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Abstract. Since the early 1980s, the National Institute of Horticultural & Herbal Sciences has been breeding
and collecting diverse radish breeds to select those samples with better horticultural characteristics, to ultimately
expand and develop as good radish produce. Genetic diversity is a crucial factor in crop improvement and
therefore it is very important to obtain various variations through sample collection. The collected samples
were compared with one another in order to assess the level of diversity among the collections, and this
procedure allowed for increased application of the gathered resources and aided in determining the direction
to secure further samples. Towards this end, this experiment was conducted in order to examine whether
the SSR markers derived from Chinese cabbage samples could be transferred to the radish samples. Among
the radish breeding lines and introduced resources, 44 lines were used as materials to analyze the genotype
using 22 SSR markers selected. As a result, the analysis showed that among all the selected markers, ‘cnu_m139’
and ‘cnu_m289’ were the most useful markers for diversity evaluation. The genetic relationship of the radish
genetic resources showed that the geographic origins affected the diversity. Furthermore, the different types
of radish groups were also determined by the year they were bred. This result demonstrated that there are
differences between the older radish breeds and the more recently developed radish breeds. Even though a
relatively small number of markers were used in the analysis, it was possible to distinguish whether the radish
was bred 30 years ago or in the 2000s, and that the similar physical shapes comprised a particular group,
showed that the SSR markers can indeed be successfully applied to to study the diversity within radish breeding
lines. Through the results of this study, it can be concluded that the SSR marker developed for the Chinese
cabbage can be applied to examine the genetic diversity and analyze the relationship (genetic resource

determination) of radish.
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Table 1. The 44 representative plant resources used for genetic diversity.

Accession

Parental materials

Accession

Parental materials

No. ID (Inbred name) Origin No. ID. (Inbred name) Origin
‘Haryeongmu’ Korea, Developed
1 10-SDO1 x'Palgwangmu’ Korea 23  10-SD27 (83-30-2-4-5-1-2-9-1-4) in the 1980s
‘Gwandongyeoreum’ Korea, Developed
2 10-SD02 x'Peongjiyeoreum’ Korea 24 10-SD28 (83-1-52-1-1-2-2-3-3-1-5) in the 1980s
) ‘Haryeongmu’ . 4B AAEAAR A Korea, Developed
3 10-SD03 x’Palgwangmu’ Korea 25 10-SD29 (83-1-52-1-1-5-4-1-8-3-1) in the 1980s
4 10-SD04 Unidentified Unknow 26 10-SD30  (83-1-52-1-1-2-3-2-1-1)  Korea, Developed
genetic resource in the 1980s
. Korea, Developed
5 10-SD05 Local variety Turkey 27  10-SD31 (83-1-57-1-7-5-2-3-2-5) in the 1980s
‘Gwandongyeoreum’ Korea, Developed
6 10-SD06 Commercial variety China 28 10-SD32 x ‘Peongjiyeoreum’ in t,he 2000s
(Wonkyo 10028ho)
. , ‘Gwandongyeoreum’
7 10-SDO7 Gﬁagiﬂ”%yzgizm, X Korea 29 10-SD33 x ‘Peongjiyeoreum’ Koirrfathg%‘f)'gge‘j
yeongjly (Wonkyo 10029ho)
‘ , ‘Gwandongyeoreum’
Gwandongyeoreum’ x . b , Korea, Developed
8 10-SD08 . 2 , Korea 30 10-SD34 x ‘Peongjiyeoreum .
Pyeongjiyeoreum (Wonkyo 10030ho) in the 2000s
‘ ) ‘Gwandongyeoreum’
9 10-SD09 Flaneongmu Korea 31 10-SD35  Peongiyeoreum Korea, Developed
gwang (Wonkyo 10031ho)
‘Gwandongyeoreum’
10 10-SD10 Introduced species China 32 10-SD36 x ‘Peongjiyeoreum’ Ko{ﬁihgz\ggzed
(Wonkyo 10032ho)
‘ ) ‘Gwandongyeoreum’
11 10-SD11 Haryeongmu Korea 33 10-SD37 x ‘Peongjiyeoreun’ oy
gwang (Wonkyo 10033ho)
Lo , . ‘Haryeongmu’
12 10-sD12  Jelu 'S'a(rgaf].i';cue;' variety Korea 34  10-SD38 x ‘Palgwangmu’ Ko{ﬁﬁhgz‘(’%gge‘j
! (Wonkyo 10034ho)
‘ ) ‘Haryeongmu’
Gwandongyeoreum . , Korea, Developed
13 10-SD13 . - , Korea 35 10-SD39 x ‘Palgwangmu .
x ‘Pyeongjiyeoreum (Wonkyo 10035ho) in the 2000s
‘ ) ‘Haryeongmu’
14 10-sD14 ‘Swandongyeoreur’ Korea 36 10-SD40 x ‘Paigwangmu’ Korea, Developed
yeongjly (Wonkyo 10036ho)
. , ‘Haryeongmu’
15 10-sD15  SWandongyeoreum’ Korea 37 10-SD41 x ‘Palgwangmu’ Korea, Developed
yeonglly (Wonkyo 10037ho)
. ) ‘Haryeongmu’
Haryeongmu ‘ ) Korea, Developed
16 10-SD16 . ) Korea 38 10-SD42 x ‘Palgwangmu )
x ‘Palgwangmu (Wonkyo 10038ho) in the 2000s
Haryeongmu’ Korea, Developed
17 10-SD17 Local variety (Altari) Korea 39 10-SD43 x ‘Palgwangmu’ in t,he 2000s
(Wonkyo 10039ho)
‘Haryeongmu’
18 10-SD19 Introduced species Europe 40 10-SD44 x ‘Palgwangmu’ Ko{ﬁihgz\aﬂgzed
(Wonkyo 10040ho)
‘Haryeongmu’
19 10-SD21  (83-1-30-6-2-6-7-1-1-1-1)  Korea Developed | 4y 46 gpg5 x ‘Palgwangmu’ Korea, Developed
in the 1980s in the 2000s
(Wonkyo 10041ho)
‘Haryeongmu’
20 10SD22  (83-135-2:3-14-2-1033) (Ore@ Deveoped | 45 40.5p4 x ‘Paigwangmu’ Korea, Developed
(Wonkyo 10042ho)
‘Haryeongmu’
21 10-SD23  (83-1-52-4-3-7-2-1-3-5.5)  Korea Developed | 45 44 g4y x ‘Palgwangmu’ Korea, Developed
in the 1980s in the 2000s
(Wonkyo 10043ho)
‘Haryeongmu’
22 10-SD24  (83-1-57-4-7-3-2-2-6-3-4)  Korea Developed |\, 44 gpgg x ‘Paigwangmu’ Korea, Developed

in the 1980s

(Wonkyo 10044ho)

in the 2000s
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1.5mL micro centrifuge 2o %t DNA+= Genomic
DNA Extraction Kit Protocol(RBC Real Biotech Corp, Korea)
of whe} F2319ic) 323 DNAZS 0.8%2] of7t2 Ao A
719E3t F=FE sk, DNAY Fk+= 260nm
9] UV &3 = £ spectrophotometer2 =743}t DNA 5
L= PCR B3] AHESE7] Aol A& 7te] sk 24 2
o7t 4A GE=E 5-10ng-ul' 2 3]43ke] R3St

SSR OHE 0[8%t PCR 5%

E2ut7] Q72 = v YEA Chiifu-401-41°2] genomic
H7IAES 7IHke = Adsto] Hj S A Aol ARE-E
SSR uhA ZF 5071E Aldrste] A AEA =zl AHESH
Aol g4 A4S shoiek ZF SSR upA o tigt G714 2
AR Kim(2009)0] 4] BHolst 2= 9lch.

PCR HFg-9] A2 0.1unit® Taq polymerase(Intron,
Daejeon, Korea), 212} 0.5uM 9] Primer, 250uM 2] dNTP &
3hg-ol(zF 2.5mM), 2.0mM 2] MgClL, 1uL2] 10X PCR &
o 10-15ng2] genomic DNAE FH O =2 314G o0 & ¥
Byl |0uLE s}gch

PCR Hhg 272 94°Col|A| 4871+2] ¥ A(denaturation)&
gk 3o, DNA /4] ©A 94°Cof A 4527,
Ao A= ZF primerd AL A 4527, Al ©HA
OR 359HES shglon, HF AA B
7Fo 2 314 th(Bioneer, Deajeon, Korea).
PCRZ ZZ3} AJAELS(PCR amplicon) 2% o7} 2244 9
PAGE #7|%%H(Poly Acrylamide Gel Electrophoresis) 2.

2519k PAGE 7|95 9 & M(silver staining)
HJ‘?Q% 6% denaturing polyacrylamide gel A}o| 4 9OW= 2
A7F A7) 95L 5 3 A|HEE 294 7] E(k-1050, Bioneer,
Korea)2 AH&5t0] @4ahT, AFeo 4] 2417k AZAIZ &

Aol ARl

olo o{}lv

1
2=

ZA3%H(annealing)

S7/dlole &4

9] fAA FAE = NTSYS-pe(numerical taxonomy and
multivariate analysis system 1.8, Applied Biostatistics Inc.,
USA) 22 13- o]g3}o] simple matching ¥ o 2] 3]
AFEskal o] s AR st B7HSAE A (UPGMA;
unweightes pair group method using arithmetic average)<
o]g-sto] 3 T A(cluster analysis)S 5} THRohlf, 1993;
Sneath and Sokal, 1973).
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Table 2. Horticultural characteristics of 33 plant resources.

Upper Lower
Accession . Plgnt R(?Ot Root root R.OOt root Leaf Leaf ~ Sugar
Parental materials (Inbred name) weigh  Weight Length - width - Length content
ID ©) ©) (cm) width (cm) width  number (cm)  (°Brix)
9 9 (mm) (mm)
10-SDO1 ‘Haryeongmu’ x ‘Palgwangmu’ 2928.0 2123.0 35.0 635 11.0 34.0 42.5 65.0 4.4
10-SD02 ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’ 957.0 857.0 31.0 30.5 9.5 26.0 26.0 28.5 5.2
10-SDO03 ‘Haryeongmu’ x ‘Palgwangmu’ 2359.0 1423.0 15.0 715 145 305 46.5 47.5 4.7
10-SD04 Unidentified genetic resource 1538.0 919.0 415 48.0 7.0 20.0 49.5 40.0 5.0
10-SD05 Local variety 1055.0 870.0 115 735 135 375 24.0 36.0 5.2
10-SD06 Commercial variety 1717.0 13420 35.0 480 11.0 275 23.5 42.5 6.6

10-SD07 ‘Gwandongyeoreum’ x ‘Pyeongjiyeoreum’ 2257.0 1846.0 23.5 56.0 14.0 235 27.0 41.5 5.0
10-SD08 ‘Gwandongyeoreum’ x ‘Pyeongjiyeoreum’ 1284.0 1096.0 225 55.5 10.5 28.0 26.0 32.0 59

10-SD09 ‘Haryeongmu’ x ‘Palgwangmu’ 1533.0 906.0 32.0 445 9.0 17.0 40.0 435 5.3
10-SD10 Introduced species 1678.0 1410.0 27.5 400 135 28.0 18.5 40.0 5.9
10-SD11 ‘Haryeongmu’ x ‘Palgwangmu’ 14410 1181.0 205 37.0 14.0 295 245 41.0 54
10-SD12 Jeju island’s local variety (Danjimu) 1577.0 513.0 18.5 57.5 9.0 25.5 49.0 58.5 6.4

10-SD13 ‘Gwandongyeoreum’ x ‘Pyeongjiyeoreum’ 895.0 779.0 255 36.5 9.5 25.5 27.0 27.5 4.6
10-SD14 ‘Gwandongyeoreum’ x ‘Pyeongjiyeoreum’ 1235.0 1061.0 23.5 450 105 26.5 30.5 255 4.8
10-SD15 ‘Gwandongyeoreum’ x ‘Pyeongjiyeoreum’ 1602.0 1302.0 19.0 57.0 13.5 26.5 27.5 36.5 5.5
10-SD16 ‘Haryeongmu’ x ‘Palgwangmu’ 1758.0 14450 31.5 445 120 30.0 26.5 39.5 5.1

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD32 (Wonkyo 10028ho) 2186.7 1737.3 253 520 143 273 243 49.0 54

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD33 (Wonkyo 10029ho) 617.0 401.0 120 345 85 185 17.5 38.5 7.0

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD34 (Wonkyo 10030ho) 3144.0 25440 240 70.0 17.0 30.0 35.0 40.0 5.2

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD35 (Wonkyo 10031ho) 2260.0 1800.7 25.7 64.7 13.0 287 41.7 35.7 4.0

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD36 (Wonkyo 10032ho) 1398.0 1176.7 27.0 46.0 100 237 42.0 30.7 5.1

i ‘Gwandongyeoreum’ x ‘Peongjiyeoreum’
10-SD37 (Wonkyo 10033ho) 1023.3 876.7 23.7 413 107 247 323 26.0 4.9

10-SD38 ‘Harye(wg:;(‘;;’] 6%%'%;”9"“' 22800 18617 293 563 123 293 337 377 51
10-SD39 ‘Harye(wg;’:(‘;;ﬂ 6%?3;“3”9"‘“' 15240 12293 303 457 117 187 217 397 52
10-SD40 ‘Harye(‘\’,{/‘g;’:(‘;;’} 6%‘;)'3;?’:)”9"”“' 1602.0 9480 253 540 97 207 273 533 62
10-SD41 ‘Harye(‘\’/{/‘g;’:(‘;;’] 6%‘;)'%‘:";‘)”9"”“' 15927 13280 280 367 93 157 253 327 58
10-SD42 ‘Harye(‘\’/\r/‘g;’l‘(‘;;’} é)%%'gr‘:"cf)”gmu' 18107 14293 223 550 123 323 240 380 48
10-SD43 Haryeongmu® x ‘Palgwangmu’ 30740 26360 250 603 150 337 293 430 5.1

(Wonkyo 10039ho)
‘Haryeongmu’ x ‘Palgwangmu’

10-SD44 s 1004ehe) 19612 16400 260 538 128 256 238 432 47
10-SD45 ‘Hary‘a(‘\’,{/‘gr’:‘k‘;;x16%j'$r‘gvcf)”gm“' 20087 24627 263 680 160 313 313 407 46
10-SD46 ‘Hary‘e(‘\’,\’/‘grrﬁ‘(‘;;xﬁ%*jf'ghwé’)”gmu' 18453 15253 220 533 147 323 253 377 54
10-SD47 ‘Hary‘e(‘\’,\’/‘grrﬁ‘(‘;;xﬁ%*jf'ghwé’)”gmu' 6353 3620 153 353 87 233 243 377 70
10-SD48 Haryeongmu® x ‘Palgwangmu’ 32827 27100 307 753 157 333 287 513 53

(Wonkyo 10044ho)

Aol AL fAA Aelrk 1 TS heterosiso] FA  FT % BYL Y| FAA AL BB T HAof
Hom folshl 9L MWL BUsAt Az T B Aeuct 8§ Bori(4R vlAA), T SR
ABEFS RAPD 24 Z3o H% SARE A7k tgich 9w ) Fojeld ®e) @ gle] go) wolt ol 2
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727 o 3]

D QMXIOIA SSR O] CIEA BHat U Myt
i3zl 4 gl SSR ulAE o] &ate] L SAA}

+ SSR u}7 &= 252 2559 motif(TGC, ATA)E 7HA| 1L
95ith(Table 3). % ThE QA4 807 A.Om, Zefoligy
Ao W= 1-670 %A SSR WA ‘enu_m139°¢}
‘cnu_m289°7} 67) 2 71 Wto, S0 & ‘cnu_m568’,

9] o+ ‘cnu_m568°, ‘cnu_m098’, ‘cnu_m049°9} ‘cnu_m298°¢] 5
B4 B0 Agatngt siolch Y s Sote Y FZH YL SSR v F ommd717} 1R A1
ool A i 9l HAalE SSR ubAE FollM o] 2§ Ths Alom, A SSR A o Hat tH A= 3.67] AT
8= 2lstz] sl 50709 mpA oA Au]AATHE S A 22%2] SSR u}# 7} motif FEE= AT 7RA|AL QIA] bk
e A AN 7HA L SHE o] AWg mejoln o}, motif FEjHE thE AL Yehl s ggeAR A
2% *%%ﬂ?iWTable 3). THLAEZ TSN 54 5 Hus] 2, AGE motif2 Sh= SSR WA 9] F+t2
3t AT 9 S T SALY M4 E AEARE AR 482 7H4 =913, CTS motif2 3H= SSR v}AE 4.7, TG
3fo] SSR PR PCR ¥HS-2 191 o, AlSgtel Agd = 4002 Uehtou] o] motifs 0|43 SSR ulAL &
08 ZEH WEe 27] Aol eldte] TPy BAL  HH TYA BAA nARA §8F A0 HZHETh AT
St motifg 7HA| 1 gl Letolulol X FFelY GAAST} @

7o g HEE fls) AEE 22%9] SSR uhA = HY AsHA A2 Aoz vEhgth

T FAANA 7 =& HlEE EA Sk motif FE| QI Fig. 12 SSR 17 ‘cnu_m289’& PCR Hhg-sto] FE&3t
di-, tri-nucleotide & BHEA7|A D& 7FA 3L Qlolth B3 AMES 71958 Aol o] utAE o]&3 PCR §H-
di-nucleotide ¥H=235}11 Q)= SSR nf#| = 20£ 02 422 O ZZE3 AMEL 150-200bp Ao]ofl A -zt Wl
9] motif(AG, AT, CT, TG)E, tri-nucleotideE WH2-5}31 9] T o] 77]9 Qo] zFo|7t Q&L Soto g e 4= 919
Table 3. The information of SSR primers and number of alleles revealed.
Marker  Marker SSR tAnneaIing . . No. of
type D motif emr()?é?ture Forward primers Reverse primers alleles
SSR  cnu_m598 (AG)12 55 TTCACCGTCTGCTCTTATCG CTGCTCCCATACGATCCACT 5.0
SSR cnu_m316 (AG)15 58 TCAAGCATGTCCTTAAAACTCTGA  GCGTTCACGTTTCCCATATC 4.0
SSR  cnu_m568 (AG)35 57 TAAAATCTGAACCCGAACCC TTGTTGCTCCAACTCCAACA 5.0
SSR cnu_m098 (AG)11 59 TGCGACCCAAGTAGGTGAAAC TGTCTCTCGCTCATTCATCCAA 5.0
SSR cnu_m220 (AT)14 59 ATCAGAACCGAATCCGACCA CAATGGTTGCAATGTTATTTGGA 3.0
SSR cnu_m461 (AT)16 58 GCCGAAACCGACCTCAACTA CAGTTTGAGTTTCGGAATGCAC 3.0
SSR cnu_m176 (AT)22 59 TGTAAGTCACGTTCGGTTTGCT AGGCATGTATGGAGATGTAGAGTGA 2.0
SSR cnu_m377 (AT)26 58 TCAGTTGTCGGATCGTCTATG CACTTATCTTTCCTTTGAAGTTGTTG 2.0
SSR cnu_m040 (AT)27 55 AAAGCATACACATTTTAGGGAAGC TCAAACGCAAATTCAATAAGACA 3.0
SSR cnu_m049 (AT)13 55 GGGAATTCAGCTGGCATCTA GATTGGAGGGAATTGGGTTT 5.0
SSR cnu_m207 (AT)16 59 GGACCCGGAATACCTCAAAAGA CATCAATAGCTCCGACACAATCC 3.0
SSR cnu_m114 (AT)21 59 AGTCGGAGGAAACGCGAAATTA CGAAATAAAGACAGACAGAGACATCCA 2.0
SSR cnu_m471 (AT)24 58 GGAACGACTTCCTCCCGTAT ACTCGAACCATTCTGGCAAA 1.0
SSR cnu_m310 (ATA)14 58 GGCAGGTGGAATATGTGGAA GCACTATCATCATCAAACAGAACA 3.0
SSR cnu_m432 (CT)13 58 CAAACCTCGTCCTAAGCAGAA ACCTGAAGATGACCCAGACG 4.0
SSR cnu_m139 (CT)17 59 TCAAGCGCAACAAACATTGG TGGTGTTAGGGTTTAAGGTTGTGG 6.0
SSR cnu_m280 (CT)23 59 TGTTACCACAGGAACCGTTCAA CTTGGGCACACCATCATCTG 3.0
SSR cnu_m415 (CT)28 58 TGATGTAACCCCGGAGAAGA TTTCTCCCCTGAAAGCACAC 3.0
SSR cnu_m298 (CT)20 58 GGAGAGGTGTTTCTCGAACCT TTCAGTGTGCTATGCAGATCG 5.0
SSR cnu_m289 (CT)26 58 CCCCTGGACTCCGTTTATCT GATCTACGACGATCGGATGC 6.0
SSR cnu_m355 (TG)16 59 CCCCAAAAACAGTGCCAAAG GGCCCTAATCCCCATCACA 4.0
SSR  cnu_m338 (TGC)7 59 GCAACGATGAATCCCTAAACGA AAATCCTCCCACTGTTTCCGAT 3.0
Total 22 80
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Fig. 1. Gel electrophoresis profile of PCR amplicon using SSR marker, cnu_m289. M1, 50 bp size standard ladder; M2, 25 bp
size standard ladder; lane No. designated by 1-44 represents a plant resource explained in Table 1, respectively.
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Fig. 2. The phylogenetic tree results of 44 radish samples using UPGMA cluster analysis of similarity coefficiency.

Kor, J, Hort, Sci, Technol, 31(4), August 2013



Table 4. The cluster results of plant resources.

Group Sub-group No. of plant resource

Accession No.

I 10-SD01, 10-SD02, 10-SD03, 10-SD06, 10-SD09, 10-SD10, 10-SD11, 10-SD13,
G1 17 10-SD21, 10-SD22, 10-SD24, 10-SD27, 10-SD35, 10-SD37, 10-SD38, 10-SD40,
10-SD48
G2 5 10-SD04, 10-SD08, 10-SD12, 10-SD14, 10-SD28
Il G3 7 10-SDO05, 10-SD17, 10-SD19, 10-SD23, 10-SD29, 10-SD30, 10-SD31
11} G4 6 10-SD32, 10-SD33, 10-SD36, 10-SD44, 10-SD45, 10-SD46
G5 4 10-SD16, 10-SD39, 10-SD41, 10-SD47
G6 5 10-SD07, 10-SD15, 10-SD34, 10-SD42, 10-SD43
Total 44
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