIN 3.1 ENUGUAZUNAINIVOIAINMTIUIU 47 Ar081N 1l unInaasy

No. Accession Country Source Disease Rating3 (score 1-5)
1 PI 197088 India USDA' 1.0

2 PI 321009 Taiwan USDA 0.5

3 PI 330628 Pakistan USDA 0.8

4 PI 358813 Malaysia USDA 1.2

5 PI 358814 Malaysia USDA 0.8

6  PI 432875 China USDA 0.8

7  PI 432876 China USDA 0.8

8  PI 432878 China USDA 0.5

9  PI 432886 China USDA 1.2

10  CSL 0013 Thailand LARTC’ 1.0
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30

No. Accession Country Source Disease Rating3 (score 1-5)
11 CSL 0077 Thailand LARTC 1.2
12 CSL 0088 Thailand LARTC 1.2
13 CSL 0089 Thailand LARTC 1.2
14 CSL 0096 Thailand LARTC 0.8
15 CSL 0097 Thailand LARTC 0.8
16 PI 279468 Japan USDA 1.5
17 PI 288238 Japan USDA 1.5
18 CSL 0068 Thailand LARTC 1.5
19 CSL 0092 Thailand LARTC 1.5
20 PI 114339 Japan USDA 1.8
21 PI 234517 United State USDA 1.8
22 PI 390259 Japan USDA 1.8
23 CSL 0014 Thailand LARTC 1.8
24 CSL 0044 Thailand LARTC 1.8
25 CSL 0076 Thailand LARTC 1.8
26 CSL 0080 Thailand LARTC 1.8
27 PI 164173 India USDA 2.0
28 CSL 0022 Thailand USDA 2.0
29 PI 426170 Philippines USDA 2.2
30 CSL 0043 Thailand LARTC 23
31 CSL 0012 Thailand LARTC 2.4
32 PI 426169 Philippines USDA 2.5
33 CSL 0015 Thailand LARTC 2.5
34 CSL 0046 Thailand LARTC 2.5
35 CSL 0067 Thailand LARTC 2.8
36 PI 103049 China USDA 4.0
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M523 3.1 (90)

No. Accession Country Source Disease Rating3 (score 1-5)
37  PI 167223 Turkey USDA 4.0
38 PI 175121 India USDA 4.5
39 PI 178886 Turkey USDA 4.5
40  PI 209067 United State USDA 3.8
41 PI 211979 Iran USDA 3.5
42 PI 227013 Iran USDA 3.0
43 PI 321010 Taiwan USDA 4.0
44 PI 357857 Yugoslavia USDA 3.5
45 PI 466922  Russian Federation USDA 32
46  PI 478366 China USDA 3.0
47 PI 483340 Korea USDA 2.8

HINYKA  1; United States Department of Agriculture
2; Lampang Agriculture Research and Training Center
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d' o W . Aq Y =2 a ] 3 % 1
AN 3.2 AAVLUTUDN oligomer N1FIUMSANYIGNUAALD WOVDULAINING 47 @208

Taso1emAlA AFLP

Oligomers Sequences Source
EcoRI adapter 5'-CTCGTAGACTGCGTACC-3' Invitrogen
3-CATCTGACGCATGGTTAA-5'
Msel adapter 5'-GACGATGAGTCCTGAG-3' Invitrogen
3'-TACTCAGGACTCAT-5'

EcoRI primer + 1 (E-A) 5'-GACTGCGTACCAATTCA-3' Invitrogen
Msel primer + 1 (M-C) 5'-GATGAGTCCTGAGTAAC-3' Invitrogen
EcoRI primer + 3 (E-AAC) 5'-GACTGCGTACCAATTCAAC-3' Invitrogen

(E-AAG) 5'-GACTGCGTACCAATTCAAG-3'

(E-ACA) 5'-GACTGCGTACCAATTCACA-3'

(E-ACT) 5'-GACTGCGTACCAATTCACT-3'

(E-ACC) 5'-GACTGCGTACCAATTCACC-3'

(E-ACQG) 5'-GACTGCGTACCAATTCACG-3'

(E-AGC) 5'-GACTGCGTACCAATTCAGC-3'

(E-AGG) 5'-GACTGCGTACCAATTCAGG-3'
Msel primer+3 (M-CAA) 5-GATGAGTCCTGAGTAACAA-3' Invitrogen

(M-CAC)  5-GATGAGTCCTGAGTAACAC-3'

(M-CAG) 5-GATGAGTCCTGAGTAACAG-3'

(M-CAT)  5-GATGAGTCCTGAGTAACAT-3'

(M-CTA)  5-GATGAGTCCTGAGTAACTA-3'

(M-CTC)  5-GATGAGTCCTGAGTAACTC-3'

(M-CTG)  5-GATGAGTCCTGAGTAACTG-3'

(M-CTT)

5'-GATGAGTCCTGAGTAACTT-3'
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a a Aq Y v ad Y do o a
AN 3.3 ﬁ"lil,l,ﬁgﬂill']@5a’lﬁﬂiﬂﬂuﬂ’lf!'@]ﬂﬂlﬂulﬂﬂﬂﬂl@umﬁﬂ@ﬂﬂ’lﬂ‘ng 2 ¥UA

auszneu 31105 (u)
Agaza1eAdue (100 ng/pl) 2.50
5X reaction buffer 5.00
EcoRI (10 U/pl) 0.25
Msel (5 U/ul) 0.50
yhndu 16.75
Ynnssm 25.00

d‘ a ~ 9 o Aaaa A T aa [
139N 34 ﬁ?ﬁLLaZﬂiiﬂﬁ'iﬁ'liﬂi%’iuﬂWi'ﬂT]JgﬂﬁfJ"I!,‘;D'ﬂiJ@]’ﬂm’ﬂul’l’)ﬂ‘U adapter

aulsznou #3mnas (ul)
’tff'lﬁagﬁ']ElaLgulﬂinﬂﬂ'ﬁﬁﬂg{ﬁﬂmuulcﬁﬁ 25.00
EcoRI adapter (5 pmol/ul) 1.00
Msel adapter (25 pmol/pl) 2.00
5X T4 ligase buffer 10.00
T4 DNA ligaes (1 U/ul) 1.00
'IjITﬂé'J‘L! 11.00
YSinassw 50.00

A a aa axAaA L 3 - - g -
3.4.2 manulsunaaue Tne25nae15 ludu preselective amplification
A a 2 oag > g 9 s A A = S A
maulsunasuanwe luduaeuiz 1 lnsmesnmuiindlolna nsowa

v A v 9 ~ J P A 1 o Qy
amon 1 Gl’]!"lﬂhlﬂﬂﬂaﬁl 3! "U’E’J\‘lllWiLiJfJi EcoRI 1ag Msel (113190 3.2) (NDFIWAAITUIUTY

=

A d A Aa ] Y a v A A a a g A o
AULON zmuﬂ‘immm Llﬁg“]ﬂﬁlslﬁLﬂﬂfﬂﬁﬂﬂlﬂf]ﬂslufﬂilWlﬁJiﬂJ1mﬂlﬂutﬂﬂﬂﬂ31u%1!w1$

Y 1
=1

Tugunitanou wsenasnlslumsin§iseniuaisied 3.5 Turasavuia 0.2 iaaaas

A A Y A Y Y o o ¥ A A~ 2
Wﬁllﬁ’liﬁgﬁ'lflﬂmﬁﬂﬂhlﬂﬁnJWWTN‘ﬂ 35 Glﬁ'lf’ll’lﬂu UMV UATDINED1T [Auto PCR

a

E4
U iCycle, BIO — RAD] Tagldguuigiivaznarlumsinljnsendail

QU
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a 3 a
Denaturation @419 94 oA UsABYE 111Ua1 30 I
a < a o g}
Annealing QUMY 56 BIFNITAITE 1JUMIA1 60 TN N1 20 501

a I a
Extension Qaunl 72 eerusarFed 11unal 60 1N

m39i 3.5 arsuazdsmasansnlslumsinl§isen preselective amplification

adusznev 313 (ul)
ﬁ'ﬁﬁSQTﬂalguLﬂﬁnﬂﬂ”ﬁL%@N@iﬂ adapter 2.00
Primer E-A (5 pmole/ul) 1.00
Primer M-C (5 pmole/pl) 1.00
dNTP mix (2mM) 2.50
10X PCR buffer 2.50
MgCl, (50mM) 0.75
Taq polymerase (5 U/ul) 0.10
'IjIWﬂ's%'J‘L! 15.15

YSnnssiu 25.00

0o AA 4 1 o A g A A 9
A3 UNANITRINGD1S IAeuaia PCR Product ¥1%101an Ins 195 Fa laslsozm

a =

s o { o 3 {
Tsavardudu 1.5 1o iFud tag PCR Product Miasiii liifiu3neavnil 4 seeniaiFoa

Q U

4 a 4 o 1 LY
edoumaaleedidenTus lududnirlddeenelduasdansilrlemnsznusessd (smear)

Tugsvna ludu 1 ATawa @ linoeaainsunaasnieanznldlunsiigase

'
aan A

o T ag Y 1 0o a3 :JI o
N FMEA P ﬂ?'ﬁ’)ﬂ'l‘i‘ﬂﬂJ;]ﬂiElu%f]iJﬁf]ﬂL@uLﬁ)ﬂ‘U adapter UlﬂJﬂigﬁ‘]JWﬁﬁHi%) INUUUT PCR

a =

{ 9 ' ' o q ¥ vy
product ﬁlﬂﬂhlqﬁ@qmﬁﬂll 4 DIAUB ALY LL‘]JQU'N’LT'JHN']W’]GI;WL%@%'N 20 (NNWYA1TS1Y

U

o [ 9 A g 9 A a Qy [l =~ QSJI 1 1
TE buffer dmsuldidudduedunuulumsivlInasudivdwue luduaouas 'l diu

a =

A A g P
PCR product mﬁaamuvhmqmwnu =20 DA ALY

QU

A a aa ad A L o . . .
3.43 Msnulsunuaeue Ine5iEe15 1UTU selective amplification
A& = 2 aa H = v A A a o s A
mimeﬂsmmﬁyumauLa“luﬂuuﬁauu%z“l%"lwamaimwumﬂaie"lmmemﬁ
[ A o 9 ~ 4 - [
AALDN 3 m!m"lﬂwﬂmﬂ 3 "’UfNulWiliJ’fJi EcoRI 1ag Msel (113190 3.2) Iﬂﬂﬂwfﬂﬂl@\‘]

o'c?/’ Aa A A A [} v A A a Qy a g Y I 1
ulW'iLiJf)ﬁ‘VN 2 BUA YBUAE 8 LYY LWEJ‘H'JfJﬂﬂLaf]ﬂﬂ']ilWiJ‘]JiﬂJ"lﬂ!‘lfuﬂL?JUL@GlﬁLﬂuulﬂ@‘(’JN
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ma9i 3.6 msuazdsmasanshlslumsin§isen selective amplification

aulszneu U3nas (ul)
DNA sample mﬂsﬁyumau preamplification 5.00
Primer E-NNN (5 pmole/ul) 1.00
Prime M-NNN (5 pmole/pl) 1.00
dNTP mix (2mM) 2.50
10X PCR buffer 2.50
MgCl, (50mM) 0.06
Taq polymerase (5 U/ul) 0.10
Windu 8.30

YSnassau 25.00

A A Y A Y 9 o 3 o 9 A A A o
N’L’fﬂJ?ﬂiﬁZﬁ1ﬂﬂm5fjiJhlﬂﬁ13J@ﬁN‘]ﬂ 3.6 °lwumu mﬂuummgmmwcﬁmﬂ%

9 a o aaa @ dy
ldgmugivaznarlumsinlgnsenasil
. a = IS a =
Denaturation @MWAN 94 DIAUGALTYH wunal 30 70
a < a o
Annealing  @MMQN 65 DITUVAITHE 11]11I01 30 U M1 50u

a < a
Extension @M 72 o3pussarsae 11901 60 4N

Y F4
NNiuIzangunYiluTuneY annealing (65 BIFNIFAIFEAVINTDULTN) AITOLAL

9
0.7 DaFNFAIFEE 149U 12 591 Hazilgnseneadil

a I a
Denaturation 4HQ 94 o3 saITae (Y1301 30 TN

A3

=

a 3 a
Annealing UNNN 56 parsased 1Wumal 30 3un 123 59U

=
Ho

1

a 3 a
Extension  @aufi 72 esrussaiFea iflunal 60 319
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o o 1 o A g a
A5AOUNAMIINNTO1T IAguLa PCR product w1i1oianIng Isxalaelsy
s o A A s ° '
azm Isamatudu 1.5 nosigud tiadounadlaedimenTus lua udanirlddeanelduas
o A a g 1 (Y a °
dans1lrTotanvznusossrdnsouavuadue lusrsvuialumu 1 alawa Ma1sazary

a =

ad A A g yyd A qug o )
ﬂlﬂul@'ﬂlﬁaalﬂﬂq'}ﬂﬂmﬂﬂu -20 @Qﬂn“ﬂﬁlcﬁﬂﬁw\lﬂieﬁiumu@i’)u@]@hlﬂ

Q Y

3.5 MSUSNVHIAADUIDAE denaturing polyacrylamide gel electrophoresis

3.5.1 MIASEUNTZINEMTLINLA
o ] a ) @ = Y Y Yy & 9
WURUNTZAN (35 X 45 1ruAwAs) dvsumsouaniatevazeraudusane 95
/3 o ) o ' < . v QYo ¥ . .
WosiruaesIUen 1Haz01AMe 2 LA 1ITANTZINUAUNAS1HNIA20 bind silane [Amersham
. . A o Y a o < ] 9 A o A 1 9
Biosciences] (Mo 1HinaimeAaiunizan 1Fansanunun (Nanyazmlouynizaie) 19
o . p— o W3 s
12728 repel silane [Amersham Biosciences] 1130118 1¥Anszansasuana 13 1dudetlseuna
A A o 9 ¥ a o ] 9 3 1 Yy 9 @
510 w1 wietleadu lilinamzaanunsanuiunth Yszneunszaniia 2 uiunAaleny
TAgfUAIUAN bind silane 1AL repel silane 111191 1A814 spacer FehANUHUILTTIY
Aa A o'/ 9/0311 9 d‘ Y a 1 1 1 oa;’ ] 9 a
0.35— 0.4 Taawas Au'13na 2 haieliinaresineseninanszaniia 2 wiu l4milnndaseu
Y ' Qle Y A o 19 Y o = Y K Y a A A 3 =
Auaraazig 2 119veenszan tenu lildwaiiFueenu udrdeldaddviiudnnsenils

VTNUMUTIIVINTZIN

=) o Yy 9 I I 4
3.5.2 MIMTYN polyacrylamide gel FUNUU 6 wosiwua
=] 9 Yy 9 s 2 4 A v (]
NI1ILNTYY polyacrylamlde gel YUY 6 L‘}J@imu@] ITUAINIFTIUVD
. . . ~ Yy 9 Jd v A ~ g} )
acrylamide:bisacrylamide (19:1) tia1g YLIYINUIU 7.5 Tyas 915199 3.7 Tﬂfmﬁugliﬂ HUINAU
PPN
1ag 5X TBE buffer (445 mM Tris-borate, 445 mM boric acid, 10 mM EDTA) ludmnesnila
9 a o ] A o 31 Y 9 ~ 9
ﬂﬂﬂﬂﬁﬂiﬁﬁf’]@"ﬁ’f15!Wi’)ﬂ@\1ﬂillﬂ'lﬁﬁglﬁﬂﬁll@\1u’] 1Wﬂ31ﬂ5@uﬁ]uglﬁﬂﬁa@ﬂ\lﬁga']ﬂﬁllﬂjﬂﬂﬂl%
a Qy < { a a
TuTasnul dszum 510 i N3 Rdunguvgivie 1Ay 30% acrylamide (19:1), 10%
APS (ammonium persulfate) (182 TEMED (N,N,N’,N’-tetramethylenediamine) Lﬁllii”mﬂ“'] 1910
[ Y] 1 a ] U 1 <
U 533\1@8111’9{“7@1/‘]@\1@1'?]1?{ Lﬂlﬂﬁaﬂju%ﬂﬂfﬂﬂﬁgﬁ'}]%‘]ﬂigﬂﬂﬂulﬁﬂ Iﬂﬂ”ﬂ\?ﬂﬁgﬂﬂﬁ}THUH
Y 2 o 1Y = =} ] 9 qg// 1
KlﬁlﬂﬂQVITHNﬂﬁ%NTm 30 9N ULUITSUID m&mWmﬂu‘]jmmuuummﬂizﬂﬂ “’l]Tﬂ‘L!L!‘]J@'OfJ
S o M t:y 1Ay L 1 A
Twautadrdszuia 5 $1Tue nTedrvznama Bdwauars lsuruilailaveo1nisila

) Y
MUVUVDINTZIN DTN IAUFU
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~ a HqQ Yo o A Y 73 & o  w
MINn 3.7 ﬂimmmw%mmmmamammmu 6 Lﬂ@ilﬁ]ﬁu@ TAINTUNTSINVUIA 35 X 45

FUALIAT

aulszneu #31as
813 ¢ 22.5 RSN
yhndu 12.5 Hadans
5X TBE buffer 10 Uadans
30% acrylamide (19: 1) 10 daaans
10% APS 0.5 Uadans
TEMED 20 luTnsang

3nnssm 50 Naaans

o Aad a
3.5.3 msmiomn Ing IWssa
A S oo Y ° v o v ] ] Y R 2 A
diomantedIaudl neuihinldrziimsdaenszandiuuen i aze1audl96and
1 = = 9 1 = (% 1 Y A 1 J ] =
uazunzimin1een szrINAMIoandosnosq Avszivedlnnanedizrilerenivg
09: o 9y o a g ~ A
vl lldszaeudnnugadanIns IWS¥a EC 160 DNA  SEQUENCING  [E-C
APPARATUS CORPORAT] 1143 0.5X TBE buffer a9 1U%09a U UULAS @ 1UE19UDIU04
Aa g a [ ] Ll 1 [ @ 4 o
gaoanIns W33a sz lweddlinesenaegldnszeon udrdemedinudunieeiinig
1 1 v J { 4 [ A 4 <
pre-run Aoy Tagldnanuarsdndnai 1,000 Traaszana 45 i nasnntamssaud 1y
= yI A = 1 = 1 (] A VoA A 1
198190 0.5X TBE buffer taz IMinia1ia buffer aslurosninaazsouiie lagiSenoglu
[} ~ Y o Y % 1 a g Y 3 ] = 3 = ] 1
¥oandoonlirua M ldawisovieeadiosaadu ld@urend aniiuesoud10619
< [
#1502210AUONY formamide loading buffer (98% formamide, 0.1% xylene cyanol, 0.1%
[ 1 < a 1
bromophenol blue, 10 mM 0.5 M EDTA pH 8.0) ludasiadiuansazaredoue 4 lulasansae

a

. . a Y Y v Y o 1 . =
formamide loading buffer 2 Tulasaas wanlddriuudnirldulu heating box NYUHNYU 95
= < a A o Y Y2 I = 3 o
oA usaFeaIduIal 5 U LWf)1’1111’?ulﬂﬂLf)UL’E]ﬁWEJLﬂEJ’J!Lﬁ%L‘]JUﬂTiVI']aWJ secondary
<3 @ o o ' 3’ Y o_w '
structure  UBNALDULD ‘Haﬂmﬂuum"lﬂwﬂuuumwuﬁ UIAIDYNA1TASANYNTUUDY
a Qg ~ 9 [ ] =) a a g
ﬂlﬁ)ul’ﬂ‘ﬂllﬂWﬂ@ﬂﬁ\iEluuﬁﬁ&“lff)ﬁﬁ’)ﬂ’whllliﬂﬁ“IJL‘]_]@I HASHYDATITASANIYALDOUIDUINTIIU
[25 bp DNA ladder marker U84 Invitrogen] NMMIWANAY formamide loading buffer ualasly

' a ' 9 A qu = ~ ag Y KR o A
%@QW?%@QLlﬁﬂllaz%aqq@‘ﬂ']ﬂ lwasl“]fslUﬂ']ilﬂ38“&“8“%“1@"“@\1@!@“!:@ LLﬁ?NLﬂﬂLﬂ‘i@ﬂﬂ&l
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3.5.4 NMIPoNIAAIIAITAZATANDS IUIATN

o ] d'd a L] 9 d‘d g} q'/ a Y d‘d a
umwuﬂszimmmﬁ]amagmmﬂumﬂmmﬂau 1805 lagnagnuniinanne

eR .

E4

=] 9 [V 1 o Y dy A 1 A (] I ~
VYUHATUUULTND i37]\1@811/]111’[&1!@Lﬁ]€‘1€‘1@ﬂ1’75@ﬂﬂ@ﬂ LUV VUINTDIVY L“lJ‘LlL'J’cﬂ 5UMN
A = o 1 9 1 Ao
HIDIUNNEH Xxylene cyanolfﬂzmxﬂ/ﬂﬁll’lﬂ urunszangeu s lunianlasazais CTAB
Y v 3 & a ' A g A Y KR o 1 )
yUu 0.1 Woesisua 1 ans LUYUVINUUA TV Wuan 30 UIN LA UUINUNTEINYY
] A = 9y 9 ] Jd (a a ~ =\ [} [l
mmfluawmumiazmmmﬂmuﬂmmu 0.3 Wostsua Usuias 1 ans mmaﬂwm e
A 1 I =1 Y o ] 9 [} A A o
U719 YUATDAUVE Wuan 15 UM LL@’J‘LHLLNHﬂi%ﬂﬂﬂTﬂﬂJTLL"]ﬂUﬂW]‘VI?JETW@5?118“]561!;3@51‘1!
A A < ] a a ' A 1 o ~A K 9 ]
miﬂﬂmiﬂh!ﬁiiﬂﬂh‘] ﬂilﬂ@l‘i 1 aA7 18UV VULATDIVYN Lﬂun’m 20 UIN INY1YLNU
[} g/ o a 1 3 g ~ Y o ' 9 [
ﬂizfﬂﬂmuﬂum@umau 1 ﬁ@]‘iflﬂ1\1§’)ﬂli’)£ﬂunﬁ1 1 4N umuumuﬂizﬁ]ﬂmﬂmu%“lu

A15azan8 developer (2% sodium carbonate, 0.02% formaldehyde) M@ en1nal 1 803 Fauadu

Y 3 Y [
o v A =

! Y a oy o & X qv 9 Ay
LL“FUWﬂﬁH“VNVl’JHJuL’JQW 30 4N umuwumwﬂmmm UNHUNBI

a

a d 1% a d
3.6 ﬂ153lﬂi1$ﬂwaﬂﬁﬂiﬂ§!!ﬂ‘§Nﬂﬁ)NW’J!ﬂ@‘i

o a A I oazl o Ay Y a = o
WAeNUHAD UIBYDILAINNNINUA 47 A1eWUT T laninmaiiaewioadinii

a o v J = =} a2 d Ao [ = Y]
MIAATIEHMINNNHAINH AN IEBWNUT TaslToumeutouaR U NAWHUAASINUVD
] o 1 Y o 1 = a g Y o [ L4 Y 12q Yo [ L4 Y o
uAazA10619 21920619 luluoudwwe lddyanval “1” 01'hillddyanval “0” udni
9 AN ¥ = = A 1 Y . . 2
Joyah IduulFouiisumanumlounazanuuanae Tasldgasues Nei uaz Li (1979)
Aamarinnumilounaziangu@i0819821075 unweighted pair group method with
arithmetic mean (UPGMA)’ tazuaainalugiiuuved phylogenetic tree Tagldl1lsunsuy

NTSYS-pc 3% 2.01e (Rolf, 1997)’
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a d Aa J
4.1 'Jlﬂ5131’3@187‘]“‘7‘!&351&!?Jsllﬁ)ﬂl!ﬂﬁﬂ'ﬂ

o < ) %] [l 4
INMTANAADUIBUAINNTIUIU 47 d20d19 e lFIunsasIvaeuaY
o a o’z 1
WannateneugnIsuIaemaiin AFLP 91nms1d Inswesiiua 64 glumsasindo
a ‘@ 1 1 L) 1 A o Qy 1 a g Y Y =S
aRuNAD WD UG Insmessiuau 12 g aunsamudaududiufioue 168 Tduoud
< { o 1 ' o & Jo
BULNFAULAZAINITOUINANNUANANTENIN WU TUAIN 1A taz Tnswessuiu
[ A a nQy [ ad 9 1 [ [ [ v Y
49 q aunsamulsnusudiuanuela ua liamnsonsnanNuAna 1Tz HINTENUE |18
<o [ [ A a ad 9 ~ A ) Qy aad A A
ez Inswesswau s g hicwnsamnlsuna@due 18 1519 4.1) Wehduddue i
a a o ana d Aaa
YSnadremaiafidersuuenvuiadie3zaan Ins 15a%elu denaturing polyacrylamide gel
0911 9 FY a 4 a g a [
nnudeunadlieFaes lumin szlsinguanadwe lulSuuuinuazivuizauae
= o A ' s A Yo J 9 a g °
MIANEIAININA 4.1 - 4.12 9109 Inswesidenldduau 12 § ldunudduediuiu 912
ad A o a I 1 [ 1 =< ' =
wou vinavenuAueminAauazuuued U519 50 uade 500 gud (NeYUIA
a g ‘ < adg g ¥ v W o '
0 ADUBUINTIFIU 25 base pair ladder) 1 uauADUBN IRANULANA NN UYDIAIDE1
o I ad ~ A v o (B P Y
$1u9u 575 uav vazflunauAvueimdounusiuan 337 uou Tagnuig Inswesnlia
= IR A o w Y A w0 dy 1 [
TnavesAFuGosdaunnuIn llvniosliawieo 11l § E-ACT / M-CAG, | E-AAG / M-CAA,
f E-ACC / M-CAT, ) E-AGG / M-CAG, §] E-AAC / M-CTT, § E-AAG / M-CAC, ) E-ACG /
M-CAG, f| E-ACT / M-CAA, § E-AGG / M-CAC, f E-AGC / M-CAT, ] E-ACC / M-CTG
' o W A £ < Y a a g ] ]
uaz § E-AGG / M-CAA @ waai (a15199 4.2) Feazviu lamsinauouadueoglugig
1 = 1 Jd Aa I 1 = Y 1 v 1 1 4 A A I 1
47 - 122 uov aowiieg nswes Aadluaundslaminy 76 uouaeg Inswes WeAmiuam
J 2 J a a g A 1 [ . A [
lodiFuaueINIsNALILAB UL NUANAINNY (percentage of polymorphic bands) 3¢ UAUNINY

@ 4
63.05 1losiEua
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glwsmes | M-CAA | M-CAC | M-CAG | M-CAT | M-CTA | M-CTC | M-CTG | M-CTT

E-AAC x x x x x x x v

E-AAG v v 0 x x x x x

E-ACA x 0 x x x x x x

E-ACC x x x v x x v x

E-ACG x x v x x x x x

E-ACT v x v x x x x x

E-AGC x x x v x x x x

E-AGG v v v x x x 0 x
MR v = f;j"lwa'maffﬁmu15aLﬁuﬁmmﬁgﬁum"l@s{u,azl,ﬁaﬂsl%’ﬁlumivmam

% = glwswesieunsomulSnadidue 13
0 = qlnswesi launsaiinlSinafiSueld
TN 4.2 ﬁ‘a;ﬂwamiﬁiaﬁmauﬁﬁumﬂlmLLmﬂm Tagmautiaoewuoai
Hvesod «i‘iﬁ:mam:uﬁiﬁma iim:m:auﬁiﬁum ﬁ‘hmi;mnﬁgﬁma wlodisud
NUANNINY NHNBDUNY NIKNA polymorphism

E-ACT / M-CAG 84 16 100 84.00
E-AAG / M-CAA 81 41 122 66.39
E-ACC/ M-CAT 57 17 74 77.03
E-AGG / M-CAG 53 15 68 77.94
E-AAC/M-CTT 51 47 98 52.04
E-AAG / M-CAC 44 21 65 67.69
E-ACG / M-CAG 44 35 79 55.70
E-ACT / M-CAA 36 12 48 75.00
E-AGG / M-CAC 35 44 79 4430
E-AGC / M-CAT 35 36 71 4930
E-ACC/M-CTG 28 33 61 45.90
E-AGG / M-CAA 27 20 47 57.45

5 575 337 912 X = 63.05
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o v  w 1 { 1<} .
lLﬁﬂ\iﬁ”lﬂ‘]Jﬁ’)ﬂEJN@]”lllﬁWiNﬁ 4.1 o M ﬁaﬁmummm@m 25 base pair ladder
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M1 2345 67 8 91011121314151617181920 21222324252627282930313233343536 3738394041424344 454647 M
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200bp
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100 bp
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4 A da g { a s
ﬂTINﬁ 4.2 a'IEJWMW?H?JHL’(’)‘U'ENLWNﬂ'.]'lﬁlﬂﬂfl]'lﬂﬂ'licl‘lsfmlWﬂMBi E-AAG / M-CAA 1Y

o v  w 1 { <} .
lLﬁﬂ\iﬁWﬂ‘Uﬁ’)ﬂﬂN@ﬂMﬁWiNﬁ 4.1 e M ﬁﬂﬁmummm@m 25 base pair ladder
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M1 2345 67 8 81011121314151617181920 21222324252627282930313233343536 3738394041424344 454647 M

500 bp ¥

400bp »

300 bp —p

200bp

125bp >

100bp >

50bp »

4 A odad { a s
ﬂTWﬁ 4.3 ﬁ'IEJ‘Wll‘Walﬁ]ulﬂﬂl’ﬂﬁLWNﬂ']Wﬁ!ﬂﬂﬂ'lﬂﬂ]ial“]’f}leiljJﬂi E-ACC / M-CAT t1uumv
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Disease Rating

f9819  Accession Country Province Name Source Pedigree
(score 0-5)

1 PI 197088 India Assam 11763 USDA - 1

2 PI 321009 Taiwan - Nanchi White Spine USDA - 0.5
3 PI 330628 Pakistan - Kshira USDA - 0.8
4 PI 358813 Malaysia Kuala Lumpur = USDA - 1.2
5 PI 358814 Malaysia Kuala Lumpur - USDA - 0.8
6 PI 432875 China - San dong si gua 101; 458 USDA - 0.8
7 PI 432876 China - San dong si gua 12; 459 USDA - 0.8
8 PI 432878 China - San dong si gua 127; 461 USDA - 0.5
9 PI 432886 China - San dong si gua 7156; 469 USDA - 1.2
10 CSL 0013 Thailand - - LARTC F1 of unknown 1

11 CSL 0077 Thailand - - LARTC S6' 12
12 CSL 0088 Thailand - - LARTC F1 of unknown 1.2
13 CSL 0089 Thailand - - LARTC F1 of unknown 1.2
14 CSL 0096 Thailand - B LARTC F1 of unknown 0.8
15 CSL 0097 Thailand - - LARTC F1 of unknown 0.8
16 PI 279468 Japan - Ochiai-fushinari, Omoroved Strain II USDA - 1.5

SL



- :
MI19N N1 (§D)

Disease Rating

0819 Accession Country Province Name Source Pedigree
(score 0-5)

17 PI 288238 Japan - Yomaki Plant Ti USDA - 1.5
18 CSL 0068 Thailand - - LARTC Open pollinate variety 1.5
19 CSL 0092 Thailand - B LARTC F1 of unknown 1.5
20 PI 114339 Japan - Manchuko Wonder USDA - 1.8
21 PI 234517 United State South carolina SC50 USDA - 1.8
22 PI 390259 Japan - Sagami Hanjiro (A) USDA - 1.8
23 CSL 0014 Thailand - - LARTC Open pollinate variety 1.8
24 CSL 0044 Thailand - - LARTC S6 1.8
25 CSL 0076 Thailand - = LARTC F1 of unknown 1.8
26 CSL 0080 Thailand - - LARTC S6 1.8
27 PI 164173 India Maharashtra Khira;8886 USDA - 2

28 CSL 0022 Thailand - 2 LARTC F1 of unknown 2

29 PI 426170 Philippines Luzon UPL-Cu-2; Ca-73-21 USDA - 2.2
30 CSL 0043 Thailand - = LARTC Open pollinate variety 23
31 CSL 0012 Thailand - - LARTC 87’ 2.4
32 PI 426169 Philippines Luzon UPL-Cu-1; Ca-73-19 USDA - 2.5

9L



M3519N Nl (99)

Disease Rating

fMoeg Accession Country Province Name Source Pedigree
(score 0-5)

33 CSL 0015 Thailand - - LARTC F1 of unknown 2.5
34 CSL 0046 Thailand - - LARTC S7 2.5
35 CSL 0067 Thailand - - LARTC Open pollinate variety 2.8
36 PI 103049 China Beijing Kuai Huang Kua; 12 USDA - 4
37 PI 167223 Turkey Icel Hiyar;417 USDA - 4
38 PI 175121 India Uttar Prade Khira; No. 10382 USDA - 4.5
39 PI 178886 Turkey Cankiri 9662 USDA - 4.5
40 PI 209067 United State Ohi M 20 USDA - 3.8
41 PI 211979 Iran Weat Azerbaijar 6 USDA - 3.5
42 PI 227013 Iran Khuzestan 14566 USDA - 3
43 PI 321010 Taiwan - Nei Wu USDA - 4
44 PI 357857 Yogoslavia - Krupna; 704 USDA - 3.5
45 PI 466922 Russian Federation - M-2C USDA - 3.2
46 PI 478366 China Xinjang O 106a USDA - 3
47 PI 483340 Korea South, Seoul H.N. Semiwhite F1 USDA - 2.8

HUBLTIA 1; S6 ﬂN1ﬂﬁQﬂ1§WﬁNﬁ?L@QNHL%’J 6 510;13

2: S7 NINEDIMITHANANBINUED 7 52

LL



Y 9 v 9 % a @ 1 qu @ 1 {q Y
GH‘SN‘?I N2 ﬁuay’aaﬂymzmqmuamgm’smwammﬂmmamam 47 GI’JE]EJNﬁi%iL!ﬂ'ITVIﬂﬁ@Q

AN : wandn/ls | wad | wad | shwidowa | aowndiewa | aamenaea
@30819 | Accession meavesaen | lu | ez | At | m . - .

(31.) G @Wed | A ("3%) (631.) (B31.)
1 PI 197088 6.7 M - - 18 112 9 18 10 100 62.9 4 6.7
2 PI 321009 - M - - - - - - . - - - - -
3 PI 330628 6.7 M| - -] - - - - 2 100 - 78.6 4.6 6.7
4 PI 358813 15.5 M| -] -] 2 136 0 2 2.4 100 - 127.8 3.5 15.5
5 PI 358814 16.6 M| - | - | 24 151 0 24 4 100 - 1153 2.9 16.6
6 PI 432875 20.2 M| - |- 17 100 2 17 0.7 100 - 152.5 3 20.2
7 PI 432876 25.6 M| - | -] 20 129 4 20 48 100 - 176.8 3 25.6
8 PI 432878 23.6 M - - 12 75 5 12 6.7 100 - 128.2 2.9 23.6
9 PI 432886 16.5 M - G 13 133 12 23 5.8 81.1 18.9 105.1 33 16.5
10 CSL 0013 12.9 M - G 20 147 10 20 7.2 43.1 56.9 101.3 3.5 12.9
11 CSL 0077 9.6 M - G 25 147 14 25 5.5 100 - 76.4 3.8 9.6
12 CSL 0088 9 M - - 23 143 13 23 7 81.4 18.6 70.7 3.6 9
13 CSL 0089 9.3 M| - |G| 22 160 1 2 3.7 100 - 78.8 3.9 9.3
14 CSL 0096 8.9 M| - |- 17 124 8 17 3.4 100 - 70.7 3.7 8.9
15 CSL 0097 9 M| - |- 25 144 13 25 7.9 426 | 574 60.9 3.4 8.6
16 P 279468 - 1Y S N N - - - - - - - - -
17 PI 288238 14.6 M| - | -] 20 112 8 20 2.9 100 - 93.6 3.7 14.6

8L



MS519N N2 (99)

ANNEING ; wawdn/ls | wad | wad | siwiiawa | aawndiewa | aamenaea
@30819 | Accession meAvesaen | lu | demz | fefw | m . - .

(B3 1) @Wedy | AN ("5%) (B3 (B3
18 CSL 0068 7.9 M| - |- 22 119 8 2 6.8 100 - 679 3.7 7.9
19 CSL 0092 8.9 M| - |- | 2 138 10 21 3.8 100 - 74 3.7 8.9
20 PI 114339 - M| - |- |17 134 3 17 - - - - - -
21 PI 234517 13.4 M| - |- 21 127 8 21 3.5 100 - 86.9 3.2 13.4
22 PI 390259 16 M - - 17 111 8 17 7 100 - 112.5 32 16
23 CSL 0014 14 M| - |G| 2 148 9 2 9.1 100 - 101.4 3.6 14
24 CSL 0044 9.4 M - G 24 165 10 24 6.9 100 - 79.9 3.7 9.4
25 CSL 0076 8.3 M - G 22 136 13 22 7.4 81.8 18.2 64.4 3.6 8.3
26 CSL 0080 11.3 M - G 20 129 9 20 9.3 100 - 72.5 3.3 11.3
27 PI 164173 - S R N - - - - - - - - -
28 CSL 0022 - M| - |G| 24 130 13 24 - - - - - -
29 PI 426170 14.1 M| A |G| 19 140 7 19 2.1 100 - 107.7 3.4 14.1
30 CSL 0043 10.2 M| - |G| 21 148 10 21 22 100 - 82.2 3.6 10.2
31 CSL 0012 8.9 M|A|-] 2 134 14 23 3.9 488 | 512 72.9 3.6 8.9
32 PI 426169 14.4 M - G 20 129 10 20 43 100 - 106.6 3.5 14.4
33 CSL 0015 - M| A| - | 18 139 11 18 - - - - - -
34 CSL 0046 9.2 M - G 16 94 7 16 43 100 - 66.7 3.5 9.2

6L



MS519N N2 (99)

AN : wandn/ls | wad | wad | shwiowa | aowndiewa | anmenaea
@30819 | Accession meavesaen | lu | ez | At | m . - .

(131 (W) @Wed | AN ("5%) (B3 (131)
35 CSL 0067 7.5 M - G 24 124 9 24 8.5 39.4 60.6 67.9 39 7.5
36 PI 103049 132 M - - 16 108 2 16 8.2 100 - 97.3 3.7 13.2
37 PI 167223 - M| A| -] 25 119 12 25 - - - - - -
38 PI 175121 - M| - | -] 10 64 4 10 - - - - - -
39 PI 178886 8.5 M| A|-| 26 129 10 26 1.4 100 - 66.3 3.7 8.5
40 PI 209067 10.4 M| - | - | 24 154 9 24 5.6 100 - 73 3.5 10.4
41 PI 211979 13 M| - |- 2 148 13 29 19 100 - 84.4 3 13
42 PI 227013 14.7 M| A - 28 167 14 28 23 100 - 121.8 3.7 14.7
43 PI 321010 10 M| A|G 20 131 10 20 6.8 100 - 75.2 3.5 10
44 PI 357857 - A - - - - - - - - - - -
45 PI 466922 12.2 M| A |G 14 68 1 14 1.9 100 - 922 3.7 12.2
46 PI 478366 31.9 M - - 18 118 5 18 3.6 100 - 161.3 2.7 31.9
47 PI 483340 16.3 M| - |G| 20 156 7 20 5.4 100 - 1117 3 16.3

NN 1; M = Monoeciuos plant

2; G = Gynoeciuos plant

3; A = Androeciuos plant
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1. 2X CTAB buffer
2% hexadecyltrimethyl ammonium bromide (Titiﬂﬂ CTAB, cethyltrimethyl ammonium
bromide)
1.4 M NaCl
20 mM EDTA pH 8.0

100 mM Tris-HCI pH 8.0

ad ) a a aa
mamsenlullsuas 100 Hagans

F1e15  CTAB 2.00 N3N
NaCl 8.18 Niu

uAdAAY 0.5 M EDTA pH 8.0 400 Hadans
1M Tris-HCI pH 8.0 10.00 Uadans

09: a g’ o M Y a 2 a aa 3 Y 9
%1ﬂuul@mu1ﬂauiﬂl1ﬂﬂill'm55’JiJL‘I/Hﬂ‘]J 100 Uaaansg azawmimwmimm

a =

o Y = o A2 0 & A o P 2 g
nu uarvai llisaindeNgaungll 121 esrugadoa anuau 15 oua/msreda Wune 15

U

~
UIN

2. Chloroform: Isoamyl alchohol (24: 1)
Imamsenluilsuing 400 Jaaans
@34d15  Chloroform 384.00 Haaans

Isoamyl alchohol 16.00 Haaans

2/' Y 9 w d'l d! 1 dy d' a =
weruasnavua Iannu lumsuseums e gson UNQY 121 DIMUHALHYT

E]

@ 4 Qy I~ ~
ANNAU 15 Youa/m151917 11uma 15 wn

3. Phenol: Chloroform: Isoamyl Alcohol (25: 24: 1)

ad =) a a an
Amamsenluilsuag 10 Uadaas

@915 Phenol 5.00 Naaans
Chloroform 4.80 Noaans
Isoamyl alchohol 0.20 daaans
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os-" Y I o A = 1 tﬂy A a =
m‘mmi‘nwamclmslnﬂu“lum%uzﬂmumﬁmmwaﬂqmwgn 121 93F ULy e
o ¢ 2 g a o 4 w Ay vy v v
ANUAU 15 ﬂﬂu@/ﬁWi’Nu’J Lﬂunm 15 4N mﬂuumuiﬂmmiwﬁuﬂllﬂuhmﬂﬁlﬂ 100 mM

a =

Tris-Cl (pH 8.0) Tumyuz e Nguvigil 4 ruyaised

Ll

4. Linear polyacrylamide
AmamIenluiliuag 20 Jaaans
4.1 aza1¥ acrylamide 0.05 NS 11!‘]:71/\|L1/\|®§ (40 mM Tris-HCL, 20 mM sodium
acetate, ] mM EDTA pH 8.0) 1 Uaaans
42 13U 10% ammonium persulfate 10 13 Tn58n3 ttag TEMED 1 lulasans i

Y a Yy | ~
'lmqquwmmunm 75 UIN

v ]
= [ =

43 1A% absolute ethanol 2.53 iaaans a1 lUiumIesi 15,000 g uu 2 WA

~

2 1 1
4.4 masazarelansliuazildesIdaznoun laudangungiies

a g’ M) Aa aa 4 09.: Qy 9y
4.5 WUUINAU 20 Waaansg Lﬁaazmﬂmﬂauuazmm‘l’mmﬁu

< @ A a =~ A o Y
4.6 mumiazawium%uzﬂmmmqmwgu 4 DA ALK YT Lwaumﬂﬂma"lﬂ

5. RNase buffer
10 mM Tris-HCI pH 8.0

15 mM NaCl

Aad = = = aa
’J‘ﬁﬂﬁl@li&miuﬂ‘iMWﬁ 500 Uanang
@A 1 M Tris-HCl pH 8.0 500 daaans
3 M NaCl 1.50  Naaaas
3 a g’ u'J I Y a Y A Aana :JI Y 9 o
mﬂuumumﬂauiﬂﬂﬂﬁmmiam‘mﬂ’u 500 UaaaNg Nﬁuﬁﬁﬂ\‘ﬂ’mﬂiﬁl"lﬂﬂu

a =

¥ =2 o 4 4 & 4 o P 2 g
!,memllﬂuﬁmwv’emqmﬁﬂu 121 a3AUYalsed ANUAU 15 ﬂ@uﬂ/@’]ﬁﬁl\‘]uj L‘]Junﬁ’] 15

U

=
HUIN

6. 50X TAE buffer
2 M Tris-base
1 M acetic acid

50 mM EDTA pH 8.0
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ad = a a an
smamsenluilsuas 1000 Jadans

¥9a915  Tris-base 242.0 AU
1 M acetic acid 57.1 Noaaas
0.5 M EDTA pH 8.0 100.0 Uadans

E) Y v Y
nniudinau i 1ddsuiassamidy 1000 daaans wauasnavua iy

a =

Y =2 o £ ] dal ~ [ o Qy I
ummuﬂﬂmmu&mmqmwnu 121 osmuared anuad 15 Youa/msieny Wunal 15

Y

=
UM

7. 10X Tris EDTA (TE buffer)
10 mM Tris-HCI pH 8.0

1 mM EDTA pH 8.0

Imawsenlulsuas 100 Yaaans
@293 1 M Tris-HCl pH 8.0 1.00  Uadans
0.5 M EDTA pH 8.0 0.20 yanang
3 a g’ o I Y & (Y A Aana :JI Y Y o
nmiudminau i lddsuiassoumiiny 100 Nadaas wavesnavua iy

a =

Y 2 o £ 1 dy ~ Y] 4 Qy I~
lla’)ﬂ\iu']klﬂuqm'll“]faﬂqmﬂﬂu 121 99AssaLsed ANAN 15 ﬂ’e‘)uﬂ/mﬁNu’J Lﬂuna'] 15

U

=
HUIN

8. SX TBE buffer
445 mM Tris-base
445 mM boric acid
10 mM 0.5 M EDTA (pH 8.0)

IEMIwTeNas 151105 1000 Yaaaas
¥39e15 Tris base 54.00 NN
Boric acid 27.50 N3N

0.5 M EDTA (pH 8.0) 20.00 Haaans
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9. 6X loading buffer
0.25% bromophenol blue
0.25% xylene cyanol

30% glycerol

ad = a a aan
A Msmseuas ludsuas 10 Yaaans

¥Ie13 bromophenol blue 0.025 nN3U
xylene cyanol 0.025 N3
1A glycerol 3.00 dagans

09: a g’ @ I Y a Y A aa :’1 Y 9 o
i]’lﬂuul@lllu’lﬂauclﬂhlﬂﬂiﬂ'lﬁiijllﬂ/nﬂll 10 Uaaang Nﬁﬂ\lﬁ'ﬁﬂﬁﬂmﬂ‘lﬂlm'lﬂu

a =

Rusnasavaiwi ldigungil 4 esraiFos
10. Formamide loading buffer

0.1% bromophenol blue

0.1% xylene cyanol

10 mM 0.5 M EDTA (pH 8.0)

98% formamide

ad ) a a an
AMamseNas Wlsuas 10 Uaddas

¥I13 bromophenol blue 0.01 n3u
xylene cyanol 0.01 n3u
@Y 0.5 M EDTA (pH 8.0) 200 lulasans

v Y
NTUIAY formamide 19 AU HIATIMMINY 10 Haans wauasnanualiiniu

3 o Ay ya a =
Lﬂ‘]JiﬂH”lﬁ"liﬁSﬁﬁ"lﬂTlllﬂ‘ﬂﬂmﬁﬂN 4 DAY ALY

Q U
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11. 0.5 pg/ml Ethidium bromide
Mo luilsuas 200 Yaaans
915 Ethidium bromide (10mg/ml) 100 pl
v v
WINau 200 ml
Y Y o I 9 = A Ay Y 1 s
wauimmnuuazmu"ﬁlum%uzmu!,mesamﬂmmnummmuﬂaaﬂﬂ

a A Yy Y 9 a9
azgimonuaunulinuuaslugamgines

12. Silver Nitrate solution
Mo luilsuas 1000 Haaans

¥9a15  silver nitrate 1.60 NI

AfaAT AUIUAITAZ BTN

Z)

9 v
@y dnau 994
9 Y
NUUIAN 1M NaCl 400 dodans ausuldasazared@imagu
ADE9) LAY liquid ammonia (25%) Navvien (Uszana 2 - 2.4 Hadans) wld
= LA A Y Y o g AN Y = A
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Genetic Diversity of Downy Mildew Resistant
Cucumber Using the AFLP Technique.

Nattawan Thongthod, Panom Winyayong, Siam Popluechai, Ekachai Chukeatirote
and Somrudee Onto

School of Science, Mae Fah Luang University, Chiang Rai 57100 Thailand

Abstract

The genetic diversity of 27 downy mildew resistant cucumber (Cucumis
sativus) cultivars was determined by amplified fragment length polymorphism (AFLP)
analysis. To perform the AFLP analysis, sixty four combinations of primers were used
and the results were interpreted based on total and polymorphic scores. For Cucumis
sativus, the total of 889 AFLP bands were detected using twelve combinations of
primers. Nei and Li’s similarity coefficients were calculated and a phylogenetic tree
was then constructed using the UPGMA analysis to trace their phylogenetic
relationship. According to the results, these C. sativus plants were highly polymorphic
and can be divided into 3 clusters of downy mildew resistant cucumber and 2 clusters

of susceptible with the similarity values in the range of 0.790 — 0.957.

Keywords: Cucumis sativus, cucumber, AFLP, genetic diversity

1. Introduction

Cucumber is one of the most
cultivated crops in Thailand. Although,
many dieases of cucumbers have been
reported, downy mildew caused by the
fungus Psudoperonospora cubensis s
regarded as one of the most serious causes
affecting the cucumber yields (1,2).
Especially in raining and winter seasons,
cucumbers are often sensitive and can be
tremendously destroyed by downy mildew.
At present, control of downy mildew can be
done through the use of resistant cultivars
derived from traditional plant breeding (3).
Successful  identification of resistant
cucumber cultivars is achieved by using
molecular markers which can be used as
additional tools for wvariety description
(4,5,6). In addition, the use of molecular
markers has been shown to reduce the errors
that may arise from phonotypic plasticity
(7,8,9). In the course of downy mildew
resistant cucumber breeding programme, the
AFLP technique was introduced to
determine if there is genetic diversity among

downy mildew resistant cucumber cultivars
preserved.

2. Methodology

Twenty seven cultivars (15 resistant
and 12 susceptible) of cucumber obtained
as seeds from United States Department of
Agriculture (USDA) and Lampang
Agriculture Research and Training Center
(LARTC) were grown in the experimental
field of Mae Fah Luang University during
November 2005 to January 2006 (Table 1).
Genomic DNA extracted from young leaf
tissue of cucumber using a CTAB extraction
procedure (10) and AFLP analysis were then
carried out using sixty four primer
combinations (EcCORI and Msel primers)
based on the protocal of Vos et al. (11). The
results were then interpreted based on total
and polymorphic scores. The DNA profiles
generated were determined based on the
absence and / or the presence of each band
(score 0 and 1). The data recorded were
eventually used to calculateusing the
NTSYS-pc programme version 2.0le (12).
A phylogenetic tree was constructed using



the unweighted pair-group method with
arithmetical averages (UPGMA) as
described by Sneath and Sokal (13).

3. Results, Discussion and Conclusion
In this analysis, only twelve
combinations of primers gave
polymorphic bands in all genomic DNA
samples. A total of 889 AFLP bands,
ranging in size from 500 bp to 125 bp,
were identified, in which 523 bands
(~58.83%) were polymorphic. The number
of fragments detected by an individual
primer combinations ranged from 47 to 117
bands. These data were sub- sequently used
to calculate the similarity index which were
between 0.790 - 0.957 (table 2).
Additionally, based on the phylogenetic tree

&9

constructed by the UPGMA cluster analysis
and disease rating of downy mildew in each
accessions, our results showed that there
were five clusters: cluster I and II contained
7 accessions of downy mildew resistant
cucumber cultivars; cluster III and IV
contained 11 and 1 accession of susceptible,
respectively; and cluster V contained solely
1 accession of downy mildew resistant
cucumber (Figure 1). These data presented
in this study were shown to confirm the
existence of genetic diversity among these
cucumber cultivars. Such information
obtained from this analysis is expected to be
important as genetic markers and useful for
downy mildew resistant cucumber cultivars
breeding programme.

Table 1 Cucumber accessions used for examination of genetic diversity

No. Accession Country Source' Disease Rating” (score 1-5)
1 PI 197088 India USDA 1
2 PI 321009 Taiwan USDA 0.5
3 PI 330628 Pakistan USDA 0.8
4 PI 358813 Malaysia USDA 1.2
5 PI 358814 Malaysia USDA 0.8
6 PI 432875 China USDA 0.8
7 PI 432876 China USDA 0.8
8 PI 432878 China USDA 0.5
9 PI 432886 China USDA 1.2
10  CSL 0013 Thailand LARTC 1
11 CSL 0077 Thailand LARTC 1.2
12 CSL 0088 Thailand LARTC 1.2
13 CSL 0089 Thailand LARTC 1.2
14  CSL 0096 Thailand LARTC 0.8
15  CSL 0097 Thailand LARTC 0.8
16  PI 103049 China USDA 4
17 PI 167223 Turkey USDA 4
18  PI 175121 India USDA 4.5
19  PI 178886 Turkey USDA 4.5
20 PI 209067 United State USDA 3.8
21 PI 211979 Iran USDA 3.5
22 PI 227013 Iran USDA 3
23 PI 321010 Taiwan USDA 4
24 PI 357857 Yogoslavia USDA 3.5
25 Pl 466922 Russian Federation USDA 32
26  PI 478366 China USDA 3
27  PI 483340 Korea USDA 2.8

! USDA, United States Department of Agriculture; LARTC, Lampang Agriculture Research and Training
Center

’ Disease Rating, visual rating system based on the appearance of lesions where:

score < 1 showed

appearance of lesions less than 20% and score > 3.5 showed appearance of lesions more than 60 - 80%



Table 2 similarity matrix from 27 cultivars of C. sativus generated from Nei’s method (14)

1 2 3 4 5 6 7 8 9 10 11 12 s 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 1.000
2 0.857  1.000
3 0.895 0.904  1.000
4 0.883  0.888  0.863  1.000
5 0.843 0.846 0.860 0.818  1.000
6 0.864 0.883 0908 0842 0.846 1.000
7 0866 0903 0.885 0.882 0.835 0.937 1.000
8 0.869 0.863 0.880 0852 0822 0926 0.938 1.000
9 0.849 0.853 0.883 0864 0.834 0.866 0.868 0.896 1.000
10 0855 0.853 0.879 0.848 0.826 0879 0873 0.895 0.924 1.000
11 0.820 0.837 0.841 0.826 0.828 0.820 0.826 0.823 0.885 0.884  1.000
12 0.854 0.842 0.869 0.830 0.844 0.850 0.840 0.857 0904 0903 0.893  1.000
13 0.836 0.806 0.857 0.877 0.815 0.842 0.875 0857 0893 0897 0889 0.922 1.000
14 0845 0.868 0.860 0.893 0.808 0.839 0880 0.862 0.894 0.895 0.876 0909 0.957 1.000
15 0.841 0.838 0.872 0.822 0.843 0.848 0.838 0850 0.894 0.899 0.897 0917 0907 0.891  1.000
16 0.824 0.822 0.832 0.796 0.800 0.845 0.836 0845 0832 0.857 0.830 0.838 0.831 0.830 0.856 1.000
17 0.849 0.840 0.853 0.847 0.804 0854 0851 0.868 0.898 0.883 0.860 0.885 0.875 0877 0877 0.865 1.000
18 0821 0.830 0.838 0.830 0.794 0.826 0.837 0.837 0866 0858 0875 0860 0.873 0.872 0.868 0.862 0.897 1.000
19 0814 0.824 0.837 0.809 0.814 0.837 0.829 0843 0875 0862 0867 0.886 0.877 0.864 0.885 0.843 0.924 0.900 1.000
20 0.839 0.842 0.829 0.849 0.806 0.834 0.860 0853 0864 0849 0.835 0.860 0.878 0.883 0.854 0.839 0.908 0.864 0.895 1.000
21 0.839 0.861 0.867 0.856 0.824 0863 0870 0.862 0.895 0.888 0.801 0.877 0.896 0895 0884 0.861 0936 0.886 0.921 0916 1.000
22 0.831 0.863 0.862 0.838 0.830 0.857 0.869 0.857 0871 0872 0852 0852 0874 0.867 0.867 0.856 0.905 0.880 0.895 0.900 0.933  1.000
23 0.831 0.858 0.874 0.840 0.803 0.879 0.874 0.868 0.880 0.881 0.854 0.848 0.870 0.866 0.874 0.865 0.881 0.885 0.873 0.863 0916 0.908 1.000
24 0.828 0.849 0.840 0.863 0.800 0.832 0863 0.853 0.891 0.870 0.850 0.856 0.887 0891 0862 0.841 0919 0.888 0.907 0907 0937 0910 0902 1.000
25 0.844 0.850 0.831 0.857 0.792 0.842 0.868 0850 0.841 0846 0816 0.843 0.859 0.869 0.840 0.830 0.874 0.859 0.858 0.896 0.893 0875 0874 0.886  1.000
26 0.841 0.869 0.858 0.852 0.790 0.879 0906 0.895 0860 0881 0836 0.842 0.875 0.882 0.856 0.863 0.888 0.868 0.859 0.886 0900 0.892 0925 0901 0905 1.000
27 0.836  0.874 0.848 0.871 0.795 0.860 0.895 0.881 0.871 0.883 0.843 0.849 0.900 0.906 0.860 0.850 0.877 0.868 0.856 0.880 0.896 0.888 0917 0902 0.890 0.946 1.000
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Figure 1 Phylogenetic tree of C. sativus
cultivars based on UPGMA cluster
analysis of AFLP data generated by 12
primers combinations.
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Assessment of genetic variability in downy mildew resistant cacumber by AFLP

Nattawan Thongthod*, Ekachai Chukeatirote, Panom Winyayong, Siam Popluechai and
Somrudee Onto

School of Science, Mae Fah Luang University, Chiang Rai 57100 Thailand

Abstract

Downy mildew caused by Pseudoperonospora cubensis is found annually on
cucurbits such as cucumbers, pumpkins and squash. The disease, when infected greatly
reduces yield, fruit quality and harvesting time. Control the downy mildew can be achieved
by the use of resistant varieties and/or fungicide chemicals. Fortunately, especially in
cucumber, several resistant varieties have been presently available through the extensive
breeding programme. In this study, twenty seven downy mildew resistant cucumber cultivars
were collected and assessed for their genetic diversity. Initially, the genomic DNA samples
were extracted from young leaf tissue of cucumbers using a CTAB extraction procedure. The
AFLP analysis was then performed with twelve ECORI-Msel primer combinations. A total of
889 AFLP markers was generated and analysed. Cluster analysis revealed genetic variation in
these cucumbers. Based on the results, there were 5 clusters in which the similarity values
ranged from 0.790 to 0.957. These genetic data are expected to be useful as an efficient
marker for breeding resistant cucumber cultivars.

Keywords: Cucumis sativus, Cucumber, AFLP, Genetic variability, Downy mildew



93

) Assessment of genetic variability in
g y
downy mildew resistant cucumber by AFLP

Nattawan Thongthod*, Ekachai Chukeatirote, Panom Winyayong, Siam Popluechai and Somrudee Onto
School of Science, Mae Fah Luang University, Chiang Rai 57100 Thailand

Abstract : Downy miid aused by Pseud a cubensis is found a aily on cucurbiis such as cucumi
umpkins and squash. The disease, when infected maﬂy reduces yield, fruit qna].ity an,d hamsting time. Control the
ildew can be achi i by the use of resistant varieties and/or fungicid For ¥, especially in cu-
cumber, several resistant varieties have been presently available through the ext ive b di In this o]

study, twenty seven downy mildew resistant cucumber cultivars were collected and assessed for their genatic diversity.
Initially, the genomic DNA samples were extracted from young leaf tissue of cucumbers using a CTAB extraction proce-
dure. The AFLP lysis was then perfi d with twelve EcoRI-Msel primer combinati.ons. A total of 889 AFLP markers

was generated and analysed. Cl te alysi led genetic variation in these cucumbers. Based on the resu.ll:s, there
were 5 clusters in which the similarity val ged from 0.790 to 0.957. These genetic data are expel:ted to be useful
as an efficient ker for breeding resistant cucumber cultivars! = = | 11 i

il H [Pt L
Keywords i Cucumis sativus, Cucumber, }Fw,eﬁe-whbﬂity,lpmy,‘g:ilgﬂv = - '_

-c---("

” N A
1 || m » it--rﬂl
Introduction BT \ | S
Cucumber (Cucumis: msj is of Asiatic mﬁ-, e of
the vated o It uses e to
re harve [SMS days). Alth, ‘the cucumber
ei‘l;%nnﬂmﬁ revenue throughout the year, it is
lways attacked by many di at every stages of develop-
" ment. Especially in rainy and winter seasons, cucumbers are -
often sensitive and can be tremendously destroyed by downy -
; Id, At | t, ‘nfdmymﬂdmmhdon.ﬂ
' through the use of It ived from traditional
~ plant breeding (1). However, phenotypic selection for downy
ml!dew resistance is difficult due to the large influence of
- tal fa on the di 's devel t (2). From
| these difficulties, the use of molecular markers has been
- shown to reduce the errors that may arise from phonotypic Results and Conclusion v | .
I lasticity (3 amphifled fragment tun‘th poly- s &
k' chm&y ‘:.P.- e d to WP \ Thcuma]\ylhofﬂ‘?mmlonlm!mlme:em-
net]n diversity of downy mild: m.  tions generated 889 bands, of which 523 (~58. B‘S%| were poly-
‘efficiency of downy " hie, for an average of 74.08 markers per
h..ﬁ.n.pmgnm cmnbclnntiun These bands ranging between 500 bp to 125 bp,
were identified. These data were sub- leqnanl.ly used to calcu-
late the similarity index which Were h 01'90 0.957
b
Materials and Methods b el g T = ;ﬁ,.,ﬂ
in each i our Its sk d that th
lust lust l and II tained 7
mem: cultivars [15 resistant and 12 sus- ild i b It ; cluster III and IV
1} were grown in the oxp tained 11 and 1 i of A-‘-‘ :"“d
~ e e & Lonayg Catvanstty, cluster V contained solely 1 nq.oeuion ofd.my mildew resis-
. tant cucumber (Figure 1). TM%““ pmuntod.-ﬁ‘l this study were
l shown to fi the of g
these cucumt i uch inf btained from this
mhmmdmulmpo‘t&ntup&tiom:-ud
« ““‘“":”:‘m'::““"mwm useful for downy mud-wnﬂammmmmhmmng
programme.

- mpmn.nmnmmm.ﬂq
four primer combinations (EcoRl and Msel p
_ based on the protocal of Vos et al. (4).

|

The data recorded were eventually used to calcu-
late using the NTSYS-pc programme vorsion 2.01e.




R
)

U =) B} a
T eu Y 1Ha

sz iamsanmn

=)

seaulInnnag

sz damsina Hdnousu

27 - 29 11.8. 2550

153.9. — 31 W.A. 2547

Usziamsvinavuenany

26—28 3.9 2551

9-12 &.9. 2550

Q

20

s Arue

S
e

U ﬁgﬁiim noInd

25 WU 2526

Inmaasiagng a1 na 1u Tag¥inin

Nnedeliivans w.e. 2547

Aa a va A g Y A
pUINFIUNTANIT 1599 N13dszgnalainTesrunsTuana
9 Y a A ==

NAUMsNEas vevlQuianismaluladyininnyasg
o a @ [

AULINHATANANT UHIINGD e 1113

o T 9 v Av Y a wvAa =S d o

MUNUIATISINIVY 1o TANITFABINI0INT gUINUT

AAINTTUUAZINA TU TaTFINIWUHIBIA 1 NIIUNAU

a 4 = 1 a
Inemaasuazna lu laguramna

o 4 a
unauslugduvuTdawes Tuanumsseguizinisg
4 1 09.:‘ d' a A A
wgnuemansurdsanalne asen 2 o 21n3NF1Ine
a 4 a [ 1
AUZINIPNAAT UHIINSAEUVDULAL
dnaueraulugluvvihatlar luaunsdszaguisnms
wwalsedtvesauiauma lulagyiniwuralssing
3 { a 4 =
Tne asan 19 & amzInermiaasuazinalulad

a

a @ J J o
UWINGIAYTITUATAT FUITITNEG



	Cov 
	Intro
	Abs
	Cont 
	Ch1 
	Ch2 
	Ch3 
	Ch4
	Ch5
	Bib
	App 
	Bio

