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Genetic Monomorphism of the Natural Ilex cornuta Community at
the Northern Range Limit in Buan, Jeollanam-do in Korea
Revealed by AFLP Markers

Kyung Nak Hong®, Yu Jin Park, Jei Wan Lee and Young Mi Kim

Division of Forest Genetic Resources, Korea Forest Research Institute, Suwon 441-350, Korea

2 o 3 A 5 ol edet Ao kEd Hue] A7 Ad 2948/ (local adaptation)> 5
FTolut FAAAARE, A=A SN JAVE o, ERRAIX ] a2 o2 e A& fHdde] el
7Fs/dol =2 X F shuelth. SRV BdAAQ] HeHRe Wahiee] Fot w2 ST £t

FHAZIAE A1225)yS 5 74423 27 2118 (l8t #=ho® 4=, APA N FAE F=5 8l 852(lst
AAED) B 27218 AAEe] AAjE o 0‘5} % 8MAlY] AAIEE AFH St frdde] 48 AAsiiET
AFLP primer 45304 92 1437 X85 dr% g %7&1}5}—5— 5270 (36%)F Tk 857MAE 137 FAAE o2 U
e, et A8 A syl =T %O b FAAEE 2 glom, AA-E A= 2 e S
o A e AR et *JZH%(M 7k == S AR TEE SRS BBY £ puon, 2o
A" Al e }E—OMBL froAl B %ZJX} 2= 47 20, o, AR JEREA olEe] H3
2 7190l 43et atolrt d& AeR *37“?”:} T 2AAHE £l tE W ozt §14 FA] Afolx FEI3)
A ME g8 ARE AX 24E AR FPE 2 2 fdFeR U3 a5 AEFve AR
I AES BB & o3 AR fol3t F& s, e Y] AdE I3 mE A#rt ok
2} o] ool Aol s o] Folxl FE/0 A (genet)d 753 o] Atk

]

Abstract: Individuals in the population under a particular environmental condition influencing recurrently for a
long time could locally adapted and local adaptation is of a fundamental importance in a breeding program,
conservation activities of genetic resources or evolutionary biology. Plants at northern range limits have higher
probability of expressing an adaptative genetic trait. The natural community at the northern range limit of llex
cornuta (Chinese holly) in Buan, Jeollanam-do in Korea was composed of adults of 744 and seedlings of 211
(hereafter Community) and is designated as the Korean Natural Monument (No. 122) by the law. At two adjacent
areas to Community, 85 (hereafter Plantation I) and 27 hollies (hereafter Plantation II) were planted respectively
for preparations of the next generation. Eighty-five trees were sampled for genetic analysis in the three groups.
Fifty-two (36%) of the total 143 amplicons were polymorphic from four AFLP primer combinations. A total of
thirteen genotypes was identified and just one genotype was for 52 trees of Community. Seven and five genotypes
were shown for Plantation I and II, respectively. There was no identical genotype between Community and
Plantation (I or II) or between two plantation groups. Number of private loci was 2 for Community, 6 for
Plantation I and 4 for Plantation II. We presumed their genetic backgrounds were quite different with one another
and the plantation groups were made independently because they were different not only the genetic compositions
but also their ages. Considering the genetic monomorphism by AFLP markers, observations of only male trees and
asexual propagation as layerage or cuttage, the hollies in Community might be a genet by root suckering from a
single male tree, not the results of selective removal of female trees for ornamental use in the past.
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F BA0lAM O & Aot 5 Stk o] g A9 F A
(local adaptation)2 S&o|y A RE, XISt ES}
2 A 7EX7F AT e d X H ] 7hEg 2T
o] WAEt7] Hell= gR1at7] ofH 7] wiEo] FaAde] 7+
2 4 dthi(Leimu and Fischer, 2008). 5 &3 A] oA
Hojuk =1 X Th(peripheral population; Lepping and
White, 2006)°]4} =& (wind whole)?} 72+ E-o]3F =4
Aol #el -2 I H(Kong et al., 2011) 5ol old| sl
Hedl, 53] A= HHdAAE AgE AXER)E
TAHE YA A &3] AHE FHdow ExsiH A
F712 27 IAlE @ o] Bl rhsAdo] =ot
(Eckert et al., 2008).

7MY -(llex cornuta Lindl.; Chinese holly)= 7
uE 132, AT dE i, AFE BAT
@Ol At 2oz A, FF G B FRR
= B33 (Lee, 1983). TH7MAUFE= ARV 78

& &3l AL 5 mo] ASEH A0 E(H kIR

2 3% 100 m oW AA A Aehe}h, F=
FFEILT e =8 A sk, A Fo] 4590
Mstetar, Full =& Fajoll sl 4 E FA= 1087
et ool SRV TR 2R
1o (Knight et al., 1993; Koh et al., 2005), 7154
23 (Wu et al., 2008)Z &5 A} ghe]stol|A] o8 A
W (Hong, 2003)%3 AT, -2yl AAA| ol A= o
o] ZHdoll & 7R Qlte] SRS FEROR FHEHA
L o] gAdo] "HolH A AAEJ L™ (Yim, 1979; Lee,
1983), 3ol A5k 2AHYA] = (Park et al., 2000)°] Lt
g AgAoZ A MAITE 4 EH(Kwon et al,
20117} - = AL oA FdAkd BEo] R st &
3], AA7IEE Al122852 A E HAEEE HAE S
oA T STV FEPS STV B
AR Z AR IS 77 et S Zolu
o] 3t AF(Park et al., 2000)= T =0} FAT
Fdolv A7z et A= vEsttk(Son et al.,
2007).

Amplified fragment length polymorphism(AFLP) 3]
Al FAFE7F H=3F F(non-model species)2] +2o]l
AA AL F e FAEANEA AT o] FHTE
2 FHsted A7} QAL 5 =S template DNASH
A7 L EA 7] (sequencer)S AHESlof e 5 71E &
T7} ¥]2% EtH(Mba and Tohme, 2005). 22|y} 53
arbitrary marker?! RAPDY ISSROll H]3le] A& AJo] $-
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o) Ty EAAE ST 5 oA A
st 22 WA A A clonality) 28 fAT%
g ohjet 3} EEe| A8, ARG AT 5
FH A A=A A THMeudt an,
Bensch and Akesson, 2005).
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1. ZAK| 88 9 AE
B AT AR = HEEE ok Wik =3 A
16 A] Aol H (Y%= 35° 35' 07.6" 2 A= 126° 30
320", AA7IIE A1225 8 NAE SH7A I 2t
(o138} ) BEHZ 480 m2l A 744E(ZL7
>2 cm)Z}F X 21180] zlgk= Ao 2 F4 =AU Park et
al., 2000). ©] ol QIFste] FAE FEE sl 1998
o] ARE STV 20082F AA 54 2 BE
Aol 71zt 487 m*Q] 85%-(o]3F A ™) & 36 m*Q] 27
Eelst 2AA-Ee] 7Estar dom, #eke Egsie] A
o] B HA o2 Aglw o] Ut} 2012 3¥E Yoj=
AR ko] A& 30709 X5 2271, Z12] AL A A
12270 2 A A1 1AM 4 A FZE A st
A E A B el 29748 24z 7o) AR 5.0
m, 13.0 cm, 2JAH1 2.6 m, 9.5 cm, 2] HI 0.9 m, 4.9
em@A2H, A DA RE 7HA o] FA7F EE U= S
gRlatdTh.

2. AFLP EX[X} £4

SF7IANUF & AlEoA DNeasy Plant Mini Kit
(Qiagen, Venlo, Netherlands)E ©]-83}4] total genomic
DNAE FZ33ith AFLP XA} #2412 Vos et al.
(1995) W2 933 TAA o] ARS flall L7 st
ST}, genomic DNA 0.5 pgol 10 unit®] EcoRl ¥ Msel
A8+ E 2(NEW ENGLAND BioLabs, Ipswich, MA,
USA)7F 2] % 25 pL REg-H-& 37°ColA] 2 AI7F A =3}
Atk 5 pLe] ¥ES-H S 5 pmole®] EcoRI adaptor, 50
pmole2] Msel adaptor (Applied Biosystems, Foster, CA,
USA)9} 100 units®] T4 DNA ligase (NEW ENGLAND
BioLabs, Ipswich, MA, USA)7} Z3HE 15 pL9] ligation
§ollol] YL, 37°CollA 3 AIZF A3k Tl SFHTE 1090
239 ). 12} PCR 53 (preselective amplification)S 9
sted 8]A41% 3 ule ligation 843} 7+ 1 pmol®] Msel+C
2 EcoRIHA preselective primers (Applied Biosystems,
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Table 1. Number of AFLP amplicons per primer combination
for Ilex cornuta.

Primer Number of Number of
combination polymorphic monomorphic  Total
bands bands
E-AAC+M-CTA 19 22 41
E-ACA+M-CTC 9 28 37
E-ACA+M-CTT 18 28 46
E-ACG+M-CTT 6 13 19
Total 52 91 143

Foster, CA, USA), 217} 0.2 mM2] dNTPs, 2 mM MgCl,
=} 2 unit®] Tag DNA polymerase (RBC Bioscience Corp.,
Chung Ho, Taiwan)S £¢3te] 10 pLe] PCR ¥H3-8-<4
< AP PCR Ad) 2712 7k SEAA YA ramp
timeS 124 F7MA17|9A] 94°C 15%, 60°C 13, 72°C 1
B4 298] 2 ukiala, 72°Col A 287 AF SEAZ
o 1A FEENE FHFE 10 A5t 23 FF
(selective amplification)ol] AF&-3}3AT} 3 pL 3143} 3
3 EAE 2.5 pmole] Msel-primer % 0.5 pmol2] EcoRI-
primer (Applied Biosystems, Foster, CA, USA) %%}, Z}
7} 0.2 mM dNTPs, 2 mM MgCl, 1 unit®] Tag DNA
polymerase (RBC Bioscience Corp., Chung Ho, Taiwan)
2 £33k 11 pLel 23} PCR ¥He-go1S zA|F =t
selective-primer 32 77| S AH8-31 tH(Table 1). 23}
PCR A& & 274 SFZ21E olofA Fahsidnt. ¢4
7y SEGA A ramp timeS 124 37}, extension &%
= 0.7°C A Z2A7|HA] 94°C 10%, 65°C 30%, 72°C 1
B2 1285 wkEElar, 72°CellA 287 HE SEAA
t}. THA] ramp timeS 124 Z7FA7]HA 94°C 10%,
56°C 30, 72°C 1374 253]1 5 WHEa}aL, 72°ColA] 2+
7 HAF SEANAT HAF SFE 3 ubs 9.7 pLo
deionized formamide, 0.3 pL2] GeneScan 500 ROX dye
size standard®} 41014 95°CellA] 537+ B (denaturation)
StaL, Aol 1027 AA3 § 4°Cel] Bastirh. ABI
3130xl Genetic Analyzer (Applied Biosystems, Foster,
CA, USA)E o|&3l A7195S 473313, GeneMapper
version 4.0 (Applied Biosystems, Foster, CA, USA) =
2aolA FEFES AT

AFLP §7423 478 2785 HLasetr] flste] &
Hk-S- %= (peak height threshold)Z =71 FobA (rfu>100;
relative fluorescence unit) A A ENA FLe S5
¥FE Hole FTEAES A 3IL(Whitlock et al,
2008), LG+ 719 FZHAHE(100-350 bp)yS FEHske]
2 LR A e s Y] HE & SEAHE
19| homoplasy 718]E Z°]3LA} 3} tH(Vekemans et al.,
2002).
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3. SAHEYN

FHAEAF 492 GeneAlEx 6.41 Z= 13 (Peakall
and Smouse, 2006)S ©]-&-315th. SE% /35 (clonality) -+
BE 98t A 7bsgt 23 H] & (proportion of
distingishable genets; PD)2 genet®] +(G)& H&AAE 4
(N)Z Y] 433 (Ellstrand and Roose, 1987), &
9] 542 Y= (clonal diversity; D)= 3% Simpson
o] t}FA A= (Pielou, 1969)2 ©]-&3l3, FHAE 45
%= (genotype evenness; E)= Fager(1972)2] W& A-&-3}
o
AN

RNt
1. 22| fMTx ¥ |ICILY

SF7IAIUF 8571 Aol thdke] AFLP primer 43510l A]
1437 ZZAES FEal o, o]F 527](36%)= U3
Zd (polymorphic band)S WEFH TH(Table 1). primer &%}
FAAFFE 35.870(SD=11.8)14 &3 20-2971 2]
ZAE-S gelsle] Whitlock et al.(2008)7} L78& 74
218 primer 23 50-707 F-2R=H20-307] TFEAD)
&t Tt At A 2ol ATt g
, I argentina & ZBUFE T14F0l st 470
primer 23O FEEZ Het 126.470(SD=42.7) S-ZA4t
Eo] 7353, o]F tIdA THAES 76.170(SD=27.4)
2 60.2%% 21 (Gottlieb et al., 2005), I glabra &0l
A 8x3, 22970 FEAMES T = olF 87%7t T
A4S YERATHSun et al., 2010). I aquifolium 3ol A]
= 3%%, 4937 SEFAES 33 21 (Skou et al.,
2012) Ak} A7 ol v IS HAlsHA] of
ATt olHE RS Aol vt & Ao &
FIIAUF A4 3= AFLP primer 239 SZ4HE9]

[e)

fE S oM oft

©° =

e v od, oA SRt vl U YERT

SR 857RA = 137 AR 02 U Qe
ehe] B X5 suiAE B S TS
3o, AAd AP 2z e s R
A8 BF-SItH(Table 2). 24 AAH 1 M7 =
T AAE7 358 A8 #E2E F gllen,
gt A1, AA DA 8 25l T 2fsA &
ZE = fxkEe 2 20, o, 0= UERA o]59]
A 7)ol et ztel7t g Ao = AR TH(Figure
). 7= AL AA- ] F27 77 (Nei’s unbiased
genetic distance)= ZFZF 0.4592}F 0.691% 221 H (134 1N)7F
©] 03205t} 2o, o] A A" 1270
Frzr el gk Fd2 A2] Bt 0.696 (SD=0.144)2
2 28] §A1AE7E FHF 0.621 (SD=0.248)1 t} F7
vebth 38 Son et al.(2007)S =38 TH7AIT

RN

Mo
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Table 2. Number of individuals in the study site, number of sampled trees and clonal diversity index for Ilex cornuta.

Community . .
Group - Plantation I Plantation II Total
Adult Seedling
Number of individual trees 744 211 85 27 1067
Number of samples (N) 30 22 22 11 85
Number of genotypes (G) 1 7 5 13
Proportion of distinguishable genets (PD) 0.018 0.318 0.455 0.148
Clonal diversity (D) 0.000 0.792 0.618 0.618
Genotypic evenness (E) - 0.747 0.000 0.535
50
N
40 -
£
g 304 8
-1 ]
£ g A4
= 5
20 - g
z o o)
10 - 4 @
o @)
Community Plantation | Plantation Il
Figure 1. Genetic diversity index of the community combing o <
adults and seedlings (Community), and the planted tree

groups (Plantation I and II) for Ilex cornuta (B number of
bands, B number of different bands with a frequency of 5%
and over. number of bands unique to a single group,
average of the expected heterozygosity with a standard

error bar).

ol A A G 7R A ANA 27FA] FA2E 9] internal
transcribed spacer(ITS) 9 <ul SNP(single nucleotide
polymorphism) Ho| & B g =H], B3t A 52| 91X
H7EglojA & Aol B 2 AR - (1 elld €&
g mel viwd F= AT

AANENE LN 2T § = genetd] V&
(PD=0.455)0] 221 F1(PD=0.318):.t} HA vt PDE ¢
T EEe FEFE HHo wet Zolrk E & Adnk
(Douhovnikoff and Dodd, 2003). 2] A FTI(D=0.618)X.t}
£ AAE B B geneto] EA(D=0.792)& ¥ o2}t
Zt G wich v A T 2A] F A (2 ramet)
7F = E(E=0.747)st2 2™, A A "1I(E=0.000)= 29
FAAE A FLEATE A EH ] AT AAE A A
(1= el EAete FLde A4S Ad A EE=S
ZE; putative clone)> S H7FAUF-2] HFo] AT AY
bR ohE SR GkRAF; soft wood cutting)S F3Fe] T
2 o]Foix]7] W E 22 ALE E ™ (Hong, 2003; Knight et
al,, 1993), 7 2 AL FHE st <97 (Lee,
1983)2] HEAAND1=9.5 cm 2 AR L11=4.9 cm)o] THE
ot §A3 A9 &bl (Figure 2)% el A&
e 425 AX 249 Zlo 8 FHdr

PC1

Figure 2. Scatter plot from principal component analysis
(PCA) with genetic distance matrix for Ilex cornuta. The
axes of principal component (PC) 1 and 2 explain the genetic
variation of 48.7% and 22.8% respectively. The symbols are
the adults (@) and the seedlings ((J) of Community, and the
trees of Plantation I (A) and II (O), respectively. Some
individuals are duplicated at the same spots.

AFLP A2} FA0N =4e] ST 252 A

2 9 59 AR sTRAVE BLT FAAYL b

v 7} 1:1(Lee, 1983) =2 1:2(Yim, 1979)2 <27} &
A HES 2A e, AA- oAM= o 277 HA &
Ashs FHEE WS UERATH(Cavigelli et al., 1986;
Richards, 1988). 22\ =32 =2 74471 B 55 7N
s7F GR1E 53470 A (71.8%)7F B F2F O (Park
et al., 2000), ¥ AFlM = Guizt e MAE g
& gtk webs] 23] el fAF R Fd
g FaFd AP TE AR STV A
EE FH 5o 93t JPHA T gold F(Yim, 1979)S XL
Hshd, =3 ke hibro] M3 =3 (Park et al,
2000)7} ofe} o] 2ol Ao o)d FEI)A
(gene)d 7Fs/d o] ATh(e.g. Torimaru et al., 2003). ¥4,
Koh et al.(2005)2 =32 w&ol|lA thdst 18 wHolrt
AT YA, SF7IAUF= 712 A<l weha] 4



AFLP FA| Ao A Vet b Fete] &
g A 47k WEkal(Yim, 1979) A X E 387 UH(FR],
1988) 5738l wheh ¥sh= 7] ol (Obeso, 1997) 4
3 Wolvte 2 §HA o2 thE AV ATtaL A ¢

= Atk

2 S8 SRSl SR 22

547 SPTHIUT 2o BPeANee o 3
PR Bal A £
M)A FFCH(Na et al., 2010) 3, WA F5¢] A+ 42
& 22T U ol W A7) 2elg 4542
FUwS B Bavt Aok 2o @Al =9e 9
AR Fee GAH TS HERT 97 Bl
ST Suslop PP FNG 9

A A&H7Fs/dS Al7he] #lEst
Al = gHGTF ] Aol HF37HA] =] wFol
THGeburek and Konrad, 2008).

2 ATl =HE STV B TR o]

FoIxl ddFECEA AA-EI E AAEIe] HYHLE
L& Wik ejolA fUE A= setEn) 194537}
A =3 SRV EEo] 3T Bl (Lee,

1983)0l] A8t 72| EAE 71 (Park et al., 2000)
g = YA 23 2SS A sty WAk Ee &
E3le STV AAET 20 7)1 Ao
2= A AHON et al., 2011) 57%@0; shj - 1
FE ARSI RR, AAY 1 o] BER 29T 5 9
AR e WAk gle A Oi dergc), wat
=3¢ ia‘a}/\]ur T SARAYRELS A
A Zee] RS ot 4R S4B dA9
HEo] %ﬁﬁ}ﬂi, AW AL Esle] Tkl x| ool BAk
Holuh Aol o] gk el 2 9
% "’F e Aot} wak AA) 15~2084 o=
FAEE AAEaH M) NAS ANSA 7] Htﬁo] st
= % AAAM U ST 5}
=3k, Ak _._;q,__ ol&

sl FAYS =AW =48 ST A
o3]S XA B o)

nlef g ste] &2

& A122
% 3k =34 EEWW% w2
FE A 744%‘% i]# 2118 (018t ), $AE =
= sl A= 85 (elsk “AAHE) R 272015t A4

A AR BT 22

pal

HI)FolA T 857HAle] YA EE AF st FAAHE
B350 0E. AFLP primer 4251014 1437)] 3482
FEtRoH, @A FaAEE 5271(36%)3A T

STV 8570 A= 137 A o= UF Rl
o] A5 X suiAlE B Y RS 7
3 9lon, “Xﬂ‘j/‘b)r 2 AE 1= Zh2E 709k s/ A
A1 Aot et AAE 1 )7 e T AR
7&:‘01%_%] AR L Bas 2 glon, 2eta) A4
g1, ﬂzﬂ%’llﬁ]’ﬂ s ZFOIA R AfakA HEEE
= zF 270, 67M, R = ERA o]E9] {3
AFol7F A& o= A7ZtEAL T AAY
W oolyEl f4 AL Aolx TS

2E AA 2AE o2 FHHEH.
oA FHHoR FUg F1FRE
T AR 1%7}/\]%7} AR BE FHE9
FHAE golgh -8 y# s, ek el A
=3 A7} ohgt o] ol whAlel] s
2 ZFE27M A (genet)d 71543 o] Atk

=3 2] FAAERES S8 d4] 2
B ol Ay 28 53 T A A A
TheFst Ao PR 9] HESt A &2 98-S

o
b

L

Ao
ot
2 D o2 ¥
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