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Abstract. Precise, fast, and cost-effective identification of crop cultivars is essential for plant breeder’s rights.
Traditional methods for identification of persimmon cultivars are based on the evaluation of sets of morphological
characteristics. However, it is difficult to distinguish closely related cultivars using only morphological traits.
This study was conducted to develop DNA markers for identification of the 32 persimmon cultivars in Korea
and Japan. A total of 309 randomly amplified polymorphic DNA (RAPD) markers were identified using
40 different random primers. Various number of polymorphic bands ranged from 4 (OPP-08) to 14 (UBC159)
were detected with an average of 7.7. Resulting 57 RAPD fragments were selected, and their sequences
were determined for developing sequence characterized amplified region (SCAR) markers. As a result,
15 of 57 RAPD fragments were successfully converted to SCAR markers. Single polymorphic bands of
the same size as or smaller than the RAPD fragments were amplified depending on SCAR markers. Among
these markers, a combination of eight SCAR markers (PS225 200, PSNO5_420, PSF13 523, PSN11_540,
PS372 567, PS485 569, PSP08 635, and PS631_735) provided sufficient polymorphisms to identify 32
persimmon cultivars. These newly developed markers will be a fast and reliable tool to identify persimmon
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cultivars.
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g FAAAY A TR
FeET QT AR 2
Y B W E5 L5 35)] restriction fragment
length polymorphism(RFLP)(Maki et al., 2001; Nakamura
and Kobayashi, 1994), randomly amplified polymorphic
DNA(RAPD)(Badenes et al., 2003; Luo et al., 1995; Yamagishi
et al., 2005), amplified fragment length polymorphism(AFLP)
(Cho et al., 2007; Yonemori et al., 2008), sequence-related
amplified polymorphism(SRAP)(Guo and Luo, 2006), simple
sequence repeats(SSR)(Hwang et al., 2010; Naval et al.,
2010; Park et al., 2012) 53} Z+& t}oksl DNA wpAE9]

Table 1. Information of the 32 persimmon cultivars used in this study.

Cultivar Parentage Astringent type” Origin
Aidzumishirazu Chance seedling PVA Japan
Atago Chance seedling PCA Japan
Cheongdo-Bansi Chance seedling PCA Korea
Chosi Johongsi x Nishinurawase PVNA Korea
Chuyeon Nishinurawase x Johongsi PVNA Korea
Daean Dangam Chance seedling PCNA Korea
Deshimaru Chance seedling PCA Japan
Fuyu Chance seedling PCNA Japan
Hagakushi Chance seedling PCA Japan
Hiratanenashi Chance seedling PVA Japan
Ichidagaki Chance seedling PCA Japan
Iwasedo Chance seedling PCA Japan
Johongsi Chance seedling PVNA Korea
Koshuhyakume Chance seedling PVA Japan
Nishinurawase Chance seedling PVNA Japan
Okugosho Chance seedling PCNA Japan
Partner Nishinurawase x Johongsi PVA Korea
Raotianhong Chance seedling PCA Japan
Ro-19 Fukurogosho x Hanagosho PCNA Japan
Romang Ro-19 x Okugosho PCNA Korea
Sancheong-Danseongsi Chance seedling PCA Korea
Shinhachiya Chance seedling PVA Japan
Shinpei Chance seedling PCA Japan
Shinsyu Okitsu20 x Okitsu1 PCNA Japan
Shuren Chance seedling PCA Japan
Taishu Fuyu x IliG-16 PCNA Japan
Uiseong-Sagoksi Chance seedling PCA Korea
Yeongdeok-Sangsi Chance seedling PCA Korea
Yeongdong-Weolhasi Chance seedling PCA Korea
Yokono Chance seedling PCA Japan
Yotsumizo Chance seedling PCA Japan
Zenzimaru Chance seedling PVNA Japan

“PCNA, pollination-constant nonastringent; PVNA, pollination-variant nonastringent; PCA, pollination-constant astringent; PVA,

pollination-variant astringent.
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F, G, K, M, N, O, P, Y; UBC conifer kit)& AAs}3ch &=
t %44 Hehdl= RAPD b7 Adol= Zejo|H 7o
A AdEEE F 409 YO] Zefo|mE o]-8-51ithTable 2).
PCR AL % 12.5u0LY WH-gHof genomic DNA 40ng,
1xPCR buffer(Genetbio, Daejeon, Korea), 5pmol 2] iz}
o], 200uM dNTP, 3mM MgCL%} 0.4units Tag DNA
polymerase(Genetbio)S #7}5}It}. PCR HFS-2 thermocycler
(C-1000, Bio-Rad Laboratories, Hercules, CA, USA)E A}

Table 2. List of the RAPD primers used in this study, their sequences, and their numbers of polymorphic fragments.

No. of polymorphic

No. of polymorphic

No. Primer Sequence fragments No. Primer Sequence fragments
1 OPF-06 GGGAATTCGG 10 21 UBC116 TACGATGACG 6
2 OPF-13 GGCTGCAGAA 5 22 UBC119 ATTGGGCGAT 6
3 OPG-12 CAGCTCACGA 12 23 UBC146 ATGTGTTGCG 13
4 OPK-01 CATTCGAGCC 6 24 UBC153 GAGTCACGAG 7
5 OPK-10 GTGCAACGTG 7 25 UBC159 GAGCCCGTAG 14
6 OPM-15 GACCTACCAC 5 26 UBC181 ATGACGACGG 8
7 OPN-05 ACTGAACGCC 10 27 UBC225 CGACTCACAG 8
8 OPN-10 ACAACTGGGG 5 28 UBC254 CGCCCCCATT 10
9 OPN-11 TCGCCGCAAA 5 29 UBC322 GCCGCTACTA 10
10 OPN-12 CACAGACACC 9 30 UBC336 GCCACGGAGA 5
11 OPN-19 GTCCGTACTG 9 31 UBC372 CCCACTGACG 13
12 OPO-07 CAGCACTGAC 7 32 UBC460 ACTGACCGGC 5
13 OPO-10 TCAGAGCGCC 5 33 UBC485 AGAATAGGGC 10
14 OPO-13 GTCAGAGTCC 8 34 UBC499 GGCCGATGAT 5
15 OPO-15 TGGCGTCCTT 12 35 UBC504 ACCGTGCGTC 10
16 OPO-19 GGTGCACGTT 8 36 UBC507 AGACGTACTC 6
17 OPP-08 ACATCGCCCA 4 37 UBC519 ACCGGACACT 6
18 OPP-09 GTGGTCCGCA 7 38 UBC533 GCATCTACGC 7
19 OPY-09 AGCAGCGCAC 8 39 UBC589 GACGGAGGTC 6
20 OPY-17 GACGTGGTGA 6 40 UBC631 GGCTTAACCG 6
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Fig. 1. RAPD banding pattern of UBC485 random primer in the 32 persimmon cultivars. Numbers 1-32 correspond to the persimmon

cultivars listed in Table 4. M, 100 bp plus DNA ladder.
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Fig. 2. Dendrogram of the 39 pear cultivars based on UPGMA cluster analysis using genetic similarity.
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735 olelgt ZAI7E FEE ] v o] ARRA7] el A
o7 FAEUHXu et al., 1995). 0|9} 2e] AT b4
= 25+ SCAR whA & Zefoln] A9 =513t ¢
Ol ato] = FEHH A7IAE WY A2 el
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(Paran and Michelmore, 1993).

DNA t}A 5 &-83t 259 &5 HHS JH4 54
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W71 wZoll, &7 dYE Hashy] fe A
o 2 A DNA u}A 9 Fa/4d0] tFEaL it
= F4 0% DNA thAE o8& A f-ole AA
A& Aetsto] 7hadt A§oh= viA E Faxstsof gt
(Kim et al., 2006). & Ago|A= 7/¥E SCAR v}# 5
2|2 8%(PS225 200, PSNO5_420, PSF13 523, PSN11_540,
PS372 567, PS485 569, PSP08 635, PS631_735)2] %3}
= A8oto] SEE WE o A7)0 et F 32FF9 =
S Be 2YETY Bl /st S5E We
= Fool wek 24 17HA 2 67113, Hat 470
7}l E(Koshuhyakume)’ 2 8% 9] SCAR u}# 39
A PSP08_635 wpAo| AT FHRE 1AL, bl ‘2
(Romang)’-& 3%¢] PS225 200, PSN11_540, PS372 567 u}#
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Fig. 3. Amplified fragment patterns of the SCAR markers PSF13_523 (A) and PS631_735 (B) in the 32 persimmon cultivars. Numbers
1-32 correspond to the persimmon cultivars listed in Table 4. M, 100 bp plus DNA ladder.
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Table 4. Result of 15 SCAR marker analysis for 32 persimmon cultivars.

SCAR Cultivar No.

marker 12 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PS225 200 + + + + + + + + + + + + + - - -+ - -+ -+ o+ o+ o+ o+ o+ o+ -+ o+
PS254 346 - - - - - - - - - - - - - 4+ - - 4+ + + - + - - - - - + - - - + -
PSNO5 420 - - + - - + + - + - + 4+ - - 4+ - 4+ + - + + - + + + + - - - 4+ + -
PSO15 433 - - - - - - - - - - - - - 4 - - 4 - -+ - - 4+ - - + - - - - - -
PSF13 523 - - - - + - + + - - - + - + 4+ 4+ + + - - - - - - - - - -+ o+ o+ -
PS519 525 + - + + + - + + - 4+ - + + + + 4+ - - + - - - 4+ 4+ + + + + + 4+ - o+
PSN11. 540 + - - - + + - - - 4 - + - - - 4 - + - - - 4+ 4+ - + + + - 4+ - + -
PS372 567 + + + + + + - + + + + + + - - + + + - -+ - -+ -+ - - - - - -
PS485 569 - - - - - - - - 4+ 4+ - + - - -+ - - -+ -+ - - .-+ -+ - -+
PSN12 631 + + - - + + + + + + + + + - + - - + + + + + + + + + + + + + + +
PSP08 635 - - + + + - 4+ + + + + - - + 4+ + + - + + + - + - 4+ + + + + -+ o+
PS254 693 - - - - - - - - - - - - - - - - 4+ - - - - - - .- - e -t -
PS631 735 T = =T S o T T
pPS533 767 + - - - + + + + + + + + + + + + + + + - - - -+ + + - + + - - -
PS372.779 - - - - - - - - - - - - - - - . e -+ - - e - - .. e e
No. of SCAR

6 4 6 58 7 87 7 86 95577 87 6 6 6 57 6 8107 58575
markers

“+, Presence of SCAR marker; -, absence of SCAR marker. 1, Romang; 2, Partner; 3, Chosi; 4, Chuyeon; 5, Fuyu; 6, Nishinurawase;
7, Taishu; 8, Shinsyu; 9, Daean Dangam; 10, Johongsi; 11, Zenzimaru; 12, Okugosho; 13, Ro-19; 14, Cheongdo-Bansi; 15,
Yeongdong-Weolhasi; 16, Uiseong-Sagoksi; 17, Sancheong-Danseongsi; 18, Yeongdeok-Sangsi; 19, Koshuhyakume; 20, Shinhachiya;
21, Ichidagaki; 22, lwasedo; 23, Raotianhong; 24, Shinpei; 25, Shuren; 26, Deshimaru; 27, Yotsumizo; 28, Hagakushi; 29, Yokono;
30, Hiratanenashi; 31, Aidzumishirazu; 32, Atago.

oA thgAdol HAEEUE 3 F{Fuyu) PS225 200,  uje} L 7432 2FL whaEd 4 gl
PSF13_523, PSN11_540, PS372_567, PSP08_635 n}#| 5%  #AZ
oA thggdol et & AgolA dE SCAR vj#=  RAPD £4]

Az AFA7IeE Auglol avke] AedAv] Ha glo] 1t HSSIGITR tojmof upet A2 v A Wi o= 4(OPP-
o3t PCR 7]719F op7kz 2 A A7) AAT 2 A9 08)-14(UBC159)7H2 B+ 7.77§%ct}. SCAR vl 2 #3hs
oA diFe] ARE Hi A 24T 4 Adv= & 7] 918l 57%9] RAPD T2 AWste] |74 H& w45
ol Qlek webA o Ak 5 WY F FF B wb Al I F 1550] SCAR nHA R AE ek AdE 1559
< A T Al AAo|al AL Bl Ve E8e & SCARWpF= Zeto| z3tof| upet RAPD Wi FUd 3
& Aez ZigEnh 22 7EE SCAR v = &9 7Iu A2 1719 g HEZF SEHI ol v § 8%
U A4 E21 4etFoE AujE= 22 o= 5} (PS225 200, PSNO5 420, PSF13 523, PSN11_540, PS372 567,
7] wjEo] oroF topst S-AxtYe] HE5te] DNA th  PS485 569, PSPO8_635, PS631_735)«] & A8t 5
4 ANE AT 1 Aulo] net 27} wekst Wa o] 9l EAHEO| 49} A7]of wet 7} 2850] o] FHsEiort
oha gk, A AL o5 7 B e 98 A=A e o
omA EIHOE o[§F 4 S AOR BEHh
=z E
%7t 201 : U, tHA, RAPD, 97149
8 220 A5 Ageelal vlE oA aszl &5 &
HE AR S5 5571 dE ROE fle Faelolth olg 28l
I EFES FEshe AEAQ WS FHA 54 97k
o= A A em WA duEel dle S5 Badenes, M., A. Garcés, C. Romero, M. Romero, J. Clavé, M.
P FAo| el F5o s = ot # At = Rovira, and G. Llacer. 2003. Genetic diversity of introduced
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