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2 ok U FHAFURE FJue] fATSA, fRES 2 FAIAE doky] 98] AFLP £48 A
I St el gk 7] AFLP Zgfolw] 238 283 A3 fFadlgda Fu)7 140, o
2} ¥]&(%P)°] 82.2%, Shannone] T AS=(D)7F 0.358, oA 71X (H)7F 02310103, Wo]=
23 o|FFPE A (H)E 025322 YePTh FEHEFURY A0S dEURES 55T 1|
4ol Qo AR AVEIE E4o] ARG S0l Hlal| wokth wlo|= whHo s FHE Ha Fk 071
UERt A7REEelv A A AHA ZF wefel odk FEFHTA TP ATl 43S & AR AE
AMOVAZ F43F gaEF U] AR (0L 0107010, o]z WHoz 343 fd23-8@0") 0.
A} FEHFUFE AGAR A 540 fAke 5 HlE] fARsE A olFolR AoE YEhith
A BAoA &2 JAe YR HAaEd 80w 7P Aold e w eyttt £5% Jue
o] 7P W2 HEoEA, WEe] [k ARt o]FEHA Azl AR ade} fF Fsol o
a7t o|RAR WEIH] AEF AR ] 2 AF7E A7) gEeRE FgE.
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Abstract: Fourteen Acer pseudosieboldianum populations in South Korea were used to estimate genetic diversity,
genetic differentiation and genetic relationships using seven AFLP primer combinations. The average of effective alleles
(4,), the proportion of polymorphic loci (%P) and Shannon’s diversity index (/) was 14, 82.2% and 0.358,
respectively. The expected heterozygosity (/,) under Hardy-Weinberg equilibrium was 0.231 and the expected
heterozygosity (Hj) from Bayesian inference was 0.253. The level of genetic diversity was moderate compared to those
of Genus Acer and lower than those of other species having similar ecological niche and life history. The inbreeding
coefficient within populations (F,y) from Bayesian method was 0.712 and it could be influenced by selfing or biparental
inbreeding to induce homozygote excess. The level of genetic differentiation was 0.107 from AMOVA (®,) and 0.110
from Bayesian method (6"). The genetic differentiation was lower than those of other species having similar ecological
niche and life history. Ulleungdo population had the lowest level of genetic diversity and was genetically the most
distinct population from others in the study. We consider that founder effect and genetic drift might be occurred to
reduce genetic diversity and then the geographical isolation might interrupt gene flow to aggravate it.
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|- ¥ t}(Porth and El-Kassaby, 2014).
7| S slol] W 72452 A=) MY, sk, Al FEF U (Acer pseudosieboldianum Kom.y= 784
71¢] WslE of7]stal o2 <lal A il JI¢S © 7 WEUE- T (Aceraceae) THELUNESE ) & o7
FTHKim et al., 2011). AFE 2ol oigh Jebd st A+ vl S5, gAlol FRAG RS B 2
B fradvol Ang Ba 71FHst] mE Fo] 488 Ft) FFo|tHChang, 1991). 20=26°] 3L JpAH 2
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and Park, 1996), EA}A15EF(Cho et al., 1996; Hwang
et al., 1996), T2 €8 7% (Kim and Kim, 2011), 5
AJE B2 (Chung et al., 1995) 5°] 3 3T},

S50l A= A EF L (Acer takesimense Nakai)
= BTV} vl fALeH 9l G zpol 2 AlFe
2 BIEA O (Park et al., 1993), = 218 F&| O3t
Ao me} GFUe] 5F oW R A% g
TH(Chang, 1991). B7]¢] £o 7 HE SAES Fu3}
o} AEFUEE 7EA AL ¢pDNASH AFLP v} 2 o] &
Sk Al EFE A (Pfosser et al., 2002)$} microsatellite
A E o] &3k H ki 8 A4-(Takayama et al., 2013)5
TP, ETE AGF 7 W59 G
T3} AHEolgtal 3T o218k 3%l (anagenesis)
€ Aoy oA F2 vehbe SRS, WSl
o] F3 HtEo| AlthE AFsHaA EdRolet Az

| ol H5g frHwol7t =T FEjE wolrk

9} PCR 71&°] A% 240 th(Vos et al., 1995). 34
npAZ 2EE ZEHE(amplicon)?] 72 g2k
& woll AR 38 Al A4

Helzp A etE @ o] Ao (Lynch and Milligan,

3L, B fkEe] AEE gRIE 4 21, RAPDE
o A8 23] FHojubA (Jones et al., 1997) Hek-7 8}
ASEFS, FAARAE 2] Akl o]-&-E]o] YTH(Mueller
and Wolfenbarger, 1999; Bensch and Akesson, 2005).

£ AF= AFLP WA E o] &3t U g
ool fAThRY, fARs L FARAS Do) 95k

of s stent.

W

b=}
0z

Hd
=

B Aol A= Chang(1991)] ZAsflol wjehr &5 = F
e E3S 1) JS ST UTE A £4
o2 A7 3t th(Figure 1). J&U 7R3 & 715
old AMH 1AL Fol AR 7k WA 7} E3HE
Fastsiglor, A= 1A= GPSE o83t
SHATE JEd B 3070 A EAA GAEE A
# 3t th GeneAll Plant SV Mini Kit(GeneAll, Seoul,
South Koreay& AFE-3l] A=A} Al g8t vl ok
2} genomic DNAE FZ315t}.
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Figure 1. Distribution of fourteen Acer pseudosieboldianum
populations in South Korea for the population genetic study.

2. AFLP 24

AFLP#A1-2 Vos et al.(1995)°] WS 47 Wy st
AHE-3FATE. 25 pL RES-&- ol 0.5 pg genomic DNA, 10
unit EcoRI(New England Biolabs, Ipswich, USA), 10 unit
Msel(New England Biolabs, Ipswich, USA)°] X &5 ==
A Agta s A2 E s SATHTable 1). A& 4 A
Zl® 5uLe] w33}t 5pmol EcoRI adaptor(Applied
Biosystems, Foster City, USA), 50 pmol Msel adaptor
(Applied Biosystems, Foster City, USA), 100 unit T, DNA
ligase(New England Biolabs, Ipswich, USA)7} X 3gh#
15 pLe] k-89S 41059 ligationS F-33 3F3A Tt

Preselective PCRS 913l 1/102 3] 3} ligation ¥
15 uLel reaction buffer@mM MgCL223}), 0.2 mM dNTP,
EcoRI+AS} Msel+CZ /€ 10 pmol AFLP® preselective
primer mix(Applied Biosystems, Foster City, USA), 2 unit
Tag DNA polymerase(RBC Bioscience, New Taipei,
Taiwan)7} 323 35 pLo] R84S o] 73315

Selective PCRS $J3ll 1/102 3] 3} preselective PCR
QE-S-8-9 3 plol| reaction buffer? mM MgCl), 0.2 mM
dNTP, 2.5 pmol Msel+ 3 nucleotide selective amplification
Z]# 0.5 pmol EcoRI+ 3 nucleotide selective
amplification primer(Applied Biosystems, Foster City, USA),

primer, 843

1 unit 7ag DNA polymerase(RBC Bioscience, New Taipei,

Taiwan)7} 223 9 plLo] HH-3-8H-S 4io] a3t
PCR FZHE 82 ABI Prism 3730x/ Genetic

Analyzer(Applied Biosystems, Foster City, USA)E ©|&
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Table 1. Number of amplicons per AFLP primer combination
for Acer pseudosieboldianum

Total number ~ Number of  Polymorphic

Primer . .

. of amplified  polymorphic rate
combination bands bands %)
E-ACA+M-CAC” 45 39 86.7
E-ACC+M-CAC 38 31 81.6
E-AAC+M-CTT 35 16 45.7
E-AAC+M-CTC 34 27 79.4
E-AGG+M-CAG 27 22 81.5
E-AGG+M-CAT 27 15 55.6
E-AAC+M-CTG 34 19 55.9
Total 240 169 70.4

“Restriction enzyme E- and M- are EcoRI and Msel, respectively.

ste] 719534t} PCR S34H2] Z71E gRlsh] 9
3l GeneScan™-500 ROX size standard(Applied Biosystems,
Foster City, USAYE 4101 &Aloll &3I4 th. GeneMapper
v5.0(Applied Biosystems, Foster City, USA)2 ©]-& 3}
=71 100bp ©]’¢ 450bp ©]3t2 YERd 5ZAHE(peak)Tt
T8l SEZAHET noise peakS T3517] 918 peak?)
=ol= FF3k(rfu) 100 oo 2 AAstdt. 28]a 5
ZAHE0] frtol wt 1F 0o MRSt

3. SHEYN

Ao P FENEHAA $4,), THEE f47
H]&-(%P), Shannon®] TFFAAG (D), ©1FHT= 71t
(H)Z Fatich. 223 Ao 7F Nei®l 544 A7k
-3} 3L PCA(Principal coordinates analysis) -2
ARk A7t Aol 2o]lE Yolr 7] ¢

7}

& Ay o X BN

AMOVA(Analysis of molecular variance)S =3 91 2,
A7 F-483171 Isolation-by-distanceol] F&-3=A] 4
a7 918 XA A" #h F44 A= whE 7R L
Mantel #4218 GeneAlEx 6.41 =213 (Peakall and
Smouse, 2006)°- 2 523§ 3} T

AFLPsurv v1.0 =213 (Vekemans, 2002)2 ©]-&35}o]
Hlo]= Wi o2 hyfAA WIEE FAstaL o|dHJ S
= 71X (H)E FH 3R Wo]= Wi ofgh ZX1a
&) A7 FA5E381-8(0") 42 HICKORY vl.1
3 2 73 (Holsinger et al., 2002)2.2 4385} Th. ABC4F
Z 273 (Foll et al.,, 2008)& o]&3te] JAEol4 i E
Fg wtg Wlolz Wi o s st e 7F Neiol
A& AZIRES 7FA 2L Phylip v3.695 22 13 (Felsenstein,
2013)2 ©]&-3lo] UPGMA #4128 33313t} Hlo]= &
HE2 2 STRUCTURE v2.3 X273 (Pritchard et al.,
2000) = Pt 5 7 K(K=1-15)7kl thet &=
# PrXIK)S -8k= 203] WHE-S AAskaL STRUCTURE
HARVESTER 2273 (Earl and von Holdt, 2012)Z ©]
g3t HHFYrE Fekith. CLUMPP.1.2 2T+
(Jakobsson and Rosenberg, 2007)2.Z permutationd}o
A3t DISTRUCT vl.1 2 Z 73 (Rosenberg, 2004)
< o]&sto] =23}t

gty nE

1. REC
ISl B F82 "R FU4)7F 147,
Shannon®] Thd A4(1)7F 0.355, 18- A= 71X (H,)

Table 2. Genetic diversity indices from fourteen Acer pseudosieboldianum populations in South Korea using AFLP markers.

Population N A, %P 1 H, Hj

Baekunsan 30 1.351+0.028 71.6 0.322+0.021 0.211£0.015 0.233+£0.014
Chiaksan 30 1.412+0.028 81.1 0.371+0.020 0.244+0.015 0.269+0.014
Chilgapsan 30 1.381+0.027 79.3 0.352+0.020 0.229+0.014 0.256+0.014
Gariwangsan 30 1.402+0.027 80.5 0.370+0.019 0.242+0.014 0.266+0.013
Jogyesan 30 1.374+0.028 78.1 0.341+0.020 0.223+0.015 0.239+0.015
Juwangsan 30 1.398+0.027 82.8 0.371£0.019 0.241+0.014 0.266+0.013
Moaksan 30 1.360+0.027 74.6 0.338+0.020 0.219+0.014 0.241+0.014
Minjujisan 30 1.399+0.029 79.9 0.358+0.020 0.235+0.015 0.253+0.015
Odaesan 30 1.366+0.026 79.9 0.345+0.020 0.223+0.014 0.24440.014
Palgongsan 30 1.394+0.026 823 0.369+0.019 0.240+0.014 0.266+0.013
Seoraksan 37 1.396+0.027 89.4 0.371£0.019 0.240+0.014 0.257+0.014
Taehwasan 30 1.395+0.028 79.3 0.361+0.020 0.235+0.014 0.253+0.014
Taebaeksan 30 1.411+0.027 85.2 0.381+0.019 0.248+0.014 0.275+0.013
Ulleungdo 28 1.347+0.028 74.6 0.321+0.020 0.208+0.015 0.230+0.014
Mean 1.385+0.007 822 0.355+0.005 0.231+0.004 0.253+0.004

"N = sample size, 4, = number of effective alleles, %P = percentage of polymorphic loci, / = Shannon’s diversity index, H, = expected
heterozygosity, Hj = expected heterozygosity by Bayesian method with non-uniform prior distribution of allele frequency (Zhivotovsky,

1999).
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7} 0.231°] A tH(Table 2). Wlo]|= WP o2 FHE o|FH
e 71X (H)) Bk 025302 vehgth A4 oy
A FELEO = 16915, Bt A FdAkst v
E(%Py> 82.2%= e ATt o] 7 =2 {
ohe Bl ak4 =1.411, /=0.381, H.=0.248, Hj=0.275)°] 3
Mg G e £55(4,.-1.347, =0.321, H=0.208,
Hj=0.230)31t}.

FEFUF-9] AT (H,=0.231, Hj=0.253) AFLP
nl7] B0 o]Fo\ R Acer rubrum(H=0.311; Kovach et
al., 2009)2.t} S Acer skutchii(Hj=0.174; Lara-Gomez et
al., 2005):2.t} =3t} Microsatellite #1701 2] F74 3t
=] FHF U S0 (H,=0.610; Takayama et al.,
2013)2 microsatellite P} #4]0] o] Foiz] L3} 22
vete] a2 YF(Acer mono, H=0.800; Takayama et
al., 2012), Acer mono var. mono(H =0.737; Liu et al.,
2014), Acer saccharum(H,=0.687; Graignic et al., 2016)
Ho} Y3 Acer campestre(H=0.602; Chybicki et al,
2014), Acer yangbiense(H.=0.387; Yang et al., 2015), Acer
skutchii(H=0.129; Lara-Gomez et al., 2005)X.t} =3k

FEFr= 5 AFoly AlFelA F2 Ay st
LA igdo] Aell ol Eo R &0 TS
o|F= Ho]F7] AE°|th(Kim and Kim, 2016). 28|32
FHFUTFE HES EFUFRE oldASolF
(heterodichogamy)- 317] Wito] F2 EPZIwHlE sh=
7202 4 A JoH(Kikuchi et al., 2009). Nybom(2004)2]
HEREA oA AFLPE X3 -94v71?] RAPD, ISSRe]l
o3 FHH FAUFI(H ) v 7F Afol7E glow, )
EREA oA LRt thaAA (H,=0.250), EF7 Falul (H =0.270),
Hol$7] ZHF(H.=0.300)2] Ha FvhFd ) v
< o S FeEuTe] AT (H=0.231)2 H| WA
e A0 2 UEeRt} Microsatellite Tl 49 oA LHE}
S B URe] fATE (H,=0.610; Takayama et
al., 2013)% FlEREA ol A et thd A (H,=0.680), EF7F
) (H=0.650), Fol$7] EFF(H=0.700)9] H+ 72
R e Ao ' et S G| f
AL d3Urs T35 5 TrcelH At
v AR F 540 frAke thd Al o] el sl HolS
7] FAFE T HlA W2 FAnds veRi

Wlo]= o] ola] AFLP vl = F4E Persolx
F e 0.599%E] 0.895%, H 0.7120] QA THTable 3).
Microsatellite "} & ©]-8-ste] 83+ =] F+-3u-2
Wit F &k 0.330(Takayama et al., 2013)3} H]2L3}H 2
AFolA FAE Fro] wig- & ASE et o]y
ZFol = F4 A2 microsatellite®}t B8] 94 mfA <l
AFLP Ho|§¢] 7Hd 5l €3t SA1 Helw IZARE
(Foll et al., 2008), FL st wlo]= WH oz ¢t -2

g I

oy

Table 3. Population-specific FIS and FST of fourteen Acer
pseudosieboldianum populations in South Korea by Approximate
Bayesian method (Foll et al., 2008).

Population-specific F,;  Population-specific Fy;

Population
Mean 95%CI* Mean 95%CI

Baekunsan 0.672  0.298,1.000 0306 0.179,0.432
Chiaksan 0.729  0.250,1.000  0.081 0.023,0.144
Chilgapsan 0.698  0.180,0.999 0.131 0.056,0.211
Gariwangsan ~ 0.696  0.193,1.000  0.095 0.028,0.167
Jogyesan 0.739  0.338,1.000 0.196 0.105,0.293
Juwangsan 0.682  0.146,1.000 0.108 0.043,0.177
Moaksan 0.767  0.340,1.000 0.147 0.058, 0.240
Minjujisan 0.767  0.328,1.000 0.204 0.094, 0.320
Odaesan 0.821  0.472,1.000 0.097 0.031,0.163
Palgongsan 0.599 0.107,1.000 0.071 0.022,0.125
Seoraksan 0.895  0.637,1.000 0.065 0.031,0.105
Tachwasan 0.662  0.226,1.000 0.174 0.075,0.275
Taebaeksan 0.620  0.103,1.000 0.022 0.001, 0.042
Ulleungdo 0.618 0.148,1.000 0320 0.207,0.431
Mean 0.712 0.144

795% credible intervals in parenthesis

2} =F U (F=0.822; Ahn et al., 2013)%.t} 232 gL}
T-(F=0.628; Lee et al., 2014)H.th= 2 A0 = Yepyit)
CEUTE ARSETolal -5 HAlS A Wi
o & X WHj o] Yeh= 2102 B Eded], &
FHTe A AesTol FAER WA s wiE
Sl vlEl s gho] YRt o= AzbET)
| e A WAS SRR ARg-o] A Eol
ol ATl GRS UFRTE O W 23]
& Uehd o2 FAHET dEo] AR (Acer
mono)®] WA F2 A A AEFF] dFUHE FE
Eo] AES HAasle] flgt o|FAlgola At
AAA 02 Rl &8 Eo| AN A7 FRo] £5] by
A=A = B= AL=Z YERTH(Kikuchi et al., 2009). =L
Qol = FEF} 73] JNSIAL Y, NS SRR ), 2l vt
o|Fo 2= JHA 7+ A7 el & S F= A
o2 BWIHEHATH

Acer yangbiense®] 73-%- &I} FEO| JSA 717 Bt
A A ANA 7F st 2ol 7t 2 RS S
552 7Y BEEiE dAshe 202 BAEATH(Yang
et al., 2015). FHFUT JA] o] P Aol 7] 2HS 3T
2 A7l o st SHHTA F7 7Hsd o] vERE
T Ae Aoz A7 283 gRFUE AL
o] Az ol 7} Alsl AAZBAL T2 T ol 53l A4
H A EC ol F2 o] FofA = AR KB vt §)
+=8(Kim and Kim, 2016), 9% W ZA8H = 7IAE
2 URE 2 Fd710) 5Y 2ol AAE A

o & 7FeAol == Aoz Az B 3dF

l
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= FTEoR vilE ol s gl WE Al skt
7ol o]Fod Z o7 AZtEH wpeba] i o LAYst
= W= F2 7ke Aol de 2A3A MAE 7
A o= Alg

et

AMOVA Aol A el o] 10.7%(®,=0.107,
@ 7k Zpol &= yEpston vA] 89.3%2
o ANA ZE X}OMI o]gt

4 Ao ek
TH(Table 4). o] Hh ol o8k GARSE S 0= 0.110
o =2, Ho]= HhH A AAIZH 47H4 2d ZF |2 H]

0] FA&(DIC=9897.89)= WrERd kW] Zx1awnl e} f
AR DAL 71 e Full 29 7Hg el <4 %—Xéf:f} 3
H-31-8(0")7ES A9 81 TH(Table 5). o)1=
o 5o]& E3}gk(Population specific-Fg,)S
H 4 0.022(B1 W Ahel A Hd 0.320(=F5)2
0.144%2 YEFFTHTable 3). 5% HS A 93}
Uhe] SEAFAEBEE) sl AEFE 7 =Z
AEE) JEERY RS Wl oA

)

o IIE

o Jo
Ho o Mt i

-1N
T T O o S B LA = U T )

=) ﬁ”

[o

FAZ Acer pentaphyllum(®g,=0.240; Roh et al., 2008)
Ht} FRIth. Microsatellite P} 4ol A] GHELE-9]
AR (D)2 0.098Z LFE}SE S 1 (Takayama et al.,
2013), S-Elvet 2 L& A2 YT (Acer mono, Og=
0.078; Takayama et al., 2012)X.t} =3 Acer campestre

A|1054 A|43 (2016)

(®,=0.150; Chybicki et al., 2014)E.t} A2 Z1 o2 e}
Stk FATGEE S v R fAEse dHTU
(@4,=0.107)8} 7+ Thd A)(@,=0.250), E}7}alull(dy,=
0.270), o] 7] E8F(d,,=0.230)°] 7 & Ao

vebstth 2253 gegure] Sk 2 E 7L 8

o) vhele] ol Ahsliee], bl g A v
o o8 EAT} AEEHE F(Dy,=0.250) BT} T A&
AEsE e

3. |oizA|
UPGMA EA0l|A &35 Fdoo| fHdxoz 7P

Aow Jepton] Uge AUSe F e ages |

Wl Rebaha) 9k 2 A Al ] Ak 9 o) ke 3t

AeSo] shte 2§ ol FHUw, Aopat-AZHAL-E At

0 |

2| k7] a2k XA%%O == 6}494 a
2 oFArhFigure 2).

2 Aglol] oFgh do] e AR L}E}kk—t—tﬂ (Mantel 7
= 1=0.634, P=0.001), 25 % Hoto] Moz} E53 &
7Ur Xlﬂﬂoi 7} ¥ Fao g gFS A vR7]

=0.486, P=0.016).

PCA £4% UPGMASH nR7IA| 2 BLopik-ul 4t
ARF-RIFA - Ak shike] 2F-S o] 4L, Aot
-2 Zjlﬂ'-ﬂ] LIPS z] o]—)\]._7}g] 91—/\]—_2 91—}\]—_31—-1— 1_]—o] A2
| = th(Figure 3; PC 1=56.59%, PC 2=43.41%). &
T AT 7l aF o 2R E fAH0R TP Ao
z

Aoz Yehsit.

ﬂ_4

o
< ot to X N

Table 4. Distribution of genetic variations in fourteen Acer pseudosieboldianum populations in South Korea from Analysis of

Molecular Variance (AMOVA).

Source of variation df. Sum of squares Variance components Percentage of variance Dy,
Among populations 13 1460.8 2.903 10.7% 0.107°
Within populations 411 9974.4 24.269 89.3%

Total 424 11435.2 27.172 100.0%

'P<0.001

Table 5. Inbreeding coefficient (f) and the level of population differentiation (0™) of Acer pseudosieboldianum in South Korea by

Bayesian method (Holsinger et al., 2002).

11
Model f 0 DIC*
Mean SD” 95% CI’ Mean SD 95% CI
Full 0.972 0.027 0.900,0.999 0.110 0.004 0.102,0.118 9897.9
=0 - - - 0.073 0.003 0.067,0.079 9928.4
6=0 0.979 0.021 0.923,0.999 - - - 149934
f=free 0.506 0.288 0.027,0.975 0.121 0.015 0.097,0.155 10744.1

#¥SD, CI, and DIC : mean standard deviation, credible intervals, and deviance information criterion, respectively.



AFLP PHAE ]88 GRFLIT Fete] fviep st 7 419

Ulleungdo

Moaksan
Baekunsan
_E Jogyesan
Minjujisan
Odaesan
] _E Taehwasan

Seoraksan

Chil

S9F

—— Taebaeksan

_E Chiaksan

Gariwangsan

0.02 |: Juwangsan
Palgongsan
Figure 2. Dendrogram based on Nei's genetic distance by

UPGMA method of fourteen Acer pseudosieboldianum
populations in South Korea.
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Figure 3. Principal components analysis for fourteen Acer
pseudosieboldianum populations in South Korea. The PC1
on the x-axis and the PC2 on the y-axis explained 56.59%
and 43.41% of genetic variation, respectively.

Ho] = 34 ¢ H A2 4E Pritchard et al.(2002)
o] ¥H 3} Evanno et al.(2005)2] Wy ol wigl 74 315}
Pritchard et al.(2002)2] WHNN = HHLHASFE gl
4 212121, Evanno et al.(2005)¢] ®¥ oA E K=27} &
A4 E YERStHData not shown). 147 J&2 271
o] # o2 FEAES w, WA ANF-F O RIFR] 4
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Figure 4. Bayesian clustering analysis of fourteen Acer
pseudosieboldianum populations in South Korea. The number of
cluster was given as (a) K=2 and (b) K=3. (BK: Baekunsan,
CA: Chiaksan, CG: Chilgapsan, GW: Gariwangsan, JG:
Jogyesan, MA: Moaksan, MJ: Minjujisan, OD: Odaesan,
PG: Palgongsan, SA: Seoraksan, TH: Taehwasan, TB:
Taebaeksan, UR: Ulleungdo).
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