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1070412 6570 A S iAoz nuclear ribosomal DNA 5 ITS A 499 d7|MEE £48Ae 2
A3 3F7MAIUREY ITS19] Zol= 253 -~ 259bp, 58S+ 159 bp, ITS2+ 23lbpi s,
T 6Ae EVIAUEREE F 84 ME & ITS #3[Single Nucleotide
Polymorphism (SNP) haplotypele] 2ZAEdon §3 7hd & 1bpdlA 6bp7tA] zpo]E B Yt
ITS A9 SNP= F 9/ XA vetsch (92 B GAFT g FAA A7| 40
o HAEL BF U2 322 #FHgoy, dehdE YA Adgigs FerdA A€
HAEE EF 2L AEE UEY ITS A9 gFde AFE AATol 4 HATERY &
A Vebgt. o]¢t Fol TRIIAIVE A R sfATAl g ITS F7I4E 4 An tds
ITS F3o] Yeson ol s#7/MURY 43 g Ao F83 FRE AT B3
ofyz}l st Eo] 7t gle IRV AR 1A 7|2H ARV E o2 Alsd.
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FRo|: A4z BA 2 o] ITS 3, SNP haplotype

37t Y5 lex cornuta Lindley et Paxton)t Z®uUF3H(Aquifoliaceae) ZE -4
(Ilex)e] 4289 AREoZ 339 AE WA o) d 2ugyA e witirle] AR
A, oo FR ZF oA A9 v FHX, FF, AF, dAAAG AR o|Fy} FA}
A 7hA] B E3HGalle, 1997). TH/IAUF9 A& & ESP"’ dutx oz g U 67443 0lA
gk o]zt ofF Aldte] mAE|e 7 sttt duls dubdez FeMom Fyo|n uh
< =Y 22 JAdN vop S 2dA o]l Al A &gt Hume, 1953). &
L U]j?"ﬂ/ﬂ‘“ er’:}"ﬁ’-Oi JEFYH vl FoF LAAER ATFdde] HA2(Lee,
1983) =& 579, dufje BHAZA Stoz ALHY, 2ALER AWMEZFT 0T
o] o] &%iﬂ]i "Jﬂ%— F1 UtHGalle, 1997). 3tAIRE A EX| sty EHdoz 9
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stel WSl AFE, AebdEs A tek ARHOE ofEHe] FEsW o5
% 242748 A% AN FYH AGFAY BY 2TE el BET AYL o] FoiA
A gaa g Aol

7GR g AF2E Yim (19799 Ilexd 9] fAwolel EMa 2783 o4&}
29 AL A7 Lee (1983)0 9j&] E&@7IAIVHo AAdREe FHAEH B8 AF7T o]
Z2ojgom Park et al. (200000 3] Wb THAAGEEH Y] A7 2 B8
o Wk AF7} o]FolFtt =¥ Miller and Kim (2002)2 ZTZ7MAUEob ZHeENE(]
intergra Thunb)®} AAWZE2) HEFF7HR(Tlex x wandoensis C. F. Miller & M.
Kim)& 2®3 o] 21ow Koh et al. (2005)°] 2l&) Z@7tA U2l <o FHeld EAd
#ete] A7}l o] FoHY AW olE AFE F2 IFIIAYFY HdAENXY FEAAH,

Eejgy wo] Fo #g AFFom SF7AUF AT L A gg FA84 E
A3A AFe ok ZA7R] o] FAX A &gt AdEjolr).

AE Odd G olF EE AEL FAXYeR AAHL glon, ojyg BEgL A&
AS-E IR DA G fAWe] 49 ou|rt HAp FoiE L Q)
et al, 2000). o] dutyg oz FHARY HE
goz fawWoelrt Wol EAste I FHAeR E3vt @] Ho Aee Idz
9l ZAo] Aol A MAdA =7

o]l A= F2 FHEAL FFAA o|F
2 FABA BEAo] ¥y o)FojAx YrHWilliams et al., 1990; Williams, 1992).
2 dzte] AFAgA GG Wolge g EAL & oY AR FABA
gt obujel, Ezk AR 2 A, E=E AMEE wudE gHHoR o]&H 9

. B3] 8 g4 RNA §2479 585 %&£ 9x3lx 3+ internal transcribed spacer
ATS)E ZBPAGET o w2 Aststn $9 @A W37 F4 (Baldwin, 1992, Kim
and Jansen, 1994; Alvarez and Wendel, 2003) % 37 ®Ho| %3 (Kim et al, 2005)S o}
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Table 1. Geographical location and the number of individuals of Ilex cornuta populations.

Population Location No. of individuals Abbreviation

Docheong-1i, Byeonsan-myeon, Buan-gun, Jeollabuk-do 35°35" N, 126°29" E 6 BD
Gyema-11, Hongnong-eup, Yeonggwang-gun, 324" N 126°25° E 3 YH
Jeollanam-do

Anchang-dong, Naju-si, Jeollanam-do 3°00° N, 126°42" E 11 NA
Sangma-ti, Cheonggye-myeon, Muan-gun, Jeollanam-do 34° 55" N, 126°25 " E 12 MS
Yongban-ri, Busan-myeon, Jangheung-gun, Jellannam-do 34° 44" N, 126°54" E 11 1)'¢
HyeopJae-ri, Hallim-eup, Bukjeju-gun, Jeju-do 3323 N, 126° 15" E 5 HH
Yongsu-ri, Hangyeong-myeon, Bukjeju-gun, Jeju-do 3319 N, 126°10° E 7 HY
Dongil-ri, Daejeong-eup, Namjeju-gun, Jeju-do 3312 N, 126°10" E 4 DD
Mt. Socheon Shanghai China 3°04° N, 121°10° E 3 CS
Province of Kunmming Yunan China - 3 CK

= 8/ Ad 5971 & RS B AR A%y EI FIo AAsE
Al A G ARE AL G XGe IMAE £ F 6GAAE
oz ATE F3sitH(Table 1).

DNA %, PCR 2 97149 24

ofjoll A &Y A AAE AIGHE W3 FA A& AMFHs GHHA FHE A
AZL F -70ToA WE Basdch dF HAE ol&sted IRMAPERE A
Saghai-Maroof et al. (1984)2] W2 433 Dolye and Doyle (1987)2] CTAB o u}z}
F239th. &9 DNAYE cesium chloride/ethidium bromide “*¥}¥(Sambrook and
Russell, 2001 <& AHAZFRZ FFoAA AL /MAEL Wizard Genomic DNA
Purification Kit (Promega Corporation)ol 93] AAstAch ITS X9 FZE& 93 PCR
ke golo] A8 th&m vl 4 DNA 20-50ng, 5X Tag polymerase reaction buffer 10
wl, 25mMe] MgCl, 4 pf, 2+ 10mM<e] dNTPs 4w, 25pmol®] primers 242 05 4, 1.25 unit
9] Tag polymerase (Promega)ell total volume®] 50 o] HEE FHFE ZH3o H7t
3tk ol@l gk whg-AS 95C oA 2% F9 initial denaturation3 ¥ denaturation 95C 1%,
annealing 54C 1%, extention 72C 1# o2 TAF ¥3& 303 92 F FHF3Ho 2 72T
oA 1087t extensiondte] F33lgch. PCR wh&Hde Wizard SV Gel and PCR Clean-Up
System (Promega Corporation)&2 A5t PCRI E7|XE AAdd+ White et al
(1990)o  ol3] AZtE =Zglolw] ITS 1, ITS 45 A}&£3l9 3 automatic sequencer (ABI
PRISM 3730xD)& ©l-&3t @74 E& 2R A
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Table 2. Sequence characteristics of the ITS1, 58S and ITS2 regions in 10 populations of
Ilex cornuta.

ITS1 385 ITS2 ITS1+585+1TS2

Length (bp) (G+0)% Length (bp) (G+O)% Length (bp) (G+O)% Length (bp) (G+0)%

BD 264-256 60.5-61.1 159 535 231 584-58.7 644-646 58.1-58.3
YH 254259 602-6L1 159 535 231 584587 BM-649  581-583
NA 251 607613 159 535 31 87589 643-647  583-585
MS 258257 605613 159 535 21 589 643-647  582-585
IY 23 608613 159 835 - 231 587-589 643645  582-586
HH 255557 60.7-609 159 835 21 584-387 645647 581-583
HY 2426 601-608 159 835 231 81-589 64646  580-583
DD 25257 592612 159 835 231 B71-589 645647 576-584
S 255-256 60.8-60.9 159 535 231 584-587 645-646 582-58.3
CK 254-255 60.8-61.1 159 535 231 584-589 644-645 58.2-584
Data ¥4 - -

1070 X182 65/MA2RE dojA 65702 ITS €971 LEL Sequencher Z &1 (Gene
Code, USA)o.2 %33 MacClade 4.0 (Sinauer Associates, Inc.)& AF&3te AA3 &
Clustal X (Thompson et al., 1997)2 A &3 o, A MacCladeE ©]|£3 F3AE AA
HE A4E 9t ITSAF izt d7iMge 7|&E Bud G714 <E(Jackson et al.,
GenBank Acession AF174625)3 w]iale] ITS13 ITS2, 58S sequence® ZAs gt 2z
ITS 438 7+9 971449 E4.2 PAUP ver. 4.0b (Swofford, 2002)& AM-&3le] 835ttt

4 3 g j A&

1

g 2 F59 SRIIAIGUE 1070 iAW ITS dU7IMEs 248 43 e &
F7IAIES ITSA 9] g7144 Hole ITS1o] 253 - 259bpE YElt e w 585 159bp,
ITS2E 231bpE WERNTE AA Aoz ITS1 AFe] ITS2A 9 v|&f] o Zgles ITS -3¢+
9] FiA kel Ao Aol ITS1 AFe] Zo| Aolof 711 tHTable 2). ITS |71 E Zo]
A AR AAE T AedE Y A 7B 2A vYEbgen detd: vyFe
ot A% AAZE 71 #A Ve £33 DNAY &2 ¥ EYH BEAS FAASE GC
7124 ITS10] 59.2% - 61.3%, 58S} ITS27F 47t 535%, 58.1 - 53.9% = WERstTH
(Table 2).

2 A7 E @5 2 F59 IF/MAUTY Z A bl AolE Hole o Y

lo Ho 1]
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Fig 1. A phylogenetic tree by UPGMA clustering method on Ilex cornuta based on ITS
sequences of 65 individuals.

ITSHEol EAdthe Aol &A= AHTable 3). ALY ZH7IAIUFY ITSHEL 8=
aA F+EL F dded ITS #7149 SNPE F 9/ xolA dA=den Ztzte gx=
139, 1069, 1409, 1519, 2009, 4279, 4539, 6509 o]}

#&ZE 879 ITS F8& 1bpdllA 6bp7tAl 2polE Ve O™ type7# type8ell A 713 &
2ol & B AtHTable 4). Kimura (1980)¢] two-parameter method2 ©]-&3 A2 A A S
£ typeldt type2, 5 6 18]I type29t typed, 7°] 0.155% 2.2 7+ VAl YElen type73
type8e] 0.942%= 7} #A #HEH A Table 4).

SHIAUFA BAE 879 ITS §82 270 o9 /MAS Tt 4749 F2 &
F 149 AACAAMT YEhte Ve A5 FE o2 AREHJAHTable 5). & 322

rir ofk
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Table 3. Haplotypes of SNPs in ITS regions (9 SNPs/653 bp).

TYPE SNP Haplotype Observations in 65 individuals GenBank accession
Type 1 ATCCCCCCC 47/65 (72.3%) EF690539
Type 2 ATCCCCCTC 9/65 (13.8%) EF690540
Type 3 ACCcccece 3/65 (4.6%) EF690541
Type 4 ATCCTYCCC 2/65 (3.0%) EF690542
Type 5 GTCCCCCYC 1/65 (1.5%) EF690543
Type 6 ATCCCCCCG 1/65 (1.5%) EF690544
Type 7 ATCCCCTTC 1/65 (1.5%) EF690545
Type 8 ATTTTTCCC 1/65 (1.5%) EF690546

Table 4. Pairwise sequence distance among 8 types observed for Ilex cornuta. Absolute
difference is shown below the diagonal, and sequence divergence value (x100) by
Kimura’'s two parameter method is above diagonal.

Typel TypeZ2 Type3 Typed4 Typed Type6 Type7 Type8
Type 1 - 0.155 0.156 0.156 0.155 0.155 0.311 0.627

Type 2 1 - 0.311 0.312 0.155 0.311 0.155 0.785
Type 3 1 2 - 0.313 0.311 0.311 0.467 0.785
Type 4 1 2 2 - 0.312 0.312 0.468 0.315
Type 5 1 1 2 2 - 0.311 0.312 0.785
Type 6 1 2 2 2 2 - 0.467 0.784
Type 7 2 1 3 3 2 3 - 0.942
Type 8 4 5 5 2 5 5 6 -

typelo] 4770 HA(72.3%) % 714 ol Uehgon 2AME A A oA YERtaL, type2s 9
Ml AAA38%) AN EAEJ e A& o, A G937, SAF FH5, SAF 84, F
T A, 1 2848 T Aol vEbgd =3 type3o] 270 A HelAM 3749 A (4.6%)
g Xgdlon, typedZt 7] AFlA 278A(B.0%)2 HEFHT 718 AFFHOEE typeb,
6, 7, 801 Z+Zt 1NA(15%)el A ZAE AT £ T Faet LA A 6709 FHA
FAX AAAE typeloll &3t U A 2704 type2ol F3on o]&2 BF 24 o)dE
¥dste F8 734 XFHE A2 YEETh ol ARE ¥Fo & 0 TIHIPAYR
9 ITS G714 E ¥ole JYPF HAZE B dTAAAESL] ITS |71M L9 Wol(Kim et
al, 2005)5& ZAHE APFAT vjugd o =2 97] ¥o] ddAde A o B
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Table 5. ITS types of Ilex cornuta.

Abbreviation  Type  Abbreviation  Type  Abbreviation Type  Abbreviation Type

BD 01 2 NA 09 1 JY 03 1 HY 04 4
BD 02 1 NA 10 1 JY 04 1 HY 05 1
BD 03 1 NA 11 1 JY 05 1 HY 06 2
BD 04 1 MS 01 1 JY 06 6 HY 08 7
BD 05 2 MS 02 1 JY 07 1 DD 01 5
BD 06 1 MS 03 1 JY 08 1 DD 03 8
YH 01 1 MS 04 1 JY 09 3 DD 04 3
YH 02 2 MS 05 1 JY 10 1 DD 06 1
YH 03 1 MS 06 1 JY 11 3 CS 02 2
NA 01 1 MS 07 1 HH 01 1 CS 03 1
NA 02 1 MS 08 1 HH 02 1 CS ¥4 1
NA 03 1 MS 09 1 HH 03 2 CK 01 1
NA 04 1 MS 10 1 HH 04 2 CK 02 2
NA 05 1 MS 11 1 HH 06 1 CK 03 1
NA 06 1 MS 12 1 HY 01 2

NA 07 1 JY 01 1 HY 02 1

NA 08 1 JY 02 1 HY 03 4

A},
5 7ol 7123 UPGMA el #1848 448 2% 3375 e A9

AEE2 7t $EE5Y $¥XE A¥Ed AeEE 52 typel, 27F YElga AgdE o
F& typel, 2, U5, F4E A7 typel?t VERTh E3 AE-E type 1, 3, 6°] YERRTE o
| wre] AFEEAAN PP HAEL type6S AT RE FFEo] Ytk 53 FAF
AN AHE 449 AAES 2F 2 F3(typel, 3, 5, 8)°l YEFOoZAM T E

| vls) Ao ITS FeA 71 ddd 44 ddde BT oldf vl
et Fotold AFE 2370 MAEL 5 typel H87 YdEA ITS FREolA
A9 AAE vis] AAoz @& s HAFAG. oJAHE AFE Ao
FEAWe] vzt A9Ro gde] EA HepdoZa fH79 tdde]l 9 & F
S A gukgo g Fo AYH R oA ool 7H
H, FAE A AQAHeR HFHA tdAol Bt oz delAd glth(Frankham et
al, 2004). WEtA ITST7HY) TS 7122 d3td JFAete SYMAUTEE AFEAA

2
2

o
oL
b1

e ¥ o orf o X A
Ko
ru

N
rﬁ
)
;

1o
Ho
Y
2

137



Korean J. Pl Taxon. Vol. 37 No. 2

22 FYIRE b5l dokn ¥ 5 Yok
SYTFAHESE o] ZAGER ¥e o§Hm Uk AE FEL I HAX9 B} 3
a9 AA §F02 s FAM| 7 ik wHozs Fo
Za "ol /A Relgta s Fv e BolA: gxw 2
g3}gol YoiM & A A | oEe] njo A7
Aol th(Park, 1994). =3 FHWolo &4 stoll A AT AE5
AN 7= @er 2 EH E}(Arft Ranker, 1998; Frankham et al., 2004). w}a}a] o]
Zz= ;}ob\q o] 7}& =& z]odtla L-HFo 7 A
AFelA Ahe 7Hﬂl4 ZAHE JHATE Foll 7}
| E4sha o A% o A4TEE RE Qe FU5e e
2 AZE Aol gradoz EAs%n YN AAA Bzt AAsA olRi L Yk,
et o] Aot AAA BEo] A 2T

= AT E T ARA A I FEF AL o] FAA A ol T o] 24
e BRAURY M 9 A 9XE FotalrldE oj@e Row molrh wad oz
ol A e EFTHAGE AT dE o B A FlY EEXAE deA
gE 9x 2 g AT F7HF S ZAE 28 Aot} EF ITS F7F o]9e HAsh
24 wAE AAHN EARASE 7S WA FAste] S AUE AAZ O 57
qe 383 2AY S A 2F2A2 ARG 99 ¥ A wHsE A
HAS FH3 OFA a0t ddE siATe] 5438 B Ho 7t e YT YR
Z 24 gAY 7z 22 AFY 5 e Aoz A
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ITS Sequence Variations in Populations of

Ilex cornuta (Aquifoliaceae)

Sung-won Son, Joo-Hwan Kiml, Yong-Shik Kim® and Seon-Joo Park’
Department of Biology, Yeungnam University, Gyeonsan 712-749; 1Department of Life
Science, Daejeon University, Daejeon 300-716; 2Faculty of Natural Resources,

Yeungnam University, Gyeongsan 712-749, Korea

Genetic variation of Ilex cornuta Lindley et Paxton was examined by sequence analyses
of ITS for 65 individuals from Korea and China. The length of ITS 1 ranged from 253 to
259 bp. The 58S was 159 bp and ITS2 was observed to be 231 bp. A total of 8 different
ITS types (Single Nucleotide Polymorphism haplotypes), which showed the difference of 1
- 6 bp, were detected from 65 individuals. The sequence polymorphisms of ITS appeared
at 9 different sites. All of four individuals collected at Daejeong-eup in Jeju—do exhibited
different types, but all individuals from Naju-si and Muan-gun in Jeollanam-do were
identical. The variation of ITS was higher in Jeju-do population than in inland population.
Since I cornuta contains various types of ITS sequences, ITS analyses will provide

important information on genetic diversity and conservation of this species.
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