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Genetic Diversity and Structure of the Korean Endemic Species,
Coreanomecon hylomeconoides Nakai, as Revealed by ISSR markers

Sung-Won Son, Jae-Min Chung, Eun-Hye Kim, Kyoung-Su, Choi' and SeonJoo, Park'*

Plant Conservation Division, Korea National Arboretum, Pochen 487-821, Korea
'Department of Life Science, Yeungnam University, Gyeungsan 712-749, Korea

Abstract - The genetic diversity and structure of eight populations of Coreanomecon hylomeconoides Nakai, an endemic
Korean plant, were investigated using 50 ISSR loci from eight primers. The average percentage of polymorphic loci was
47.3%. The Shannon’s index (S7/=0.218) and gene diversity (h=0.142) were relatively lower than those of other long-lived
perennials. The Sancheong (S/=0.233, A=0153), Gwangyang (S/=0.263, #=0.171), and Suncheon (S/=0.241, #=0.159)
populations showed greater genetic diversity than the Namhae and Gwangju populations, which are on the edge of the
distribution. Analysis of molecular variance (AMOVA) showed that 18% of the total variation could be attributed to
differences among populations, and 82% to differences within populations, indicating moderate gene flow among adjacent
populations. These results were supported by value of Nm (2.184). The UPGMA conducted using the genetic distance and
Bayesian cluster analysis showed a remarkable geographic trend structured into east and west regions. Overall, the results
indicate that the Sancheong and Gwangyang populations, which had a large population size and higher degree of genetic
diversity, should be the focus of in sifu conservation.
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M oA wj o] Z(Coreanomecon hylomeconoides Nakai)2 9F

Hu)TH(Papaveraceae)©f| &l= thdX 2E O 2 Nakai

SEuete] EAAES e DRt Ak of A (1935)°] s} 1% 1522 7|Ad &7]ES(monotypic
S A3 AAACR =it Exshs FYstie & genus) 2] EAFEO|tHLee and Kim, 1984; Kim et al.,
S AERA 7R vle Fa% A AAelzt 1999). A AAH R FAsHA =S HRA ot A
o 4 AT Kim, 2004). 53] fuet YolMe G5 fHor Rasted, Aila Mot 9 O P
Aol AlH#Ql FEE Hole SAR =Y AF Add 5 2o FAAR st glon|, Aideet depdzel 2
AA Qo gt WFAe| AA kEHo flof B A vlwE ALA FEPE Holal tk(Son et al,
HAAYESH O R g Ak ouE Adotal & 4= 9k, 2012), E3 o] AR B A4Ro| sty AFES Fhet
urebA 3l B EE7 |4 e HAES A7E Hd A EEEd: REelths 71SE EATATHLee,
g 2 A4 A] o]g]al EAREL S MFoR T ko] 1980; Lee, 1996; Oh, 1985), Hju]Z-& HtE U 914

of & Aot &9l TUE(Hylomecon vernalis Maxim,)o] H|] ¥o]
Sl 2H3 9] Aol of2] 7)) 3ol Hof Yil(Kim et al,
* WM XHE-mail) : sjpark01@ynu.ac.kr 1999), 12 A& (12—pericolpate) 2] Wol & 72| = 3}

© 2 otoixo] HEAL (ANYRTIUAReIeIRe] oDy, ojo] RUHIL HHE Sy
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£702 sfsish Ado] olRoiAE
ju|2o] 4 HE 2 A1)

[
27t wjulze] st 9 A BAE

FHF Z ojo} A AT
o] A|E|of kS 1L QtH(Son et al,, 2012), o]of wh}
A7) AHRDA 3 AHAEEEF] o Least Concerned (LC)ZE

A A=) Q) o m(Korea National Arboretum, 2008), &+
AR ABIANY S4B WEOE ARHol WIE o)
tH(Ministry of Environment of Korea, 2006),

A o] B AP 2 BESE A7)
FZ o]FE O (Lee, 1973; Lee and Kim, 1984; Kim et
al., 1999), A2 BABES 470 Ao ool A
who] BE 9 AR BASAT 28] Bolo] Bt o
7t o]Fo1%l BF QltH(Son et al,, 2012),

e T Aol it f-4 thefd B 2] tigt olsl=
S BE0 e 43 58 5 oY HRwel 13
Al et ME2E AlZhe AlEslETHAvise, 1994; Hartl
and Clark, 1997), 3] 237} A3t 0| 7L} 2pgA] At
o 53} Elol3li 37 % WEIN Bl Sz
AL §AA HX(genetic drift), HEHA(bottleneck
effects), <% Hjj(inbreeding) 5] Yolow G4 ok
do] HaEal o= YA H AEFH | e} | Hat
she &l diet 5539 dare ojofxith(Barrett
and Kohn, 1991; Hilfiker et al,, 2004; Jeong et al.,
2010). weh] AE Heke] §47 AnES 37 9 ¥E
A7141=el HEt olelE WaTn 5 AT BAGH
e fet 5% A=rE 2 5 ok

A o A s w2 AEAE Ve
2 v|ms AT} AR o] Solatel Ha Ag
gho] gtk 2170] dol AT 9l 1SSR(Inter
simple sequence repeat) UIAE o]g3slo], Lyt &
AE el ool kel $47 thopy 9 7ol et of
B2 Wali, A 9 Ao 7 $07 2ok P 9 fID
AS FHTe=HN injs A ko] HARA 4
ARt FEE AlFStLA; Y= ST

ofi

p

4
tlo

AR 9 YA E4

i AtollAle mnlEY] i FAAR A A4t
gl uleAbe] A Aok wijw] 3 Faro] W Hdof &
ot Folloh Fa Ao Fste] F 87 Ud, 224704
£ AAstalet 2 A2 Ao s ofF 15-87 km H=
golA glom, s 227-744 m, A} 511 W] A=
HE uet AFZ AFHO F-5HE A o] EA&A Q1 A
& FASHL et 4HY, sk, B B e &
A gy AFRE vt st dglon,
AZ 2H HAE 2EAYe R & 7H7|9F 7P 59
AFIAIY o2 1ok AlAL} T S7HR HARY] W=
7F w9 = UebstTh, ol whel] Feh el Je- 5
AR Y 2EA 9 USA R S o] wetn) g E
Z17do)| SJgt ApgA] Fto] Alzgh Hol ik, o] A" TRk
T S-S 7HA= im|3E 8yl Tt HAEA S B
A7) flal 24 Aes dE2d 5 J=F WAt AdE

Fig. 1. Location of eight sampling sites of C. hylomeconoides
(1. Sancheong; 2. Hadong; 3. Namhae; 4. Gwangyang;
5. Suncheon; 6. Boseong; 7. Goheung; 8. Gwangju).
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Table 1. Population size and geographical characteristics on sampling sites of C. hylomecoides Nakai

Populations  Estimated population size Altitude(m) Slope degree(®) Bare rock(%) Direction  Topography
Sancheong >5,000 563 7 21 SW A\
Hadong >2,000 227 5 36 W v
Nambhae ~300 236 7 12 NW v
Gwangyang >5,000 744 9 16 W, NE \Y
Suncheon >8,000 268 4 W, NE V, LS
Boseong >6,000 321 5 9 NE, N A\
Goheung >10,000 392 11 14 NW, E V, MS
Gwangju ~50 625 7 5 W MS

V, valley; LS, low slope; MS, middle slope.

22 2m o4} SIS Wete] 7lof et el A
WA Fg, 1. 2 AAe] 27 W Aoy g
Table 13} 7t}

DNA 3% 9 ISSR PCR

DNA %2 Doyle and Doyle(1987)2] CTAB H*&
423t Saghai—Maroof et al (1984)9] WHof wlg} &
stk 5070¢9] UBC ISSR  primer(Biotechnology
Laboratory, University of British Columbia) Zoj|A]
AAgo]l =1 o7t FH3H T/H(#815, #3823, #824,
#835, #843, #855, #857)5 A1ASITl Polymerase
chain reaction(PCR)2 %% DNA 5-10 ng, 1X PCR
reaction buffer, 0,1 mM dNTPs, 0,0025% BSA, 0.6
unit Taq DNA polymerase, 0,375 uM2] primer®]| total
volume©| & 15 ul =% SH45 2dste] H7ksiaich
o|#| gt WS 94 C ol A 58 E0} initial denaturation
3} & deanturation 94°C 30%, annealing 50-54C 30
%, extension 72C 1808 A% HF3-S 453] HHE 3}
3 xzHor 72 C oA 1087t extensiondto] =3Y351%
t} ZZAEL 1X TBE bufferS ARE3S10] 1.6% agarose
gelol Al 3AIZE Bob #H719%e ¥, EtBr(Ethidium
Bromide) = A & UV £ ofef A M=o 75 B4

3}lo] data matrixS A

Az B4

Foto] TAFAARe] 714 ¥ (dominant, null)
O HIEE ZAZE data matrixS 2H4]
A7 Asee] wme sl o
0]-83}o] Hardy—Weinberg H& 7174
FAA] RIEE F7g5}0] Nei's(1973) §-44 thF=(n)E
Z=A35}9th POPGENE Z2 13 (Yeh et al, 1999)2 o]
&5to] A AR Bl (A AR
Aa(4), ARG FadEAAA (40
information index(S/) (Shannon and Weaver, 1949)&
22k ARSI, SAckpde] U ) e Y ] A
=2 B3xokAkS ¢tolr 7] QI3 Arlequin 3.1(Excoffier
and Schneider, 2005)& ©]-&3}o] AMOVA(analysis of
molecular variance) £4-& ¢35ttt Aok 7+ o
AE doti7] S8 44 A=lE ZAZ PHYLIP v3,5¢
(Felsenstein, 1993)2] NEIGHBOR Xz 120o]|x] UPGMA
(Sneath and Sokal, 1973)Ho g Gt & Ao
=2 FigTree v.1.3, T2 13WS 0]-83]4 dendrogram<
AbEstolet, gk wju] Hee] 344 cluster?] £
2= gotstr] ¢sllA] STRUCTURE ver 2.3 (Pritchard
et al., 2007) T2 1S 0]83}0] Bayesian clustering
BAS s AU gYsade) NEel 1Y ot
o] admixture model (F model; Falush et al., 2003)&
o]-g-stef AHz3t clusterd] 45 27| 9fsll 7Hd<] cluster
o K& 154 10714] 72+ 103] §HE61] simulations 4
3ystaict. olnf Z} simulationof| A 2|t ¥HE S14=(MCMC,
Markov Chain Monte Carlo)+= 200,000°.2 A3} a1
= ME 100,000709] 42| go] S ¢

2

Shannon’s

)
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3l A 25} tHburn—in), A9 Kk Z2AsH] Y3 A
K7} el K=2F A3} th(Evanno et al., 2005).

21}

oju]E Aol §437 oy @ 1=

ol Heke] §ATE A0 AREE 8709 ISSR
zafo|mof A F 507]9] FEAHEO] THEG oY o] F
377Hl A THg S Bl o] & g Fetell Al Yeh=
If HEE 2fRen, AP ekt 18 ohellA] bzt
R4 = Qi) oijn|2e] F 2ol A9] g A A7t

A AAE F-e 47 3%2 YERT
Heto] 56%= 7H¢ w=A Uehten,
7P S gk Hof Folnh Akt
F(A= TR o] 1,560 7H4 =qton,
13602 7P @A Uehtal, fadie -t
FoF Ado] 1,28 7P =2 ke HAFt & 30
A ojuZ ko] tfdt Nei's genetic diversity ()2}
Shannon index (S)+ Yz} 0,177, 0,278 2 YERFA|TH
Aekzo| e H4 0,142 (h), 0,218 (SHE VEpt o2
A tha ZFolE Holxginh, Mol A o2 B
(h= 0171, SI= 0,263) o] 714 & & Hofgle
=
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o, N
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20 vl (D2 T4%= WA A Yebgtoy, 7+ Hdo] o, "afl(a= 0.116, S= 0.183)9F (= 0.121, SI=
0.181) Feto] th Ftho] g w2 W2 gha Ueh
. L %AcH(Table 2
Table 2. Genetic variability at 50 ISSR loci in eight popula- AeHTable 2).
tions of C. hylomeconoides
wjul2 geke] $AA 2ot 9 gaw
No. Pop. N P A Ae N h
ZAE 8719] Zlehof tigh AMOVA 24 Azt HA 44
1 Sancheong 35 52 152 126 0233 0.153 . O}ok 1;’] ‘jﬁjj - o N jii l;f
1_.0 D7 v U o 7 1_.—_'{: —
2 Hadong 30 46 146 124 0212 0.140 . 19 of 18%7} o tell 71 }°} ~ ;’"Q
a7 Z = 2 7 ZAsle Ao
3 Namhae 24 44 144 1.18 0.183 0.116 R, e 82%= AT W ZAA] 2bel EAshE Aes
4 Gwangyang 36 56 1.56 1.28 0.263 0.171
5 Suncheon 36 48 148 127 0.241 0.159 ) )
6 Boseong 35 52 152 124 0226 0.144 Table 3 A.nalysm of rr.lolecular variance (AMQVA) at the
ISSR in eight populations of C. hylomeconoides
7  Goheung 38 44 1.44 123 0.201 0.133
g Gwangju 20 36 136 122 0.181 0.121 Source of Sum of Variance  Percentage of
variation squares  components variation (%)
Mean 31.8 47.3 147 124 0218 0.142 "
mong
Overall 254 74 1.74 129 0.278 0.177 population 7 204.627 0.807 18
N number of individuals analyzed, P percentage of poly- Withi
morphic loci, 4 number of alleles per locus, Ae effective 11 in 246  922.046 3.748 82
number of alleles per locus, S7 Shannon and Weaver (1949) poputation
index, & Nei’s(1973) genetic diversity. Total ~ 253 1126.673 4.555 100
Table 4. Geographic distance (above diagonal, km) and Nei’s genetic distance (below diagonal)
Pop. Sancheong Hadong Namhae  Gwangyang Suncheon Boseong Goheung Gwangju
Sancheong - 15 54 32 58 74 87 74
Hadong 0.0276 - 45 19 45 62 74 65
Namhae 0.0439 0.0395 - 34 51 68 47 84
Gwangyang  0.0427 0.0342 0.0420 - 29 47 55 56
Suncheon 0.0461 0.0345 0.0456 0.0383 - 18 42 33
Boseong 0.0625 0.0403 0.0586 0.0552 0.0172 - 46 23
Goheung 0.0594 0.0583 0.0648 0.0576 0.0315 0.0528 - 69
Gwangju 0.0472 0.0379 0.0545 0.0475 0.0225 0.0217 0.0404 -
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UrERdthTable 3). 7 A% 7F 4404 A2l 1F 3}
Aol 0.0648 714 w9rom], &AM A Aol
000728 713 v Fo2 2AEgct, sHut Aeja) A
2Pk 7MW 38Tk 4P Aeke] f4 Ae 0,05942
eRtow, Aeld Azt g ke A Aeht s

Hadong

Goheung

Boseong
04

Fig. 2. Dendrogram using the UPGMA method based on
Nei’s (1978) genetic distance for eight populations of C.
hylomeconoides.

A 0.0276 2.2 LEFGETHTable 4), oA H A]2|4] #
glof f424 Adle dASHA] ¢hgt=tl Mantel testE &
SF A oA = R0 o] IR A= 2tTh(=0.136,
P=0.313). 34 A 7+ 44 AZE 7|22 UPGMA
(Sneath and Sokal, 1973)®Ho] 93t S EALS AA|sH
A3 3A 7 HY 2Fe & FeEd=d, A d9]
AP shs ko] WA fAE 205 A5
THA] g ek dell At A2 fE A g
& theog AT &3 ko] WA 44
of 2055 Pk FAu 8T A2 3
HHA UmA 255 FA8ItHFig. 2).

ZAHE 8] F44 cluster?] &4 olFE Yofr 7]
93} Bayesian cluster 41 AA3E A1} AK o] 24 df)
2{tigks Hof A9 cluster 5 27} 22 WEHSIAL K=
NAE WA 2 7} clustero] TSt membership coeffici—
entE TSI3ITh 53] K=24 wf sk, AH, #, ol A
o) TSR A, B, 3 8 A9 S A4
cluster 13} cluster 29| A2 Z3t=|o] UPGMA §7 &
A Aot dAsh= S Hol}ltk(Fig. 3, Table 5).

|

O

Moy Kop

& 343

A

mCluster2
mCluster1

6 7 8

Fig. 3. Classification of individuals from 8 populations of C. hylomeconoides into cluster (K=2) identified using the
STRUCTURE method (Pritchard et al., 2007). The map (above) and each vertical var in the histograms (below) represents
the proportion of the membership coefficients to the K clusters in each individual (1, Sancheong; 2, Hadong; 3, Namhae;
4, Gwangyang; 5, Suncheon; 6, Boseong; 7, Goheung; 8, Gwangju).
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Table 5. The means of the cluster membership coefficient of eight populations of C. hylomeconoides by K value

Cluster Sancheong Hadong Namhae  Gwangyang Suncheon Boseong Goheung Gwangju
Cluster 1 0.866 0.767 0.722 0.202 0.207 0.108 0.345
Cluster 2 0.134 0.233 0.278 0.798 0.793 0.892 0.655

kS shsp} i) g Hm Q149 B

ISSR, RAPD, AFLP 59| 9AuAE 53 2
A5 Ato] 847 Hol= H|&3F o2 U= A
o2 d#A 9lon ulelA o] 7he] AA Al H|uE 7}
5ot Nybom, 2004; Kim et al., 2010; Jeong et al.,
2010). thaA) 3 A< whul2t 8 Mol ke A
o 2220 9MA TORYO] WI(P-AT 3%, SI=0.218,
£=0,142)2 RAPD ul7o] ola) ZA1H Thay 2Bgol
Ha(h=0,242) B} 953 Woron], dubdoa Ashe
TS Fhx EAAEC] Hik(h=0.191) HT}E o
0] th(Nybom and Bartish, 2000), £3] njju|&
to| ke EALY] 7)< (momotypic genus)©|™
chol shmstel] o3k 9K REAA] BAE = (Jeong
et al., 2010) ThdA ZEAEQ] MY v|E(Megaleranthis
saniculifolia Ohwi) Fgtol| th3t ISSR nlA 9 §-7chek
A9] H(S=0.180, ~=0.135, Jeong et al,, 2010) =t}
Looe Be SE02 et ol 24 uiAE olg
detake] 9 ol Hlwol A oF 4 9Jo]

ujn)2o] ek Szl A BHEL SATRHE um v
O

:.‘:
T
2

ri

offt
©,

J

(o]

ii

B oo Hm
Ny

ol
O
il
>~ H
o r
>i

N T BRIt BT 9 W 9T QA 14
U:H‘E‘Oﬂ ksl =29 fAMolE Itk (Helenurm ef
2005; Jeong et al,, 2010), tu|Z2 A AAH o=
WiES) ] AR oz Bkt elitel BA
o]th(Lee, 1996; Oh et al., 2005; Son et al., 2012),
A=0 9= AA Bl efsA EE5HA Fol oY
aglof ofsf #azefo] FopA H MEAL[ZOI A,
5o QT RREORRE HRe FAH % sl o3
AALF-F0|tHOh et al., 2005), vin|Zo] EFHE
FHv]TH(Papaveraceae s, str.)o] g EAAE5H &
43 oo\ b fABAY £ 2d ERTS 9
U-E(Hylomecon vernalis Maxim,)?l Ao & yelyth
(S.W. Son et al, unpubl, data), E3t nfju]Ze At 7t

m{u

A 4 9
ch ol 83 AR AL BALEES W2 A

1996), Qe SRRl ojul wek olelet 83t 3}
A B3| AR BRLOE PAH o] B YA o]
ATA FEE B AR FAT 5 on] o] A
5 g ot wjn o] v fATioe] ke )
PR am shAlgk ol el £t
P F o ABAOR 2A] AL TR A
AL U )4 5 94 FAH ARt ExzA}
Ho] 2o BRTS Eifste] ot tAS o83
HHQl 24P} o Bag Ao® Belh
7 ez 99 e Hus) 2 RE 4

T
(S87=0,233, h=0153), IOK(S[=0.263, A~=0.171), <A
(S=0.241, h=0.159) 59| B3 2Ax]o| sfFsl= Act
o] Fa}l(5/=0.183, £h=0.116)1 F3=(5/=0.181, h=0,121)
Sof wire) Mehacks vud S SRS fA5t
Aoz dege, dmez Qael 207 Age)
9 AL §HA HE(genetic drift), HEFA
(bottleneck effects) W X WHfj(inbreeding) 52| Y2l
o7 Qs ¥ v e Btk 497 B Ao
2 ®BE3 QJth(Barrett and Kohn, 1991; Hilfiker et
al , 2004). Fajivt I A2 50-1007A v|gte] A4
o] iAIEol of 100m 9] F-2 HAof ZHEs| U=, o]

ﬂ

_1>" rlr o

)

e H—__hir Sarzel] Qs qlolH Bl gt

I e E Ao ofsf) AHA7E ZA JLEHE]J——’ AN 2
Lo} £olat ATkS tjaro g Aayst A s A zAL A}
A= Fafjet T Ao £FH E(spemes rlchness)ﬁ}

ZH9F T (species diversity)7} T2 o] vla| wj-$- W
Sk, o5 Hgte] Bgme] QYT 2YAG A
A Y R A 5 QA wEe s Ao 2
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Table 6. Structural properties of the vegetation on natural
populations of C. hylomeconoides(Son et al., 2012)

Populations rslgﬁgzss (ig:;le; Evenness Dominance
Sancheong 91 1.67 0.85 0.15
Hadong 71 1.57 0.85 0.15
Namhae 56 1.41 0.81 0.19
Gwangyang 82 1.59 0.83 0.17
Suncheon 66 1.49 0.82 0.18
Boseong 71 1.52 0.82 0.18
Goheung 100 1.68 0.84 0.16
Gwangju 35 1.20 0.78 0.22
Average 71.5 1.52 0.83 0.18
Al e A2 3438 4= Qlti(Table, 6; Son et al,,
2012). wheb ol F Zleto] A4 el o3 mekvh A4
A ﬂﬂhﬂz}g} oz ART 2717k FA3] BolEe

o ol & 9
Bt O]OV‘ o 2H o5 7 Hdte] gt A4 2ol
SRS m|zl Aoz AzhE)

AMOVA 4] ZAifo] ofsf wju]Z o)) 2 of
A d A 7F Bl 5 =45t 7:‘_1_]» AA| S-AHo| 9
oF 18%7F e 7+ 4] Zpolof 7]qlstion, L]
82%7t Ak W AT Afolofl 7115}k
OB ek 7F B3PL 22| 2 AoR -Er
A E o]-&3k AlE Yok 7 A4 R = (Dsr) =
A EF] 79 0,25, BRI AIRE Bhe A%
o] Z¥z+ 0.27, 0.65, 181l EARXEO|Y AgtdE BxE
Hol= AlEE50] 0,26-0,34 AEQ] AoR BIE it
(Nybom, 2004). E3F ISSR 0}AS £ 2ALE 3]7A=
O A= 744 £ =(Dsn) 7} GREH SR 0.5 o=
Ho|x= AQ7} WthH(Qiu et al,, 2004; Xia et al,, 2005;
Kim et al., 2010; Jeong et al,, 2010). o|X ¥ AlE Aot
1:}15]/\14 ZH

A7) (effective population size) 7

l
iu)
(T

N

8744 HE3lgenetic differentiation)+=

o1 W& BEAL Hu, BES s ARad u
24 A hepdth 5 olck, oelRe Sukee)
A efolek QA HIWIIE /A AE HEY| Mg
Ao RS AlQfstal ek 7+ wpEskr} AshA] ko of
A7 Hlad FES AAFE 7R e dEHA
Qlth(Son et al,, 2012), o|F3t B gl o & ujFo] B

of ojlZe AR Wk 1) §27 ool vy Pt
o AoR {58 4= Qled, AAR wiju]E Hdo] oigt
Nm (estimate of gene flow from Gy)©] 2.184% (E=
AXEA 92) Uebro =i MRt 7 A4 w5t A
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s Uehd A, ohe o wlEdizhe] At 914
gk APiAY ) Hekselt, 535 At Ausdt w2
FHIAE Bl FF A2 vE AW ExjEt
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EXAE ufu|Z(Coreanomecon hylomeconoides Nakai) Fgte] G-ActoF

(Son et al, 2012) A3t A -9 HAHLL £
Wask ok B9 L WEIRe fAtkpy Tx
of Bt ARE BEH9 BANLS AR FE5P

&85 4 9l=g|(Ellstrand and Elam, 1993; Godt et
al., 2005, Gaudeul et al, 2000; Rasmussen and
Kollmann, 2008; Tero et al,, 2003; Xiao et al,, 2004),
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e FFolu FEATAY] S5 FATo=N ko] 4

A 1, A8l skl 3 ) 0

t do n:glE tlo >~ oo
H'F
[ISY)

o] ¥ Exd xd%k” Eﬂ Ta] strtal o 4= Qlth(Milligan et
al, 1994; Hamrick and Godt, 1996; Kim et al., 2009),

wheba] wjmldE A] FE20) FA4lof sfgstal v FHE
g Aot w8 AT S FABEL Qe AlEAkA
7%, 3hs) A MAEEY) ekl dish -9l A
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AP SS9 S i AA7E =l iol 917 ]ﬂ
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