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ABSTRACT : This study was undertaken to develop a technique of discrimination using SSR makers in boxthorn cultivars.
Forty one boxthorn cultivars, which were collected from Korea and China, were evaluated by 10 SSR markers. Total of 61
alleles were detected, ranging from 3 to 13 with an average of 6.1 alleles per locus. The averages of gene diversity and PIC
values were 0.482 and 0.428, with a range from 0.25 (GB-LCM-022 and GB-LCM-087) to 0.83 (GB-LCM-167) and from
0.24 (GB-LCM-022 and GB-LCM-087) to 0.81 (GB-LCM-167), respectively. Five markers out of 10 markers, GB-LCM-
022, GB-LCM-075, GB-LCM-104, GB-LCM-167 and GB-LCM-217, were selected as key markers for discrimination in
boxthorn cultivars. All of boxthorn cultivars were individually distinguished by the combination of five SSR markers.
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et al., 2003), F3 (Tommasini et al., 2003), t1"d (Choi et
al., 2009) 52| 2HEol] &853 o

DNA 7B % SSR W RFLP, RAPD v}7o] H|s}o]
T2 T3 £49] foldo= sl fHHoz 7t
= EFF9] $A E8E Y (Ji e al., 1998; Jang et
al., 2009; Ni et al., 2002). 7712} EFH gt Ay
7= " AF 2= DNA
polymorphic DNA (RAPD) ¥ inter simple sequence repeat
(ISSR) "H1E o] &8 FFEF 2 84 FAk=dl uigh <
T7F A7 FYEAJT (Lee et al., 2007; Park et al., 1996;
Park et al., 2000).

2 FAENE] Mo Qlete] SUAt AT ol
A FkEol] tigh A A, =lielld e F5ol g
AN BT gl g F500 i F A E flsie F
TWEE TIWsRe] 7S QAL Q) 3 FlEHE
o] efdle Az § dHo® v He 797 Bol
Feloll o3k FF LS AKY BT Ao DNA
ol F5WE AIEEE FEshe Aol 7P B U
d Aoz Hrpa gl

oA random amplified

i=1]
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webA E A7 SSR PAE o838l ikt et
TR FF W FRAAEE E4sl] F5 dhdel oig
7Fede AESL S&A] F5 waWE AXsaal 43
shirt.
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1. AidME L DNA F&

2 ATl AR AEe FEEHTAAAE A Bkl
JE T 41AE ARgElslem d=at 2583 S 16
Mol EgE Ut} (Table 1). DNA %2 DNeasy Plant
Mini Kit (QIAGEN)S AMH-3l91em, &3 771X DNAE
BioSpec-nano (Shimadzu, Japan)E ]85} 7|2} DNASQ]
I3 PCR ¥H8-S 184 DNA
T ARg-skATh

quality ¥ quantityS 2+
FEE 20ng/h 2= A
2. SSR &4

Kwon et al. (2009)°] 33t =&Fo|A polymorphic
information content (PIC) #t°] =3l allele 47} B2 107])
SSR mAZ Aualel Ao ARE3IATH (Table 2). PCR 4k
S 984 Schuelke (2000) WH-S HF st Y3t
38 DNA 40ng, Ml3-tailed forward primer 0.2 pM,
reverse primer 0.6 uM, & MI3 primer 0.5puM, dATP,
dGTP, dCTP, dTTPE Z+Z} 200 pM, 50mM KCI, 10 mM
Tris-HCI, 1.5 mM MgCl,, 0.25unit Tag DNA polymeraseS
AREBISITE F3EFZE 6-FAM, HEX, NEDS ARE-3I9C
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Table 1. Information of 41 boxthorn cultivars and accessions used

in this study.
No. Code Variety name or collected region Origin
1 1-CHN  Chinal CHN
2 2-CHN China2 CHN
3 3-CHN Younghagoogi CHN
4 4-CHN  Nokwongoogi CHN
5 5-CHN Cheongjingoogi CHN
6 6-CHN Collected from China CHN
7 7-CHN  Collected from China CHN
8 8-CHN Collected from China CHN
9 9-CHN Collected from China CHN
10 10-CHN Collected from China CHN
11 11-CHN  Collected from China CHN
12 12-CHN Collected from China CHN
13 13-CHN Collected from China CHN
14 14-CHN Collected from China CHN
15 15-CHN Collected from China CHN
16 16-CHN Collected from China CHN
17 17-KOR  Yuseongl KOR
18 18-KOR Yuseong2 JPN
19  19-KOR Cheonyang6 KOR
20 20-KOR Cheonyang? KOR
21 21-KOR  Cheonyang8 KOR
22 22-KOR  Cheonyang9 KOR
23 23-KOR Myeongan KOR
24 24-KOR Bulro KOR
25 25-KOR  Cheongdae KOR
26 26-KOR Jangmyeong KOR
27 27-KOR  Cheongun KOR
28 28-KOR Hwabun KOR
29 29-KOR Cheongyangjaerae KOR
30 30-KOR Jinbujaerae KOR
31 31-KOR Jindojaerae KOR
32 32-KOR Keumsanjaerae KOR
33 33-KOR Haenamjaerae KOR
34 34-KOR Cheongyangjong KOR
35 35-KOR Local strain (collected from Boryeong) ~ KOR
36  36-KOR Local strain (collected from Wando) KOR
37 37-KOR  Local strain (collected from Munkyeong) KOR
38 38-KOR Local strain (collected from Sancheong)  KOR
39 39-KOR Local strain (collected from Youngcheon) KOR
40 40-KOR  Local strain (collected from Geochang) ~ KOR
41 41-KOR  Local strain (collected from Goseong) KOR
™, PCR %H&L& PTC-200 thermocycler (MJ Research,

USAYE o|-&3I3itt.

FA2E e A8 9lste] PCR AHE 1.2 44, internal
size standard 500 ROX (ABI, Foster city, CA) 0.3 /£, Hi-
di formamid (ABI, Foster City, CA) 94 7} & ABI
3130xl Genetic Analyzer(ABI, Foster City, CAYE ©]-8-3}]
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Table 2. Information of 10 SSR markers used in this study.

Primer sequence

Marker Repeated motif TA (C)S
Forward Reverse

GB-LCM-004 ACATTTTGAATCTCCCCGT TGGGAATCAAGATCAATAGTCA (TA),, (TA), 57
GB-LCM-022"  CGCGCAGTAATTCCATGT TGTATGATCCCTAAGCTCCCG (CA)1 (YA),,* 58
CB-LCM-025 AAGACAGCACGCCAAAAA AGCCACCCCCAACTAAAA (GAQ), 58
GB-LCM-075"  TCTCCTTCGGACCCATTT TTGGCATAACGTGCTCGT (CA)s5 58
CB-LCM-087 CTCCTGAATACCCTGGGC AGCAACAAGCAGCAGCACG (GCW)34* 58
GB-LCM-104"  TTTGGAATGAAACGACGG ACACCCCCGAGACTTAGC (GTT),, (GTT), 58
GCB-LCM-119 AATGTACATCGCCCCCA CATTCGCAGCCTGCTTTT (CA)4, (CA), 58
GB-LCM-166 CCTGAGAGCTGATGTGGC AGGAGGAGAAGGGGGAAG (TTO); 58
GB-LCM-167"  CTTGAAGATGGAGGAAAGCA CCCAAAATTAAAGGGGCA (GA)7, (GA)g 58
GB-LCM-217"  GATGTTGGTCTTGGGCTG CAGCAAGCCCAACACTTT (TC),, (TO)g 58

*: SSR markers used in cultivar discrimination

* Degenerated sequence; Y (Cor T), W (A or T)

5. Annealing temperature

Table 3. Characterization of 10 SSR markers in boxthorn cultivars.

Marker Size range (bp) Difference (bp) NAF Maet Gene diversity PICS
GB-LCM-004 238-258 20 4 0.82 0.31 0.27
CB-LCM-022 103-245 142 7 0.86 0.25 0.24
GB-LCM-025 258-267 9 3 0.51 0.54 0.44
CB-LCM-075 144-228 84 10 0.61 0.58 0.54
GB-LCM-087 117-240 123 6 0.87 0.25 0.24
GB-LCM-104 289-346 57 4 0.74 0.41 0.36
GB-LCM-119 276-286 10 3 0.52 0.51 0.39
GB-LCM-166 213-231 18 4 0.55 0.54 0.44
GCB-LCM-167 189-227 38 13 0.28 0.83 0.81
GB-LCM-217 127-233 106 7 0.54 0.61 0.54

Mean 6.1 0.630 0.482 0.428

: Number of allele

¥ Major allele frequency

$: Polymorphic information content

EAEIGTh AlE 492 $1581d Genemapper 4.0 (ABI Fes- PIC #tol 7FF =& GB-LCM-167 "HAE o] &3}

ster City, CA)S ©]&&}it}.

3. SSR OB TIXd ¥ DX S5 TE

ulAe] Tk number of allele (N,), major allele frequency
(Mpp), gene diversity (GD) 2 polymorphic information
content (PIC)°l| Tt #2412 PowerMarker (ver 3.25) ZZ 1
S 0] 831992 expected heterozygosity'= POPGEN Z&
a3& ARSIt AlSE {8 42 PowerMarker©l
gHo] gl CS Chord 1967 distanceS ©]-&-3lo] Z}7te]
ol gt 544 AZE 4 F UPGMA W8 o83l
phylogenetic treeE 2/d3te] #4931

SSR A& o83t At B St |k gk
ZHEE Y8k 10 v F allele 57, gene diversity 2
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phylogenetic treeS 2 & 12} £ W A4S 331
o} FEo] HA %2 Al tisid e AREe] AR e
54 alleleg 233t & #FA (GB-LCM-217, GB-LCM-
104, GB-LCM-075, GB-LCM-022)2 Auraled zzte] whAd
2 shge] vAE F718k] phylogenetic treeS 2Hdsle] 3
T SR 71 FES WHSISTL
iy Y oz
107] SSR wHAE o] &ate] 415¢] =t 2 F=4t 7]
Aol tiste] 44 TS B4 A3, F 6170 allele?t
2. Allele 75 37 (GB-LCM-025, GB-LCM-119)
o|4 137] (GB-LCM-167)& ¥4 thdsiAl Yepstor, ¥
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Table 4. The observed heterozygosity (Ho), expected heterozysity (Hg), polymorphic information content (PIC) and number of specific
allele (Nsa) of 10 SSR loci within Korea (KOR) and China (CHN) populations.

Marker He PIc N3 Nea (bp)
KOR CHN KOR CHN KOR CHN Total
GB-LCM-004 0.28 0.36 0.25 0.31 4 1(254) 1(258) 2
GB-LCM-022 021 031 020 027 7 4(103,117,157,245)  1(137) 5
GB-LCM-025 0.51 0.60 0.38 0.50 3 1(267) 1
GB-LCM-075 0.56 0.65 0.50 0.59 10 3 (144, 196, 202) 4(172, 186, 188, 206) 7
GB-LCM-087 0.00 0.56 0.00 0.51 6 5(117,126, 219, 222, 240) 5
GB-LCM-104 0.34 0.52 0.29 0.44 4 1 (346) 1
GB-LCM-119  0.51 0.53 0.38 0.41 3 1(276) 1
GB-LCM-166  0.54 0.58 0.43 0.45 4 1(225) 1(231) 2
GB-LCM-167  0.79 0.88 0.74 0.83 13 3(197, 207, 215) 6 (189, 199, 201, 209, 223, 227) 9
GB-LCM-217  0.60 0.61 0.54 0.51 7 2 (197, 233) 2 (127, 225) 4
Mean 0.434 0.561 0.370 0.483 6.1 1.4 2.3 3.7

: Expected heterozygosity
: Polymorphic information content
“Number of allele

: Mumber of specific allele
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GB-LCM-217 GB-LCM-217 GB-LCM-217 GB-LCM-217
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GB-LCM-075 GB-LCM-075
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Fig. 1. Diagrammatic display of cultivar discrimination by phylogenetic trees using 41 boxthorn cultivars at each stage by five SSR

markers.

T allele = 6.171 At} Allele®] ol GB-LCM-0250
A 9bpE 7FE F9ker, GB-LCM-0227} 124 bpE 7F% 4l
2 Holg YERTh My HEl= GB-LCM-167014 0.28%
7V wkom, GB-LCM-087914 0.87= 7P =41 Yelte
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oS Yelle GD9F PICE GB-LCM-022¢} GB-LCM-
087 WHollA 7 Fk BT 7P Wkem (025, 0.24), GB-
LCM-167014 7F =71 Vbt (0.83, 0.81). B+t 747}
04829} 0.428°]AT} (Table 3). Park er al. (2000)°] 117}
RAPD "HAE o] &3 717 59 §44 Ak 24 4
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#e} Park er al. (1996)°] F71AF #&2] 7, 8L flst
o] RAPD "HAZ o8& A7 2 Lee er al. (2007)°] ISSR
nAE olgste] 1A FEe FA fAbEe gk Aot
H 3199 S wole £ Ao 283 SSR rAVE ) &2
S Hole ZoE yehgth 71Ee] A7l SSR Bt

A7t T2 mpA H]3)] Kot §8402 z9le] HolE g
& 5 Aok BIEHASS 73S wWl (i er al, 1998;
Kwon et al., 2000; Olufowote et al., 1997), 7717 F&9)
tjgk o] o) SSR w7 a&do® E8E 4 S A
o2 Azhe

Table 5. Genotype information of 41 boxthorn cultivars by five SSR markers.

N Oried 1% stage 2" stage 3" stage 4" stage 5% stage
6] rgin
8 GB-LCM-167 GB-LCM-217 GB-LCM-104 GB-LCM-075 GB-LCM-022

1 CHN 209/227* 191 337 192 202

2 CHN 195/221 191 337t 192 202

3 CHN 203 127/191% 289/337 228 202

4 CHN 203 191/191* 346 172/228 -

5 CHN 195/213 199" 289/337 192 -

6 CHN 195/203* 199 337 182/192 202

7 CHN 213/223* 191 337 188/192 147

8 CHN 195/221 191/199* 337 182/192 202

9 CHN 195/221 199" 337 186/192 202
10 CHN 213/221 191/199 289/337 192* 202
11 CHN 203/213* 199 289/337 - 202
12 CHN 201/213* 191/199 289/337 182/192 202
13 CHN 201* 191/195 289/337 182/192 202
14 CHN 189/199* 199 310/337 182/192 137/202
15 CHN 199/213* - 289/337 182/192 202
16 CHN 195/213 191/225° 289/337 192/206 147
17 KOR 203/215* 195/199 289/337 144/192 202
18 KOR 195/213 191 337 192 147/2021
19 KOR 207/221 199" 289/337 192 202
20 KOR 213/221 191/199 289/337 182/1921 202
21 KOR 195/221 191 289/337 182/192¢ 202
22 KOR 213/221 191 289/337* 192/196 157/202
23 KOR 195/213 191 337 - 103/202*
24 KOR 207/221 191/191% 337 192 202
25 KOR 195/213 191 337 192 2021
26 KOR 195/221 191 289/337 192/228° 202
27 KOR 213/221 — 337* 182/192 202
28 KOR 213" 191/233 337 182/192 202
29 KOR 195/207 199 337 182/192% 202
30 KOR 195/207 191 337 192 117/202*
31 KOR 195/213 191 289/337* 192/228 202
32 KOR 195/215* 191/233 289/337 192/228 202
33 KOR 197/215" 191 - 192 -

34 KOR 195/207 191/197* 289/337 202/228 202
35 KOR 195/207 191/199* 310/337 - 202
36 KOR 195/207 199 337 182F 202
37 KOR 195/207 195/199 337 192* -

38 KOR 195/207 191/195% 337 192 202
39 KOR 195/207 191 337 - 202"
40 KOR 195/207 195/199 337 182/192¢ 202
41 KOR 195/207 195* 337 182/192 202/245

*: Allele size of boxthorn cultivars which were discriminated by 5 SSR markers
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HrAo] W gkt St IRkl ek fAA ok
e B4 Ade o Ak = 1A I W
expected hetetozygosity (Hp)®} PIC %2 zhzh 04349}
03702 =+ He] HF Hg (0.561)2F PIC (0.483) Zrxth
YA UERITE (Table 4). 3 FwollA] GB-LCM-087 wHA
o] Hgt PIC 3t B 002 YR, o|e g s
7 e allele®] 3717} 213 bp2 B5F 72347] wiiEolc),

A ol EAshs 5017 alleles & A7l AREE 107)
o] RE v A BEFEAC = T Ulol] EA)s)
t 5917 allele & 171 (GB-LCM-025, GB-LCM-104,
GB-LCM-11914 97} (GB-LCM-167)2 thFslAl Yelsitt
(Table 4). = el EAlsk= 5014 allele = & 1470
Rom H 1412 YERITE GB-LCM-022 RFAA =2
7P B9ke ™, GB-LCM-0042} GB-LCM-116 wlAlA Z}2;
= 718 Ak, T o] 45 504 allele 9] 4
£ 237992 GB-LCM-167 vlAA 718 Ze 67) 2
allele”} #ZEAth GB-LCM-087 w2l A¢ F 6719
allele & 5711 (83%)9] allele’t = AFHolRE EAlsk=s 5ol
A alleleo]$912™, GB-LCM-025, GB-LCM-104, GB-LCM-
119 npAC] 739 174e] 5olF allele?} F=AFolRt &8t
At} (Table 4). A ol SAs= o|2]gt 5014 alleleEs2
Fe g 9 T A mE FF ol #f-85H &8
2 F de Aol

SSR WAE o] &3l St W F=ab IRbe] dEs
A3t 10709] vA F allele 57, 514 allele 37, gene
diversity & PIC %ol 7Fg & GB-LCM-167 v[AE o]
3] phylogenetic treeE 2 & £4& 3IATE (Fig. 1). &
SAHAZ A4S Fsien WAEE GB-LCM-217, GB-
LCM-104, GB-LCM-075, GB-LCM-022 w}7| =08 ZF7}3}
o] @AM treeE Zdste] EASIATH (Fig. 1).

GB-LCM-167 "AE o]&st 197 WEE 33 A3
Z 4149 A A F 128 @=F 44, T sl &

Table 6. Sequential cultivar discrimination using five SSR markers.

O [F - Ofaf -

Wzt - s - uigr

Aok vhdo] Hx] ¢k 2082 AhEo] 7RI e F
Aol wt o) 252 FA3HATh (Fig. 1). 22719l GB-
LCM-217 vHE F7ste] &A% 23 1994 =]
kd 208 FolA 128 (3 68, T 68)o] HAUh
GB-LCM-104 "IAE |83 3etAloM = 48 3 3", &
=+ 17), 444 (GB-LCM-075)°l-E 8 3= 74, 5 1
el FEHATE 594 (GB-LCM-022)09 = 58¢] 3=
Ado] FHAEQITE 1AM SEAZER] A 413
o] IS BF AT 4 fler, B Aol AMSS
712ke] DAA| W EFF WHS 4GA7R 9 v 235
(GB-LCM-167, GB-LCM-217, GB-LCM-104, GB-LCM-075)
o2 o] 7153t} (Fig. 1, Table 5, Table 6).

FHze #=e] FF WES 915kl DNA mA7F E8F
A=, Wang er al. (1989)2 107 RFLP wAE ©]&3
5970 H EES w90 m, Kwon ef al. (2003) ¢}
HiFo] FEwE S flstke] 747} 227l9k 1770 AFLP primer
Z5HS FF I 24319t SSR vHAE o] 83 FEvhE
ol Kim et al.(2006) 57 SSR "FAE o]-&3ld 97l
ST TolA 8N FEFS TSI, Sun er al. (2009)
2 70 SSR W EFE ol&ste] 63l B FEol thste]
97l RAPD "HAZ = AefE 712kt o= =9 +
712pe] B gigt Art HaEQe} (Park er al., 1996).

AEAoE Sl SSR vHAE ol&std it 717kt 5
oA =gk IRl gk FEvbHe] Thsslsion, & o
Toll AR&-E 7] SSR miA= F71AF YAkAe| mE
b, 5 4%, FEEes T AAA dES A 59
T3/ (Distinctness), @Y4 (Uniformity) 2 <4
(Stability) 778l €82 & AL Zolth. g FYIs)
el $Elvet §49 F5e oigh A-ARH gn 9 s
71 FE TE A FE EF TAMAE &8E F A

Aol

Stage Marker combination Number of Code
cultivars

1-CHN, 6-CHN, 7-CHN, 11-CHN, 12-CHN, 13-CHN, 14-CHN,
1 GB-LCM-167 12 15-CHN, 17-KOR, 28-KOR, 32-KOR, 33-KOR

3-CHN, 4-CHN, 5-CHN, 8-CHN, 9-CHN, 16-CHN, 19-KOR, 24-KOR,
2 CB-LCM-T67, CB-LCM-217 12 34KOR, 35-KOR, 38-KOR, 41-KOR
3 GB-LCM-167, GB-LCM-217, GB-LCM-104 4 2-CHN, 22-KOR, 27-KOR, 31-KOR
4 GB-LCM-167, GB-LCM-217, GB-LCM-104, g 10-CHN, 20-KOR, 21-KOR, 26-KOR, 29-KOR, 36-KOR, 37-KOR,

GB-LCM-075 40-KOR

GB-LCM-167, GB-LCM-217, GB-LCM-104,
GB-LCM-075, GB-LCM-022

5  18-KOR, 23-KOR, 25-KOR, 30-KOR, 39-KOR

450
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