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ABSTRACT: Many plant species in subalpine regions are under threat of extinction as a result of climate change.
In this study, the genetic diversity and geographic differentiation of three regions and six populations of Prim-
ula farinosa subsp. modesta (Bisset & Moore) Pax in Korea were assessed using the ISSR (Inter Simple
Sequence Repeat) marker. The average genetic diversity (P = 60.62, SI = 0.299, h = 0.190) was relatively lower
than that of other long-lived perennials, even though it is a self-incompatible species. AMOVA analysis showed
that 50% of the total genetic diversity was partitioned among regions and Bayesian cluster analysis showed
some remarkable geographic trends that were structured into 2 or 3 regions, suggesting limited gene flow among
regions. Considering the population fragmentation, low level genetic diversity, and high genetic differentiation,
it is essential to establish in situ and ex situ conservation strategies for P. farinosa subsp. modesta.
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H Q: EWA A5 FEH IdAHQ ol o] £X3t= AEES 7IFRS mE AR B ws
208 "@E 9 294 A ZA Ada de Aol 2 AT iz ERAY ofaitiel A g
o2 B¥3la e St Eoln A2 EQ] dYZ(Primula farinosa subsp. modesta (Bisset & Moore) Pax)dll
ok §HA e AGH B3l FE THE T REAZS £HE] S8 379 61T 165SMAE o
92 ISSR (Inter Simple Sequence Repeat) A& FA3IATE 2 A FJ& 2o 3 thFde Fd2

(P=060.62, SI=0.299, h=0.190) F-AFeH EALE b= ThAA 2B Fo| Haug v T¢°l°i°‘li o] sl
o EAL dePrimula%e] & EREEC HEIAE tha W2 AxE BAY. f434
AMOVA(Analysis of molecular variance) ¥4 A3} AA] fAWHo] F F 50%7} X] o 7hol] x5} =3
Bol ] AY7F B3t vl$ & 502 IE, Bayesian cluster 4] Ao = ZALE M X9

d
o] 747 S5 §87 clusterS BATEZA AA LD $84 olFo] W ABAAE S HA
MYz Pae] F&F R} ke £F FAH GPY, A9 B RHE 5O S weisel A
Pz A AT 4L W BE PAS A DA - 9 2A A FYol AFH Qo BuA

FQO%: ohaAtl, SAHA R, HeYz, §42 TP, ISSR EA4
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A= ket ABA 718 FollAl aikalpine)} ofal
AH(subalpine) X3 H] W] A3} k2 2% 7t
g 9zl mEo] wjitel] Solgt A
B2 3 9 ket ASAE Alvetiw, et
¥ Bk opuel A AE AE FES fdEl e
Z Q3 9Ju|E A Y Nakhulsrishvili, 2013). $HFE o] 4]
a 253t AEEL ZElo] A E A (Pleistocene
period) ®3}7] B A FRCEHE FYE =
of A gk Bl o, £ A|(Holocene period)oll &
ofA 7ol AsshaA diite] Aol - 2o A4
O A HA AEENA ol A9 ol AE F
=9 A (refugia)y =X A LA = U tH(Kong,
2002; Kong and Watts, 1993). 0|8 o}arAkle] 7kE3st &
AR FES F2 A9 Aeix gowAM 4394
5 B MER ERTeE EekE ¢ 9leH, a8l W
< T Ee AdES Adke A ASA W AT
313} (fragmentation) g AL Qo0 % 7|5 A
sPF AgE s A% 9 dEe] e g4 =E =
Sitkar sk 4= QTH(Ceriani et al., 2009).

A Y Z(Primula farinosa subsp. modesta (Bisset & Moore)
Pax.)t Y% IH(Primulaceae)l] &= thdA 2EAEZ
ARA oM = 4gde M 59 F7kA] ZHEs (. Chung,
pers. obs.), AF-(Osmia spp., Bombus spp.)-+ L] 5 &%
of &af Fito] o] FojA= Fuist= A (Ehrlén, et al.,
2002), TALE FE HAAN EEA GPHAS s
% $}(Hambler and Dixon, 2003). &3+ 317] 4%+ A=
3Hpin type)?} @F3Hthrum type)=® TAHE ]3I+
(heterostyly)d FH|FA 0 2 A 2 7= A7HE
3} (self-incompatibility) 7]&+el] ]3| =7 o] o]Fo%]
A ke AR 4 A TH(McKee and Richards, 1998;
Richards, 2002).

SEugtel waxste ddxs 2784 A gl
ghatel] wet ojo] EAsk=, Aol sk P
modesta var. fauriei (Franch.) Takeda®} == #1002 <1x|s}
AAtk(Lee, 1996b), =2 modesta®] TS 5] P. modesta
var. hannasanensis T.Yamaz.Z Q1 A|3}7] = $Ft}(Yamazaki,
1993; Park, 2007). 3FA| %}t Yamazaki (2003)= P farinosa
subsp. modesta (Bisset & Moore) Pax®] FU = 4
31X P modesta var. fauriei (Franch.) TakedaE P farinosa
subsp. modesta var. fauriei (Franch.) Miyabe2] ©]"§ 02 *|7]
Q3L o] Rl o] FH, Ikl R, a7 A
waxsitha siglon, ek AlFEel ExshE
FTS P farinosa subsp. modesta var. hannasanensis
(Yamazaki) Yamazaki, 1] 3 SIS G| o) FEsh=
BFT= P, farinosa subsp. modesta var. koreana Yamazaki=
aA o S ] el

St FaEskE Feoe] AV E(P. farinosa subsp.
modesta) JT> FE FH-A G A A gak Y

o
O
m e

J‘
4
=7

Ul
flor

of J

2
N
2

Abak Ztopibs ZESE W A1 olaibAtiel Al
9] stepit ofaril A Qe 1FE o] F3ESL Q12w (Oh,
1980; Lee, 1996b), 53] A2|ita} EfAtell= Al A9
AAETE RS I A 4ol &S| gl Aolth(.
Chung, pers. obs.). 181 A= A= tif-Fo] H
o] gAY FAEE uet GA =EHOoEA Tt FA
T A9AQ wEe] fFo] FhEAL 9o, Tk xHAY
2| 5237 715 Wstel] ogk 218 Hole] 7HEstE thyt
o] o] F st At AA wekdt 7 AT =
73] Fol&=aL Sl FAHolvk(. Chung, pers. obs.).

sk Adxe AR AN EESZd ENESZTE)
07 2w o] 31O (Korea National Arboretum, 2008), &t
Ao AETATA BAE Jol &l 7% sttt
(ME, 2006).

HEA71FE an2Ql AU As FHstr] flsiA
= ATl et AAEsHA SA I AAA Y] A5
el st R 7} H4Ao]t(Orians and Soulé, 2001). ©]
o} tEo] A& T 83 54 2 3ol ek YR =
sk Az ol Al AE 58 T A ERae
g} Axte] Oisk ol E W FOoEM B e Y
= 9% 71EARRA e Tod AEE Al sua
s+ 4= 3ItH(Avise, 1994; Hamrick and Godt, 1996; Hart and
Clark, 1997). 53] <524 1AMES] 49 o7 2HA8=]<]
et 9 kAR o] A7)7t AgkAololA fA
Folup ZxlawHl Foll osh {3 theld o] &Alo] wstst
v Aol didl A-g5d AR olojx HBF Aol =
o} A E:=H|(Barrett and Kohn, 1991; Ellstrand and Elam,
1993; Hilfiker et al., 2004), ©]2]8t ARES 35 o 215
T RAAE Y A vl F23 ARE AlFslErhs
AollA HEL712=e 7 543 3ol gt o3|
+ BARET A viF Fo8k e4et & 4 Qi

wh2ha] 2 5= ISSR(inter simple sequence repeats) -
AR o] gste] ST SAtoln] EFL 7o st A<
Z Ao A vk 9 2 BAS S5 Ad g A
o F FAA E3b o FARAE FES] F5 A
Bxe] A 7S A JRE AlFstaat sk

=

1. XMYX| E4 R 1=

A ol sk Q= Axe] A w2 o
F2 &lld 1,000 m o) = AR AdE-e] wlwd 43
go] FH-3F e $x|skaL ISl

ZALE Al A F AFE KA stebato g
1,500 mo]/de] ol mAbA ol GIA st FH-st A
TE s dsler, setike] SAE(1,500~1,950 m)
RBol= AAFE(1,500~1,700 myA Qo] E4 w2 7hAEo]
AT 2y stk ol ik A ef|7hA] e
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o} A%, 2% Fo| 7| FWstel upet gatE]o] 9-4l8t
AA Al x AA S wFe AR, B E 5 of
IAE A A ) wEke oA JiAlrE Skt
3 3= Aot

Ao et Ao AAE Hd=2 o s
1,000 moe] it 2dA Y] Y=A 9} sateE o
2} F Ao Fata glo, 7|5t ofs)] AN
A F458H EAatElo] $383taL = M drundinella hirta
(Thunb.) Koidz.)2} AN (Miscanthus sinensis var. purpurascens
(Andersson) Rendle), At 0]3E(Sanguisorba hakusanensis
Makino) 5 FE-7%} v|SES U (Tripterygium regelii Sprague
& Takeda)?} =&l (Rhododendron mucronulatum Turez.), 2
Z=(Rhododendron schlippenbachii Maxim.) 52| =252] 7+
gk Jigtel] e AgA7F 3t HAY wekEo] JhAl
7 548 3Faska Sl FAlolth ThoRak Ao
1200 m o]/3e] T 2AAY U=EA4) viglE, SAE
= whh 2Eskar oy AR Tl 9ok B =
ANHAZ diF-e] WA AR gk, #H R Agn)
oF B 9] ERSAE AskE o v E}4EA T i
FFFo] T UEAAol= vy B2 HAEe] T
7¥sh= Aol Sict.

ukba] o)F 379 6o mNE ZF HehEE 18~337)
A & 16571A1E AF SIS T (Table 1), 2 71AE g2]4]
el Ham Fol7] flal AAE o 17i¥ 9] vk
AF skl wdg dAA L AT DA G
ak7] 218l AhAl 2F DS AgE Fol AFsHl e, 7t
Zke] s1x)ek WA gl 75 2AKSIITH(Table 1).

2. DNA =& Y ISSR PCR

DNA F%2 Doyle and Doyle(1987)2] CTAB WS =
7+ Saghai-Maroof et al. (1984)2] ¥ol w2} F=3IATt.
ISSR(Inter Simple Sequence Repeat) A A} #2442 9|3+
primeri= UBC (University of Brithsh Columbia)el|A] Al 2}l

Table 1. Location and altitude, size for 6 natural populations of
Primula farinosa subsp. modesta.

Altitude Population No. of

Regions  Pop. Locality """ "Gy individuals
Gyeongnam 1 GJ  OYSOMEMAM. 540 150200 25
Miryang-si
cn oveongnam, o 500300 33
Miryang-si
s oveongnam, o 200300 36
Yangsan-si
Gyeongnam,

Gyeongnam 2 GY 1,415 500-600 18

Hapchoen-gun
Jeju HLA
HLB Jeju-do 1,600 >20,000 23

Jeju-do 1,940 >10,000 30
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1007050114 screen?}d-& Sl A o] #aL Wol7} &
3} 571(#808, #811, #814, #827, #845)= A3 F PCRS
=33} T}, Polymerase chain reaction (PCR)<- template
DNA 5~10 ng, 1X PCR reaction buffer, 0.1 mM dNTPs,
0.0025% BSA, 0.6 unit Taqg DNA polymerase, 0.375 uM2]
primer®] total volume®] & 15 pL U555 S/7Ts 37k
At

o]Z gt kg5 94°Col| A 5% F<F initial denaturation
Sl % deanturation 94°C 303, annealing temperature= primer
AR 50~54°C 30%, extension 72°C 102 A% M-S
458 HHESE & HFH 07 72°Co|A] 1073F extensiond)
o] a3t

3422 1X TBE buffers AR89 1.6% agarose gel
oA 3A)7F FoF 2171953 3, Ethium Bromide 205 S
2 UV 1 oA WiEe] {55 wdsto] data matrixE
“dsioiet.

3. Xz &A1

UV zgstel] #9% 47195 Gel ARRICEREH Ad
Aol =11 t4dS Role bandihe -4 o] &3}
STt 7 sizeH 2 A E bandE FRAES AMER
aF31om, band®] EA| fel wiet <1EdE )y <EIE-)
o= Fste] & fFaxtEte] 7 vhe] o fdte}l
HE F 7 dF O] HIEE data matrixs 2AJSISITt

ISSR 3EA|RFE] 97404 EAE aefste] e f4H
& band®] EA] ool W Mg AR FAo] 3y
Atk AR thE AT Aaele] vluE flEiA 94 1
o] WL E o]85}0] Hardy-Weinberg 33 714 3loll
s s digf-3dAke] HeE F43k0] Nei's (1973)
AR F= (s FEsIelh

POPGENE <2713 (Yeh et al., 1999y ©]&3}] vt}
FAxEe] vl &P A oA W), ARk
A FAUHFAA S7(4,), Shannon’s information index
(SI) (Shannon and Weaver, 19492 217} AXksEdct 4
terd el e o e e 1k AlFA BExekbe o
ol 7] 93l Arlequin 3.1 (Excoffier and Schneider, 2005y
0]83l%] AMOVA (analysis of molecular variance) 2]
Fasah A 1 FARAE Fetstr] Q8 f-34
AdE <AZ PHYLIP v3.5c (Felsenstein, 1993)°]
NEIGHBOR % 73¢]A UPGMA (Sneath and Sokal,
1993 o2 FAsh & HFZA OE FigTree v.1.3. ZE
T13& ©]8314 dendrograme- AFESISITE.

TS Aoz A §714 clusterd] EAIF-E etk
7] #131/) STRUCTURE ver 2.3 (Pritchard et al., 2007) =2
Z1%-& o] 8-3}9] Bayesian clustering 42 4343} ).
A AR A=) 71 Stell admixture model
(F model; Falush et al., 2003y ©]-85}] 423t cluster?]
5 27 98l 739 cluster K& 15E 67K 247t 10



Genetic diversity and geographic differentiation in the endangered Pimula fanhosa subsp. moaesta, a subapine endemic to Korea 239

3] RHE3FO] simulations 5733kt o]w 7} simulation
oAl Hoj| HHs- 315 (MCMC, Markov Chain Monte Carlo)&
200,000°.% Astelar, Hx MEHE 100,00071] 7
A= 20 HgAds flal Al9) sk thbum-in). #H <]
K#ks 2743k7] 218 AK7F HiQl K =29} log-likelihood
Ln PXIK) #f°] HAE Holn MY3lE olF+= K=3&
174315 tHEvanno et al., 2005).

2 1

1. 8U=x FETo| XA O H 1=

Az Ake] FATRd Aol Ag-E 571S] ISSR
primerel Al & 33708 FFAES #HEAT AN
primerd B 6.6712] 1B TF S A4S 5 3
o] T AFE A} UFlA veRd fiEs 717} 2
N2 JebAthAR vAlE). 671 F kel ot
A2 BlE(P)E 51.5~66.7%2] W= H 60.6%32.
), SBe} GY 0] 66.7%= 7HF =2 H]&S W,
CH o] 51.5%= 71 W& A3 ®olo 443
g 5 UEH AU 1.28~1.392] W R Ht
1349 A¥E ®Boled], JAl GyFe] 1.39% 7P =
k3L, CH o] 1.289] 7P w& AyE Hith ot
FollA dAx A Nei’s genetic diversity (h)2+
Shannon index (SI= ZH2t 83t 0.1909} 0.2999] #ks K81
=), GY Feke] ZHzF 02313 033824 78 =& ik
Hlow, CH Heto] ZHz} 0.1633) 025602 H|wz] ut
< s Bl v, F oA Y Nei’s genetic
diversity (1)@} Shannon index (SIy= 22+ 0.521=2 0.342%
A ek 2] fd tekdel vlE] vl =2 4] o
S BT Table 2).

2. 49 9 Jd 7+ {47 23} 9 {A8A
Aoize] A o7l Akl sl AMOVAE ©]§
Fe 40 vlaeA & =2 JA R F 52%
yl ZRAIZEe] Apolell 7)1 O, 48%= Tk
Aoz 2o e th(Table 3). g8 A<ix
o] xjejog FE3le] AMOVA H4L A3 4
k] 32 WMozt 50%2 eSO Ao U]
o

X éﬂﬂg
QO oo

(N7

=

T 6%E UERY Aok 7ke] fHme)7t 2 A
Qleh= 2102 LERITH(Table 3).

7t Nei(1978)2] §-17% AglE Alklst Az} ot
0.304% YElEom, 7+ xe] djdsH= HLAY} HLB
A 7rell A 0.016 ©]% L, GI, CH, SB ¢+ 7ho]=
0.059~0.146°] W9E Witk A i E= A1 A5
5 A9 Alo]9] Hito] 0.622, A28} AT A Alo]ejl=
Bt 0762241 vl W ARlE B0, A1 A2
A Aatolelli= &4 Aleh gt 03232 v TPk
7elE YERITH Table 4).

NI/ = A S e o 0
w Mo

N
15 2 au
Y =2

N

A 2+ F14 Aol £A% UPGMA 348 4
Algk A3} #g]H oz e X|Hef| &3sk= CH, GJ, SB #
o] 3hte] clusters: BASHROH, T3 O HLA, HLB
Ado] 275S 4T T GY Ay fREoRA Y
M3 clusters 343 3FSItHFig. 1).

Table 2. Genetic diversity within 6 populations of Primula
Jfarinosa subsp. modesta.

Subpop. N P A A SI h

e

GJ 25 57.6% 1.58 1.31 0.274  0.187
CH 33 51.5% 1.52 1.28 0.256  0.163
SB 36 66.7% 1.67 1.34 0316  0.197
GY 18 66.7% 1.67 1.39 0338  0.231
HLA 30 63.6% 1.64 1.36 0.327  0.203
HLB 23 57.6% 1.58 1.33 0.282  0.161
Mean 275  60.62% 1.61 1.34 0.299  0.190
Total 165 93.9% 1.94 1.64 0.521  0.342

Note. N; number of individuals analyzed, P, percentage of
polymorphic loci, 4; number of alleles per locus, 4, effective
number of alleles per locus, S/; Shannon and Weaver (1949) index,
h; Nei’s (1973) genetic diverstiy.

Table 3. Analysis of molecular variance (AMOVA) from 6
populations of Primula. farinosa subsp. modesta.

Level of variation df SS MS %

Population level

Among population 5 437.229 87.446 48

Within population 159  534.674 3.363 52
Regional level

Among regions 2 385.760 192.880 50

Among population 3 51.468 17.156 6

Within population 159  534.674 3.363 44

Note. SS; sum of squares, MS; mean squares, %; proportion of
genetic variability. * (P<0.001).

Table 4. Nei’s genetic distance (above diagonal) and genetic
identity (below diagonal) between Primula farinosa subsp.
modesta populations.

Population ~ GJ CH SB GY HLA  HLB

GJ - 0.059 0.046 0324 0.462 0.535
CH 0.943 - 0.064 0352 0476 0.528
SB 0.955  0.938 - 0295 0.405 0.447
GY 0.723  0.703  0.744 - 0.245  0.299
HLA 0.630  0.621  0.667 0.782 - 0.016
HLB 0.585 0.590 0.640 0.742  0.985 -
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GY

rHLA
L HLB

CH

GJ

_ SB
0.01

Fig. 1. Dendrogram using the UPGMA method based on Nei’s
(1972) genetic distance by ISSR markers on 6 populations of
Primula farinosa subsp. modesta. Abbreviation for populations are
listed on Tabel 1.

B Cluster2

B Cluster 1

I Cluster 3
B Cluster2

B Cluster 1

GY HLA

Fig. 2. Classification of individuals from 6 populations of Primula
farinosa subsp. modesta into cluster (K = 2, K = 3) identified using
the STRUCTURE method (Pritchard et al., 2007). Each vertical
bar in the histograms represents the proportion of the membership
coefticients to the K clusters in each individual.

Table 5. The means of cluster membership coefficient of 6
populations of Primula farinosa subsp. modesta by K value.

K value Cluster GJ CH SB GY HLA HLB

Cluster 1 0.012 0.007 0.019 0.748 0.989 0.993
Cluster2 0.988 0.993 0.981 0.252 0.011 0.007
Cluster 1 0.967 0.991 0.970 0.008 0.008 0.004
K=3 Cluster2 0.005 0.004 0.010 0.010 0.979 0.977
Cluster 3 0.028 0.005 0.019 0.982 0.014 0.019

K=2

dodx2] AR 67 AFARES] F7] cluster] EA)
oJR-E Aolr 7] $I3)] Bayesian cluster 412 2AS A3}
log-likelihood LnP(X/K) 7% K =32 w] HPAE HPC
v o] FYs} HlaL, Bgt K gk K=2¥ o FHujgks
Ho HA Y cluster 5 2124} 2, 302 okslal BE JA|
Z to 2 7} clusterol] th$ membership coefficients -
&19ick. K =22 w] HLA, HLBX©} G, CH, SBReH- 7}

Korean Journal of Plant Taxonomy Vol 43 No. 3 (2013)

7} cluster1¥} cluster2¢]l ¥ membership coefficient(0.9 ©1%
yE o] FRgk 24 ApolE HolFgloy, GYH
o] 9= cluster 191 th3t 0.748, cluster 20 thal 0.2522]
membership coefficients WFEFUIITHFig. 2; Table 5). =5t
K=3¢ u Z+ AdE2 71719 clustere] ofis|
membership coefficient(0.9 ©]’HE HoIFHA X|IHEZ
TR 723} He AS BT th(Fig. 2; Table 5).

o F

U= FE A O

= —,—"é FEAZHISSR, RAPD, AFLP)E 3l ZARH
59l A% Aol §A4 T AGe e pres
111EML AOZ Wi 9lom, uehA D}E FA A}
2 AR HILE e 20% elA SlrhNybom,
2004; Kim et al., 2010).

LS SAA ol v WES el He Azl 67)
ARkl BRR AW F79) A4 el B
(P=60.62%, SI=0.299, h=0.190x> RAPD v}H=Z FAI3t
D}Ld*éi F R 7] Ht(h=0.242, Nybom, 2004)5 th= ut

Al YeptoH, Ast FEPGE 7= SAES] 3
+(h=0.191, Nybom, 2004)3} ]33 52 Bt}

ok 5A%E ISSR EXALE. BASE Primula® ) &%
Q1 P, interjacens (I=0.345, h=0.236, Xue et al., 2004)9]- P
stkkimensis (I=0.322, Wang et al, 2008), P. ovalifolia
(SI=0.313, Nan et al., 2003), P. farinosa (I=0.21, SI=0.33,
Reisch et al., 2005y} W|wahd, iz ol #zE]=
A E}ob‘ﬂ O Tha ke SES B

o A=Fe) Al el waldA, Heke] A719k
HA 52 Oi‘éﬁ A 8o A ke f44 o
F H TEE A3 e T dAEeH, 1§
oA EHH%W% AFAQ FAA wghe] Bojslr] wE
of AE o] FA4 7] Aol vie- s IF
S vl g 4 c,’,113]-(Hamrlck and Godt, 1989).

Primula®s @.%'é = EE(CF 91% A %) ol sl
o | xE e Zﬂoi =R 1A il—:ﬂ](Richards
2002), SHbEe] 228k Adx A FFstel Gt
o] 7 7K sPIBHE Zka glom, 2 typed 2t N
A grells Aol ol FAAA = ATFE K (self
incompatible) EXS Holy oA o7 EPrES ;}—‘“—

EolthMcKee, 1998) ‘Q“Vfiii E} R = 2
e SRR she AR ) e 27 tRbS
FABR= oz Lﬂﬂ S1TH(Nybom, 2004). 3+ Oﬂi °]
H3lg S Hol= P ointerjacens®] 735 V| T &
FA] Aot AsHA o7 BRI X9 EALAE]A]

Ol

Jut

uh 22 A g I=0.345, h=0.236)S HAsh= 7
o7 4HA 9 om(Xue et al., 2004), o]o] Wl A A5
TUE SakEelARE S5 (homostyly) 241 A7F4+
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BT k= AoZ dEA P oscotica® A= 471 o
st RAPD T44 7 37 thef/do] ds 2sA] ¢
o
PR

SHEAINE Tha Al 0% o]y 359] S| F2EA =
A FAAWAE Has= o2 Ao Z (Hambler and
Dixon, 2003; McKee, 1998) %2 -9 k4ol A
= ok v 0] A v FEE vks
=3

2] wufeka olejew x| Ad BEEWS9} F
7] B3 A e 9 Tz 9 vE

Qe Zo7 dA QtkBarrett and Kohn, 1991; Hilfiker et
al,, 2004; Chung et al., 2013a). 3t ¢ = Jacquemyn et al.
(20092 iz 9} o] o]g3sl+2 3] FHE 2= P
elatiors U0 2 A2 o] A& & Faxdar]
o] Frast A7 Fwo] e {2 verd el
AR AAYE Bargk v qlet.

4
o] REsks MdE Fa

of A% A Eehol
X E M|(Pleistocene period) YW 3}7] &<t Ealste] dhHbE
FA e 7] wA Ao R IS § ERA 2] §

Qb TIFEe] A AL A4 Moo ot tiA| Ay &
Aog A3, IF HAEL tiAA ] Ap4do] o
& ofaAA O] AR AFF-E I A (refugia) = Aot
e w Bl & A07 W% 9 Om(Chung et. al.
2013b), ©1F 7|5 H3}e] W A2 Holv} 71453}
dohd o5 JYEL 79 A 9 HAY witkEo]
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