Kor. J. Hort. Sci. Technol. 31(3):344-351, 2013

Microsatellite O}71E 0|2t 20| REES

DOI http://dx.doi.org/10.7235/hort.2013.13008

DNA Profile Data Base 7=

AR - FH2A

=g

sHFAAET THE

A Aol A e}

Construction of a DNA Profile Database for Commercial Cucumber
(Cucumis sativus L.) Cultivars Using Microsatellite Marker

Yong-Sham Kwon and Keun-Jin Choi

Variety Testing Division, Korea Seed & Variety Service, Ministry of Agriculture, Food and Rural Affairs, Suwon 443-707, Korea

Abstract. Microsatellite is one of the most suitable marker for cultivar identification as it has great discrimination
power for cultivars with narrow genetic variation. The polymorphism level between 358 microsatellite primer
pairs and 11 commercial cucumber cultivars was investigated. Thirty-one primer pairs showed high polymorphism
within cucumber cultivars with different fruit types. These markers were applied for the constructing DNA
profile data base of 110 commercial cucumber cultivars through multiplex PCR and fluorescence based automatic
detection system. A total of 139 polymorphic amplified fragments were obtained by using 31 microsatellite
markers. The average of PIC value was 0.610 ranging from 0.253 to 0.873. One hundred and thirty nine
microsatellite loci were used to calculate Jaccard’s distance coefficients for UPGMA cluster analysis. A clustering
group of varieties, based on the results of microsatellite analysis, were categorized into plant shape and fruit
type. Almost the cultivars were discriminated by marker genotypes. This information may be useful to compare
through genetic relationship analysis between existing variety and candidate varieties in distinctive tests and
protection of plant breeders’ intellectual property rights through variety identification.

Additional key words: distinctiveness, genetic marker, plant variety protection, variety identification
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I 7S AE F5Y AH S Bk §sto
A EA 9 Zgof Wk vhfRt o de AASHL k. 7t
& FE5Y A2 DNA g4 o7t 548 71N FollA
amplified fragment length polymorphism(AFLP)Y random
amplification of polymorphic DNA(RAPD) 54 7]gof 93
E2% A= AASHA] §al, simple sequence repeat(SSR)
0|4} single nucleotide polymorphism(SNP) £ o] &
£ Aorala gtk Holu.

B4 5AZ ol g3 ole] M 7% F BF A
29/0] Q17 BFE Amne, veekEolAs FolEselink
et al., 2003), E0}E(Bredemeijer et al., 2002), A5 Q19| 7
¢ 2%, 74, A, EolE, e W EE So| 25| gt
7} %38 DNA Z23t92 b|o] o] 23l61 11 (UPOV,
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(UPOV, 2008b), T 5o gt &% A WS
Nsto] o] 5 FFETH M8, AL Fol EEsta
ATHUPOV, 2010). o]&jgt At E S & of =2
5541 microsatellite £ 7|®H& o] &t 25 H7]A
HEA7] 8 22 AdE =2 7|78 SE5te] FSHE
et iy 2715 At o]& dlolguolA
It thy FFETEY F5Y HE2EFY AY 74,
FE A 543 22 npAY A A4S T 7S Y
e, s Y AN, FEE o] AAH #5Y
7heEol Uit #% ¢ T3 242 fofo] Z83tth= A
olth.

AR FTEOA Zo| #AEA] Zgof Be =9 =4
AE AFTEHIAY 4kst 7)< 9 °J§l =9 shufel A
538 9 Ashsh AR uES] o) (BMT: The Working Group

on Biochemical and Molecular Techniques, and DNA-profiling
in Particular)of A} o] oA 31 Qlt}. 2| o] 3] 2of H7}s)
= 7R oy el A ALAW(ISF: International Seed
Federation), =4 A HA A A E 9 74 22 S27)
& 5](CIOPORA: International Community of Breeders of
Asexually Reproduced Ornamental and Fruit-Tree Varieties)
AL B EA 714 EF FRAS BEstY M3
o370l BRI glouk, olF BEREA W3 5t
2o BAuby ] g8 oz & AIHoz W
(UPOV, 2005). S-utete] A& 13(Kwon et al., 2005),
EnlE(Kwon et al., 2009), $=2Kwon et al., 2010) 59
Azoll tigt FF A2 v E fEst] ol &5 WA
o e T4 EA W FEFED AA AR 28
= AAsHAH-

HHp 2hgof] &3k Lols M EY AR A o] &5

§ 715

A AR AR 9 93 53 2 o A S ARe
2853 Qe ool Fejol whet 33, Thebl, A, A

S0 2 BRE 4 9ov, Hde tris] 2ol
oe 2] AR GA RobHE Al Atk 2
ol SEEE 20| B3 20124 129 @A) A4 )
AT 4737 EF0l 58 AER A4 ARl 2445}
+ HFo| =k

Qolof gt BA $HHY AT FFL Amu, A
olof = A Hht 2HE Al L2 A E(Cucurbit Genomics
Projects, http://www.icugi.org/)7} =8 o] F4A}F A= 2}
4 Ba B2 G 5L doleuo) Astst] Bt
Qlom, u|ZofA= 11079 2.¢] microsatellite U}A S 7|
dhslo] o]& H gt v} QIth(Fazio et al., 2002). 121l Ej
o] A= 57719] microsatellite 1} S 73t thS o] 5 2

o falAel 168 B S48 fo BAS B
283t "} 9.0 i (Watcharawongpaiboon and Chunwongse,
2008), Lo LE A= 101719 20| microsatellite 1}
2 st o] 94} A= 2ol o] 83} vt oh;].(Fukino

microsatellite U}?{ 7} 7HHEPQ A g, go] oF Zxo /\ltg
o % Qe AU RAEA] 44 2 olF ol 8F B
dlo[efuo] A ol tigt Ats AUjeH o g
523 Aol

wreba] 2 QoA UPOV7E AQksHs DNA 24 uf
H ol microsatellite U}# S &835t0] 0] §E& %40—01] 3}
EZ34E B2} upA o] A% 9 o] &-83F DNA profile
olE[Ho] 2 F=of it AR 9| AFE F3Ysto] dojtl 2

g Bk Hiolth

0|'-l

AIEZ 2 DNA =

&= A= i“ﬂoﬂ/ﬂ /9% 20] 110 #F& SAIst
o] microsatellite B} 9] A4 72 &85} th(Table 1).
T Exo| 2} 33} A 1S 27HE 2mL EHo| 4
3l B2 7] (Pulverisette 6, Fritsch)E ©]-&3lo] A& 112
A uka) sttt 53] upaE A2 NucleoSpin”Plantll
(Macherey-Nagel Cat. 740 770.250) 7|EE ©o]-&3}o] A&
DNAE E25t4th 55 DNAE 1.5% of7f= A A o] A
7] 9%3lo] DNA 25 Folgt & yLy 10nge] =&
#astol PCR Ao ol §-ah4lc.

!

Microsatellite 24

Q0] BEAMo| TTHl BA npAS M| 9lstod,
B I P AT RS AT P | WS Le L SR
gl AOA ], AT, bR, EEr ZEO fajo
sto] Z=H(Kong et al., 2006), 21| (http:/www.icugi.org/),
u]=-(Fazio et al., 2002), Ejl=(Watcharawongpaiboon and
Chunwongse, 2008) ¥ 2 (Fukino et al., 2008)o]| A 7]t
gl 35870 24} viAE %%0}04 0&d A=S AR
PCRE &3t §44 5 52 Genetic Analyzer(HDA-
GT12™ System, eGEnE, lnc.)—— olasle] M7|YEs 7
F | Z & T (Biocalculator 2.0)& &-&3slo] 7 5

A AolE BAGIOIT. W Aol 1 W
o] sfElo] ATe HALAS AHstol Zafolule] e}
o] FAM, VIC, NED, PET?] 3}3t 24 = 3i7px2 8%
EA|8F o} 20] 110&3(Table 1)& DNA profile H| o] ¥
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Table 1. Commercial cucumber cultivars assayed for genetic variation using microsatellite markers.

No. Cultivars Seed companies No. Cultivars Seed companies
001 Odae Koregon 056 Daeseon Koregon
002 Maya Wonnong 057 Wolhwa Asia
003 Welbeingmatjjang Asia 058 Baekdu Hyundae
004 XQ1 Jeonnam 059 Eunmi-S Koregon
005 Olbaek NH 060 Samcheok Gonong
006 Yeonbaek Monsanto 061 Baeksung3 Japan
007 Neulpureun Monsanto 062 Dongseoheuk Wonnong
008 Younyina Daeyeon 063 Goeun Nongwoo
009 Silroknakhap Hyundae 064 Nagdong Dongbu
010 Massagematjjang Asia 065 Paldo Dongbu
011 Gloria Wonnong 066 Dragon Koregon
012 Jangdaemyeong Wonnong 067 Obokja Asia
013 Duruheukjinju Wonnong 068 Ganghan Nongwoo
014 Jeongpum Dongbu 069 lldong Koregon
015 Kyeongdo Syngenta 070 Baeksungteukho Japan
016 Namjiheukjinju Nongwoo 071 Dongmyeong Wonnong
017 Eunchim Monsanto 072 Cheonggreen Nongwoo
018 Donggangheukjinju Koregon 073 XQ3 Jeonnam
019 Dasom Greenheart 074 Hanbit Nongwoo
020 Guryong Seedone 075 Sinseonmi Koregon
021 Baekok Samsung 076 Bitna Daeyeon
022 Ministop Wonnong 077 Chamhan Hyundae
023 Dongbang Wonnong 078 Luckystrike Monsanto
024 Sinjungpum Dongbu 079 Singsing Dongbu
025 Mansahyungtong Hyundae 080 Baekmi Dongbu
026 Joy Jeonnam 081 Gangryeok Nongwoo
027 Fresh Koregon 082 Sinheukchim Nongwoo
028 Sangsaeng NH 083 Mirinae Syngenta
029 TNC202 Takii 084 Janghyungheukjinju Syngenta
030 Hwangje Hyundae 085 Achim Syngenta
031 Gyeowoosalyi Monsanto 086 Naseong Dongwon
032 Heukryong Asia 087 Jangilmanneung Dongwon
033 Uribaekchim Dongbu 088 Myeonggwang Myeongsan
034 Heukmiin Nongwoo 089 Tongil Koregon
035 Dongji Syngenta 090 Matjon Hyundae
036 Daehan Syngenta 091 Hanbando Kyungwon
037 Chasaejae Hyundae 092 Jumbo Wonnong
038 Puruna Koregon 093 ND-A Dongbu
039 TNC204 Takii 094 ND-B Dongbu
040 Eunmi-L Koregon 095 Jangbaekchim Monsanto
041 Omai Wonnong 096 Baekchim Monsanto
042 Eunsung Monsanto 097 Garakmanchun Monsanto
043 Gangho Nongwoo 098 Jungbok Syngenta
044 Cheongbaek Nongwoo 099 Cheonghwaheuk Dongbu
045 Nebakja Syngenta 100 Cheonggye Wonnong
046 Maeil Nongwoo 101 Sinbi Nongwoo
047 Gangchu Dongbu 102 Miso Wonnong
048 Nokhyang Greenheart 103 Plus Wonnong
049 TNC209 Takii 104 Dongjabi Wonnong
050 Gichan Daeyeon 105 Omaiplus Wonnong
051 Haneul Syngenta 106 Eunhasol Nongwoo
052 Miin Dongbu 107 Donghaeng Haeoreum
053 Cheongmyeong Nongwoo 108 Geumbora Haeoreum
054 Joeun Monsanto 109 Veteran Haeoreum
055 Jeongtong Seedex 110 Jelrujon Asia
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Hlol 7o) Festact

PCR HI3-2 29| 7= DNA 30ng, 0.1uM2] SSR primer,
2.0uL dNTP mixture(2.5mM), Taq polymerase 1.0U, 2.5uL
9] 10x PCR buffer(50mM KCI, 20mM Tris-HCI, pH 8.0,
2.0mM MgCh)ol 5348 H7lsto] A4 23 E 25uLe
2 A3}t PCR(C1000, BioRad, USA) ZZ-2- 94°Co| A
3027} denaturedl &, 45-60°CoJ|A] 30% annealing, 72°C
Oﬂ /\1 4527} extensionS 40cycle =333} $ch. PCRo] ¢h&

3 3.0uLY] SEARES 2.5% op7tEA Ao A A7 FF
0}0# ZZ o]BE o3} T}, %44 150uLo] PCR AHE

1.5uLE 3Alsk9ct 345 PCR ZE AME 1.5uLE= €]
2.5 xEotuto]=(deionized formamide) 10uL, size marker
(LIZ500 size standard) 0.25uL5 &§3F T2 94°Co| A 2
87F WA Z T WAAIZ] PCR 2E AHRL 2157|419
A2} 2] (Genetic Analyzer 3130XL, Applied Biosystem)E
e-235lo] 7] 953t t}2 GeneMapper(version 3.7) 73+E
T2 73 (Applied Biosystem) o]-&35lo] Ex} A tfH
AR A2715 A8k Microsatellite 1H# 9] ThF/de
A7) 9151l ofefe] F4S o 45t0] PIC(polymorphism
information content) Zf-S AF&E3Ith AoA Pye ubA 19
MES oA A 35 ME 3518 HlE==o|thAnderson
et al., 1993).

ek AT AT

Microsatellite £41-8 £3}o] @dAJo] =1l TS =
ol =g npAR Asle] Wi=9] 85 (dominant marker
scoring : present = 1. absent = 0)o]] w2} NTSYSpc(version
2.10b)(Rohlf, 2000) 7AF& L= 10 ¢ 25}l Jaccard

Microsatellite 2

20 BEAE0) wIHQ HA) AZ Aelr) Slatol
0] THale] §3o] Aol e 9] 10558 0|4}
o] 358711 9] microsatellite U}-#| o] T3t ThHA AEE XA}
3} HK(Table 2 and Fig. 1), 2 3587l oA 228717} t}& 4
2 molx) ergkom, viulx] 12371 hE AL el
o] TolA 3= w2 B8-S 7HAIHA tiE R4 o)
glo] i3 wak ohet ws A4l ¥ Leht

& AollA S Ut o] FEEFol tHgt microsatellite
upAo) chay RS AR uel ha kA ek
Y, 5O 0B Holk Y AR AFOR B
29019 = A i 2HE Al ZRAE|A U EST
(expressed sequence tag) 3219 utA7} 714 Ee ohg A
2 Upehul g, Qo4 A ol B A
EFY 9l =d), o] microsatellite 7] o]-8% {42, A
u by So ohE YA w]E Aveln AREL B
Hoj| A Fukino et al.(2008)¢] 7|3t microsatellite 17| 7}
SelUet 20 §5 Bho] B BRI el L
eyt 2ol FF A4 Al d2olA =dE AR S
o83t Eﬂ*ﬂ HI 2 Aypehal 3w, g% ofof tigh 2
| ol A7k QoloF B Ao AR
2% AdbE 317119 microsatellite primer®] 5°-2ehof| &%
o] FAM, VIC, NED, PETS Z}7} %A]8}git}. 121 o]
o] e} 20] 11052 genomic DNAE PCR3 o}
AE AL S ol gele] 1Y) Y5 T 7} mefolo
o] W= t}g A H=Z XAFSE vK(Table 3), microsatellite B}

i

O

orl

]

Nl o o
i) >4
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lI:I

uFH (Sneath and Sokal, 1973)0]] Z38te] G- GALE g Aol ofsf HEH HHFAAY] = 297103 F 139719
AAFSE thS UPGMA (unweighted pair-group method with A7 A= o, UW‘]I"L Bt EFAAe] =
arithmetical average)(Sneath and Sokal, 1973) W o2 = 448702 YEpsith b ZF vpAd R G4 oyAd 4
Table 2. Polymorphism level of microsatellite markers analyzed in this study.
Type of amplified microsatellite markers
No of tested : o
markers Mono (%) Polymorphism level (%) SSR marker source
low high
20 7 (35.0) 1 (565.0) 2 (10.0) Kong et al. (2006)
110 68 (61.8) 8 (34.6) 4 (3.6) Fazio et al. (2002)
74 62 (83.8) 0 (13.5) 2 (2.7) http://www.icugi.org/
53 31 (58.5) 6 (30.1) 6 (11.3) Watcharawongpaiboon and Chunwongse (2008)
101 68 (67.3) 6 (15.8) 17 (16.8) Fukino et al. (2008)
Total 358 228 (63.7) 92 (25.7) 31 (8.7)
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Table 3. Repeat motif, no. of alleles, and PIC value of microsatellite markers selected for genetic characterization of cucumber

varieties.
Microsatellite . Chromosome Annealing Product No. of PIC
designation Repeat motif number temp  Size (bp) alleles value Source
CSNO031 (tc)15 - 55 194218 4 0438  Fukino et al. (2008)
CSNO057 (ag)14, (ac)3 - 55  262-274 3 0510  Fukino et al. (2008)
CSN092 (tc)4, (ag)10 - 55 132136 2 0.492  Fukino et al. (2008)
CSN147 (ac)10, (ta)7, (ta)3, (at)3, (tc)3 3 58 180-254 7 0.802  Fukino et al. (2008)
CSN159 (ag)16 5 58 179-191 3 0739 Fukino et al. (2008)
CSN166 (tc)13, (ct)3 3 58 190-203 4 0.706  Fukino et al. (2008)
CSN180 (ag)4, (ag)8, (ga)3 - 55 2022219 5 0.755  Fukino et al. (2008)
CSN181 (ta)3, (tg)9 4 58 193-208 3 0.457  Fukino et al. (2008)
CSN201 (ta)5, (ac)4, (ac)d, (ta)8 3 55 208236 3 0.447  Fukino et al. (2008)
CSN242 (ag)13 2 58 250267 3 0530  Fukino et al. (2008)
CSN244 (ta)4, (ag)26 7 55 241277 9 0.767  Fukino et al. (2008)
CSN266 (ac)13, (ta)9 7 58 260280 3 0502  Fukino et al. (2008)
CSN273 (ag)6, (ag)4, (ag)11 . 58 288-205 2 0.492  Fukino et al. (2008)
CSN288 (ag)24 . 58 287-312 7 0.761  Fukino et al. (2008)
CSN293 (ag)12 6 58 286209 3 0502  Fukino et al. (2008)
CSN295 (ag)15 4 58 288-208 4 0.736  Fukino et al. (2008)
CSN306 (tg)12 3 58 279306 4 0.674  Fukino et al. (2008)
CSJCTION imperfect 2 55 188226 4 0503  AChereNonRant
CSJCT14 (ga)27 5 53 173204 9 0.873 amatgni;m?%%‘fig%%%)
CSJCT252 (ga)23 ; 60 296333 9 0.842 amatgﬂigmﬁggsp:i(bz%%%)
CSJCT315 (ct)24 5 53 201236 9 0.869 amatgﬂigmﬁggsp:i(bz%%%)
CSJCT674 (ga)23 6 50 247280 8 0.844 a\r/,\éaténi;m%g%%ai(%%%%)
CSJCT746 (ga)23 6 47 268-303 9 0.853 amatg:i;mﬁl’;%?ia%%%)
CSWGATTO1A ()12, (ga)10 2 47 361374 3 0481  Fazio et al. (2002)
CSWGATTO1C (gaaa)10 47 1424153 3 0474  Fazio et al. (2002)
CSWCTO6A (ct)9 . 45 199200 2 0437  Fazio et al. (2002)
CSWTA16 (ta)6, (ta)3 . 47 317-334 2 0418  Fazio et al. (2002)
cu427 (ct)9 - 52 248-258 2 0.440 http://www.icugi.org/
CuU934 (tct)5 - 52 174-186 2 0.253 http://www.icugi.org/
Ccs19 (ctt)8 . 54 1714177 3 0696  Kong et al. (2006)
Ccs31 (aga)9 6 53 230269 5 0.791  Kong et al. (2006)
Total 139.00 18.204
Mean 4.48 0.610

=5 UeFE PIC 32 0.253-0.873717] thFstA| vt
won, B4 061002 =2 AFS Uehygich
WBARAE o] Qo] FF A gt A4 A=
Ao r A gl AAold, fHAL B4 BTl
RAPDY microsatellite n}AS &85t A 1A 7} ]9
g o 1xto] olgl W x| i 9lrth. Horejsi and Stab(1999)
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& Lo A 1183} 4470 fr5 F5= W= RAPD
EA3%} 0]3, Hu et al.(2010)-& 257)¢] 23 S A= Yo tf
stod 21709 ESTO|A 3% microsatellite v}# 2 2435}
%= Wl PIC gk 0.185-0.642 W 9jo]al tf-F-4A2 4=
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Fig. 1. Polymorphlsm of microsatellite markers, CSN159, CSN180, CSN288, and CSN 295. The PCR products were analyzed
using a HAD-GT12™ Genetic Analyzer System. M, QX DNA size marker (25-450 bp); Lane 1, ‘Cheongbaek’; 2, ‘Mansahyungtong’;
3, ‘Eunchim’; 4, ‘Hanggangmat’; 5, ‘Eunseong’; 6, ‘Daehan’; 7, ‘Ganghan’; 8, Gyeowoosalyi’; 9, ‘Kyungdo’; 10, ‘Garakmanchun’;

11, ‘Jungbok’.
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of Uehd ZAateta Abg ) ghH, 2 A-toA &
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W, THE/TRE, ol s A, A A 4R, FRLY
H

B, ABUWAAWS, THEY FHS $HH §
AP} 95% o4 7l UrEhtize] ol | 2o] §413)
oA B G40 ATE $ARAE ol ga7] who] 1
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o4 &3 AZA FEL TAFEHE SAHEA He)
o] Weksl) FREE B0l BAEAY $94Y
of ofa) FEol HA] ok, ol B4 W Mzl A
FlA 4 A O3] AuE7] o] o] FES A

Hat7] $siA= A A2 BAE EXF3EA]E mappingst
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Fig. 2. Dendrogram depicting the classification of 110 cucumber cultivars constructed using UPGMA and based on microsatellite
markers. Numbers 1 — 110 refer to the list of varieties in Table 1. The major clusters are marked in the dendrogram. The

scale at the bottom is Jaccard’s coefficient of similarity.
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H 22 A E EEste] FFET SUEF| st A DNA
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o0 A8 08 FAET 52 58 2 ESS A4S
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