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SUMMARY

Part I: Development of DNA Marker Systems and Variety Description of Peppers

This study was carried out to assess the potential of variety identification using
AFLP and SSR markers and to establish minimum distance among varieties through
relationship between DNA marker and morphological traits for testing distinctness,
uniformity and stability of pepper (Capsicum annuum L.) varieties.

Sixty-six cultivars were analyzed by AFLP wusing EcoR 1 /Mse I primer
combinations. Nineteen combinations of AFLP primer led to the amplification of 125
scorable fragments ranging from 79 to 748 bp and among these 103 (82.0%) were
polymorphic. Based on band patterns, UPGMA cluster analysis was conducted. These
cultivars were separated into seven distinctive groups corresponding to varietal types
and genetic distance of cluster ranging from 0.49 and 1.00.

Three hundred sixteen SSR markers were employed for fingerprinting for 66 pepper
varieties. Twenty seven SSR markers were polymorphic, revealing a total of 89 alleles.
The number of alleles at a locus ranged from 2 to 7, with a mean of 3.29. The average
PIC wvalue was 0529 and it ranged from 0.03 to 0.877. Dendrogram of pepper variety
obtained from SSR markers was constructed from genetically similarity data. As in the
dendrogram based on AFLP, the 66 pepper variety are differentiated by the SSR
genotypes. The dendrogram generated after the UPGMA using SSR-based genetic
distances was similar to the dendrogram constructed with the AFLP data. The Mantel
matrix correspondence test was used to compare the similarity of the matrices and the
correlation coefficient value was 0.82.

Microsatellite markers were used for genetic purity of F; hybrid. Three SSR markers,
HpmsF015, HpmsF037, and HpmsF053, differentiated all the hybrids derived from
‘Chilseongcho/AC2258" and ‘Chilseongcho/KC350-2'. To determine the inheritance mode of
SSR marker in F» population derived from ‘Chilseongcho/AC2258" and ‘Chilseongcho/KC350-2',
F. plants were screened by SSR markers. The segregation ratio of the SSR markers

(HpmsF015, HpmsF037, and HpmsF053) was fitted to the theoretical segregation ratio of



1:2:1 or 3:1.

The relationship between morphological characters and genetic similarity through
AFLP analysis was analyzed. The highly related varieties (above 96%) based on AFLP
analysis was not showed distinctness among pepper cultivars. However, the varieties
with less than 969 to genetic similarity was dissimilar from several character such as
predominant number of locules in fruit, attitude of peduncle in flower, green color in leaf,
etc. Therefore, the molecular genetic distance was consistent with the morphological
traits measured for distinctiveness tests. Moreover, hot pepper breeders did not
recognized distinctness for varieties with above 962 genetic similarity in comparison of
morphological traits and genetic distance through AFLP analysis.

These results could be utilized to complement of DUS test of candidate variety and to
select complimentary variety through pre-screening of existing variety in the context of

protection of new variety of pepper.

Part II: Development of SSR Marker System and Variety Description of Oriental

Melons and Melons

Oriental melon is a variety of melon (Cucumis melo L. ver. makuwa) and has broad
distribution around Oriental region including Korea, China and Japan. Korea has
cultivated the crop since nearly 1500 years ago and also has large varieties of landrace.
Ever since the advent of 'geumssaraki’ in 1980s, it has renovated the consumption and
made nearly all the market varieties a single line. Therefore, though the crop has
become a major fruit vegetables now, the market varieties have narrow genetic
distances with high similarity in morphology. However, the reality of genetic similarity
in oriental melon varieties has not yet examined systematically. At the present study,
we developed SSR marker system and determined genetic distances and minimum
distances between varieties of C. melo including major market classes of oriental melon
and melon.

In order to get useful SSR markers for description of oriental melon (Cucumis melo



L.), we primarily selected 37 markers from 137 SSRs which were previously reported
in Cucumis sepcies plants such as melon and cucumber. Also, new 8 SSR markers were
developed from oriental melon, a landrace 'gganchi’. The total of 45 SSR markers were
used for the characterization of 44 oriental melon and melon varieties, producing 160
allelic bands with average PIC value of 0.580. Based on the marker patterns, the
Jaccard’s similarity coefficient were calculated and genetic similarities were determined.
The resulting dendrogram showed two main branches of melon and oriental melon with
two sub-branches on each of oriental melon and mixed type, and net-type and no-net
type, respectively. Most geumssaraki type varieties clustered in very narrow genetic
distances of 0.92 ~ 1.0, which reassured the known phenotypic similarities in the
varieties. The markers were also proved to be very useful when used for the purpose of
purity check in F; seeds in a variety of oriental melon and melon. The inheritance of
the marker showed stable and Mendelian segregation mode of 1:2:1 in F2 generation.
The dependence of phenotypic characteristics on molecular genetical characteristics of
SSR markers showed high correlation of 0.826 in qualitative traits and 0.878 in
quantitative traits. By combining the results of breeder’s test and molecular genetical
characteristics of SSR markers, the minimum genetic distances between oriental melon

varieties were determined at the Jaccard’s coefficient of 0.91.

Part I : Development of SSR Markers in Pepper

Microsatellites or simple sequence repeats are highly variable DNA sequences that
can be used as informative markers for the genetic analysis of plants and animals.

For development of microsatellite markers in Capsicum, SSRs were isolated from two
small-insert genomic libraries and GenBank database. Using five types of
oligonucleotides, (AT)15, (GA)15, (GT)15, (ATT)10, and (TTG)10, as probes, positive
clones were isolated from the genomic libraries, and sequenced. Out of 130 positive
clones, 77 clones showed SSR motifs, out of which 40 reliable SSR markers were

developed. (GA)n and (GT)n sequences were found to occur most frequently in the



pepper genome, followed by (TTG)n and (AT)n. Additional 36 SSR primers were also
developed from GenBank and other published data. To measure the information content
of these markers, the polymorphism information contents (PICs) were calculated.
Capsicum SSR markers from genomic libraries have shown a high level of PIC value,
0.76, twice the value for markers from GenBank data. Forty six SSR loci were placed
on the SNU-RFLP linkage map, which had been derived from interspecific cross
between Capsicum annuum "TF68” and C. chinense "Habanero”. The current "SNU2”
pepper map with 333 markers in 15 linkage groups contains 46 SSR and 287 RFLP
markers covering 1,761.5 cM with average distance of 5.3 cM between markers.

As ESTs and genome sequencing projects are achieved, these resources can be
exploited for gene discovery and marker development. Through analyzing non-redundant
10,232 expressed sequence tags (ESTs) in pepper, 1,201 SSRs were found in these
sequences, which represents one SSR in every 3.8 kb in the ESTs. Sixty six percent of
the SSRs was trinucleotide repeats, with AAG motif most abundant. Eighteen percent of
the SSRs was dinucleotide repeats, sixty nine percent of which was AG motif. Among
tetranucleotide repeats AAAG motifs comprised 22% and AAAT 21%. AAAAG was the
most abundant (21%) motif of the pentanucleotide repeats. With respect to the average
length dinucleotide repeats were the longest. Among 1,201 SSRs, 812 primer pairs were
designed, which satisfied melting temperature condition and PCR product size. Five
hundred and thirteen SSRs were successfully amplified. One hundred and fifty SSR

markers were mapped onto SNUZ pepper map.
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Ald w9 A7

AA DNA #+2xEA] o] &7 22 RFLP, RAPD, AFLP % SSR &°] #AE &&

&

N

R

A=l FEHL FAEA FAY, ALY A - xdY 5S4 ddd vt

)

€} 21
=

)

lo

(¢}

FTAAAE A sl vie FRSEA & dv. 2 T, HEdAA B
microsatellite 7912 #7]M<E TGS ol&s= SSR wh7l= JHEHEo] Bo] o=
GAlel = Etskal PCR 7|Wke] AbEW & Wi oz ARgo] §olstal AdAd} i I
| =oF 71€8 & DNA w753 Al A T oy 7b#] F4o=w gol

A v FEAEY FABA FA AR dA FRE olF A= 7otk
L

1o,
l:O[A
o
oX

o

Trow Ay A& de obd A vk ole A=W
2 A4 v A 5 B2 BARATE vxdTe] ddgo] dasty] WiEolt ® AF
Al 53 SAHY] A5z A2 A8 W fFst T VIedow Ao 2
AM R glA @ ol ThedH], Hol el FFEE VHS AR 1 (Singh et
al., 2004), 2.°] (Bernet et al, 2003), @3 En}E (Cooke et al., 2003), -2 (Tommasini
et al., 2003), 25 (Lefebvre et al, 2001), ¥ (Law et al, 1998), ® 2] (Schut et al., 1997)
S H7hE F2 B4 FEo diste] thd DNA viAE FF9 A 9 Y HAT
FTHE okl A& Ayso] WRHL Utk o= HZ UPOV/BMT (Biochemical and
Molecular Techniques) xFdelA DNA vtAE 83k AEFY EAFA 29E 784 &
Aol Zlete] FFHRA Fojo &E&etr] ffste] IP T =ofek AHET (UPOV,
2001).

AE, o5 HER Cucumis & #h=ol dald = SSRE W3 RFLP, AFLP, RAPD
S TS mbATE 207 JFEE vmd HE SHeR EEo ofF o] &% EAFA
std A7} o] F oz gt} (Silberstein et al., 1999; Staub et al, 2004; Zhuang et al.,
2004; Lopez-Sese et al., 2002; Staub et al., 2000, Monforte et al., 2003; Danin-Poleg et
al,, 1998; Danin-Poleg et al., 2001; Chiba et al., 2003; Fazio et al, 2002). &2 A% t}
&3t w9} A EAFAA A A ® AEth (Danin-Poleg et al, 2000; Wang et
al., 1997)
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F.?L
ot

A 2 A o A3

Fauet 45 AFds A5 v R H & #g A9 FRE olE 7hed
(Yoon et al., 2001; Jang et al. 2001; Kwon et al, 1999), xjA& 2+&o] Exzn}7 o] 7tz
Ao B3 AFE A &} (Lee et al, 2004a; Yoo et al, 2001). ¥ Kwon et al
(2003)2} Moon et al. (2003)2 &, w59} Fox FE EAUAE o] &3 FFAEH
detol Bk wp itk a1Fe] FF AW

URP (universal rice primer) primerE &3 u} 9li AFLP vlAE o]&3dle FFe

= sENEH sdAE e Aol A

genotyping Ethe 82 A= 2oy WA Fd2H8] mappingol 283k = Al
T} (You et al.. 2001). Hitol&= 1139 SSR wAE Adeta o] o] &3to] 1A A= 24
ol og A+E FIs T AHE A A (Lee et al.. 2004).

Zeloll daie BAA A fElvet BAEFoRA AEY S v Fo gt
THASY AZE Auris 2 Wl wA ATl sAlel FolA ghow (Lee et al,
2004b; Park et al., 1998; Shin et al., 1997; Yi et al., 1996; Lee et al., 1995), & A} 71384
1 A= =98] vmgk Aotk HE v AT Aot WEol diste] JEt fdH
G 49 RAPD Wile] aatdow AE¥Art (Mo et al, 1998). = RAPD w7 &
A5F W OAFLP wHAE o] &3 BAFAA Ak Aol AHE ele WE
A 23 RILsol Al AJ=H AT (o] %, 2000). &t} o] A8] o] Hoke] ) AdE 7o

A AgHoR olgatrlel: B4 AEst w$ FE Aol

S

°
op
o
Sis
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A1 A A=
AFe] A WAL 2002\ 71 76,724 ha [(A3LsF @ 72,104, A1 1F 1 4620), (2003
o A AxF ; 57502)]= = AAAAe) WA (303,739 ha)9] 25%= A3 Az, 2002

[e]
©
7|% sMrtEe] TS T AR 93 g5 AA Zlofstal vt EvEt aFe 2004
A FTRT o5E 95T AT Alad 733FFol feHar dom, Aol wel &

el o8l AnF, FuF, A, we] L BPg FFol ALHL Qw1 AnFe] A5 v,
WA (S, B, vlolel s B) B 2 FA AN §% BuE T Aok 2ot 2%
BAE FAL FAA SARA s A H957) o] AP P Aol Folnh F

o AR ES ] WIstAA DNA whAd &85 ofe] 7A] A7t FaE el 1F
o] AS F2AA A= ZA (Paran et al. 2004), WA F4x12] mapping (You et al., 2001),
capsaicin $#E3 A#E w7 AL (Bulm et al, 2003) 53 22 Holo)| tjokdt A Art
Hixa 9tk DNA »HAE 883 139 53 FAdaA 249 4 =l o] 714
89 genotypes 7Fxl 1139t RAPDY AFLP wiAE o]&3dte] Fd4 fAIRE 418 vf gl
(Lefebvre et al.. 2001), =Woll4]= URP (universal rice primer) primerE &-83&}o] 113 99%
= ERed oy w5 FEHA 54l FulE FFELe wE FF5 R JheskA Y

el A EFE SR HA o] Fo A A] = AR o] AlA = ATk

o

i

2

u |
o{-N

i

FEET ok At frHe TASE °F 30 o7/l AEel tig A HAol DNA v ¢
=9 7hs S AESL = Aotk (UPOV 2001). AA= ~# 03 F=olA= ¥ (Jones et

al.. 2003, Law et al., 1998), 2°] (Bernet et al.. 2003), &} (Tommasini et al.. 2003)& Ao
= RAPD, AFLP, SSR "tA & ©]-&3 DUS testo] 48 7FsAdS AlAltar ik

webA] & AR A= DNA wkAE o] &3 5o FFF HAAYE A skt
A5E D3R, AFLP 2 SSR vhA S 115 66759 FAHAE 228t Aozl AdxE
X a18k= Hholth

B

71
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B Ao E FU ZHIAIERE Y @S 33 (Capsicum annuum L.) 66 EFEE o]
3ttt (F 3-1. FAFZFT] TAE 50 T SFEF sFste] E9o] 374 4A
3 AUNHEAS W 4 FFT 5] A T8 ds AL A ELE o] &sto] mhH st
] DNeasy Plant Mini Kit® (QIAGEN GmbH, Germany)Z A}-§-8to] DNAE FZaith
DNA%2 spectrophotometerE ©]-&3o] 260 nmolA v A A=sty FHF FE7F 25 ng/iWh
7V HEE A g thg AFLP #41e o] &3&tsitt
1.1.1. AFLP #2412 AFLP Analysis System I kit (Gibco-BRL, USA)el o] &3}o] =3} 3}

l

Ao, PCR HFE2 touch down PCR 14 cycles ; 95C 10%, 65 C—538C (4=-05TC

/cycle) 30%, 727C 1% 30%, normal PCR 25 cycles; 95C 10%, 58°C 30%, 72T 1%,

final extension 72C 53t AASEAH. T3 ¥ DNA 4= 6% polyacrylamide

sequencing gelol 2417t A7) 3 oS Silver SequenceTM staining reagents

(Promega, USA)= G2 3}o] bands &lstn otdA =9 F-Fof uet 13 002
G 8} sto] 7] E5kqlH

1.1.2. Ag 13 EFF st 42 FAEE NTSYSpe program (Rohlf, 2000)< ©]

ol

£-3}o] simple matching (Sneath®} Sokal 1973) ol ol& AF&3sA 1L, o] FHS &
AR st HZFFgAbswd] (UPGMA : unweighted pair group method using

arithmetic averages) 2|8 HzEA 3t}

2. SSR w7 A g u%

1o,
e |
ofN
R
Ho
rO
o
ol
M
=

O

SSR Aol oJF uF 66%FF A FAEE EAst=d Ae primers st
flske], AFLP A= A 57F 100%91 @F&'3 AFa’, ‘A3 olHdd” 2 o5 5% 74
How ezt | ‘B ‘Ewty’e] FAE BFste] AFLP EA A Fdd HoR
DNAE F%3F o} spectrophotometerE ©]-&3te] 260 nmoll A B A H&Fsta HF T
7F 20 ng/pt7t B =5 3AE thF SSR Al ol&sttt Aol AREE 11F SSR
primere g5 AF7]HA EE 316705 o] &3 e, PCR 38 =72 95T 12%,
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Table 4-1. Pepper cultivars surveyed with AFLP and SSR marker

No Cultivars Seed companies  No Cultivars Seed companies
1 Geumtap (&%) SeminisKorea 34 Gold Prize (%) Dongbu Hannong
2 Nokkwang (33%) SeminisKorea 35 New Viking (FFHlel?) Dongbu Hannong
3 Mannyang (%) SeminisKorea 36 Geoseong (AA) Syngenta
4 Pungchon (%&) SeminisKorea 37 Geumdang (&%) Syngenta
5 Bugang (37%) SeminisKorea 38 Segye (A7) Syngenta
6 Sinpung (A% SeminisKorea 39 Kangse (%A Syngenta
7 Jogwang (%) SeminisKorea 40 Echeonnyeon (o]#d) Syngenta
8 Buchon (¥&) SeminisKorea 41 Jeoktoma (H4Ew}) Syngenta
9 Supergeumtap(sr¥]5%)  SeminisKorea 42 Geongang (A7) Syngenta
10 Dabokgeon (t}&31) SeminisKorea 43 Pocheongcheon (Z#%H) Syngenta
11 Myungseong (%84) SeminisKorea 44 Gangreok Geumdang (4¥5%3) Syngenta
12 Jopung (%%) Nongwoobio 45 Gukbo (1) SeminisKorea
13 Taeyangkeon (E1%71) Nongwoobio 46 Gwangbok (3%) SeminisKorea
14 Kanggol (&) Jeil 47 Daemyeong (th9) SeminisKorea
15 Singang (X117 Nongwoobio 48 Garakgimjang2ho (71&3323%) SeminisKorea
16 21segi (2147]) Nongwoobio 49 Onsesang (A4 SeminisKorea
17 Sintaeyang (A1) Nongwoobio 50 Daebong (9%) Nonghyup
18 Manitta (v}yu}) Nongwoobio 51 Doore (%) Nonghyup
19 Woodeungsaeng($-54)  Nongwoobio 52 Hangoeul (31%) Nonghyup
20 Sinbaram (Alu}eh) Nongwoobio 53 Ilseokijo (¥Alo]x) Hyundae
21 Daega (th7h) Nongwoobio 54 Matjarang (3=-%) Jinhung
22 Daewang (t1$}) Nongwoobio 55 Sinjogwang (21%3%) SeminisKorea
23 Hanbando (&uF%) Nongwoobio 56 Matjolim wrinkled green (9tx##e]3) SeminisKorea
24 King (%) Dongbu Hannong 57 Damrok wrinkled green (g3#2]3%) SeminisKorea
25 Red Gient (Wh37) Dongbu Hannong 58 Wrinkled green (#2]3%) SeminisKorea
26 Nostalgia (&) Dongbu Hannong 59 Hansaem wrinkled green (3H1#%a)3%) Nongwoobio
27 Dawn (44) Dongbu Hannong 60 Jinseong wrinkled green (X4#2]3%) Nongwoobio
28 Bridgeroom (F7}3) Dongbu Hannong 61 Nongwoo wrinkled green (&-$-32]3%) Nongwoobio
29 Kumkangsan (Z74h) Dongbu Hannong 62 Seouljang wrinkled green(X£&3#e]3#) Syngenta
30 Four Season (AHA) Dongbu Hannong 63 Nongrok wrinkled green (sZ#a3) SeminisKorea
31 Ambition (oF%) Dongbu Hannong 64 Tomapi (En-3]) Dongseonongyeo
32 Fortune (% Dongbu Hannong 65 Perpecto (H# &) SeminisKorea
33 Viking (uje]7d) Dongbu Hannong 66 New Ace pimento (j7ello]2=3]qh) Takii
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94T 25%, 47C 25%, 68C 1+, final extension< 72TColA 20%3 F3a3ALt. F=H
DNA AFE& 6% polyacrylamide sequencing gelel 2A17F A719% 3 ttS  Silver
sequence™ staining reagents (Promega, USA)Z ¢ M3}o] polymorphism o3& &Ql3st4]
th 283l SSR primer A AAGo A P AHS HolwA w=TE st alleleT 7t WS

2770 primerE o]&3dle] 1F 66FFY FAIEES B AT

3. AFLP®} SSR w7 ¢}o] A#k3i-A

M
1%

AFLP vlAE o] &3lo] FAH d=2 a3} SSR vpAE o] &3le] dojzl u=g 3
o AAB/AES BEXs7] 9sted Mantel matrix test ¥ (Mantel 1967)0] &3] A TAF=
Tohal A AFE A

4, F, &% 7AAE primer A4 2 SSR wv}7 9] 4 9kAk

1% F % 474 2 SSR primers] §4%4& TR o], ‘WYx'E AgHow
3 ‘AC2258 2 KC350-27F SENew wHd F 2 R, 49 FAegith o5 23
¢] %3, Fi, F, 393} SSR #}7A% PIC value’t =31 W=7k 7138 3709 SSR kA& o]

gotol By 2544 2 Py d9e 4942 A5

Al 3 A DNA 7<= o8¢k 159] fAbwS A

1. AFLP v}AE o] &3t uFo FAHA B4
7}. AFLP primer A%

3ol AFLP B4 A3l primers A%3t7] ¢3}e, EcoRl/Msel primer %% 31271&
BEA3lo] band U AH =7 F53 48709 2d¢S Aded o, H=E 197019 primer =&
ol A polymorphic band pattern< e AT},

13 66FZ3 7] AYE primerE o] &3t AFLP E4<& 433 vl (F 3-2), 19719
primer 3o A Aol AA bande F¥ 125704 31, polymorphismS YEFH band 8 &

10370 2 polymorphic band®] H]&-2 82% A th. Zt primer 23 ©F H¥ band T+ 6671 3
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o t¥dE& U= bande 79~748 bpell 1AL, F2 EEF band® W= 10
0~300 bp AT+ (1% 3-1).

Table 3-2. Number of polymorphic band and band size produced from 19 primer combinations

3'—end selective

. nucleotides of the No. Of_ Band size (bp)
Primers primers polymorphic
EcoR T Msel bands
1 ACGGC CACAG 5 80, 101, 116, 204, 398
2 ACGGC CTGC 3 130, 151, 157
3 ACGGT CATG 6 86, 149, 222, 271, 300, 348
4 ACGAG CTGC 5 97, 106, 133, 213, 298
5 ACGAC CAAC 6 79, 130, 149, 197, 269, 550
6 ACGG CACAG 5 116, 119, 151, 255, 396
7 AGCA CACAG 7 106, 127, 200, 257, 277, 285, 289
8 AACG CACAG 3 142, 305, 610
9 AACG CTAGC 4 176, 255, 317, 457
10 AAGT CTCC 5 111, 152, 187, 231, 290
148, 164, 174, 176, 218, 250, 328,
11 AACA CACA 8
748
12 ACGT CTCG 13 126, 186, 273, 282, 292, 304
13 AGCA CTCC 6 110, 131, 259, 265, 269, 294
14 AACA CAAC 7 110, 145, 148, 157, 191, 403, 436
15 AGGC CAGC 7 158, 166, 170, 186, 189, 204, 302
16 ACTG CAAC 5 80, 135, 165, 173, 182
140, 164, 171, 182, 192, 210, 246,
17 AGGC CAAC 8
390
18 ACTG CAGC 4 120, 180, 190, 205
19 AAGC CAGC 3 126, 235, 243
Total 103
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Fig. 3-1. AFLP profiles of 66 pepper varieties obtained using primer pairs 4 (A) and 7 (B).
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Fig. 3-2. Dendrogram obtained from UPGMA cluster analysis based on genetic similarity
coefficient using 103 AFLP bands of 66 pepper cultivars.

* . Refer to the Table 4-1 for cultivar identification.
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Aow (Lefebvre et al. 1993), RAPD<]

G AR o] st Fio % Ao &34 olu, dominant wFA 7] wEel Fy FF] 4
T A B e AFgskA Zvhal skt (Ballester & de Vicente 1998). 181 Paran
et al. (1998)3} Lefebvre et al. (2001) 115¢] -9 AFLP #2419 RAPDel| H|&} 4v] &=
9 A M=E Jeld AFLPY genotyped] W} EZ A

tha shelvh 2 Aol A= AFLP frAbwol whel 77He] FFw o2 5] Paran et al.
(1998)3 Lefebvre et al. (2001)9] A+ A3= &g = A} 2

.Tl]— (}‘\J_H]_%]_ﬂ’ ‘701—;‘_3'—’-?/}‘ ‘301:%” &7‘1/\3’3 ‘O]zj]{__7y ‘Oqugajq_ ‘%70“'_/\]_7 ol ‘H]—o]z;7y/]' ‘EH%’%

e FosA FRY 5 9

oA A2 primerz= FF 7ol s, dkor o5 FFo dalA= AL Fa
il

285t% S4zAbe B 2ol ted DNA vh7lshe] BARA o] PR oot}

2. SSR WA E o] &3 a3

1o,
Ho
rO
r
X
A
£

7}. 1% SSR primer A

SSR A E o] &3 1F 66T FHA4 FABAE =4S fleke, dF AT S
oA JltE 316709 SSR primerE #%&Wol AFLP 2404 FAIE X 47F 100%69 ‘3
23 A, A ol A E olg FFY FXHoE At W FFQ ‘HEE Y B

uld]’9} o] polymorphisms S FE5 ZAFSE B} (3 3-3), SSR primers AXF (‘& 7FZ
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A, ol ‘w3 F ERtd A gEAdS Hole H&e A 165%<1 3271 S
o, AFLP fAH=7F 100%91 Aol dd4d& Hol= primer= 2070 Stk o=
primer & AFLP fAt=7F 7W7h2 ‘&% 3, A, ‘ol Hd A polymorphisme ®.<l
2070 9] primer$t ‘®aEFE = ‘Evly)’o] A polymorphisms ®.¢l 7719 primers #HF A

gtol AT 66w F o FEIE FAWA EA o o] &kt

Table 3-3. SSR marker shown polymorphism primer in 6 pepper cultivars

No. of No. primers shown polymorphism  No. primers shown polymorphism Total
primers in cultivars with 100 % AFLP in wrinkled green and Tomapi (%)
tested similarity (%) (%)
316 20 (6.3) 32 (10.1) 52 (16.5)
I 66FF9] genomic DNA ¢} 277} SSR primerS ©|-&3te] PCR 5%3F 23} 897[2] wi=
7} SEE o) primerd Hyt M=o = 3297012 yebgdh 22la Zh2ke] primerel] 23|
SEE gEFAAe] Fe 2~THE v gt x5 Blon, PIC @& 0.03(Hpmsl-27

rlr

4)~0.877(HpmsF015) R ¢loll L3kl on, Fvt2= 0529 vt (F 3-4, 19 3-3).

AF, EvlE 53 2E A 2AES SSR EAS 39S W T H Y /3
249 £ g2 ZEY HE @A YeiusE Aoz gy gtk (McCouch et al 1997).
Kwon et al. (2002)> ® oA 65712 SSR whA el ofaf wAH thH-Fdxte] = 2~1871
2 OYgd BEEs Holv H dyfEAe] = 4457 oW PIC#e] #HwrA = 043¢]2
3 ®Bagk vb 913l Hu et al. (2004) a2whel] gk SSR whA ] 4] A3 2~9719] o
a7 2y Jd YT da29 5 47082 592, He et al. (2003)& Ew}
EoA 158719 SSR mtAE o] &3t 19%F S WAt S W 2~6701¢] SSR allele’t &%
3 PIC @2 0.09~0.67° W9 <ol FEFS W3t 2 AFdAE 113 66%FS SSR
EAAs W 2AHE "o ddFdaae] 7F ek uymtEg YA yEbd McCouch
et al. (1997)9] AF4x4E dQlgd F o He et al (2003)0] A3+ EnlES} SSR
allele®] =1 PIC value WA FAFS A &S B

ofN
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Table 3-4. Description and PIC values of SSR marker detected among 66 pepper cultivars

No. of polymorphic

SSR primers Core motif PIC value
bands
Hpmsl-1 (CA)12(TA)4 3 0.652
Hpmsl-5 (AT)1(GT)iz 5} 0.608
Hpms1-106 (AAAAAT) 14 2 0.455
Hpmsl-111 (AAT); 6 0.803
Hpms1-143 (AG)12 3 0.636
Hpms1-148 (GA) 14 4 0.454
Hpmsl1-172 (GA)15 7 0.836
Hpms1-274 (GTT); 2 0.030
Hpms2-13 (AC)12(AT)y4 4 0.821
Hpms2-21 (AT)11(AC)(ATAC)10 3 0.838
HpmsAT2-14 (AAT)161mp 2 0.367
HpmsE015 (GCA)s 3 0.723
HpmsE038 (ATGTA); 3 0.699
HpmsF010 - 2 0.115
HpmsF013 (TAC), 3 0.454
HpmsF015 (CA)z 5 0.877
HpmsF018 (AAT)y 2 0.522
HpmsF019 (TC)s 4 0.624
HpmsF032 (TC)s 2 0.059
HpmsF037 (TTTC)s 2 0.531
HpmsF042 (ATC)s 2 0.364
HpmsF053 (CTT)rz 6 0.834
HpmsF055 (TGG)4 4 0.236
HpmsF061 (AT)o 3 0.360
HpmsF062 (CTT)s 2 0.327
CAN130829 Tis 2 0.543
AF244121 (TT@simp(AT)emp(GT)3nvip 3 0.463
Mean 3.29 0.529

(o
i)

I3 66559 B o]gH SSR viA wel thHF AR 429 PIC oA &
ol% W +=dY Hpmsl-111, Hpmsl1-172, HpmsF015, HpmsF0532 PIC 7ko] 0.80¢]7¢<] 1L
HFAzte] % 57 oldem E=A yEy (29 3-3), 2dFEFY HEY F& Fd4A

o] mapping % F; £39 =714 F83A ol&E & IS AHolgta AZgHy

.
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Fig. 3-4. Dendrogram of 66 pepper cultivars obtained from SSR markers.

# . Refer to the Table 4-1 for cultivar identification.
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¥ Ao A AFLP % SSR viAE ol §3te] 414 FAEE BAs9L 1 vhAC %
Fol ek 1009 SAE @2 ZE EEES v RS g R 096040 e

FAEE JeUlel ol 35S 49402 s 2ARALe FAT 5 AU

EE8A4S Rask Aol HY AFAo 93] Rux =dl, Heckenberger et al (2003)-2
S inbred lines ™o AFLPSH SSR wtAE o] &3t FAdA &4 AAg v 7

Mel wpAZRe] FaAGFIE 0972 =A WEbds A A% v lal, Belaj et al (2003)2
Olived] FA#A 4o AFLP® SSR vwAY AdATE tha wHAq d==2 59
topology= 79 #AFES %A%k v} 9lal, Anthony et al. (2002)E coffeed] F=ZF E 7

SSR w7 ¢t AFLP vHAE ol&ste] F w7zt 284S Wustdls w w7 zte] & Aol
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Fig. 3-6. Testing genetic purity of Fi seeds of ‘Chilsungcho(P;)/AC2258(P,)’
using the SSR markers, HpmsF015, HpmsF037, and HpmsF053.

2o EAHel A7 H Jok a2y B dAFola Aut®l SSR whA o] Fg- v wbEE =
G714 e 2ol 2 polymorphisme Ho]7] wite] <1 #AIR]N FEF 2] genotypingdl = 4
gre Bnk oty wiALY 3] codominantE WERW Y] wjZol F, FF9 =44l 4

Fd Ao AtgH AT

1. SSR mHA e FAdE

iF Fy HdkelA SSR whAY fFAGFES ®Asaa Az AC2258'°) v
‘KC350-2'7} aufe Fy Jeta} 3702 SSR wk# (HpmsF015, 037, 053)2] 4 %4<&
2287 flete] A= HAS AAG v (3 3-5 19" 3-7), ‘HAE/KC3H0-2 =7
Fy Ao A% SSR w4, HpmsF0159] #2H]7} 3112 YElY dominant F8& YERY
deout, ymA FAxFe] SSR vAE 1:2:119] o2z EEuld A3 Aom EAH
o F3% o] A7 A= WHA A2 mappingolt AR A= A 7|x AER F
£ F AL Aolgta AlrHTt
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Table 3-5. Segregation mode and Chi-square goodness—of-fit tests for SSR markers in
the TF> population derived from two crosses, ‘Chilsungcho/KC350-2" and
‘Chilsungcho/AC2258’

SSR Segregation mode” No of
K Cross combinations plants b Types

marker

arsers A H B tested
HpmsF015 Chilsungcho/KC350-2 10 34 44 0.12 Dominant(3:1)
HpmsF053 Chilsungcho/KC350-2 8 17 5 30 1.12 Codominant(1:2:1)
HpmsF015 Chilsungcho/AC2258 10 30 10 50 1.32 Codominant(1:2:1)
HpmsF037 Chilsungcho/AC2258 10 29 11 50 1.32 Codominant(1:2:1)
HpmsF053 Chilsungcho/AC2258 5 17 8 30 1.12 Codominant(1:2:1)

¥A : ‘Chilsungcho type’ H : Hetero type B : ‘KC350-2' or ‘AC2258 type

Fig. 3-7. Segregation mode of SSR markers in F» plants derived from ‘Chilsungcho(P;)
/KC350-2(P2)'(A) and ‘Chilsungcho(P1)/AC2258(Ps)’ (B).
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#al EA A A% Naudin (1859)¢) ¢]8lo] o] Fof
A 2 5 gRRe] BR7F o] JFo wgkd Aoem & vt (Pitrat et al. 2000;

Munger and Rbinson, 1991). Munger2} Rbinson (1991)2 Naudin® EH7]1£& 7|Ho=g

o
2,
o

cantalupensis® reticuatus 183 chito®t dudaims E3ste] MES ey 7S 7749
EZFFE (cultivar group)o 2 UFATh: agrestis, cantalupensis, inodorus, flexuosus
conomon, chito-dudaim¥ momordica. Z1&4, ©] 7]Fol WmEW A d=3 e
subspecies ¢l makuwael AFHE EFHES S 7 glvh H2aAES subspecies ¥
Q1 reticulatus®] st = AHAFEo] ¥l wle} o] cantalupensis©l| EE+= HOoZ Hol
of gt} T3 o]l A AAELS net’t A= 719 reticulatus®}t cantalupensis®] &
o Zde & WHo ofmids =3 vk ohA] Ha @] o JEs Sste 9
woHTEs}t FowA A5 F Pl F3hel g WEol 43 anE AHdHow AA
3l HAb= o=k ey od A AL BES | 4s7] 9d net, A, Ao B
BEe Jejd AolE FAlete ERA © & 277 $EE F 9o AAEE “tentative
revision’ &2  FAAHA Aerstgdk ey, o9k 2& A¢He o]F  Robinson¥
Decker-Walters (1997)0ll ¢Jste] Aj&kQl = a1, o] @ AFAE Al 22 wolEo] A
AlgEol oM XF2 Ao A3 ® Asto|t} (Chiba et al, 2003; Silberstein et al.,
1999; Staub et al., 2000; Staub et al., 2004; Lopez-Sese et al., 2002). 23}& o2 <$-g| | A
&3 net AT HH5 HAA(ZTL d2x) WAELS IAYOR cantalupensistli= St A
ow O de FAHN dom, FueA dwtH o AMEE L il Cucumis melo L.
var. reticulatus®t= F8 & AlE o (Danin-Poleg et al., 2001)7} Aoz wx & A
o2 nAZt. Fue] Wxel reticulatusttil 4 A ¥vlE vlE Naudin® 71& &2
Naudin®] 7S =83t v=4] #5715 (Whitaker?} Davis, 1962)& Z7]d =gk o] &

Abgol nAEE Ao} ozl AzhEo] At

¢ 1

HX
flo

3. 9], var. makuwadl 771

o

A3 vkel o] #H9ol subspecies W¢l makuwael WElAE Naudin® Munger$}
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Rbinson (1991)¢] 27 7]l = T E e o ofla, v 2 5471+ conomon

8

52 flexuosusoll 7H4 7H7hE LS & 4 ATt Staub et al.(2000)< conomonS oriental
groupl.® E{F3sl 9o, Chiba et al.(2003)% conomon group®l Y& F= Ao}
Aol FF5 v 2FA7I Aok 2Ey v AdE, welE e AlFel o] ¥R

e =Aol W= Wes & 4 gitk. wEkA Mungeret Rbinson (1991)9] &+

TEHA FFO I AEEC] AR LA Y] A o]Fofxl 7o HEE AFToEN A

r{r

FH JFAN FF GF ARF 54 RPsA Ram drks Ayl Fav, o

& tAER AR o Folstal vk (Pitrat et al. 2000).

74 # ol makuwaol thd - Pitrat et al.(2000)2] EF7]FAA B 5 vk A=A
58 16709 EF OF5E F olF o ®E U9 conomon, makuwa, chinensis, acidulus 1%
3 momordicas subsp. agrestis ©}Eol| X3SFAF| 3, cantaluepnsis, reticulatus, adana,
chandalak, ameri, inodorus, flexuosus, chate, tibish, dudaim Z1¥]1l chitoS subsp. melo
ofFo EFAIFAT ole] kA Jeffrey (1980)+= Aol & EAol| wet C melos F °FF
subsp. melo (Ao go] &b} subsp. agrestis (A2 280 Ath=E Y= dvF
Pitrat et al. (2000)¢] A& EF= o] 7IF F8&AFN FFAE] dgd WHF=S

Atk E makuwa AEol Aol wpEgAo] v o

H

subsp. agrestis Woll 317 w-od 3}
&sitha slkal 9lomw) ol AS

[e]
4 540 Qi #el 1 3l

A

e

!
Fe

k3t conomon, chinensis 52 Asian types®] & 7}X|

ol

ok
oX,

Su 28 A2 Pitrat et al. (2000)2 44339 (Songwhan Charmi = PI 161375)& var.
chinensis 1+ °l, Ginsen makuwatT var. makuwa®l| 573t 2432, Munger2} Robinson
(191)& 9 & E=S 2% var. conomon®| ¥ ¢Ith. T Danin-Poleg (2001)= 2&
PI161375< Naudin?} % ©]2 Whitaker®} Davis (1962)¢] 7|<=ol we} var. conomon®l 3
3t Cucumis melo 13%E°] gk SSR #4& AA|sto] ExpnpAo] 9
F7F dAS BolFa v ol AdE Fekstd, el
& 4 A= Pitrat et al. (200008 710l oty Elvel AdE Fele dWvHA o= var,
chinensis 159, wulE SR AS FelE var. makuwadl EF2 5 JE Aoy, 1|
ER = e 2lE= Munger$t Rbinson (1991) &2 o] 7|&& thh 2
Decher-Walters (1997)¢] /7o 2w wujEd AeE 25 var. conomondl XL FA|
4 5 AdS Aotk olgt FA vt SAFel Agste IS FeE E3e)

A& Af Tl ol2774A @A FrujdHoR AREE I e FEETol tetel = A

AlZ13L ol A&
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A 3 A Cucumis % 2= 9 SSR xclojm Aut

A Gl A FEF¢ FQ - EZ(Cucumis melo L) WEEFZE 47 25 17527 7+x], A+

Atz AE, AdS, FE WE &, 29 W22 49y 3 A5 AE, Net 2E,

No-net & 5= ¥dsta Ut ool AEol i +F 782 A FT279 SAA

=
TARY L SolA o]FoAA L Y AEZH BFVNFS 550 1 ~ 2TH 3 Fog,
28 ~ 44 EEo Wz ow Yt

L 7El SSR primerE ©]-&3 Fo] FFAE AEA HE
Danin-Poleg et al. (2001)¢] C. melo var. reticulatus cv. Noy Yizre'elol A 7)@s =&
##d 2 SSR w7 S 2270, Chiba et al. (2003)¢] C. melo var. cantaloupensis cv. Harukei
3 gouol Al Zfutsl WME f-ge] SSR vlA F 3170, Fazio et al. (2002)¢] C. sativusoll A 7|
g Qo] fe SSR v F 84/ 5 F 13709 VIEel MTE Cucumis % FE FT
SSR wtAE AdAgste] el - @Eo] g SSR whARA 9 A8 oFE AA3 AT
A primerel] WHgh 13} e ¥d FF IS E¥ets e 6 FEHGE (24971,
LG, A, grRue], gxlo], JlopE]o] tiato] A
DNA (50 upg), 1 w9 3" 3 5 -primers (10 uM), 2 w2 dANTPs (25 mM), 10 x PCR
buffer (2.5 ul), Tag DNA polymerase (1 U)ol W= H7lste] 256 W2 9 thE 94T
2 # denaturation ¥, 94C 30%, 55C 30%, 72T 30%= 35 cyclex 3 &, 72T

e

)

3359t PCR ¥+$2 genomic
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Table 4-1. Varieties and description of C. melo L. examined

. Breeding Cucumis melo  Cultivar
No. Cultivar .
company var. type (grouping)
1 5493 Dongbu Hannong makuwa Geumssaraki(II)
2 e Dongbu Hannong makuwa Sineunchon (1)
3 =32A Nongwoo Bio. makuwa Geumssaraki(1I)
4 AAEE Nongwoo Bio. makuwa Geumssaraki(1I)
5 FxrA4 Nongwoo Bio. makuwa Geumssaraki(1I)
6 3o Nongwoo Bio. makuwa Geumssaraki(II)
7 7}orE Nongwoo Bio. makuwa Geumssaraki(II)
8  007E" Nongwoo Bio. makuwa Geumssaraki(1I)
9 ¢ Seminis Korea makuwa Geumssaraki(1I )
10 Jxe Seminis Korea makuwa Geumssaraki(1I)
11 FAE712H Seminis Korea makuwa Geumssaraki(II)
12 471 A Seminis Korea makuwa Geumssaraki(II)
13 FyaFReEr]” Seminis Korea makuwa Geumssaraki(1I )
14 JIL&HA Syngenta makuwa Geumssaraki(II)
15 FxHug Syngenta makuwa Geumssaraki(II)
16 FueA Syngenta makuwa Geumssaraki(II)
17 tYoelol = Syngenta makuwa Geumssaraki(1I)
18 FHFEF Dongbu Hannong makuwa Geumssaraki(II)
19 H¥&o] Dongbu Hannong makuwa Geumssaraki(II)
20 FAA Dongbu Hannong makuwa Geumssaraki(1I)
21  Z~EFEAA Dongbu Hannong makuwa Geumssaraki(1I)
22 I Dongbu Hannong makuwa Geumssaraki(II)
23 313 Nongwoo Bio. makuwa (intermediate) (1)
24 T Nat’l Horti Res. Ins. makuwa™ Landrace (m)
25 7HA] Nat'l Horti Res. Ins.  makuwa™ Landrace (1)
26 F<” Busan Hort.Exp. Sta.  inodorus™ (intermediate)?(IV)
27  &3toly]” Busan Hort.Exp. Sta.  inodorus™ (intermediate)?(IV)
28 & Seminis Korea inodorus™ (intermediate)?(IV)
29 &y x Nongwoo Bio. inodorus Casaba type (V)
30 #H3%E Seminis Korea inodorus Casaba type (V)
31 MVP Nongwoo Bio. reticulatus Net type (VI)
32 299 Nongwoo Bio. reticulatus Net type (VI
33 dWT=d AL Seminis Korea reticulatus Net type (VI
34 VIP Seminis Korea reticulatus Net type (VI
35 FHVIP Seminis Korea reticulatus Net type (VI)
36 AoldE Seminis Korea reticulatus Net type (V)
37 HE Seminis Korea reticulatus Net type (VI
38 dxdyE Syngenta reticulatus Net type (VI)
39  UuletE" Dongbu Hannong reticulatus Net type (VI
40 HWAE Nongwoo Bio. cantalupensis No—net (white)(VI)
41 M3k Nongwoo Bio. cantalupensis No—net (white)(VI)
42 &4 Seminis Korea cantalupensis No—net (white)(VI)
43 w3} Seminis Korea cantalupensis No—net (white)(VI)
44 dwd Syngenta cantalupensis No—net (Yellow)(VI)
§olel Woly aF LU ALT

* Protection varieties for PVP
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*% needs to be revised or insufficient information
1) geumssaraki + landrace
2) makuwa + inodorus (?)

3 AT WkE AME S agarose gelol A EA1sle] Eo] amplicone] A4 ® PCR Ak
< A polyacrylamide gel #2412 53lo] 6 55 WolA o84 RS ARt

I
=
Ha 174 ool FFolM vd8e BT primer 29& AAst] HTAHOR 44 TAE

2. SSR Xglolm Muk 41l H8A4 HE

710l WE(Cucumis melo L.)¥ 2°|(Cucumis sativus L.)oA <&z 137& ¢ SSR
primer sets& A3t 2 Cucumis 4% e diste] 484 85 AAGS AT 1
A HFHOE 6 FTY #e DNAE o] &3 PCR ®RESA Ho] =g Holia #3H
ddAdes d4dste 37708 SSR miAE AEd 5 Ak (Table 4-2, Table 4-3). ©] w7
S 7ted 53] C melo var. reticulatus cv. Noy Yizre'el sefolA oA dA48 (A
F8)el 453 =55 & F Atk ol FYS AR M F C omelo

%
7 motif Ao stk AFAT B 9le

Ak Al o] F79] probe’t AHEE o] 4§
Aog AZtETt QololA e SSR FE29 A$ A 8] 155%% 7H skt

Table 4-2. Selection of informative SSR markers from Cucumis species

Cucumis No. of Polymorphic
) markers YIorD Efficiency(%) Average PICs  Reference
species markers
tested
Danin-Poleg
melo (melon) 22 15 68.2 0.588 et al. (200D)
Chiba et al.
melo (melon) 31 9 29.0 0.495 (2003)
sativus Fazio et al.
(cucumber) i 13 155 0600 (2002)
Total 137 37 27.0
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Table 4-3. Description of SSR primers derived from Cucumis species

Primer SSR designation  Size Sequence

sets

CMSSR 1 CMGAI15F 19 CGG CAA GAC GAT TGG CAG C
CMGAI15R 19 ATC ACC GTA GCG AAG CAC C

CMSSR 2 CMGA104F 20 TTA CTG GGT TTT GCC GAT TT
CMGA104R 20 AAT TCC GTA TTC AAC TCT CC

CMSSR 3 CMGAI146F 20 CAA CCA CCG ACT ACT AAG TC
CMGA146R 20 CGA CCA AAC CCA TCC GAT AA

CMSSR 4 CMTCA47F 20 GCA TAA AAG AAT TTG CAG AC
CMTC47R 20 AGA ATT GAG AAG AGA TAG AG

CMSSR 5 CMCCA145F 21  GAG GGA AGG CAG AAA CCA AAG
CMCCA145R 19 GCT ACT TTT GTG GTG GTG G

CMSSR 6 CMTCI168F 21 ATC ATT GGA TGT GGG ATT CTC
CMTCI168R 21 ACA GAT GGA TGA AAC CTT AGG

CMSSR 7 CMTC123F 21 CGG ATT GTA CTT ATT GCC AAG
CMTCI123R 21 CAT GTC CAT GTG TGC ATG TAC

CMSSR 8 CMGTI108F 21 CTC CTT CAA ACA TTG TGT GTG
CMGT108R 21 GAG ATA GGT ATA GTA TAG GGG

CMSSR 9 CMTA170aF 21 TTA AAT CCC AAA GAC ATG GCG
CMTA170aR 21  AGA CGA AGG ACG GTT AGC TTT

CMSSR 10 CMGAI165F 20 CTT GTT TCG AGA CTA TGG TG
CMGA165R 21 TTC AAC TAC AGC AAG GTC AGC

CMSSR 11 CMTA134aF 19 ACG TGC TTC AGT AAA CAT G
CMTAI134aR 21 CCG ACA TTG AAA ACC AAC TTC

CMSSR 12 CMCT134bF 20 GCT CCT CCT TAA CTC TAT AC
CMCT134bR 21 GCA TTA TTA CCC ATG TAC GAG

CMSSR 13 CMCT160a+bF 21 GTC TCT CTC CCT TAT CTT CCA
CMCT160a+bR 21 GAT GGT GCC TTA GTT GTT CCG

CMSSR 14 CMCT505F 21 GAC AGT AAT CAC CTC ATC AAC
CMCT505R 20 GGG AAT GTA AAT TGG ATA TG

CMSSR 15 CMAT35F 20 GTG GGT CAT CAT TAT TGT TA
CMAT35R 21 GCT TTT AGC CTA TTA AGT TGC

CMSSR 16 CMMS1-3F 25 TTG AAT CAT TGG AGG GAA GAT AAC G
CMMS1-3R 25 CAA ATA TTG ATG GAT TTA ATA TAT T

CMSSR 17 CMMS2-3F 25 ATC ACC CAC CCC ACC ACT GCC AAA A
CMMS2-3R 25 CCT TGA AAA ACC ACC AAC ATA ACA C

CMSSR 18 CMMS4-3F 25 ACC GAA ATC ATA AGG AAC ATA AGA G
CMMS4-3R 25 TAT GAG CTG TGT TGT GTA TGA AAA C

CMSSR 19 CMMS27-1F 25 TCC ATG AAT TTA TCG GGA CTT ACC A
CMMS27-1R 25 TTG CCT CAT TAC TCA ACT GTA TTT C

CMSSR 20 CMMS33-2F 25 GCT ACT TTT TAT GGC GGC AGT GAC G
CMMS33-2R 25 ATT CGG ATG ATT ATT CTT CGC AGT T

CMSSR 21 CMMS34-8F 25 TTT CTT ACT TTT TGG TTT GGT TCT G
CMMS34-8R 25  GGC GCT GTG GTG AGT GTC GGG AGA G
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CMSSR 22 CMMS34-10F 25 GGG GTG TGA AGC TGA AGG CAA AGT C

CMMS34-10R 25 AAA GGA AGA AGA AGA AAA AGG AGA A
CMSSR 23 CMMS35-3F 25 CGG AGA AGA AGG AAG GGT TTT AAG A
CMMS35-3R 25 ATT CGT AGT TCA TAC TCT CTT TCT C
CMSSR 24 CMMS35-4F 25 ACG GAT ACA TCG AGG AGA CTT CAT G
CMMS35-4R 25 GTC AGC TTC AAC CCT TTA CTT TTT C
CMSSR 25 14CSWCTOIF 18 TTC TGA TCA ACG ACG AAG
14CSWCTO1R 19 GAA ACA AAA GCC TCC ATT G
CMSSR 26 15CSWCTO0Z2BF 18 TTC TGC ATA CCC TCT CCT
15CSWCTO02BR 18 CAC ACT TCC AGA TGG TTG
CMSSR 27 26CSWCTI10F 18 AGA TCG GAA TTG AAA AAG
26CSWCTI0R 18  AAA GGG GCT TCC TCT CTA
CMSSR 28 46CSWCT24BF 24 ATC GCT TTA TCT TCG GCT TTG ATG
46CSWCT24BR 24 AAT CCA TAG CAG TTC CCA ATG TCC
CMSSR 29 56CSWCT33F 24 ATC TAC CAT ATT CCA ACC TAA ACA
56CSWCT33R 24 GTG GCT TTT GTG GAA AGC ATC TTC

CMSSR 30 58CSWCTTO2CF 20 TCC TTC TTT TCC TCG CTC TG
58CSWCTTOZCR 21 TGC CCT AAA ATC CTC ACA CTC
CMSSR 31 70CSWCTTI2F 24 CTG CTC CAT CTT GAA AAC ATG CTG
T0CSWCTTIZR 24  TAT TAC AGT TCG AGC AAT TCT GCA
CMSSR 32 TACSWGAATOIF 24 GTC GGC TTG TGA AGA GAG ATT GTG
TACSWGAATOIR 24 GTG GGC ACT GGT CAG GCG TTG AGA
CMSSR 33 76CSWGATTOIAF 24 ATT CAA GCA GTT TCT TTG AAA AGA
T6CSWGATTOIAR 24 CAG AAT TGC TTG TTG CTG ATG ACT

CMSSR 34 80CSWGCAOIF 24 AGT GAT GGT GCA GGG CTA TCT TAT
80CSWGCAOIR 24 TTG TCT TCC CTC CTC TTC TCG TCT
CMSSR 35 81CSWGTAOIF 21 TGT ATG AAT GTT TCT TAC AAG
8ICSWGTAOIR 21 AGG GTT TTA TGT ATT TGC ATG
CMSSR 36 85CSWTAOSF 24 GCA TGA GCT CGA GCT GGT GTA GTG
85CSWTAO5R 24 CGC CTG TTT TCA TTT TGA TTG GTT
CMSSR 37 99CSWTAILTF 24 CTT TGA TGA GAC TTC TAA TCC CAA
99CSWTAITR 24  CCA TGA TTC AAG AAG ATC AAA TGA

FAHoR AEAo] v 2olgh e Atole] glo] SSR primere] A& JoIHE 1 &
go] wrogle: AMde FRo| dFo] Hi Aotk e Awd wASe] f44 o
F/de] Ax7F H= FHa PIC g2 05 ~ 0.6 Atolol a2 star o], du Ay npAES

EFFAAL vhAY fel me 2 Fol7t Qe % 5 vk

d

Lo
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A 4 4 e f-@f 2 SSR whA

oAy BEE Fsto] 7Tl s wxE WE SSR vA T el A& 7hsd whA
g g3 A, FeolA if SSR viAE NEFomA Fe F
24 BAES ZIdstaa skdth. SSR oWk Y R WS ALY ERdAE o] &3
library AW oo Wrkx] vWALAY Fdae] Hausol 9tk (Fazio et al, 2002;
Hayden et al., 2002; Hayden et al., 2001a; Hayden et al., 2001b; Fisher et al., 1996).
Ao A= I F Fisher et al.(1996)¢] A<¢k3t ©<A  degenerate primerE ©]-83F+=
5-anchored PCR W& Ab&staal sttt o] Wy o] #HAgoA Aozl 1719 Fo
primer®} library A #toll Al8-3H degenerate primer PCT4 TH& ©o] 834 SSR PCRS 43
stal T HEAS AT  dvke o] otk

Ty olFE A F=HlE 171 5ol primeret ¥ PCT4E W 3ste] 5-# % anchoring
baseE ¥ Xl @7IA Dol wet Solst st T A oAy FFA Aol EFetar o
g FFHEE SolHQl RS Holx| okt whgo] Sol2Ql A-¢-vhk= acrylamide gell
M FF5H 504 alleles FAsHA Estlow, oo wel motife] ddtelA RF Sol
primerg g Helojol drt= AR =Gt kA SSR motifE FASE WA F
S 13l A PCR-based chromosome working=S AA|sle] HEF:H o=z e F 2

SSR &5 1% + AdATh

[l

[

rt

Jo

2. A5 %N

7}. 5'-anchored PCRE ©]&3%F SSR-enriched Library A%t % 59| primer &5

vt A Fels nA4F el nA'E e #Fd L SSR A R REFEF
o2 A3 Y (Fig. 4-1). Genomic DNA®} degenerate primer (PCT4), KKVRVRV(CT)s
£ ©°]&3te] 5S-anchored PCR+= AAlstdtt (Fisher et al, 1996). PCR w82 ZHA
genomic DNA (30 ug), primer PCT4 (50 uM), 2 w9 dNTPs (25 mM), Tag DNA
polymerase (1 U)ol PCR buffere} Bir+S H71ste] 25 2 9o F33d0. &%
A2 94T (3i), 5 cycle®] 93T/H9C/72T (7 30%), 35 cycle®] 93C/57C/72C (7 30%),
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1 cycle 72C Q¥)o =2 AP3Art. 1 AELS agarose geld| A WSS 213l sized =
A A8t pGEM-T easy cloning vector (Promega)el At$1&}itl. oS E. colidl d A3k
A#A SSR-enriched libraryS 953, ZF 2204 plasmid DNAS #&, dd3sto] 4w
AL st A7IMES A4t o] ARE AR primerel XFTEH WHE 9SS g

st & Zefelu]d Solsk (GSPL, GSP2) 3H4

Figure 4-1. 'Gganchi’ a landrace, standard variety for the development of oriental

melon—derived SSR markers.

1}, Chromosome workingS ©]8-3F % W¥#H primere] 5°]3}
Ags 54

1
2 Eolgl 37] 938 GenomeWalker" Kit (BD Biosciences)E ©]

32 primer

3 PCR-based

Oll
i

H3}o] core motifE

o

SSRE X3st= AA 28 =5
&
chromosome walkings A3tk WA 7ZHX] genomic DNA 25 ul (0.1 ug/uD)E 47FA A
g8 2 Dral, EcoRV, Pvull, Stul 2} 8 ul (10 UuDE AH&3Fe] 100 ul vE-&-oolA At
3lal PhenolS ##late] AAE & ZHF TE buffer 20 ploll HAdk thr] zF Algtas A
Mol GenomeWalker AdaptorZ ligationsle] HEXH oz 47[A] A|FFagrz Hdud 743
genomic DNA®] GenomeWalker libraryE €Hd3tth. W4 7 DNA library (lu)E 9
© 2 GSP1Y Adaptor primer 1 (AP1)< ©]§3}o] 13 PCRS 33ttt 23 PCR2 14
PCR AHE 3219 (500)ell thsle] GSP29t AP2E Abg3te] AAlakolth PCR WH&-o] &4
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Z A agarose geldl A elstdth ZF AdtE Ao dldstE DNA Library @& PCR
amplicon®] 23k HFgdS MAse] low melting gel?}t gel elution kitE ©]&3te] PCR
eSS AA AT o]Z pGEM-T easy vector (Promega)ol At1&lil, E colio]l &A= s
g &, 72 F20)A plasmid DNAE &8, ddste] AddaAs gelsta d71449s 2A

stith. o] & wiero ® 5-anchored PCR clone® chromosome walking cloneS <72 3d}¢]

contigE A A& core motifE ETEE= HA SSR clones 9438t 2 SSR clone?)

ANMEE BA8te] F43 core motifoll thate] 7]&Eo] A 2FE GSPs wriZo A AT

= primerg A ZSIaL(GSP3) HFAH o2 |l SSR A tst 4F 5| primers €4

&9l GSP3¢9 GSP2 &8 GSP1S o] g3l= =% PCR W$& two-step B2 02 94T

25%, 72C 189A 7 cycle W5 ¥ 94T 25 %, 67C 1 #ollA 30 cycle, °]% 67C, 7 &
T8t

3. 7¢] I+ SSR AN B A8 HE

el fdl af SSR mAE JNEstaat gEue A el A FHeE AR
5-anchored PCRS ©] &3 SSR-enriched libraryE A &3tk 225 € 3857012 plasmid
E wgsta 971A4EEs Agste] ARt 35S 116719 v SSR &
t} (Table 4-4). 7144 walxl AA FE] ddt & primer F2522 (CT) &2

O S = O~
S R F U

(AG) BER/ANDE B4 A3 B9 /b LT primerd] £ 67 T 7 ooz
2A5o] PCR ¥4& Soldon +a45es & & Atk Teluh gy re] 49 1w

Table 4-4. Summary for the isolation of microsatellite markers from oriental
melon through 5'-anchored PCR and chromosome walking.

Procedures No. of clone Efficiency (%)
Plasmid isolation 385 100%
Good sequencing 116 30.1
Genome walking PCR 28 7.3
Contiging and Variety PCR 16 4.2
Polymorphic 7 1.8
Monomorphic 5 1.3
Duplicate 4 1.0
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o

5 957t 6 ~ 8/ 10 o]9 A= 2Fda, ayvl FEE FE2o8 FAIE
@ZolA librarye] H3} A2 g &L 92 Aoz AAFHT o]ZFE core motif7} 7]
Mesle] 2AS FAoE & HY primer A ZF o] Q3 Eo] AUAEES A&
=3

5-anchored PCRollA] fdojzl F&] digt 9714 E 4 23} S
7F 8 oo R FFX A A&l =5 AoER dAHE 28

o[ A

K Ho
o 3L

+

focs
32

2
© 2 chromosome walkingS F33lx, dojR 2o gk A71ES 25 9
Z 23} 5-anchored PCRAOIA dofx F29] A7|MES vl" o2 contig/t EA4H 2L
T 16704 tF (Table 4-4). ©]& Wl o2 SSR motifE A EA3e Ay AA] i o
+ 5-anchored PCROlA <ozl S&9 Aok d¥s 938 & Zoz yewo

(Tabel 4-4). £3] PCT4 primer®] 5 #% anchoring base®| d|dsl= F7|AEL d3 ot

>,\1

Table 4-5. Analyses of microsatellite clones from 'gganchi’ and application to variety
description

No. of repeats in core motif Expected Varietal
- Seq. length ..
Seq. ID Primary PCRx* . SSR PCR application
Contig (bp) .

5-CT 3-AG size (bp)
1006 14 6 14 1195 209 Polymorphic
1007 6 14 14 1006 144 Polymorphic
1009 8 6 7 1751 276 Monomorphic
1019 10 7 15 1515 230 Polymorphic
1046 10 6 28 904 225 Polymorphic
1409 6 14 12 947 303 (duplicate)
1418 6 8 14 1296 192 (duplicate)
1425 6 8 6 1123 281 Monomorphic
1436 20 6 28 1636 216 Polymorphic
1443 19 t 19 1188 279 Monomorphic
1448 6 20 13 754 222 (duplicate)
1452 8 7 3 1200 211 Monomorphic
1464 8 6 6 1757 206 Monomorphic
1468 6 17 14 933 306 (duplicate)
1470 8 6 13 1384 157 Polymorphic
1480A+B 7 14 19 2201 247+274  Polymorphic

* Underline means that sides of the clone was chosen for subsequent analyses by
chromosome walking PCR
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ZA ey ¥l 5-anchored PCR 23 7HE vlg o g E#3F1¥ SSR PCRS S W 5o|%

9 AFHE 9 F 9AW AL 4D & A
ContigZh $4%¥ 16749 SSR F& 7149 L o el §%9) primer A% stx

HFAow FZE primerd] g 5oldt S mhrdstdlth o] ¥ F8 gganchi 1480
(CMSSR 44)& @714 48#4 23 F F7° core motif7t B8 #] o]o] tistol= HI 2]
primer sets& #|Z3FA Tt (Table 4-5). # &4 o2 177] primer setsol tslod 6%F) o
& SSR PCRE Fddte] #53 thdA S AEstAth. 2 23 871 primer =3
(T 28)2 6 %5 ol A S Hole 8 primer® HF ATHAa, 570 BEAES
Holx gFgkom, 47 1 QtelA ME FEEE FEoR WKt (Table 4-5). ©]o]A]
2 FF 93g SSR PCRE 3319 tt (Fig. 4-3).

ON

Al 54 SSR wHAE o] & el - HE

=
¢}

Rt

J|m

o

,_.
e
il
HE,
ol
g

NatE AA SSR vEAE o] gsle] el - W2 MEFT gIA S BNt FA EF
o FAE FF e EoF 5 dF FAEA 107] oS AFHS genomic DNAE
%39t (NucleoSpin® Plant, Macherey Nagel). PCR %42 primer A %74 1 S8k

BN

Hoz AAsgrt. =Z 9 DNA AHES WA agarose geld] AojA wkgo 7#AdA 3 <
Ae HAES & HAAs s=E A4 S dAZ A3 FFE SSR oA 4

6% polyacrylamide gelollA A3tk P CR #3992 98%¢2] formamide loading

HJEL

rlo

bufferE &£33o] 95Co|A 180% ¢t denature A7l 3 3ulX loadingsdle] 60W, 150+
A719% a4t pGEM-3Zf® (promega) plasmidE MI3F primer® sequencingd AHES
A A7G5e] size AR LY Gel AL Silver sequence™  staining
reagents (Promega)E ©| &3ttt AAE geldlAl Lozl FFdH tddgdAd dds 7 x=
SSR "tA ] vdyd4d S W= ds OF fls (0= #4135} st 7| 2248382 (data
matrix)S FAsAT o] ARE AR SSR whAL PIC (Polymorphism Information

Contents) = 1 - ZPjj> 7t 2&sto] 2t nh7] e thFA (genetic diversity) A=S ZA}s}
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Ak FA FFY FHA FAMEE NTSYSpe V. 21 Z2# (Rohlf, 2000)& ©] &3}
Jaccard’s coefficient [a/(n-d), m= a(+,+) + d(-, -), number of matches; u = b(+, -) +
c(-, +), number of unmatches; n = u+m, total sample size]2 At&3saL, 2tEd 317
FAIE S 7122 ¥7bsAbsEd] (UPGMA: unweighted pair group method using

arithmetic averages)C 2 A&t A=z 188 29}
2. %9 -HE FF59E SSR vA] B 2 B4

WE, 2ol T Cucumis & ZHEolA F&4del HAE 374 vpret 2] FHelelA
utAZ e 87 wiA T F 457019 SSR mhAE e FFAWY mARA HIFT AR
M= At (Table 4-6). °1E WAL & FEOE AT 3= CMSSR 117 CMSSR
12, 712132 CMSSR 449 CMSSR 455 Al9jstd zh2t 5y 4 <l 43709 lociEs iz ghotal
& 4 gtk Core motife] =42 wAY frei7h & wE O 24ES Holu
dinucleotide unit®] ¥¥7} 7} @i (CT), (GA)9] ¥hEo] BSS <& 4 3t}

i 457) SSR WA E A Eske] el - W 44 FFol t FEH
S A4 2y, FA4dE HA DNA ¥W= (allele) & 160 712 YEMSTE (Table 4-6). ©]
T 157 Me F53 @ el d-dEo] HA 1 FF ol delA #33 =] HFio A

WA 3 M=s A FFAA T Qle] EA AT w T oallele BT
2 ~ 8/, A 36 AMolaL 3], WE Frol= 242z 26 JHeF 3.0 AR WEe] vhAh ©A
T 2 Aol gles & & vk A E allelic band & AEEE Yo By He £
& Al 11570, B8 FFE ol 133705 vetillth. AA w7l ol vlsto] Fhelef W
A A2 o AL F9 npAE B AL 7 varietyd] EolFo R WAL= nAEo] 9l
wolm, ¥ varity 7t vlAY FF AL 63% (101/160)2 SSR wiAl o3 F &3
A wA el Hat PIC #2 058022 eI, 0.8
o]e] 171, 0.8 ~ 0.7°] 571 & o]9lew, CMSSR 127} 08082 7% =2 #=, 18
CMSSR 37 CMSSR 36 22 2 PIC &S EAF PIC #2 allele type?d FF
(F)7F BE&F, £ a2 gy e #5597 25 E AAE BFE den webA e
w719 PIC kel 2% #33tel A4

% oma

do
2
a2
do
>~
>,
=
Lo,
ro
D
k1
N
N
i)
po)
o,
v
2

allele type°] theFetal, FFAEH| o= A
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Table 4-6. Application of SSR markers for the description of Cucumis melo L.

No. of
Primer .SSR' Core motif No. of polymorp*hic PIC
sets designation alleles alleles
OM WM Total

CMSSRI1 CMGAI15 (GA)7 2 2 0 2 0.165
CMSSR2  CMGA104 (GA)14AA(GA)3 4 4 4 4 0.623
CMSSR3 CMGCC146 ((ACC)9 4 4 4 4 0.799
CMSSR4  CMTC47 (TC)ICT)6 5 5 4 5 0.725
CMSSR5 CMCCA145 (CCA)5 2 2 2 2 0.571
CMSSR6  CMTC168 (TC)14 5 3 3 5 0.699
CMSSR7 CMTC123 (TC)ATTTC)2 3 2 2 2 0.583
CMSSR8 CMTC108 (GT)IN65(CT)7 3 3 3 3 0.619
CMSSR9 CMTA170a (TA)9T(TA)3 3 2 2 3 0.381
CMSSR10 CMGA165 (GA)10 3 1 3 3 0.474
CMSSR11* CMTA134a (TA)12 4 3 3 4 0.586
CMSSR12* CMTC134b (TA(CTSAT)7 8 4 6 8 0.808
CMSSR13 CMTCI160at+b  (TC)2(TCC)2(CT)8N122(TC)2 3 1 3 3 0.599
CMSSR14  CMTC5H05 (CTHI5(AT)12(AC)11(AT)4 3 1 3 3 0.616
CMSSR15 CMAT35 (TA)3AA(TA)2C(AT)7 2 2 2 2 0.569
CMSSR16 CMMS1-3 (GA)13(AAT)6 2 2 2 2 0.533
CMSSR17 CMMS2-3 (GA)19 5 3 4 4 0.587
CMSSR18 CMMS4-3 (GA)19 5 MD 5 5 0.478
CMSSR19 CMMS27-1 (GA)15 3 2 2 3 0.623
CMSSR20 CMMS33-2 (GT)13 2 1 2 2 0.447
CMSSR21  CMMS34-8 (GA)13(AAT)6 3 3 3 3 0.616
CMSSR22 CMMS34-10 (GT)IN65(CT)7 2 1 2 2 0.334
CMSSR23  CMMS35-3 (GA)14AA(GA)3 2 1 2 2 0.305
CMSSR24 CMMS35-4 (GT)11 2 2 2 2 0.536
CMSSR25  14CSWCTO01 (CTICT)8 4 2 4 4 0.605
CMSSR26 15CSWCT02B (CT)21(TG)8 3 2 2 3 0.614
CMSSR27  26CSWCT10 (CDOCTTTTICT 4 4 4 4 0.654
CMSSR28 46CSWCT24B (CT)7(CT)11(CT)7(A)8 2 1 2 2 0.361
CMSSR29 56CSWCT33 (CD6(TATTTC)2 6 6 5 6 0.677
CMSSR30 58CSWCTTO02C (CDI14(TAY7(CA)»S 4 4 3 4 0.659
CMSSR31 70CSWCTTI12 (CTTT)6 2 2 2 2 0.541
CMSSR32 7ACSWGAATOl (GAAT)5 2 2 1 2 0.553
CMSSR33  76CSWGATTOIA (A)12, (GA)10 5 2 5 5 0.581
CMSSR34 80CSWGCAO01 (GCA)S8 4 4 2 4 0.562
CMSSR35 8ICSWGTAO01 (GTA)5,(GAAA) 3 2 2 2 0.540
CMSSR36 85CSWTAO0S (TA)12 4 3 4 4 0.792
CMSSR37 99CSWTA17 (TA)6(CTT)3(TA)6(T)11 4 4 4 4 0.664
CMSSR38  Gganchil006 (CTh14 8 4 8 8 0.724
CMSSR39  Gganchil007 (GA)14 2 2 1 2 0.555
CMSSR40 Gganchil019 (CT)15(GAA)4 2 1 2 2 0.558
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CMSSR41  Gganchil046 (CT)28 6 3 5 6 0.652
CMSSR42  Gganchil436 (CT)28 7 5 6 7 0.710
CMSSR43  Gganchil470 (CT13 2 2 1 2 0.549
CMSSR44” Gganchil480A  (AT)5(A)7(GA(CTT)11 4 4 1 4 0.658
CMSSR45" Gganchil480B  (CT)8N33(CT)8 2 2 1 2 0.616
Total 160 115 133 157

Mean 3.6 2.6 3.0 3.4 0580

* OM, oriental melon;, WM, (western) melon, MD, missing data because of non-specific
PCR in oriental melon species

a, b each developed from the same DNA clone

aeivh AA gels BW 7Y =2 PIC = WERH CMSSR 129 4§ tif-i9] & Aol
WE FE FAAHL or e FFE e AY BAEAS HoAFA X
(Fig. 4-2c). CMSSR 4% ¥]=3h sjdS ®ojFlvh, w2 CMSSR 32 W2 Rt o] 3+
T dE Aol FAEE BoFEt (Fig. 4-2a). o

of FAE e Be Hyp HE F

HE-E 2] 49 allelic band 4= 1 7l(homozygous) &< 2 7l (heterozygous)®A4] locus
7N allele®] codominant type®] wh7l=A A<l sjele wolFglon, 8ICSWGTAO19]
74 9-+= homozygous typeolA 2 719 heterogeneous allele®] FA]o] 2 o 23 hybrid
type?l W2 HoFFolA 170 motif unit (3bp) ko]l &3t 3 allelic band (214bp,
211bp, 208bp)E HEFHATH (Fig 4-2d). dubA oz o)ep 22 4= s SSR loci7t &4
3l DNA fragment®] duplicationo] ¢J3te] A= 4 A& Aotk CMMS 4-39 75
= HE2EZE locus B 2709 heterogeneous alleleE Y EFWH O, H9 5 749
g FFo] XA ol o] locie A4, A9t L chromosome rearrangement <

SNP 5 #elsh WE 7t AAA Aol o]dAe] 2 Ry 9Asn A Ao 4

2

rr

rlo

A
t} (missing data) (Table 4-6). =L 9] A 83 SSR vl7]E= 25 codominant type®] o1,
%% 7tol dominant types Heole wiAE AL §iAY, W] G 4 & band Y
Rolx % 57t ol 88kA Fdth
el f9 87 i SSR wAZYEEH FAH allele = A 160 7 F 33 A on o]
o] PIC #2 0618%, %A tE Cucumis speciesZH-E Aut®l SSR mp7 £ nlg] v}
A Eskoy & AolE YuA = Fdn o] AR RE Bl Fe Fd vivk el
FEAEA g% a34d F dS ol JHAd diste], vSo] MEE wiA FUF B

st A, mtA7E FAlsE FEe FAd4 FAdA e dEA EA S (informative index)

o

o

il
=

&2
rlo

o2,
ot
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a. CMMS 3

b. CMMS 4

c. CMMS 12

d. CMMS 35

Figure 4-2. Amplification of SSR markers for the description of varieties of oriental

melon and melon. Each lane from 1 to 44 corresponds to the varieties in Table 4-1.
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a. gganchi 1006

b. gganchi 1007

c. gganchi 1019

d. gganchi 1046
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e. gganchi 1436

f. gganchi 1470

g. gganchi 1480a

h. gganchi 1480b

Figure 4-3. Development of 8 SSR markers from the oriental melon, 'gganchi’ and
production of polymorphism in 44 varieties of oriental melon and melon. Each lane from

1 to 44 corresponds to the varieties in Table 4-1.
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Figure 4-4. Phylogenic relationship among 44 varieties of C. melo based on 160 SSR
allelic bands from 45 SSR markers. The numerical scale indicates Jaccard's coefficient of
genetic similarity. I ~ VI indicate the grouping types in Table 4-1.

_63_



= S A

o

17

=]
gul

3

A7) A

L

fu

7HA 2

=

ALE A 0.8 ~ 09 Aol &, ¢

A A
2 484 o a5 C

==
Lﬂ%mw S
- n LRI — =
A o) = oF WT S = ®e 2 M‘_ L IS
5 S-S A Tl I
il e = o 3 ol = Z o ) ™
N T oF M o N o i = | Lo R e
. EE T = T T ‘li ‘__Io ‘ul s JEE _,ﬁo X ,Llf
70 Bzl mfgmv%wﬁﬂwiwﬁdo
o L o Hm o 9| T 2 % o -
opo o3 o K< oR Moo e B g o o~ &
Mo Mo & o o — T & xR~ ez3 "
v 5 — 5 & = o N S =
v T Eo 1_dl ﬂ_mu = Z — oﬁa w %] :.L B 1 e
3 o . ® o o~ C__ﬂ o 8 S5 oo N o o
T 2 H T o n O I S w M A
o T T 2 o SR =0
1 —~ Z, _E.E | Lt Tl =] m m Et ZT B
— oF ~ o X 5 m XE N =
=t . ﬁo < ;O._ & Wi < ﬂ > "mm mE dl MWL
I o o AHEH%EVQ.EM
~ now mo | @ Mo 2 W o 5 W il
Nywoo ® T W mﬂimgo.sar.%ﬂmm
¥ ® ® o R B T = g °
TR 3 oe Wow a}ar%aopl,%a
T 2o ox 0 g X 2 = = I
o ) R m - o K g 39w LR
"o | o° — R O# M Mo B m S el ) o =
= o o RN T T ¥® "8G E R g
ok ® W T = o B R o ~ L B
X = % H ﬂtoJﬁa&V7o_
o P : X g o L - TR
(RS T X = A WT R
o XA TN o T ) — o) = K
Mo o A e = b g = K o= W ~
—_ s} - fo) ET . () L C.Lo \
S S . Mo = eI oo Moo W — 4
= = 0 o)) N = ) W
o ¥ N He 4P B om o o e Mo o X
®ow © wON a EECL %Nraoﬂm___io
How A TN e e BTy N
v o D om0 ﬁm_ourﬂ_n%%%z
i EoTP o o o oo W B = 3
Mo fim rn ) Ho n = o = e = No o) ™ S
_ 0w X ° ‘V . oF TR - S |
g X oww £ o T wE T T N
oo B owm n gL o *EY R ° X
HT%OEMJH.UO)@%O}TN1%urﬂE%A
T < 2 ® o = 0 o = i) ry W oF
T o oE A o ! o wn plo ~I
AT T
g Mo T oF T

Al

=

R

o}

p=R

o

= o] var. inodorus

- 64 -

cantalupensis® 23 A Al
4 F d5S UEY FAT



A

=

Folt,

vk Fy
AHY

L
R

]_

L
.

©

9
@ 7} AaAE o of

e
7} dutA ol ey C melo

&
2%

5}

o
T

o -
A&

7

%)

=

ALAA AFAA o

o

=

L

A B A=A =

=

o

2ol A

A} 3

SSR wt71 €] Fy £t

=

o

CEEED R EEX)

A6 A
1. A9

2%

|

B
73 o]

S

A5

=
=

o

=

=

=

Fol Fy
A=

°

t= ISSR (Inter SSR)
[e)

¥l SSR w#A

°

A

A
1513
=

g
fH@Ao2A SSRY

o}x7] 9]

=
o)A Mendel 4 %S AR

1&
tof 7h
o)

©

o

=
T
=

=

=

ol A

O]—
A

A

IR ls]
B

A
r

=

ato]

S

A%
)

=

old
=

atol Fo Alth 7HA)

S

1

7b Bi-Eolth et o

[e]

3

= 497 Bk
(Danin-Poleg et al., 1998)o]1} STR (Sequence Tagged Region) PIAE EZFEHE /|

%
Qolth, E AFNAE o

L
L

3
ofgel ol 9}

&
& kA ek EEel

o]

=0

2. Alg 4

A

=

o

A o 2008, 54 Fe

=

o

!

g

sttt

gu

=
=

FEfoll A Al &

=

oj

o3

=

=

9tk SSR mHA

HSA ot

_65_

3}al agarose geloll Z o]

S

=g
Fi, Fo 424 4 7/AE genomic DNA

=

=

genomic DNA

[e)

pu

3t PCR AFE2 acrylamide geloll A &4

PCR

el
T

o



l l 29

Figure 4-5. Assessment of F; seed purity for a variety of oriental melon by using a
CMMS 34-8 SSR marker. A total of 136 seeds were analyzed and two of them ()
were revealed to be selfing line. Two rightmost lanes represent parental types.

l l * 3

Figure 4-6. Assessment of F; seed purity for a variety of melon by using a
26CSWCT10 SSR marker. A total of 146 seeds were analyzed and two of them ()
were revealed to be pollen contamination line. Two rightmost lanes represent parental
types.
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zg Al
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lo
r

3. SSR wHAE ©] &3 F 4 ¢

R M2 e gygA ddHe BoFE CMMS34-8 viAE A &35t e Fy 4
136709l tiste] PCR WSS 833l 1 4FES acrylamide gelol Al &4skdch. o1 A3

¢

=

Fi & MAEclA FastA %29 alleles B5F 893 heterozygous types H.olF
o, ol5e] HA R wHjHo] ¥ SAHE wYgst= hybrid TAYE THEE F A
2th (Fig. 4-5). 28y 2 5 F /MAlE 22 allele®] homozygous types X3l 919

2 oglolth ol 2RE AME i 985% (134/136)2 Lbehl FE
stel Fi T4 4 (SR e 12% / S 2434 2 FAHA] V1E - AARA

98260 WEAW YT % & ANk

BE AARAd S &

a. oriental melon

Figure 4-7. Segregation of SSR markers in Fy population of oriental melon (a) and
melon (b). Two rightmost lanes represent parental patterns. Each segregation mode was
scored and calculated for the conformity on Mendelian segregation patterns.
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dE2o A% Fy A 146709 tiste] 26CSWCTI10 SSR vHAE o] &3t T2 ¢ &%
ARE AAEdn AR 2 dds A9 iR Fr Su HAlEA FaekA &3
9] alleleg WY 3}i= heterozygous types HAFUY. 28y F /A= 98 FE F39<9
allele?t= T2 band7t #Z =AU (Fig. 4-6). AF DANA E7HF S oy, Fx A
AN EF9 7hsAS A7E 7 Aok BE F1 TAY 55 986%(144/146) = A
FSoHA HEd FEowA ARl SHEEHAT. o]¢k o] SSR mAE o] &3 FAb
T A4S v F8&3o] FHEHAY. B sEA W Hlete] 2 wbA o A
F4E0] 45T SSR v E ol 8T A5 FNF HIEAS AT F 1 A8 M E 9t
A W8 F oA gow vai{ S3 o] R A Y Abgo] &olakA ¥ AT

e J1F) ASHI dE BUEA P O 4AF PHoR dAdnA it Fiol

il

1

1 AgAel WS WE Ao® AlgHT
4. SSR "}A Y Fo Al f-d%4 A4

e - dE Fy A 22 54 JRA9F 68 HAlCl dete] Fi T4 =4 AR EHAH
A E AFE3te] SSR PCRE +33tal polyacrylamide gelelA 22 3tdtt (Fig. 4-7). 1
H3p 2ol 43 typedt hybrid typel & welshglen] 1 Ee|Hl= Table 4-74 Hi= w1}
of Zuf, e - M2 TR Ry AdielA 102 19 W fFRyAe Rt v A

ATH o] ZHE & Ao EE SSR whAEC] d¥bAl AP wzvbA R nf
ARAE Fo Altell A Aoz w9 e F5o FHaE43% Fr 4 =134 A
&=

F Qe 540l FYHAh

Table 4-7. Inheritance and segregation of SSR markers in F2 generation

2

Fy group Markers Pp:H: Py Segregaion mode Type A
Oﬁgg;‘l CMMS 34-8 150 26: 13 (54)  1.11: 1.93: 096 Codominant 0-222

melon  26CSWCT10 18 33 17 68)  1.06: 194 10 121D gogg
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Table 5-1. List of morphological traits used DUS test of pepper

No. Characteristics No. Characteristics

1 Seedling : anthocyanin coloration of hypocotyl 20  Fruit : predominant shape of longitudinal
section

2 Plant : attitude 21 Fruit : predominant shape of cross
section

3 Plant : length of stem 22 Fruit : sination of pericarp at basal part

4 Plant : shortened internode (in upper part) 23 Fruit : texture of surface

5 Plant : number of internodes between the first 24 Fruit : color at maturity
flower and shortened internodes

6  Plant : length of internode 25 Fruit : intensity of color at maturity
7.1 Plant : anthocyanin coloration at level of 26  Fruit : glossiness
nodes
7.2 Stem : hairness 27 Fruit : stalk cavity
8 Leaf : length of blade 28 Fruit : depth of stalk cavity
9  Leaf : width 29  Fruit : shape of apex
10 Leaf : green color 30 Fruit : depth of interloculary grooves
11 Leaf : blistering 31 Fruit : predominant number of locules
12 Flower : attitude of peduncle 32  Fruit : thickness of flesh
13 Flower : color 33 Placenta : size
14  Fruit : color of before maturity 34 Stalk : length
15 Fruit : intensity of color before maturity 35 Stalk : thickness
16  Fruit : attitude 36 Calyx : aspect
17  Fruit : length 37 Fruit : capsaicin in placenta
18 Fruit : diameter 38 Time of beginning of flowering
19 Fruit : ratio length/diameter 39 Time of ripening
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Table 5-2. Comparison of morphological characters and genetic similarity through AFLP
analysis in DUS test of pepper

Similarities | Varieties PA" | PLS*| PLI’ | PAC* |LLB’| LW® | LGC" | LB® | FAP’
by AFLPs(%)

100 Dawn( ™)
Kumgangsan(=744})

100 Geoseong(A4)

Echeonnyeon(°] )
100 Viking(#}o] %)
Daebong (] &)

93 Sinbaram(A1 v} &)
Nostalgia(&&)

98 Ambition(°F%)
Daemyung(th ™)

9% Kumgangsan(& 7AF)
Ambition(°F)

96 Segye(AA)
Kangse(ZdA)

96 Segye(AA)

[S2N K2R N1} EO2 1 TN o pl BE2 I BT SN) HO1 | Korll Ker N Kol KarR RO NO1 0 RO2 N RO Ko pl Y RO NO2 5 G2 [ B> (N2 1 @) B BN @2 I el Iie I i@ N e DI IR G2 I N1 1N INO2 I (N2 1N B2 B IR &2 B N> @)
IS NG| ROa | TSNy RNy RS2 | BTSN VAN Hor N HepR EO1 8 RerR Kol RO RO N EO2 R EO2 | RS2 N TSN NG | @2 | ING2 B G2 [N IR I (N2 I B2 BN IR B @) I INO2 B (N2 BN BN B IS @) I IR O2 I (N2 1N @) I (N2 I @]
IS SN K R HO2 1 TSN el IRV IS R 2N HepR KO B RO2 N KO0 O 3 RO2 N ISR @2 | RS2 H (TSNS NG | o2 3 ING2 1 NG I IR G2 1 (N2 1 B2 BN IR B N2 I ING2 B (N2 18 B2 N (N2 I N2 I IR G2 I (N2 18 @) I N2 I @]
ajojajofo|g| o (oS |ajagalg|Sfo|o|oajaja|afoa|o|or|lafoa|joafloajloa|loafo|jlalajla|loafor|a oo o
R OO R | & [ (OO|O |0kl |0 ||| OT]|O1]| O[O
IS S N2 B N2 B Ny el SN TSN E NN ES i Kol Ko pl Kol N1 | RO2 | IFSN) @2 | e >l (TSN ANy QAN VAN @ NI N2 1 N2 1 I N i« I el e > B I IO I N2 BN N2 I IR G2 I N2 BN @) I e >IN @)
ajajajofor|or o oS |oajajafo|o|oaaja|afoa|oa|lor|lafoa|jafloajla|loafo|jaflajla|loafor|or|o|o| o
WlWwlw|lw(w|ol| W [wWw|lw|Ul|wWw|w|w(w|wWw|lw|w|w|w(w|wWw|w|w|[lw|w|lw|w|w|lw|w|lw|w|w|lw|w|w]|w]|w
HI= N (NN = [N NN NN NN (DN == DN NN NN N[N [N

Daemyung (th ™)

94 Jogwang(Z%)
Sintaeyang (X1 B %)

9 Sintaeyang (2 B %)
Geumdang (&%)

94 Kumgangsan(& 7ZAF)
Segye(AlA)

91 Taeyangkeon(E] %71)
Nostalgia(&)

91 Kangse(ZdA)
Gukbo(=H.)

91 Gukbo(= 1)
Daemyung(th9)

89 Buchon (%)
Supergeumtap( 773 5H

87 Geumdang(&3)
Gangreok geumdang(&&3)

87 Bridgeroom(Z7}+4)
Geumdang (5 %)

87 Fortune(RHE)
Pocheongcheon(E% %)

87 Jogwang(Z3%)
Gangreok geumdang(&=3)

Plant : attitude,ZPlant . length of Stem,SPlant . length of internode,4Plant . anthocyanin coloration at level of

nodes,SLeaf . length of blade’Leaf : width, Leaf : green color,’Leaf : blistering,’Flower : attitude of peduncle
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(Continued)

Similarities ~ |Varieties FC’ | TBF' | TR" CA” FICM" FL FD"
by FLPs(%)

100 Dawn( ) 1 6 5 1 5 6 5
Kumgangsan(& 7ZAF) 1 5 5 1 5 5 5

100 Geoseong (7 4) 1 5 5 1 5 5 5
Echeonnyeon(©] %) 1 5 4 1 5 5 5

100 Viking(¥}o] %) 1 5 6 1 5 6 5
Daebong (%) 1 6 5 1 5 5 6

98 Sinbaram(21 8} &) 1 5 4 1 5 6 5
Nostalgia(&) 1 5 4 1 5 5 5

98 Ambition(°Fg) 1 5 6 1 5 6 5
Daemyung(th ) 1 5 5 1 5 6 5

96 Kumgangsan (& 74 1 5 5 1 5 5 5
Ambition(°Fg) 1 5 6 1 5 6 5

96 Segye(AlA) 1 6 5 1 5 6 5
Kangse(Z+A) 1 5 5 1 5 6 5

96 Segye(AlA) 1 6 5 1 5 6 5
Daemyung(th ™) 1 5 5 1 5 6 5

94 Jogwang(Z3%) 1 4 4 1 7 5 5
Sintaeyang (X1 €] %) 1 4 4 1 7 5 5

o7} Sintaeyang (A B %) 1 4 4 1 7 5 5
Geumdang (&3) 1 4 4 1 7 5 5

9 Kumgangsan (= 74h) 1 5 5 1 5 5 5
Segye(AlA) 1 6 5 1 5 6 5

91 Taeyangkeon (Bl %71) 1 4 5 1 7 5 6
Nostalgia(&%&) 1 5 4 1 5 5 5

91 Kangse(ZAl) 1 5 5 1 5 6 5
Gukbo(=1.) 1 5 4 1 5 6 4

91 Gukbo(=X1.) 1 5 4 1 5 6 5
Daemyung(th ) 1 5 5 1 5 6 5

89 Buchon(F-3) 1 6 5 1 7 8 5
Supergeuntap(7¥H=&H 1 6 5 1 5 7 5

87 Geumdang (&%) 1 4 4 1 7 5 5
Gangreok geumdang(7=53) 1 4 6 1 7 6 4

87 Bridgeroom(Z7}5) 1 5 6 1 5 8 5
Geumdang (5 3) 1 4 4 1 7 5 5

87 Fortune(®H) 1 5 4 1 5 6 5
Pocheongcheon(E%%) 1 6 6 1 5 6 5

87 Jogwang(Z3%) 1 4 4 1 7 5 5
Gangreok geurndang(%#w3) 1 4 6 1 7 6 5

PFlower : color, " Time of beginning of flowering, “Time of ripening, 13CalyX :

before maturity, °Fruit : length, YFryit : diameter
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(Continued)

E;mi;rit;j o Varieties pSLS” | PICM™ | FG® |PNL? | PTF? | PS% | SL® | ST
100 Dawn(e{ ) 8 7 5 2 6 5 5 5
Kumgangsan(& 7ZAF) 8 7 5 2 6 5 5 6
100 Geoseong(#14) 8 7 5 2 5 5 5 5
Echeonnyeon(©] %) 8 7 5 2 5 5 6 5
100 Viking (¥}o] 7)) 8 7 5 2 5 5 5 5
Daebong (th %) 8 7 5 2 5 6 5 5
98 Sinbaram(A1 v} 3) 8 7 5 2 5 5 5 5
Nostalgia(&) 8 7 5 2 6 5 5 4
98 Ambition(°F4) 8 7 5 2 5 5 5 5
Daemyung(th ™) 8 7 5 2 5 5 5 5
96 Kumgangsan(=7-4h) 8 7 5 2 6 5 5 6
Ambition(°F%) 8 7 5 2 5 5 5 5
96 Segye(AlA) 8 7 5 2 5 4 5 5
Kangse(7Al) 8 7 5 2 5 5 5 5
96 Segye(AlAl) 8 7 5 2 5 4 5 5
Daemyung(th ) 8 7 5 2 5 5 5 5
94 Jogwang(Z3%) 8 7 7 2 4 4 5 4
Sintaeyang (A B %) 8 7 7 1 4 5 5 4
94 Sintaeyang (41 El %) 8 7 7 1 4 5 5 4
Geumdang(&3) 8 7 7 2 4 6 5 4
94 Kumgangsan (= 7-4h) 8 7 5 2 6 5 5 6
Segye(A 7)) 8 7 5 2 5 4 5 5
91 Taeyangkeon (Bl %71) 8 7 5 1 4 5 5 5
Nostalgia(&&) 8 7 5 2 6 5 5 4
91 Kangse(ZAl) 8 7 5 2 5 5 5 5
Gukbo(=1.) 8 7 5 2 4 4 5 5
91 Gukbo(=1.) 8 7 5 2 4 4 5 5
Daemyung(th ) 8 7 5 2 5 5 5 5
89 Buchon(F-3) 8 7 5 2 5 4 5 6
Supergeurntap(77¥H =) 8 7 5 2 6 5 5 7
87 Geumdang (&%) 8 7 7 2 4 6 5 4
Gangreok geumdang(74#5'3) 8 7 5 2 5 5 5 5
87 Bridgeroom(Z7}+4) 8 7 5 2 5 4 5 5
Geumdang (& 3) 8 7 7 2 4 6 5 4
37 Fortune(RH) 8 7 5 2 5 6 5 5
Pocheongcheon(2% %)) 8 7 5 2 4 5 5 5
87 Jogwang(Z3%) 8 7 7 2 4 4 5 4
Gangreok geumdang(Z=+3) 8 7 5) 2 5 5 5 5

Teruit - predominant shape of longitudinal

. 18 .
section,  Fruit

intensity of color at maturity, YFruit

glossiness,ZOFruit . predominant number of locules, APruit : thickness of flesh, “Placenta :
2 o
Stalk : thickness
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Table 5-4. Characterization of 44 varieties of C. melo based on grouping characteristics
of melon test guideline

No. cultivars’ group No. of characteristics™

13] 15 ] 18 | 21 | 26 | 34 | 39 | 42 | 46 | 48 | 51
1 ERat 4
5 S I 1 i 6 3
3 89 | 2 5 4
4 T8k 77 4
5 2 EFF A A 6 4
6 =323
7 =72 3 1
8 tjo]oliL = | 1 5
9 0072 6
10 779 55 o]
11 L 6 4
12 R 5 9 3
13 A A A 2 4 B 1
14 = golz]” \Y 2 13 i3 4 2
15 SThA p)
16 A7) & AT 5 5
17 3 T 7]
18 gk | 6 1 -
19 Bk 16 41
20 =Ry 5
21 e 6 3
22 2} 7 o] 5
23 =4 A 6 4
24 o \Y 2 13 3 1 4 2
25 T}opr I 1 4 5 o 7
26 713 6
27 el . I I 2 | 4
28 3 ) 1 = v 5 27 5
29 AH35 6 2 5 1 4
30 i 5} 7 6 5
31 HA~E 4 1 3 4
32 Ews) Vi . 6
33 A g 6 4
34 EFE i L
35 Ee Vo] 2 5 4
36 CREE 1 7 5
37 yjuj otE” - 5 6
38 MVP 3 7
39 Zfo] o E 5
40 VIP Vi 4 4 9 > 5
41 3 VIP
42 SN 5 7 4
43 HE 3 c
44 | oR=dAl1s 2

* Protection varieties, ** refer to the no. of characteristics in Table A-2
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23}tk (Table A-2). zZF & 4o simple matching distances®?} average taxonomic
distancesE 77} 48 F33F FAFEE NTSYSpe Ver. 21 T2 S ALE &S
(Rolf, 2000). #&3F #AFdstd SA3 de4 5S4 Fou=E 387 #ste] SSR #t
719] Jaccard’'s coefficientol]l 93l YEPd FF3F A= 9ol ok 4F - A FA
o FFX FHA FAEE Mantel testoll oste] s vl F@AFE S

(Rolf, 2000).
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Phenotypic distances — qualitative traits

Figure 5-1. Comparison between phenotypic distances in qualitative traits and genetic
distances based on SSR markers by Mantel test.
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Figure 5-2. Comparison between phenotypic distances in quantitative traits and genetic
distances based on SSR markers by Mantel test.
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Table 5-5. Distinction test by breeders for the variety combinations of various genetic

similarities
0. COMPIT Gyttivar  Simil,* DISURCHOn g COMDIT 6y i iy Pistinetion
nation score nation score

1 A Geumssaraki 0.98 19 13 A Geummi 0.97 11
B S.geumssaraki B Geumbora

2 A Geumssaraki ~ 0.97 17 14 A Geummi 1 13
B Geumdongi B Geumdongi

3 A Geumssaraki ~ 0.98 14 15 A Geummi 0.87 27
B Diamond B Stargeumjige

4 A Geumssaraki 091 24 16 A Geummi 1 12
B Hwangjini B Geumbotari

5 A 007ggul 0.91 18 17 A Hwangjini 0.87 16
B Hwanggeumal B Geumssarakill

6 A 007ggul 0.78 19 18 A Geumssarakill  0.94 13
B Tongilhwang B S.geumssaraki

7 A 007ggul 0.89 15 19 A Diamond 1 11
B Geumbotari B Hwanggeumal

8 A 007ggul 0.54 28 20 A Gayaggul 0.51 23
B Geumhangari B Geumhwang

9 A Geumjige 0.83 23 21 A S.geumdongi 1 10
B S.geumssaraki B Geumdongi

10 A Geumjige 0.82 20 22 A Daehwangx 0.69 20
B Sagyejeolggul B S.geumdongi

11 A Geumjige 0.85 24 23 A Geumhwang 0.83 23
B Geummi B Stargeumjige

12 A Geumjige 0.46 28 24 A Geumhangari 057 28
B Chamwang B Geumkwoei

* the dimention of the scoring is between 7 ~ 28 in order of distinction

w% Similarity coefficient in Jaccard's
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Figure 5-3. Calibration of threshold level for genetic minimum distance against
traditional characteristics based on breeder’'s test and genetic similarity. Twenty three
varieties of 24 variety combination with various genetic similarities were tested by
breeders. Regression analysis was performed to get correlations.

_84_



~ W RV
,.1%0 = % o oHRE %o
@ o7 as . g gl
= = g U = ‘
2T I ERT SR
WA P W E g E T TR
5T % % T W T o o R U
T oy & \L No ) = o]
" N = W 2 &% oy Low oo 5T
—_— ﬂovoﬂﬂom oo ~ o g
S oy _— f S — n T g o
S Nr = L AR R 1 3= F
- r ﬂiﬂ?h ;o»o_% H%H#
R X = 7T A = o s o BB )l
freIriiic e
X o T w L R o oo = oo i
ﬂm - o T - 5 _ﬂoﬂo B = N\ w o= M nﬁ o mm .
ok o NF = LY 2 X5 & w BN &
T = s M% 7S oy &M = il M 2, = Nz oM %o
< had
0 \Ul ﬂ,AI Lf A_I OT E.u ~ \ml ﬂu Qﬂ ﬂA_l ) 5 AWAW ,Ul ﬂu
Eﬁzmzﬁﬂeﬁﬂw w%ﬂ% Wz =% o
. = T 7 = J
iR il cig: Toiis
J NI 0 o © ~
oo l%%ﬂg o W E Moy B 7
5 o @ hi R Hw ~ T o 5o e
- —_— — T —_—
SEESEIL I B 21EE
ﬂoﬂeggaRﬁmEOA;q%ygﬂ T
™ S XK i - S __m L E ol GG No ny
=) OW ° H]WL :.L 17_|L o ‘_‘nl_mu.ﬂ Lf = < m 1%:._ w;.u I
A3 ) = g 20 X o - s = o < ok 3 Y oo 5
o e~ CS = Mo . = Mo . = Lo Ak
_~ N NI < n/*\n I BT 7N N B ogn
T W ook < v o W s ow o M E — G
T R M poE R = 5 A 5 ok y T ~
| To O*H ﬂ DL i _Z‘.ﬂ ‘_LOI C.._ ﬂmo J_,mo Lf O ~ < = ZT._ ‘_Lv
> X 1x7r w o v Nk Nb w ¥ ~ G Mo e o =~ 7
o L w oA T i T L = e N o
— oE i Nd AN X O I = o) R~ %0 — =0
i = H w 2 N o 9L T2 o ol = X o® o £
w5 T W o o oA T = <G T 5 = o SCH IR
" X D il "y of 3 To = do T -
LN Moz = - S TR o T . - g )
T T Lz e E SR, go A Y 70 Mo o )
%o mm Tl 3 MON w2 e w o= X 2} mm [ £
S B Ne Moo e R oo X cZ T ' = S
5 % 5 = T T = By >
G . Xe 0 o = T =1 %
. do T S 5
<0 ﬂﬁ b m o)
7w

- 85 -



12| SSR oA i

o 6 &

A

A 14

X7

X

oF

O

X
N

G
N
3

oy
NI~
~

;0.._

olo

o
70
il

=M EAF #4982 A7 DNA A

A& A (marker assisted selection, MAS)e] 1t}

UPOV (The International Union for the Protection of New Varieties of Plants, = A 2] &

s
—_
o

O
o
ol

jze]
of
ma

o))

B
op

!

=3

17} =2

13 &
93 gtk ek ol

= 2

Fobuet Al 97149 BAGM

An g
RS

RLN

HH

1

el
=<

ol 5+ S
He=

il

St A ATAbge] JAFHAS FHdA A

=
=

o F8

A

3

)

Z|
RFLP, AFLP, RAPD %A&

Aol wol o] &5

o] A &

ki
Ly
a2

|
A hel] o] &5

L

7]
X

=] 7

[oJ v
- it

SHAE A&

3

o
[e)

el

i o
At

o

A ef o]},

=

A7 Lol

Ao ]
A

o

o
—
3T
ar
3T
ar

1

ZA

©H

of i}

Q]
=

°] SSR

=

le A EA ot 2
=

I ooietel AAblel & Aok

7F AE R

Tl &FEA= A

AR e

it

AsW 1-5 bpe
127 3

[

fu

2

I3

919

=

=

DNA F-9Ht} wol7} @ol
<

wol AesolxE x4
— 86 —

=

2 microsatellite

0 o

oA

o,

e
=

}

ko]
pa

=

s
telel 71

°©

hya
ar

)

[}
kal
2=

~F

= H
T

o

g

al

SSR (simple sequence repeat)

1}

A% (polymorphism)”} &

A

3

7} A1 codominant

o] SSR

]

ko>
[}

(e}
a1



A 24 A7 L uhy

1. SSR library 75 % 22 Adt

33 SSRE R3] Y F1Y small-insert genomic library® F+E3gT C
annuum®| genomic DNAE 22y Hindll, Pstl / MboloZ A2 5 ¢k 500 bp A X9
DNA fragmentE size fraction sttt (Fig. 6-1). ¢] fragmentE<S 22t Hindlll, BamHIS
2 AE dephosphorylation A7l pBluescript-SK+ (Stratagene, USA)°l ligation *]# T}
Ligation mixtureE® MAX Efficiency DHb5a competent cells (Life Technologies, USA)<l|
electrophorator® ©]83}¢] transformation Al%] & 1.8% agarose, ampicillin (50 mg/ml),
X-gal (20 mg/me), IPTG (200 mg/mé)eo] 3% LB #jx|e| platingstAtt. LB vi=|ol =}k
colony+ nylon membrane®] transferst®] colony hybridizatione A A3tAt+ (Fig. 6-2)
(Sambrook et al. 1989). Colony hybridizatione 93 microsatellite probe: (AT)15,
(GD15, (GA15, (ATDI0, (TTG10& Abgstgew  [yv-"PIATP (3000 Ci/mmol,
Amersham Pharmacia Biotech, UK)®} T4 polynucleotide kinase (New England Biolabs,
USA)E o] &3} oligonucleotide end-labellingdtitl. SSR F& A2S ¢33 hybridization
stringency:=  GT, GA, TTGE 65T, AT, ATT:= 60C = atdvt.

MtEl 2252 ThermoSequenase 2.0 kit (Amersham Pharmacia Biotech, UK) =
£ ABI377 DNA sequencer (Applied Biosystems, USA)S %3 DNA 97|49 48 4
Alst et (Fig. 6-3). 971449 homology 722 EMBL databaseZE ©]&3lith 9714 <

o 4#4E 98 T7, T3 primer ol §, PFOE 47199 242 FP349
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elution

400-600 bp
elution

(B)

Figure 6-1. Agarose gel electrophoresis of Capsicum annuum genomic DNA for small
insert genomic library construction

(A) C annuum genomic DNAs digested by Pst1 were electrophoresed on 0.8% agarose
gel for size selection. M: & DNA / HindIll marker, Lane 1~11: Capsicum annuum
genomic DNAs digested by PstI (B) The size-selected DNA from A was further
digested with Mbo 1. These DNAs were electrophoresed on 1.2% agarose gel for size
selection. M: 100 bp ladder, Lane 1: C. annuum genomic DNAs digested by Mbo I after

Pst1 digestion and size-selection
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Figure 6-2. Colony hybridization of SSR clone screening
Membranes were hybridized simultaneously with (GT)i5, (GA)is, and (TTG)yp as probes.

( =) indicates positive clones.
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A TGZC ATGZC
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AN /D)
=y \~)
e, RACTITR AA RATITFLAARTRATA TR ATAR THb TRATR ATA ST AATRAT ALAT ART Jl TARTATC TCTCTE
m 318 ] 150 g 154 140

©

PO O T T IC T E T ORI R TA AU TA N TR TR TR T IR TS TR SR TAT TATA TATA LR TAC

i 1H L X il e iH Hoy

Figure 6-3. DNA sequence of SSR clones
(A) (TG)22(AG)y, (B) (TTG, (C) (AAT)15, (D) (TChs(TA)2x
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2. Primer A% 9 PCR +%

:U
rulo

ME SSRE V1Few F%el 9VINLL Ed SSR primerd AAEATh 27tel

r—{u:
HN

primer A& PRIMER 3.0 (http:/-genome.wimit.edu/, Whitehead Institute for
Biomedical Research, USA)& o] &3}1al, PCR 2F& 2] Z o]+ 100 bpolAl 300 bp A %=
stiom, (F)utel e yotE Fall A sk
PCR %<& 25uE ¥8 Fy= 3o 10-25ng9 genomic DNA, 1 Unit Tag
polymerase (TaKaRa, Japan), 10X PCR buffer &<, dNTP, end-labeled SSR primerE ©|
&35t 3. PCR cycle A2 94C 3% denaturation ¥ 94°C, 1%/50 or 55C 1+
/72C 259 cycled 353] WhE & 72T 10min B¢ extension cycle 13 A A&t} 213
PCR £Z A 7t9 @S 93 denature, annealing, extension A7FS Z+7} 30%, 30%, 1#
o2 F9t A= & 4919 PCR (Hybaid, UK; iCyler, USA; PTC-200, USA; GeneAmp
9600, USA) °]&3tda Add A= glAdTh

PCR % 2FE2 6% denatured polyacrylamide gel electrophoresisES &3 #4383 th.
1XTBE bufferdl A #7195, 3MM paperell gel transfer, 0Col A 247t 5¢t JFHZF A

71 ¥ X-ray ZEol 73AA @t
3. Polymorphic information content (PIC) 4]

Zt7ke] SSR EA9 BEAY AEE BAH] A8 bk 2 42 olf, PIC e

=49

k
.2
pic -1 - &P

i=1

Pi= 194 alleled] Y125 YEWH, k= locusel |35t allele5 9 & %A}
PIC 4% DNA M= ANHE 98l Capsicum baccatum, C. frutescense, C. chacoense,
C. pubescence, C. chinense cv. PI159236, C. chinense cv. Habanero, C. annuum cv.
TEF6S, C. annuum cv. AC2258, C. annuum cv. CM334, C. annuum cv. Chilsungcho, C

annuum cv. ECW & 11719 15 ¥ ¢ A8 Z SeminisKoreaZH-E] #oFukoktt,
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4. SSR primer 71'¢S 9% GenBank database 4 % 113 EST DB A

113 microsatellite FHZE $3] GenBanke]l 523 13 DNA 97|A<E3 ESTs

(http://plant.pdrc.re kr/ks200201/pepper.html) S #4135ttt 23 EST d7|A<EL =49

oY HEY HAPdomRE BYEdH. Microsatellite®]  AE, WE HAS 9@
Sputnik ( http://abajian.net ) TR IWE o] &3t F microsatellited] Aol

10%7+#] mismatch& & &3t Hel A 12 bp o] o2 &3itt. o] E A #41¥ EST-SSR

Capsicum annuum cv. TF68E RE  C chinense cv. Habanero2 F¥ o2 3= 107
N F2 Aes B3 13 A AR A4S 3T (Kang et al, 2001). 232t
Ao YA ¥ frame RFLP ¥ A (Kang et al., 2001)¢} 20003 70¢] SSR ¥ A £ raw data®
ol &ttt Aggk EA A9 scoringS 13 2 o] o] Algho] Hy Ao R FasteTt
TR Am=gpdo] 288 223> MAPMAKER 3.0/EXP (Lander et al, 1987)2.% 3}
At A#TFES 54387 98 LOD 4.0, maximum distance 25 cM< 7]+ 22 "Group”

o]& o] &stth. EAEAY AR =AE A7l 98 “Order” BHEAE ©]&3S
A EA YAIEHA] @S He RAES "Try” WHEHolE o]&39 mapping AIAT

"Ripple” WHolZ HAES M5 AdTsdd. A Fd4 A=ALES f

Al 38 Ax 35

1. 159 SSR %] @ B4

2719 small-insert genomic librariesZF8 <F 20,0000 71¢] E&&5& (AT)15, (GT)15,
(GA)15, (ATT)10, (TTG10 oligonucleotides ©]%, colony hybridization 428 3}e] SSR &
E2E5S Adsdn. olE B3 130719 A, AVIMES BAg A 9Bl FEA

microsatelliteE F¢13tA T (73% ALEL). 187] FEo) =EHE Aoz 3elyo] 777]9
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E52] & SSR sequenceE & & AT Repeat Aol FHA 6W, Hdl 36W71H

oi

HEE )l om H repeat 2] 17.6 ©]At}h. Homogeneous repeatt 38 &2, compound
repeat= 39 FEo|Att. SSR A7IAE #4 A (GT) 2570, (TTG) 2471, (GA) 217,
(AT) 2070 (ATT) 571 <o &2 velytt (Fig. 6-4). Compound repeat W&ol 777012l SSR
FERY B2 F B SSR @U7IMES ST = A o= 5 Aol SSRel 95
kbell 171% ZF 25700712 SSRe] &A3S 4 5 AUh

33 SSR FE2oA 42 F7IAde] AEsHH ouE dolr 7] 918 EMBL DBE 3l

ek

]

homology searchE A AIsFAT. & 16719 SSR 29| retrotransposon <2 repetitive
element$t FEAHES 7HA= Aoz SAAHIAY (Table 6-1). 53] HH¢ SINE (short
interspersed repetitive element)¥} AEXdS JHAE FE2o] Ede=dH. o] SINE e
(TTQ)7 A71- L] = Ao=m FAHAY. & FEe SSR w39k & A 15
SSR #3xe} vluetls W (TTG)7F wHe¥ = SSReo] 2WAl= @& Zo] Soldd ntdk 4
o]t} o] SINE w&Eolgtx & 4 9o SSRO EF7} transposonol] 7]¢lstth= A3
o} dXAgtt (Ramsay et al, 1999). (TTG)7} ¥t&5 & 54 2389 ofyg 7kx] 2 2

Iel ae Sqole AleH,

e
N
i
1o,

Number of clones

A AT GT GA AAT TIG GTA  AGC TGA GTAT ATAC AAAAAT
Repeat type

Figure 6-4. Number of clones depending on SSR type from microsatellite clones
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Table 6-1. Microsatellite clones with homology to repetitive DNA sequences

Identity E-value

Clones Known sequence Accession
(%, bp)

Hpms 1-7 Capsicum annuum retrotransposon AF121443 69.64, 336 2.6e-28

Lilium henryli del transposon X13886 64.33, 443 3e-28

Oryza sativa gypsy-type retrotransposon AB014740 64.88,410 4.5e-28
Hpms 1-143 Solanum tuberosum transposon STU91987 70.59, 102 0.68
Hpms 1-214 Tobacco SINE D17455 84.73, 131 3.4e-11
Hpms 1-227 Tobacco SINE D17455 82.35, 85 0.00024
Hpms 1-236 Tobacco SINE D17454 74.79, 114 3.8e-05
Hpms 1-274 Tobacco SINE D17455 73.91, 115 3.6e-07
Hpms 2-18 Tobacco SINE D17456 74.19, 155 8.7e-08
Hpms 2-23 Tobacco SINE D17456 79.41, 136 1.2e-08
Hpms 2-27 Tobacco SINE D17456 75.45, 167 86.e-13
Hpms 2-29 Tobacco SINE D17454 75.42,118 9.7e-05
Hpms 2-30 Tobacco SINE D17455 76.43, 140 le-07
Hpms 2-41 Tobacco SINE D17456 80.14, 146 1.1e-10
Hpms 2-51 Tobacco SINE D17456 76.43, 140 1.2e-07
HpmsAT2-15 Glycine max retrovirus-like element AF186183 85.44,103 2.9e-05
HpmsAT2-20 Glycine max retrovirus-like element AF186183 94.12, 68 0.048
HpmsAT2-28 Glycine max retrovirus-like element AF186183 78.07, 114 3e-05

2. GenBank DBl A 113 SSR

A
J

F 312709 aF d7IAd AR (19999 109 1697H4] NCBIOl $5® H ), 213,061
bpe] AME F3l 32719 SSRS Zkth Pt (90.6%) SSRe| Zol7} 20 bp "|WFo &2 A
4 02 genomic SSRE T #Sktl GenBankell 5249 dA7|A<ES 7|22 113 SSR A
vl RxEsE ALtel & 23 6.7 kbrtth 1709 Wiz a3 Alssol] of 407789 SSR
o] &S FAHE F AT ol EvlE A 84 kb (Smulder et al. 1997), o}&v]F Al
o /] 138 kb (Bell and Ecker 1994)¢} f-AMst Azpe} & 4 v} o]e)st A+ EST 22
e FHA 9714 E AR A genomic sequence®Th W SSRE s ¥ 5 &

AR AAEHRAL 2F A EST 45 S¢ SSRe| 7idel Fa3k A x7F 53
t}. SSR motifd] W& %45 (An, (AT)n, (AGn £2=2 247k 21.3 kb, 53.3 kb, 53.3
kbrtth 17§¢] SSRO| &A1& F48E 5 A3tk (Table 6-2).
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Table 6-2. Frequency of microsatellite in Capsicum GenBank accession

Size(bp) | Predictedkb Predicted # of SSRs

Motif Numbers 12-20 2150 °° per one SSRs in the genome
A 10 10 314 21.3 ~127,000
G 1 1 31 2131 ~12,700
AT 4 3 1 125 53.3 ~50,700
AC 3 2 1 9.4 71.0 ~38,000
AG 4 4 12.5 53.3 ~50,700
ATT 1 1 31 2131 ~12,700
AAG 3 3 9.4 71.0 ~38,000
AGG 1 1 31 213.1 ~12,700
TTG 1 1 31 2131 ~12,700
CCG 1 1 31 213.1 ~12,700
AATA 1 1 31 2131 ~12,700
GGGC 1 1 31 2131 ~12,700
TTTC 1 1 31 213.1 ~12,700
Total 32 29 3 100 6.7 ~405,000
% 100 9%0.6 94

3. SSR #A] 7N

5 777019 genomic SSR & 29712 SSRel a4 = primerE ZFAlo] &o|slx]
G 19700 disiA = SSR 89 dVIAEAH e EAg 8/ disiA e % primer

5 #d3t7ldl= SSRe| cloning sitedl U 7F7ko] EAYsA], 270e] thalA = Tm Fte] #
3 primers S § Sl oFE M 4 otk wElA 48719 SSR F&29 97|A

de 27O R primers JNHEATE GenBankoll Al 2HE 3271 SSRE 26709 SSRel i3
primerE N&stdth 2 AFAANA 543 1F F-1R CaSIG19 (Lee 2000)¢F hpMADS
(Yu 2001)9ll Z}Z} intron, 3’ UTROl microsatellite”’} £A3}e] o] & ©]83}4] primers 7
skt o] Z A JidEl SSR E A= “Hot Pepper microsatellite”2] 2ko]¢l "Hpms'2} %49
Stk =3 olnl Bl ¥ SSR primer (Huang et al, 200002 PIC # =A ¥ A =zAS
$138k F2 genotyping®l ©]& %At} (Fig. 6-5, Fig. 6-6, Table 6-3).

& 76708 primerel wHal PICE 4% 23 Wt PIC#S 057= FHA 0.0014 Hof
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0.917FA] thefsk =32 WYt} Genomic SSRE PIC #2 0.75, GenBank SSR2| PIC k2
0.38°11th. it allele = 4.8% YEFW 2™, genomic SSR2 6.3, GenBank SSR& 3.20]
At EAFEAZA SSRe AEE YeEUE AXEQ PIC 3 allele g9 2114 genomic
SSRe] intragenic SSR Wt} 2Wiu} =25 1d 5 Uk o= HlolA u2 At oA
}= A9 2 (Cho et al, 2000) genomic SSRo] EAE A 7fate] 835 Ues= 23
ol t}
A F7AA 2ol A RFLP, AFLP, RAPD (Prince et al. 1995; Paran et al. 1998;
Rodriguez et al. 1999)& o]&alA FAAY H7Hg Hies 9oy SSRE o] &3 Hiale
T84 AEE 48 vusrle g e
Eo] Ao} =& PIC gto= mFo B o SSR A7} 02 A A Hth DNA th34
SZWell A fgstelet A

Al

F BPHCGCCGC, A/A;A3AsAs F BPHC CAIA A3 AL A5

200bp

Figure 6-5. Microsatellite locus showing alleles amplified from 11 Capsicum germplasm
DNAs isolated from different pepper accession were amplified by PCR using the primer
pairs Hpmsl1-165 and Hpmsl-155. PCR products were separated on 6% polyacrylamide
gel. 100 bp ladder and M13 sequence as size standard were used.

F. C frutescense, B. C. baccatum, P. C. pubescense, H. C. chacoense,

Cl. C chinense cv. PI159236, C2. C. chinense cv. Habanero

Al. C annuum cv. TF68, A2. C. annuum cv. AC2258, A3. C. annuum cv. CM334 A4.
C. annuum cv. Chilsungcho, A5. C. annuum cv. ECW, * 1 200 bp
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< F, >
IV o —————r———

44840689 (57~111) {

HpmsI-165 (57~11 1){

Hpms1-117 (1~56)

Figure 6-6. Multiple loading of 6% acrylamide gel showing 3 different microsatellite
markers segregating in 107 F2 plants. Three different PCR products for individual F2
plant were loaded sequentially in one gel lane at 10 to 30 min intervals. Hpmsl-117,
Hpms1-165, and AA840689 indicated primer pairs and microsatellite loci. Number in the

parenthesis identifies individual F2 plant used for PCR analysis.
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Table 6-3. Description of Hot pepper microsatellite markers

LOCUS REPEAT Primer Size(bp) Condition® # of alleles PIC LGP

Hpms1-1¢ (CA12(TA)4 L% tcaacccaatattaaggtcacttce 283 50, 30 10 0.89 1
R® ccaggcggggattgtagatg

Hpms1-3  (AT)10(GT)12 L: tgggaaataggatgcgctaaacc 223 55, 30 6 0.66 9
R: aactttaa gactcaaa atccataacc

Hpms1-5  (ADT1(GD17 L: ccaaacgaaccgatgaacactc 311 55, 30 8 0.80 6
R: gacaatgttgaaaaaggtggaagac

Hpms1-6  (AT)2(GT)4(AT)s(GT)s L tccataacttcacccatgagtatga 197 55, 30 11 0.91
R: gcaacacccacattcccttcte

Hpms1-41  (AT)6(GT)32IMP' L: gggtatcatccgttgaaagttagg 192 55, 30 3 0.66 1
R: caagaggtatcacaacatgagagg

Hpms1-43  (GT)IT(TG)7 L: aaccagcaatcccatgaaaacc 154 55, 30 3 0.36 1
R: gggctttggggagaatagtgtg

Hpms1-62  (TG)23(AG)9 L catgaggtctcgcatgatttcac 186 55, 30 7 0.81 1
R: ggagaaggaccatgtactgcagag

Hpms1-69  (AC)9(AT)4 L: cggtggcatgtagtttctggag 217 50, 35 5 0.64 4
R: aagacatgaaatccacaagttttc

Hpms1-106 (AAAAAT)4 L: tccaaactacaagcctgectaacc 159 55, 35 4 0.55
R: ttttgcattattgagtcccacagce

Hpms1-111 (AAT)11 L: aagcttatccctttcaaatataa 159 50, 35 11 0.91
R: atatctcacgtattgcggattctt

Hpms1-117 (AT)9(GT)14 L: acccaaatttgccttgttgat 189 50, 35 4 0.77 9
R: aatccataaccttatcccataaa

Hpms1-139 (CT)2(AG)15 L: ccaacagtaggacccgaaaatcc 299 55, 30 6 0.76 1
R: atgaaggctactgctgcgatcc

Hpms1-143 (AG)12 L: aatgctgagctggcaaggaaag 221 55, 30 7 0.88
R: tgaaggcagtaggtggggagty

Hpms1-145 (CT)21(AT)13 L: agcttgtgtcataatcttgaaaaactc 150 50, 35 9 0.86
R: tgaaaagacgattttgtctaatgcg

Hpms1-148 (GA)14 L: ggcggagaagaactagacgattagc 197 55, 30 7 0.83 1
R: ccacccaatccacatagacg

Hpms1-155 (TA)3CA(GA)21 L: acgaggcccaagetgttatgtc 207 55, 30 6 0.66 1
R: ttgtcccgactctecattgace

Hpms1-165 (GA)13 L: ggctatttccgacaaaccctcag 213 55, 35 7 0.75 4
R: ccattggtgttttcactgttgtg

Hpms1-166 (GA)13AA(AT)2 L: ctccttcggaaatgcatgatgg 132 55. 30 5 0.74
R: cagcactttgattccagaacttcg

Hpms1-168 (TA)17(GA)12 L: gceccgatcaatgaatttcaac 208 55, 30 9 0.86 16
R: tgatttttgggtggagagaaaacc

Hpms1-172 (GA)15 L: gggtttgcatgatctaagcatttt 344 55, 30 9 0.88 11
R: cgctggaatgcattgtcaaaga

Hpms1-173 (GA)16(TG)2 L: tgctgggaaagatctcaaaagg 163 50, 35 6 0.86 3
R: atcaaggaagcaaaccaatgc

Hpms1-214 (GTTT2(TTG)9 L tgcgagtaccgagttctttctag 100 50, 35 6 0.78 1
R: ggcagtcctgggacaactcg

Hpms1-216 (TTG)7(TTG)8 L: tgcttgttgtttttaccctcage 108 55, 30 5 0.76 7
R: agtgaaaggtgggcaacagc

Hpms1-227 (TTG)7 L: cgtggcttcaagtatggactge 237 55, 30 3 0.58 7
R: ggggcggaacttttcttatce

Hpms1-230 (AG)2(TTG)7(ATG)2 L: gaatgtgaatcgcccgtatge 214 50, 35 n.d® n.d.
R: catccggcatcaatatgttagtage

Hpms 1-274 (GTT)7 L: tcccagacccctcgtgatag 174 55, 30 7 0.83 7
R: tcctgetecttccacaactg
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Table 6-3. (continued)

Hpms1-281 (TTG)6
Hpms2-2" (GT)9
Hpms2-9 (GT)7
Hpms2-13 (AC)12(AT)4

Hpms2-18 (TTG)11

Hpms2-21 (AT)11(AC)o(ATAC)10

Hpms2-23 (TTG)7(GT)9
Hpm 2-24 (CT)17(CA)5A21
Hpms2-26 (TTG)7
Hpms2-27 (TTG)7
Hpms2-41 (TTG)7
Hpms2-45 (TTG)9
HpmsAT2-14 (AAT)16IMP

HpmsAT2-20 (AAT)18

HpmCaSIG19 (CT)(AT)s(GTAT)s

HpmshpMADS (AT)17

CACCEL1"  (AT)16IMP

AA840689 (GAGGTC)2(GAGGGC),

AA840692  T20

AA840749

CAN132623

AA840721  Al3

CAN130829 T16

AF242731 T18IMP
AF242732 (TTG)6IMP
AF244121  (TTG)smp(AT) anp(GT) am

CANO010950  (TA)9

(AAG)3(AAT)2A(AC)2

(TTTG2(TTG10

g R v M- Bl M - B

<

.3

. tgaggcagtggtatggtctge

© cccgagttegtcetgecaatag

¢ gcaaggatgcttagttgggtgtc

. tcccaaaattaccttgcagceac

¢ cccgtatgtgattctaggatgg

. cgttagcaggtactgaggataagg

tcacctcataagggcttatcaatc

. tecttaaccttacgaaaccttgg

cctecccagaccectactttatge

: tcaaccaaacaagtcgaagtcagc
‘tttttcaattgatgcatgaccgata
. catgtcattttgtcattgatttgg

ccctecggctcaggataaatacc

. ccccagacteecactttgtg

tcgtattggcttgtgatttaccg

. ttgaatcgaatacccgcaggag
¢ gggatgtaggaacaaccctaacc
. tgcatcttttcttcatecccttte

atggactgcgtacatcctaccc

. tgtcttttatgcactagcttgagagg

cttcccagacctcactttgtgg

. tctttgeggttatgtcaagtge

cgaaaggtagttttgggcctttg

. tgggcccaatatgcettaagage

tttagggtttccaactcttcttcc

. ctaaccccaccaagcaaaacac
. tgcactgtcttgtgttaaaatgacg
: aaaattgcacaaatatggctgctg

catgaatttcgtcttgaaggtccc

© aagggtgtatcgtacgcagcectta

tgctttcaaaacaatttgcatgg

© gcgtctaatgcaaaacacacattac
. ctctaataggcaatagctcacatgc
: gcagtctcccagaacgttgtec

. gacaacataggcggacctttgg

. tgctttaggtctacgtccttgecac

. tggaagtgattactggaaaccatgc
. ggggtttagtcatggaatcttttge

acactctcggtggaaagcttgg

. tectettttcgggattecttage

ggatgcggaagatgaagacga

' Ccaacaacagcaacaacaaatcaaa

cactttgatacgtgaacacttcc

. agtttgcactggtcctgctc

. gctaattacttgctecgttttg

. aatgggggagtttgttttgg

¢ gggctgacggccattaagaac

. cagacagctagaaagagaggaattctg

tggtgatgctggcatggttaag

. cagcactgttcacttccecttc

L: tacctcctcgecaatecttetg

. ttgaaagttctttccatgacaacc
. gattttggtggcagaagaattgg
. tgcactttcgaagcaaacaaacc

132

146

189

259

162

295

126

205

217

144

148

174

218

210

243

267

202

181

237

112

195

205

238

254

95,
95,
50,
50,
95,
50,
50,
95,
55,
95,
95,
95,
50,
95,
55,
95,
50,
55,
95,
50,
60,
95,
95,
50,
50,
50,

55,

30

35

35

35

35

35

35

35

35

35

35

35

35

35

35

30

35

35

35

35

35

30

30

35

35

35

35

n.d.

n.d.

0.7

0.83

0.31

0.84

n.d.

0.83

0.75

0.79

0.74

n.d.

n.d.

0.63

0.79

0.75

0.89

0.5

0.69

0.58

0.43

n.d.

0.64

0.86

0.17

0.88

0.81

1,3,5
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Table 6-3. (continued)

AF208834 T7AT1
AF121441
AF130118 (ATTIIMP
AF208832 (TC)5(TTTC)2
AF222989 (GAA)6
AF242730 (ATT)7
CANO11109 (GT)5IMP(CA)3
AA840739 (TTTC)4
AF039662  T26IMP
AAB40677 (GA)IIMP
AA840763 (GAA)6IMP
AAB40773  (AAG)TIMP
AA842818 (TA)XTC)3

AA842825 (CCA)8

AF065616  (AG)5(AAG)4imp
CM0004 ' (CT)6

CM0005  (CCA)8
CMO0006  (AG)5

CM0007  (AG)6

CMO0009  (AT)5

CM0010  (AT)6

CMOOTT  (AC)5(TA)8
CM0012  (AAT)TI

(TAGAMP(GTT)3

. tgcaccaaggtccagtaaggttg

* ccaaccaccatggttcatacaag
gcagacaatcttggttggtttgg
© caccttgagggctaaaggaagg

. atggatgcttcgccatctcaac

. gacacagcagccatatgtatacgc
ccaaggtgaagtgacgatgagg
. gactcggactacgactcgaaaag
actgctgggcattgagggttag

* gcgacatcectcacgacataac
aggccatggaaaaagacactgg
: acatgaccatgaccaaccatcc
ggccttcaactcctcaaagacg

. tactgcatcggttcctggattg

. ccctetetetteecttcace

. agtgctacgatggcttaggg

. ccecctegtctetetttattt

. ttgcaaatcttttgtcaattttt

. tgccttgaaggtagccaagagg

‘Caaacatcaattgaggaggataccg

. tgctattgatgaatacgctgtgg

. cctgtcacaaggaagtcttgatcg

! gagaagaaggccgagggagttc

: gcacctgcttcagcaccttg
tccactgcaccacaaccaatg

© ccataagcaaccaacagaattaggg
ccaccatgaccaccatgagg

. ttcagcccctctcatcaacc

. tctgteecctgtgaagatttgg

. gctecaccagttctgtaccttgg
acaaacatatctatagtgcaaatt
. attgtgctctgtcaaaacaa
catgaccaccatgaggata

: gatagccacgagcatagtatt
agttaacaactttggtgctgt

. taatatggtaagcacattcca

. tgttcctetetcttcttatcg

. ccggagataagatcttgataa
tgaggtctgaaaaaggtaaag
. ttagttgaacttgcagaatcc

. ttggtttttgctactggtaat

. aaactgtcatatatttgtgtgact
tctgctttaaaaacacatacat
. cattctaactgaaattgcatg

. gggatttaataaggaacaatg

. tcaaatatcgacattagcatg

201

234

176

178

208

189

195

95

114

154

154

202

202

205

103

60

130

103

112

158

116

200

95,
95,
55,
50,
95,
95,
95,
50,
50,
995,
95,
95,
995,
995,
95,
50,
50,
50,
50,
50,
50,
50,

50,

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

5 0.76
1 0
3 0.31
1 0
1 0
2 0.46
3 0.31
3 0.31
6 0.79
2 0.40
1 0
1 0
3 0.31
1 0
1 0
1 0
6 0.79
1 0
4 0.5
1 0
4 0.61
5 0.74
1 0

c

" Imperfect repeat

PCR anealing temperature and cycle numbers

¢ Not determined

Hpmsl1: Hot pepper microsatellite from HindI library
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" Linkage group

4 Left primer

GenBank accession number Reported by Huang et al. (2000)

¢ Right primer

" Hpms2: Hot pepper microsatellite from Pst I /Mbo 1 library



SR ¥A ¥ GenBank SSR 137l, genomic SSR 29707} A= #A4 8 F

S
o] B . Bl O agnnuum cv. TF683 C. chinense cv. Habanero AF¢]ol polymorphism

o

Hel o] primerEg FAA A= FAol o] &3ttt 427019 polymorphic marker = 371
£ At BF st fFAdAEed AAHATG (Fig. 6). Hpms2-262 3708 324,
Hpmsl-13} AF244121-& 2719 A& 912 = Aot

28671121 RFLP¢} 4671¢] SSR locigs o€ 153 FAAAEE ZAdstAth. CaSIGI99
hpMADSE= SSR¥ RFLP 5 7}A| marker system< ©]-&3te] mapping & <+ dA=d A}
Aol wWE Aol glo] L FHAF HAHAT oA 7N dominant marker
Hpmsl-1-a, Hpmsl-1-b, Hpms2-13, Hpms2-23, Hpms2-26-cE A3t EE SSRO]

codominant marker® mapping ¥ At SSR A ELS AWrH o7 uF A L2A BFE

-

5. 113 EST DBZ %3 SSR #4

St A sk HEd vA} AFEHoORHE F 4556997 bpE FAE 10,232 EST
sequence (http://plant.pdre.re.kr/ks200201/pepper.html) = BoF Hlo} Sputnik
(http://abajian.net) program= ©]-&3}o] 1,19371¢] SSRS zttl. EST-SSRe| HZol=
17.1 bp a2 EST sequence 3.8 kbwtt} 3fi}e] SSRo] &3t

SSRE| X E WHE o] Aolo wEl T39S W trinucleotide repeate] N7 7f
F B3 HdZdol& dinucleotide”t 71 ATl 1193719 SSRF A trinucleotide repeat
7} 66% dinucleotide repeat®] 18% tetranuclotide pentanucleotide repeat®] Z+7} 8% E =}A|
3kt}. trinucleotide repeato] W& AL ESTolA] vElL}E Az el EXog pFoXx
oj¢} L ANE dS F AT (Table 6-4).
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Figure 6-6. SNU2 pepper map consisting of 46 SSRs and 287 RFLPs. The linkage
groups (1-12) were labeled according to synteny of tomato markers described in
Livingstone et al. (1999) and Ben Chaim et al. (2001), and other groups were arbitrarily
labeled according to total map distance of each linkage group. On the left of the vertical
double lines are map distances in cM calculated by Kosambi function and on the right
are DNA markers by identification numbers and names. Markers by tick marks are
framework markers ordered at LOD>3, and multiple markers at a locus mark were
closely linked within 5 cM. Markers in the parenthesis were placed between framework
markers at LOD<3 or located using "try” command. Markers in italic type correspond to
SSRs (Table 6-3). Marker types and designations are as follows: pepper SSRs (Hpms,
CM, and GenBank accession number); pepper genomic RFLP (PST); pepper cDNA
RFLP (PCD, DC, and CDI); pepper secondary metabolite biosynthesisgenes RFLP (PSY,
GPS, PDS, LCY, CCS, TK2, CRTHYD, PFTF, COMT, PAL, Cad4H, PCS, and pAMT);
pepper EST RFLP (CAN, CFR and CLF); pepper MADS genes RFLP (hpMADS and
MADSPI10); pepper defence related genes RFLP (DD19, CaPR, CaLTP and N32); pepper
rDNA RFLP (RDNA); tomato genomic RFLP (TG); tomato ¢cDNA RFLP (CT and CD);
tobacco cDNA RFLP (X03913 and M29869). Uppercase letters at the end of the marker
names indicate that the marker is one of at least two segregating loci detected by a

single assay.
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Table 6-4

. SSR frequency in pepper ESTs

Number Total Average
of SSR Tength Length
number % bp % bp
di 216 18.1 5,861 28.7 27.1
tri 793 66.5 11,686 57.2 14.7
tetra 93 7.8 1,485 7.3 16.0
penta 91 7.6 1,413 6.9 15.5
Total 1,193 100.0 20,445 100.0 17.1

7))

o] motifell W& SSRO 75 HA Zo
ZF @k trinucleotide®] 49 AAGS} ACC7}

t} (Table 6-3, Fig. 6-7).

15 HEW, dinucleotide

ol o
=) }\)\-

Table 6-5. Distribution of SSR in pepper ESTs

Motif No. of Average % of

SSR Tlength SSR
AC 28 17.6 2.3
AG 149 30.9 12.5
AT 39 18.7 3.3
AAC 88 15.0 7.4
AAG 168 15.1 14.1
ACC 113 14.5 9.5
ACG 48 14.1 4.0
ACT 79 13.5 6.6
AGG 70 14.4 5.9
AGT 72 15.1 6.0
CGG 55 14.2 4.6
Tetra 93 16.0 7.8
Penta 91 15.5 7.6
Total 1193 17.1 100
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AAG AG ACC AAC ACT AGT AGG CCG AGC AAT

Figure 6-7. Most abundant SSR motif in pepper ESTs

6. EST-SSR A 7

o] ¥4l ARE ntEo® F 812 9] primers Attt o]F 153717F & <9

e

mapping A EEQ Capsicum annuum cv.TF68% C. chinense cv.Habanero®l 4l
polymorphism= 2 oH, 150718 EST-SSRES 32 A Eof $1% AT} (Table 6-6).

Sequence HolEJHo] ~E o] &3 SSR /we] T8£S =0]7] YalA polymorphism<
Hol= AHEe Zolg

-
L

re

o)
-l
i
T
X2
=
[
z
ax
o

2 18bp7tAE Hol7t AoAFEH

polymorphism rate’} S7Fste= A3S Hol=ul 1 o|Fo = 388 At e

Aol7b AolAF= sampled] F7F AolAl= A& b W, 18 bp ol o® = Ao
=

&S =Y F dogs AAdnt (oF 20 o] zke], Fig. 6-8).

- 107 -



Table 6-6. The list of pepper EST-SSRs

Marker | Size Marker Size
Repeat LG Repeat LG
Name (bp) Name (bp)

HpmsE001| 207 (ATT)S| 2 HpmsE039| 252 (TGG)5 1
HpmsE002| 177 (CD19| U HpmsE040| 245 (CCT)4 U
HpmsE003| 164 (TTOB| 2 HpmsE041 257 (AT)7 7
HpmsE004| 137 (CAD13| 1 HpmsE042| 232 (TTTA)S 9
HpmsE005| 204 (CACCAT)3| 3 HpmsE043| 241 (ACC)6 7
HpmsE006| 243 (T)22imp| 4 HpmsE044| 246 (AQ)7 2
HpmsE007| 134 (AD)12| 9 HpmsE045| 240 (AAATT)3 2
HpmsE008| 230 T14(AGT)5(GTT)3| 3 HpmsE046| 277 (TC )8 11
HpmsE009| 214 (A)23| 2 HpmsE047| 260 (GAA)5 2
HpmsE010| 198 ©12| 3 HpmsE048| 245 (GAAA)3 1
HpmsEO11| 151 (GAA)5| 6 HpmsE049| 247 (AGO)13 4
HpmsEO012| 208 (ATT)10imp| 11 HpmsE050| 247 (TC )9 3
HpmsEO013| 256 (T)20| 10 HpmsE051 262 (AT)12 9
HpmsEO014| 106 (CGD7| 6 HpmsE052| 221 (AT17 7
HpmsEO015| 146 (GCA)8| 13 HpmsE053 197 (GAA)6 3
HpmsE016| 187 (TACA)3| 3 HpmsE054| 219 (CT)6 12
HpmsEO017| 199 (GCA6| 3 HpmsE055| 275 (AAC)6 4
HpmsEO018| 267 (CAASTAI6| U HpmsE056| 214 (GAA)5 1
HpmsE019| 232 (AT)9| 1 HpmsE057| 211 (TTTA)4 7
HpmsE020| 200 (TTCM4| 7 HpmsE058| 202 (CT6 U
HpmsE021| 250 (AAATM4| 1 HpmsE059| 235 (ACTA(AGG)5 10
HpmsE022| 206 (AGOM4| 1 HpmsE060| 206 (cn7 3
HpmsE023| 206 (AAT)8| 11 HpmsE061 249 (AAG)6 11
HpmsE024| 212 (AAC)| 12 HpmsE062 191 (CCG)4 1
HpmsE025| 213 (TG)9| 9 HpmsE063| 209 (AAC)7 1
HpmsE026| 222 (AGG)5| 1 HpmsEO064| 221 (AAT)4 12
HpmsE027| 230 (AAAC)| 1 HpmsE065| 199 (TACA)3 10
HpmsE028| 231 (AAC)M| U HpmsE066| 241 (AATT)4 2
HpmsE029| 202 (TCGM4| 1 HpmsE067| 212 (ATC)5 14
HpmsE030| 227 (GATT)5| 3 HpmsE068| 232 (GTA)5 7
HpmsEO031| 167 (TC )6| 10 HpmsE069| 216 (CCA)(ACO)10
HpmsE032| 231 (TG 12 HpmsEO070| 215 (ATT)6 11
HpmsE033| 249 (AAATT)3| 1 HpmsE071 1838 (ACC)5
HpmsE034| 202 (ATC)6| 1 HpmsE072 199 (AAC)T
HpmsE035| 226 (AAQ)T7| 1 HpmsEO073| 220 (TTC)5
HpmsE036| 261 (cA7| 1 HpmsEO074| 230 (CAAM 12
HpmsE037| 232 (AAT)8| 3 HpmsEO075| 205 (ACC)6 12
HpmsE038| 283 (ATGTA)3| 7 HpmsEQ76| 239 (AAC)4 6
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Table 6-6. (continued)

Marker | Size Marker Size

Name (bp) Repeat LG Name (bp) Repeat LG
HpmsEO077| 235 (AAC)HY| 1 HpmsE114 190 (AAG)6| 7
HpmsEQ78| 203 (GAG)6| 6 HpmsE115 216 (ATTA)S| 1
HpmsE079| 197 (AGQ)8| 7 HpmsE116 189 (CTD12| 5
HpmsEO080| 254 (CCT)5| 16 HpmsE117 198 (CA)6| 9
HpmsE081| 185 (CA)8| 4 HpmsE118 193 (CCA)T| 2
HpmsE082| 232 (ATC)S| 9 HpmsE119 241 (CD11| 3
HpmsE083| 209 (CT6| 1 HpmsE120 209 (CCAX6| 6
HpmsE084| 220 (AAAAQ)3| 9 HpmsE121 198 (TTO)7| 1
HpmsE085| 204 (ACC)4| 4 HpmsE122 231 (ACGM4| 3
HpmsE086| 221 (TAG)6| 15 HpmsE123 180 (TTTC6| 2
HpmsEQ87| 247 (AT)10| 14 HpmsE124 227 (CAA)10| 11
HpmsE088| 199 (GAG)6| 6 HpmsE125 204 (GA6| 11
HpmsE089| 240 (CTT)5| 2 HpmsE126 192 (ATC)4| 3
HpmsE090| 184 (AAAG)| 2 HpmsE127 277 (GAG)4| 3
HpmsE091| 194 (CCT)B| U* HpmsE128 226 (ATC)5| 12
HpmsE092| 180 (AT)10| 11 HpmsE129 233 (CAA)M| 5
HpmsEQ93| 207 (CTD)4| 14 HpmsE130 221 (AD11] U
HpmsEQ094| 241 (TGG)5| 12 HpmsE131 246 (TCA)9| 1
HpmsE095| 184 (TAGG)4| 7 HpmsE132 197 (AAAAQ)3| 11
HpmsE096| 237 (TTC)M4| U HpmsE133 205 (ATG)4| U
HpmsE097| 250 (CAA)S| U HpmsE134 235 (ATTT)3| 2
HpmsE098| 198 (ATC)M4| 9 HpmsE135 209 (CTGM4| 2
HpmsEQ099| 163 (TTC)| 4 HpmsE136 294 (TTG4| 11
HpmsE100| 220 (GCA)| 1 HpmsE137 189 (GGTY4| 1
HpmsE101| 167 (TAC)| 3 HpmsE138 250 (GACO)A™(TGAM| 7
HpmsE102| 163 (TTG4| 9 HpmsE139 160 (GAO)10| 14
HpmsE103| 177 (AC)7| 7 HpmsE140 225 (CTT)4| 4
HpmsE104| 212 (GGO)4| 1 HpmsE141 206 (ATC)6| 2
HpmsE105| 238 (AAC)5| 12 HpmsE142 214 (CCG)B| 2
HpmsE106| 168 (AAT)9| 3 HpmsE143 107 (AAAAT)3| 9
HpmsE107| 184 (GCA| 2 HpmsE144 236 (GAA™(CTD4 (ATGYM| 2
HpmsE108| 182 (TC 16| 12 HpmsE145 222 (TTAM| 1
HpmsE109| 226 (AAC)| 2 HpmsE146 227 (AAG4A™(AAT4| 4
HpmsE110| 191 (CTT)4| U HpmsE147 178 (GA)6| U
HpmsE111| 219 cnrl 4 HpmsE148 205 (CT6l 2
HpmsE112| 206 (GTAE| 1 HpmsE149 198 (TO)I15(AC)18| 11
HpmsE113| 225 (GCA)4| 6 HpmsE150 219 (CTD)7] 9

% Unliked marker
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Figure 6-8. Relation between polymorphic rate and microsatellite length

SSR motifel wWE polymorphism X5 #2413 A3 dinucleotide®] 4% AT repeat©]
7MY = AEE B3 trinucleotide®] 7§ AAT, ATC, AGC”} polymorphic SSR2| H|

o] 7FF =l =3 T olate] SSRo] £A5tE complex? 7% polymorphic SSR9

Table 6-7. PCR amplification and polymorphism efficiency of EST-SSRs depending on
SSR motif

Motif No. Found No. primer No. Rate of Percent of No.

SSRs pairs successfully successful polymorphic mapped
ordered Ampl1ified amplification SSRs marker

AG 149 46 23 50% 23.9 11

AT 39 19 16 84.2% 42.1 8

AAC 88 58 42 72.4% 19.0 11

AAG 168 114 68 59.6% 14.0 16

AAT 50 31 16 51.6% 22.6

ACC 113 56 38 67.9% 12.5

AGC 50 32 23 71.9% 21.9

AGG 70 44 27 61.4% 11.4 5

ATC 52 50 38 76% 22 11

Tetra 93 65 33 50.8% 16.9 11

Penta 91 60 45 75% 6.7 4

Complex 122 78 50 64.1% 23.1 18

Total 1295 812 513 63.2% 15.6 127
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Fo P4 EAY RAPD ¥ AFLP v}A9 genotypeZte] #TAIE w43t FFH T
DNA v} ¢ &4 71543 AAEE v} 9t} (Lefebvre et al. 2001).

=4ETY Al

& 77 7Fsstel FE3F groupingelyt txFEEo] Al o] &% & S Aolzta ot

Aom (Tommasini et al, 2003), U&= xE EntES o] FUA RS Fusii=r|

SSR wlA 9] &8 7FsAde e AF A waEar gl (Cooke et al, 2003). & o= <l
oA guje] FF A do| o] 753k SSR viAE AtEtit) (Singh et al., 2004).

T Al tiE DNA virf el gh-gaete] theh Az, ol
L

4 240 SSR VAR B§T AF NE

P AR As 7IEAE sHERl 5olA gl WieE Wol= RAPD wiAE Adwelo]
FRA R ol gstal ok, FFY FHAH ] ke o] &Tbs Aol Fde] ofda AF
°of QAN S 2 Al AVIEL Ak FHell e SSR viA] A wpATE &

= Aol 283 d= A9 glod, ko= SSR vt
AE 9 F %59 ¢ #1Al o]&8S BHustAtt (Nandakumari et al., 2004).

4. UPOV =953 (UPOV, 2001)

UPOV/BMT(A 88t 8l £ ES 7] AF24duh) olAs Jujz 5424 B 1t
S 9% AEE EAR] &8 A-AE whEskal DUS AR iAo s =9sty] g =
o]Z 73 Zolt} o]o] wel BMT Review Groupe #EHE Fopo] ExAE

g8&5 st the 2ol oAE AEFsAL, o= UPOV zdolA sjdxelA &2
Aletslo] HAES ok

O Proposal 1 (Option 1: Zd

e

e g4 SolnpA el &8)E UPOV

Convention®l 34

O Proposal 2, 3, 4 (Option 2: 38 S 93 #FF ALASY EAAE ]
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23 genetic distance® UXA A HA, 5%, )L NE2EZ B o]
42 4 o UPOV Convention®l| 3+

O Proposal 5, 6 (Option 3: Exlvl7 EAoz 7]& £33 EA <3 DUS A4
< dAshe AR Alzd A8 gu), D) UPOV Ade] FFRT Al &
A 55 ZAAsHA

olel Wi FAIH A¥E rheAde BRRlstal, 7Y AE R &8N BAE 3 2l g

3)
.

b

524 UPOV/BMT Crop Subgroupss =44, A, Av], EvfE W AMEFS 743}
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. 20049 69 7TYFE 117HA JHH | UPOV/TWV 3] 9oA f§ Ax=9] A FFTHE =
4 FFe] 7EA4 HAAo DNA vi7lE &8ste= Aler ol FofA A eS Btk
& 59 ZEzoAE okavebA s G, 2dQldAE A, WE, a5 EA AA

A EA QA ol Al UE ATt AERIL 92 washelt

M
F,

fo

o

9 WE Fo ATIEF

AN OS2 Cucumis melo Lo W3 ExF1e4 AFE SitslA Fasta A+

Sl
o]

S w=of J. Staub AT (US. Dep. of Agriculture, Agricultural Research Service,
Vegetable Crop Unit, Dep. of Horticulture, Univ. of Wisconsin)¥ 8 Zo| A& o] ~g}
do] N. Katzir 974 (Dep. of Vegetable Crops, Agricutural Research Organization,
Newe Ya'ar Research Center)& & 5 Stk Staub A7 HolAM = F=2 vhA e 7T} &
A2 B7h FEAE, £ ARAA 24 T FF50] A mbAY A8 ATE st
I At} (Staub et al, 2004; Fazio et al, 2002; Lopez-Sese et al., 2002; Staub et al.,
2000). Katzir 7oA = mpA A3t ol& o] &3k WE FAFHAA ArsE s Q)

t} (Danin-Poleg et al., 1998; Danin-Poleg et al., 2000; Danin-Poleg et al., 2001).
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Table A-1. Morphological characteristics of 35 pepper varieties

Varieties
.. . Hanbando | Kanggol | Gangreok |Jogwang|Onsesang| Bugang | Ilseokijo
No Characteristics Description (32 | (2) | Geumdang | (23) | (£44) IR BES)
(ZFEa9)
1 [Seedling : anthocyanin|absent(1), present(9)
coloration of hypocotyl 9 9 9 9 9 9 9
2 |Plant : attitude erect (3),
semi—erect(5), 6 4 5 4 5 5 5
prostrate(7)
3 |Plant: length of stem |[short(3), medium(5),
long(7) 6 5 4 4 6 6 5
4 |Plant : shortened absent(1), present(9)
internode 1 L 1 1 1 1 1
5 |Plant number off{none(1), one to three
internodes between|(2), more than four(3)
the first flower and - - - - - - -
shortened internodes
6 |Plant : length of short(3), medium(5),
internode long(7) 6 6 4 4 5 7 °
7.1|Plant : anthocyanin absent or very weak
coloration at level of [(1), weak(3), medium
nodes (5), strong(7), very 5 7 5 5 5 7 5
strong(9)
7.2|Stem: hairness absent or very weak
(1), weak(3), medium 5 5 3 3 5 5 3
(5), strong(7),
8 |Leaf : length of blade ls:sgrg;f;) medium(5) 7 6 4 4 5 6 5
9 |Leaf : width narrow (3), s 4
medium(5), broad(7) 7 g > > >
10 |Leaf : green color light(3), medium(5),
dark(7) 7 7 5 5 7 7 5
11 |Leaf : blistering weak(3), medium(5)
strong(7) 3 5 3 3 5 3 3
12 [Flower : attitude of |e r e ¢ t ( 1 ) ,
peduncle non—erect(2) 1 2 1 1 1 2 1
13 |Flower : color white(1), light
purple (2), 1 1 1 1 1 1 1
purple(3)
14 |Fruit : color of before |greenish  white(1),
maturity vellowish(2), 3 3 3 3 3 3 3
green(3), purple(4)
15 |Fruit : intensity of light(3), medium(5)
color before maturity |dark(7) 3 5 5 7 4 3 5
16 |Fruit : attitude erect(S),horlzontal(S), 7 7 7 7 7 7 7
drooping(7)
17 |Fruit : length very short(1),
short(3), medium(5), 6 6 6 6 6 6 6
long(7), very long(9)
18 |Fruit : diameter very short(1),
short(3), medium(5), 5 4 4 6 6 6 6
long(7), very long(9)
19 |Fruit : ratio very short(1),
length/diameter short(3), medium(5), 5 5 5 6 6 6 6

long(7), very long(9)
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(Continued)

Varieties
No Characteristics Description Pocheon New Manitta | Myung— | Cheong— |Geumtap | Dabokgeon
—gcheon| viking | (FFuh) | seong yang =) =24
(2A ) | GratelZd) (34) (%)
1 |Seedling anthocyanin|absent(1), present(9)
coloration of hypocotyl 9 9 9 9 9 9 9
2 |Plant : attitude erect(3), semi—erect(5),
prostrate(7) 5 5 5 5 5 5 6
3 |Plant: length of stem short(3), medium(5),
long(7) 5 6 ° 0 5 o 6
4 |Plant : shortened absent(1), present(9)
internode 1 1 1 1 1 1 1
5 |Plant number  of|none(1), one to three
internodes between the|(2), more than four(3) _ _ _ _ _ _ _
first flower and
shortened internodes
6 |Plant : length of short(3), medium(5),
internode long(7) 6 6 7 5 7 5 5
7.1|Plant : anthocyanin absent or very weak
coloration at level of (1), weak(3), medium
nodes (5), strong(7), very g 5 5 7 g o 7
strong(9)
7.2|Stem: hairness absent or very weak
(1), weak(3), medium 3 5 3 5 2 2 3
(5), strong(7),
8 |Leaf : length of blade |[short(3), medium(5)
long(7) 5 6 6 6 5 5 5
9 |Leaf : width narrow(3), medium(5),
broad(7) 5 5 6 6 5 5 5
10 |Leaf : green color light(3), medium(5),
dark(7) 5 5 7 7 3 5 5
11 |Leaf : blistering weak(3), medium(5)
strong(7) 3 5 1 5 1 1 3
12 |Flower : attitude of erect(1), non—erect(2) 9 5 5 1 9 9 5
peduncle
13 [Flower : color white(1), light purple
(2), purple(3) ! ! ! ! ! ! !
14 |Fruit : color of before |greenish white(1),
maturity yellowish(2), green(3), 3 3 3 3 3 3 3
purple(4)
15 |Fruit : intensity of light(3), medium(5)
color before maturity dark(7) 6 ! ° o ° 3 °
16 |Fruit : attitude ere?t(S),horlzontal(5),dr 7 7 7 7 7 7 7
ooping(7)
17 |Fruit : length very short(1), short(3),
medium(5), long(7), 6 6 8 6 4 6 6
very long(9)
18 |Fruit : diameter very short(1), short(3),
medium(5), long(7), 5 5 6 5 3 6 5
very long(9)
19 |Fruit : ratio very short(1), short(3),
length/diameter medium(5), long(7), 5 5 7 5 4 6 5

very long(9)
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(Continued)

Varieties
No Characteristics Description Buchon Super Pung— | Gukbo | Daem— | Geoseong | Geum—
(F-& geumta; chon | (%) | yung (N4) dang
(779 & (F& (1) (=49)
1 |Seedling anthocyanin|absent(1), present(9)
coloration of hypocotyl 9 9 9 9 9 9 9
2 |Plant : attitude erect(3), semi—erect(5),
prostrate(7) 6 5 5 6 6 5 4
3 |Plant: length of stem short(3), medium(5),
long(7) 6 6 6 6 5 5 4
4 |Plant : shortened absent(1), present(9) 1 1 1
internode 1 1 1 1
5 |Plant number  of|none(1), one to three
internodes between the[(2), more than four(3)
first flower and - - - - - - -
shortened internodes
6 |Plant : length of short(3), medium(5),
internode long(7) 6 5 5 5 5 8 4
7.1|Plant : anthocyanin absent or very weak
coloration at level of (1), weak(3), medium
nodes (5), strong(7), very 5 7 7 5 5 5 5
strong(9)
7.2 |Stem: hairness absent or very weak
(1), weak(3), medium 5 5 5 3 3 3 3
(5), strong(7),
8 |Leaf : length of blade |[short(3), medium(5)
long(7) 6 6 4 5 6 5 4
9 |Leaf : width narrow(3), medium(5),
broad(7) 7 7 5 6 6 5 4
10 |Leaf : green color light(3), medium(5),
dark(7) 5 7 5 5 5 5 5
11 |Leaf : blistering weak(3), medium(5)
strong(7) 5 3 3 3 3 3 3
12 [Flower : attitude of erect(1), non—erect(2)
peduncle 2 2 1 2 2 2 1
13 [Flower : color white(1), light purple
(2), purple(3) ! ! ! ! ! ! L
14 |Fruit @ color of before |greenish white(1),
maturity yellowish(2), green(3), 3 3 3 3 3 3 3
purple(4)
15 |Fruit : intensity of light(3), medium(5)
color before maturity dark(7) 6 4 5 5 5 4 5
16 |Fruit : attitude ere?t(S),horlzontal(5),dr 7 7 7 7 7 7 7
ooping(7)
17 |Fruit : length very short(1), short(3),
medium(5), long(7), 8 7 6 6 6 5 6
very long(9)
18 |Fruit : diameter very short(1), short(3),
medium(5), long(7), 5 5 4 4 5 5 7
very long(9)
19 |Fruit : ratio very short(1), short(3),
length/diameter medium(5), long(7), 7 6 5 5 5 5 6
very long(9)
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(Continued)

Varieties
Nol Chmctrsics | Deseion [ AF] BIE | S [ | o | gy | o
(ATEfF) | green green green green
(F%) | (MgEER) | GHREER) | R EEE)
1 |Seedling : anthocyanin|absent(1), present(9)
coloration of hypocotyl 9 9 9 9 9 9 9
2 |Plant : attitude erect (3)
semi—erect(5), 5 5 5 5 6 5 6
prostrate(7)
3 |Plant: length of stem |[short(3), medium(5), 6 6 5 4 4 4 4
long(7)
4 Plant . shortened absent(1), present(9) 1 1 1 1 1 1 1
internode
5 |Plant number of{none(1), one to
internodes between|three (2), more than
the first flower and|four(3) - - - - - - -
shortened internodes
6 |Plant : length of short(3), medium(5),
internode long(7) 5 6 5 4 4 4 4
7.1|Plant : anthocyanin absent or very weak
coloration at level of [(1), weak(3),
nodes medium (5), 5 7 5 7 7 5 7
strong(7), very
strong(9)
7.2 |Stem: hairness absent or very weak
(1), weak(3),
medium (5), o o o o o o °
strong(7),
8 |Leaf : length of blade [short(3), medium(5) 5 5 5 3 4 3 3
long(7)
9 |Leaf : width narrow (3),
medium(5), broad(7) 5 5 5 3 3 3 3
10 |Leaf : green color light(3), medium(5), 3 7 5 3 3 3 3
dark(7)
11 |Leaf : blistering weak(3), medium(5) 5 1 3 3 5 5 3
strong(7)
12 [Flower : attitude of erect (1) 1 9 1 1 1 1 1
peduncle non—erect(2)
13 |Flower : color white(1), light
purple (2), 1 1 1 1 1 1 1
purple(3)
14 |Fruit : color of before [greenish white(1),
maturity yvellowish(2), 3 3 3 3 3 3 3
green (3),
purple(4)
15 |Fruit : intensity of light(3), medium(5)
color before maturity |dark(7) 7 8 7 4 2 2 3
16 |Fruit : attitude erect(?),honzontal(5) 7 7 7 7 7 7 7
,drooping(7)
17 |Fruit : length very short(1),
short(3), medium(5), 5 6 5 4 4 4 4
long(7), very long(9)
18 |Fruit : diameter very short(1),
short(3), medium(5), 5 5 5 3 3 3 3
long(7), very long(9)
19 |Fruit : ratio very short(1),
length/diameter short(3), medium(5), 5 5 5 4 4 4 4
long(7), very long(9)

- 129 -




(Continued)

Varities
L L Matjolim Damrok Nongrok | Perpecto | Tomapi New Global
No Characteristics Description wrinkled wrinkled wrinkled (HAE) | (Ena) ace (Zzur
green green green (Frell o] ) )
(GEEesD) | (F58e3) | Cs 538 3%)
1|Seedling : anthocyanin|absent(1), present(9)
coloration of 9 9 9 9 9 9 9
hypocotyl
2|Plant : attitude erect (3),
semi—erect(5), 6 5 7 7 6 7 6
prostrate(7)
3|Plant: length of stem [short(3), medium(5), 4 4 5 3 3 3 3
long(7)
4 Plant . shortened absent(1), present(9) 1 1 1 1 1 1 1
internode
5|Plant number of|none(1), one to
internodes  between|three (2), more than
the first flower and|four(3) - - - - - - -
shortened internodes
6 Plant . length of short(3), medium(5), 4 4 4 3 3 3 3
internode long(7)
7.1Plant : anthocyanin absent or very weak
coloration at level of [(1), weak(3),
nodes medium (5), 7 7 7 9 7 5 5
strong(7), very
strong(9)
7.4Stem: hairness absent or very weak
(D), weak(3),
medium (5), > ° ° 3 3 2 3
strong(7),
8|Leaf : length of blade|short(3), medium(5) 3 3 5 7 7 7 7
long(7)
9|Leaf : width narrow (3),
medium(5), broad(7) 3 3 3 8 ! Y 8
10|Leaf : green color light(3), medium(5), 3 3 3 9 5 9 9
dark(7)
11|Leaf : blistering weak(3), medium(5) 3 5 5 1 3 7 7
strong(7)
12Flower : attitude of |e r e ¢ t (1) 1 1 1 1 1 1 1
peduncle non—erect(2)
13|Flower : color white(1), light
purple (2), 1 1 1 1 1 1 1
purple(3)
14{Fruit : color of greenish white(1),
before maturity yellowish(2), 3 3 5 3 3 3 3
green (3),
purple(4)
15(Fruit : intensity of light(3), medium(5),
color before maturity |dark(7) 4 4 3 9 3 > >
16|Fruit : attitude erect(?),honzontal(&i) 7 7 7 7 7 7 7
,drooping(7)
17|Fruit : length very short(1),
short(3), medium(5), 5 5 5 3 1 3 3
long(7), very long(9)
18|Fruit : diameter very short(1),
short(3), medium(5), 3 3 3 7 9 7 9
long(7), very long(9)
19|Fruit : ratio very short(1),
length/diameter short(3), medium(5), 4 4 4 3 2 2 2
long(7), very long(9)

- 130 -




(Continued)

Varieties
No. Characteristics Description Hanbando | Kanggol | Gangreok [Jogwang| Onse— |Bugang| Ilseokijo
(8Mkx) | (=) | Geumdang | (&%) sang BA) | (FAo) %)
(FE+9) (A7)
Fruit : predominant flattened(1), round(2),
shape of longitudinal heartshaped(3), square
section (4), rectangular(5),
t r a -
pezoid(6),triangular(7)
20 . long  slender(8), 8 8 8 8 8 8 8
narrow  triangular(9),
W r i n 1 e
ty)pe(lO),hornshaped(l
1
Fruit : predominant elliptic(1), angular(2)
21 shape of cross section |circular(3 3 3 3 3 3 3 3
Fruit : sination of absent or very
pericarp at basal part |weak(1), weak(2),
22 medium(3), 1 1 1 1 1 1 1
strong(4),very
strong(5)
Fruit @ texture of smooth(1),slightly
23 |surface wrinkled (2),strongly 1 1 1 1 1 1 1
wrinkled(3)
Fruit : color at yellow(1), orange(2),
24 |maturity red(3), brown(4) 3 3 3 3 3 3 3
Fruit : intensity of light(3), medium(5),
25 |color at maturity dark(7) 7 7 7 7 7 7 7
Fruit : glossiness weak(3), medium(5),
26 strong(7) 7 7 7 7 7 7 7
Fruit @ stalk cavity absent(1), present(9)
27 1 1 1 1 1 1 1
Fruit : depth of stalk |[shallow (3),
28 |cavity medium(5), - - — — _ _ _
deep(7)
Fruit : shape of apex |acute(1), rounded(2),
29 depressed(3) 1 1 1 1 1 1 1
Fruit : depth of nil or very shallow(1),
30 interloculary grooves rsnehdiﬁrri({f))(? w (3), 1 1 1 1 1 1 1
deep(7), very deep(9)
Fruit : predominant only two(1l), two and
31 [number of locules three(2), three and four 9 2 2 9 9 1 1
(3), four and more(4)
Fruit : thickness of thin(3), medium(5),
32 |flesh thick(7) 5 5 5 5 6 5 5
Pl DSl 13 i 5
33 acenta : size ls:;ge((”), medium(5), _ 5 5 5 5 3 5
34 Stalk : length félr?g%) medium(5), 5 5 5 5 5 5 5
35 Stalk : thickness flg;lré((%)) medium(5), 5 5 5 4 4 4 4
Calyx : aspect non enveloping(1),
36 enveloping(2) 2 2 2 2 2 2 2
Fruit : capsaicin in absent(1), present(9)
37 placenta 9 9 9 9 9 9 9
Time of beginning of [early(3), medium(5),
38 |flowering late(7) 5 6 4 2 4 5 4
Time of ripening early(3), medium(5),
39 late(7) 4 5 6 3 5 5 4
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Varieties
No Characteristics Description Pocheon New Manitta | Myung- | Cheong- Dabok-
-gcheon | viking [(WhHuh)| seong | yang geon
(CEHA) | Grapelsd) (84) () (H570)
Fruit : predominant flattened(1), round(2),
shape of longitudinal heartshaped(3), square
section (4), rectangular(5),
t r a =
20 pezoid(6),triangular(7), 8 8 8 8 8 8
long slender(8), narrow
triangular(9),  wrinkled
gype(lo),hornshaped(ll
Fruit : predominant elliptic(1), angular(2)
91 |shape of cross section |circular(3 3 3 3 3 3 3
Fruit : sination of absent or very weak(1),
29 |pericarp at basal part |weak(2), medium(3), 1 1 1 1 1 1
strong(4),very strong(5)
Fruit : texture of smooth(1),slightly
23 [surface wrinkled (2),strongly 1 1 1 1 1 1
wrinkled(3)
Fruit : color at maturity |yellow(1), orange(2),
24 red(3), brown(4) 3 3 3 3 3 3
Fruit : intensity of light(3), medium(5),
25 | color at maturity dark(7) 7 7 7 7 7 7
Fruit @ glossiness weak(3), medium(5),
26 strong(7) 7 7 7 7 7 7
Fruit : stalk cavity absent(1), present(9)
27 1 1 1 1 1 1
Fruit : depth of stalk shallow(3), medium(5),
28 |cavity deep(7) - - - - - -
Fruit : shape of apex acute(1), rounded(2),
29 depressed(3) 1 1 1 1 1 1
Fruit : depth of nil or very shallow(1),
30 |interloculary grooves shallow(3), medium(5), 1 1 1 1 1 1
deep(7), very deep(9)
Fruit : predominant only two(1l), two and
31 |number of locules three(2), three and four 2 2 2 2 2 2
(3), four and more(4)
Fruit : thickness of thin(3), medium(5),
32 |flesh thick(7) 4 4 6 5 4 6
Placenta : size small(3), medium(5),
33 large(7) 5 5 4 3 - -
Stalk : length short(3), medium(5),
34 long(7) 5 6 5 5 7 5
Stalk : thickness thin(3), medium(5),
35 long(7) 5 5 5 5 5 5
Calyx @ aspect non enveloping(1),
36 enveloping(2) 2 2 2 2 2 2
Fruit : capsaicin in absent(1), present(9)
37 placenta 9 9 9 9 9 9
Time of beginning of early(3), medium(5),
38 |flowering late(7) 6 6 5 2 4 5
Time of ripening early(3), medium(5),
39 late(7) 6 5 5 4 5 4
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(Continued)

Varieties
No Characteristics Description Buchon | Super | Pung- | Gukbo | Daem- | Geo- | Geum-
(&) | geumtap | chon | (IFX) yung seong dang
(FHEE) | (FE ) | AR | &)
Fruit : predominant flattened(1), round(2),
shape of longitudinal heartshaped(3), square
section (4), rectangular(5),
t r a =
20 pezoid(6),triangular(7), 8 8 8 8 8 8 8
long slender(8), narrow
triangular(9),  wrinkled
gype(lo),hornshaped(ll
Fruit : predominant elliptic(1), angular(2)
91 |shape of cross section |circular(3 3 3 3 3 3 3 3
Fruit : sination of absent or very weak(1),
99 |pericarp at basal part |weak(2), medium(3), 1 1 1 1 1 1 1
strong(4),very strong(5)
Fruit : texture of smooth(1),slightly
93 |surface wrinkled (2),strongly 1 1 1 1 1 1 1
wrinkled(3)
Fruit : color at maturity |yellow(1), orange(2),
24 red(3), brown(4) 3 3 3 3 3 3 3
Fruit : intensity of light(3), medium(5),
25 |color at maturity dark(7) 7 7 7 7 7 7 7
Fruit @ glossiness weak(3), medium(5),
26 strong(7 7 7 7 7 7 7 7
Fruit : stalk cavity absent(1), present(9)
27 1 1 1 1 1 1 1
Fruit : depth of stalk shallow(3), medium(5),
28 |cavity deep(7) - — — — — _ _
Fruit : shape of apex |acute(1), rounded(2),
29 depressed(3) 1 1 1 1 1 1 1
Fruit : depth of nil or very shallow(1),
interloculary grooves shallow(3), medium(5),
30 deep(7), very deep(9) 2 2 2 2 2 2 2
Fruit : predominant only two(1), two and
31 |number of locules three(2), three and four 2 2 2 2 2 2 2
(3), four and more(4)
Fruit : thickness of thin(3), medium(5),
32 |flesh thick(7) 5 6 4 4 5 5 5
Placenta : size small(3), medium(5),
33 large(7) 4 5 5 4 5 5 4
Stalk : length short(3), medium(5),
34 long(7) 5 5 3 5 5 5 5
Stalk : thickness thin(3), medium(5),
35 long(7) 5 5 3 5 5 5 4
Calyx : aspect non enveloping(1),
36 enveloping(2) 2 2 2 2 2 2 2
Fruit : capsaicin in absent(1), present(9)
37 placenta 9 9 9 9 9 9 1
Time of beginning of early(3), medium(5),
38 |flowering late(7) 6 6 5 5 5 5 3
Time of ripening early(3), medium(5),
39 late(7) 5 6 4 4 5 5 5
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(Continued)

Varieties
e . Sin- | 21segi |Sintae— |Wrinkled | Seouljang Hansaem | Jinseong
No Characteristics Description gang |(21A7)| vang areen wrinkled wrinkled wrinkled
(217 (AlEfh) | @D green _green green
(MEd#35) | GREED | (R0
Fruit : predominant flattened(1), round(2),
shape of longitudinal heartshaped(3), square
section (4), rectangular(5),
t r a =
20 pezoid(6),triangular(7),| 8 8 8 8 8 8 8
long slender(8), narrow
triangular(9),  wrinkled
t)ype(l()),hornshaped(ll
Fruit : predominant elliptic(1), angular(2)
91 |shape of cross section |circular(3) 3 3 3 1 1 1 1
Fruit : sination of absent or very weak(1),
99 |pericarp at basal part weak(2), medium(3), 1 1 1 1 1 1 1
strong(4),very strong(5)
Fruit @ texture of smooth(lz,s)lightly
surface wrinkled (2),strongly
23 wrinkled(3) 1 1 1 3 3 3 3
Fruit : color at maturity |yellow(1), orange(2),
24 red(3), brown(4) 3 3 3 3 3 3 3
Fruit © intensity of light(3), medium(5),
25 |color at maturity dark(7) 7 7 7 7 5 5 5
Fruit : glossiness weak(3), medium(5),
26 strong(7) 7 7 7 5 5 5 5
Fruit : stalk cavity absent(1), present(9)
27 1 1 1 1 1 1 1
Fruit : depth of stalk shallow(3), medium(5),
28 |cavity deep(7) - - - - - - -
Fruit : shape of apex |acute(1), rounded(2),
29 depressed(3 1 1 1 3 3 3 3
Fruit @ depth of nil or v(ergf shallow((l)),
interloculary grooves shallow(3), medium(5),
30 deep(7), very deep(9) 1 ! 2 1 ! 1 !
Fruit : predominant only ( t)wo(l), two and
number of locules three(2), three and four
31 (3), four and more(4) 1 1 1 1 1 1 1
Fruit @ thickness of thin(3), medium(5),
32 |flesh thick(7) 5 5 5 4 4 3 4
Placenta : size small(3), medium(5),
33 large(7 5 5 5 3 5 3 3
Stalk : length short(3), medium(5),
34 long(7) 5 5 5 3 4 3 3
Stalk : thickness thin(3), medium(5),
35 long(7) 5 4 4 2 2 2 2
Calyx : aspect non enveloping(1),
36 enveloping(2) 2 2 2 2 2 2 2
Fruit : capsaicin in absent(1), present(9)
37 |placenta 9 9 9 9 9 9 9
Time of beginning of early(3), medium(5),
38 |flowering late(7) 4 5 4 3 6 2 2
Time of ripening early(3), medium(5),
39 late(7) 5 6 4 5 5 5 4
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(Continued)

Varieties
foti T Matjolim Damrok Nongrok | Perpecto | Tomapi New Global
No| Characteristics Description wrinklod winklod wrinkled @) | (St ace (St
green green green (ol o] 22)
(GrEeHER) | (FEEHE150) | (5559E]5%)
Fruit : flattened(1), round(2),
predominant shape |heartshaped(3), square
of longitudinal rectangular(5),
section t (r ) a ( —)
pezoid(6),triangular(7
20 ., long  slender(8), 8 8 8 7 4 4 4
narrow  triangular(9),
w r ink 1 e d
ts;pe(lO),hornshaped(l
1
Fruit : elliptic(1), angular(2)
91 |predominant shape |circular(3) 1 1 1 3 2 2 2
of cross section
Fruit : sination of |absent or very
pericarp at basal |weak(1), weak(2),
22 |part medium(3), 1 1 1 1 1 5 5
strong(4),very
strong(5)
Fruit : texture of |smooth(1),slightly
93 |surface wrinkled (2),strongly 3 3 3 1 1 1 2
wrinkled(3)
Fruit : color at yellow(1), orange(2),
24 |maturity red(3), brown(4) 3 3 3 3 3 3 3
Fruit : intensity [light(3), medium(5),
25 |of color at dark(7) 4 5 5 7 3 5 5
maturity
Fruit : glossiness |weak(3), medium(5),
26 £ strong(7) 5 5 5 7 7 7 7
Fruit : stalk absent(1), present(9)
27 cavity 1 1 1 1 9 9 9
Fruit : depth of shallow (3),
28 |stalk cavity medium(5), - - - - - - -
deep(7)
Fruit : shape of |acute(1), rounded(2),
29 |apex depressed(3) 3 3 3 2 2 2 2
Fruit : depth of |nil or very shal%ow(%),
interloculary shallow (3),
30 grooves medium(5), 1 1 4 4 5 7 5
deep(7), very deep(9)
Fruit : only two(1), two and
31 |predominant three(2), three and four 1 1 2 2 4 3 3
number of locules [(3), four and more(4)
Fruit : thickness [thin(3), medium(5),
32 |of flesh thick(7) 3 3 5 7 7 7 7
33 Placenta : size ls;?;lel((%), medium(5), 3 3 3 5 7 7 7
Stalk : length short(3), medium(5),
34 long(7) 3 4 3 3 7 7 5
Stalk : thickness |thin(3), medium(5),
35 long(7) 3 3 5 5 5 5 5
Calyx : aspect non enveloping(1),
36 enveloping(2) 2 2 2 2 1 1 1
Fruit : capsaicin [absent(1), present(9)
37 in placenta 9 9 9 9 1 1 1
Time of beginning |early(3), medium(5),
38 |of flowering late(7) 6 5 5 3 5 5 3
39 Time of ripening 1682121217(1)3), medium(5), 6 4 6 5 6 5 5
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Table A-2. Test guideline for melon (Cucumis melo L.)

R _ s

w5 g # AP HAS)

1QN B @ Hj=% Zo] HH(3), T1H5), A7)

2QN FE  Hele 77 ZH(3), T1H5), AoH(7)

3QN frH : "ole] mAGL (1] dis)) AH(3), T1HG5), AoH(7)

4QN ¢l (Leaf blade) @ =ZL7] 2th(3), =7H5), ATH7)

5QN & & =4 Arh(3), F1H5), A7)

6ON 2B 1 qael wd SFaT}(3), F1H(5), AHTH(7)

TQN & 0 AR QA9 ZAol(terminal lobe) FHTH3), 7H5E), A7)

QN A= ; 7P Y 29 (dentation of oF3hTH(3), Z7H(5), AEHTH(T)
margin)

90N A= 7Fbe]e] B4R undulation of SFSITH(3), Z7H5). ASHTH(T)
margin)

10QN ¢l : 2 #(blistering) oF3lt}(3), Z=7H(5), Asth7)

11QN

ol 2} 5 (petiol) : AFAl (altitude)
(3A A

ZFATH(3), A TH(5), 5THT)

12QN

QAT : 7o

#H(3), T3HG5), A7),

13QL Z2#}#) (inflorescence) @ A X & g sh(1), FAdsh(2)

14PQ A (fruit) : A= AA o v (1), =T (2), FA(3), 3]54(4)

15QN #A: Asd g4 viEA e 2rh(3), F3H5), JAH(T7)

16QN 7 Zo] ATH3), 7H(5), ATHT)

17QN ZH24: HH] FH3), T3H(5), WTH7)

18QN #H4l: dol/rn]e] vl& Sh(3), F1H(5), =TH(7)

19PQ 4 Hojn|e] 914 iR (1), 54(2), FEAAFF(3)
. . HLEFH (D), 99 (2), @45 (3),

20PQ #dl ¢ AEZ (2R 29 S (4), ATHRE (5)

21PQ T : Az AR ek 3}2‘;%)(%5.%4‘4(2), AFA(3), FA(4),

22QN 4 - A= AL g e Arh(3), F3H(5), A7)

23QL A - A 2k (=4 A 9)) ATHL), ATHO9)

24QL ¥4 - HHe] 2 (249 ) A1), A3 d5(2)

25QN #H2 : He] dXx (density of dots) EETH3), 57HG5), WMwsie(7)

26QN A @ =9l W (density of patches) =ETH3), F7HG5), Wwaici(7)
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(Continued)

HE
27QN A AR o] ol (length of HH3), 27H5), 2THT)

peduncle)
28QN:#HA - A AFE A $Feh(3), =3 (5), AT
sgqr “TE ¢ RRAT e wEl(abscission of g gy g oyg)

peduncle)
30QN A ¢ AR g A okalth(3), F3H(5), AstehT)
31PQ 714 1 7% (A A2 9 base) w1 A%, F20HQ), FAEHTE)
PPQ T AR (AT Relapex)®] B AEFTHD), FAHD), RAHE)
33QN A w3 = 7] (pistil scar) ZH(3), T3HG), ZEHT)
34QL #4 : F(grooves) SATH1), ATH9)
35QN A 1 & Abo] o H ] FH3), T3H5), W)
36QN A 1 el Y] FH(3), T1H5), WTHT)
37QNFA ¢ F] Zo] &}(3), F3HE), A7)
38QN A - xHel =& oFstek(3), F7H(5), A7)
3QL #A : Z=4 A SAth(1), ATH9)
40QN A - m2aF9 FA SFh3), =1+ 5), FA4THT)
APQ F}A  m23a FAo Ty 22 A, 48(2), 1=5H33)
42QN 4 T mEAgY FHe] U 3|1k (3), F7(5), =A(T)
43QL 74 ¢ e A A1), 1w A)(@), 2 AN A(E), )
44QN A - Ao e 2rh3), =1t (5) HoH(7)
45QN 4 0 7EREE AEAHAA 5o Hoiune] gFth3), F1H5), T THT)
46PQ 3 : T5 | o SR, 3 A(2), oA (3)
A7QN A 3§ Fa o] 2TH3), %—{ A7)
48QN F A+ A7) Zh(3), ), A7)
49QL EA} 1 v} (b hilum) 2] = zgi;(;&o}v}u) U
S0QL EAk: St Aewe] wop o a3, A3
51QL E#} : A ol (ivory)(1), 2(Cream-yellow)(2)
520N ;gi}; PEE DR e 250 g2, 2206, 200)
BN Ty o T BFE AR A a0, a6, 290

* Type of characteristics QL, qualitative characteristics; QN, quantitative characteristics;

PQ, pseudo—qualitative characteristics
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Table A-3. Morphological characteristics for 44 C. melo varieties

(Refer to the Table 4-1 for variety identification
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(Continued)

15

14

13

12

11

10

9

No. of varieties
8

o7

Traits

27
28
29
30
31

32
33
34
35
36
37
38
39
40

41

42

43

44
45

46

47

48
49

50
51

52

53
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No. of varieties
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22 23124 25|26

19 | 20 | 21

18
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16
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No of varieties
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No. of varieties
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