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2 o FUE I Jed BuuE s Hddd EAldte AWl R JAet fAEsE F4317] A
& BAEh fAAET gzt AoeiA #EE vl fAEE AL UHA {3t
s o R FAEAS AAS Ad, H olFFFA W= ZUik@H)e] RS 0292, BHIVUEE 0220
o8 ALdEe FhEe frdRiolFe]l ¥ & Ao yshwth Jd aZAFEE 7 Ha 0.065,
U7 5t 0.0952 4] #hE velo] 7 % 338 I Wl SIHIA7E H-W B3l e 71d) JA
A Bop B2 Z0F yepgrh J9 7 fFHEsE EA8 A5, BuUR Qs vlaEA (£,=0.039) gy
T HADEE FARSH(F=0.063)7F O AstdE 202 UeEth 7 £574e] fFHAESHF,)= 0.0492 Vet f4
Holo] tffo] F % ol FREL AUFol AT JH {4 {FAIAE BA A, e
Vi HEE A, gERhe]l B Jeed EelEo] vEisey A e Buvy JdEd a5s 9
skl e Ae® veihth A8HoR BAE dFEe JdEe] W] o]F¢ 7 F5oE A A%
4 55
HEAZE S7HEReH, 7 559 T3t o] vz HZo dojstont o FE3]
Aoz F48 F UATh

Abstract: To estimate level of genetic variation and genetic differentiation among populations of 3 populations
in Abies koreana and 5 populations in Abies nephrolepis, 5 nSSR markers were analyzed. Except 1 locus where
too many alleles were observed excessively, population genetic parameters were recalculated with 4 loci. Mean
expected heterozygosities (H,) were 0.292 in A. koreana and 0.220 in A. nephrolepis, respectively. In both
species, positive fixation coefficient was estimated (F=0.065 for A. koreana and F=0.095 for A. nephrolepis),
which suggests that there is an excess of homozygotes relative to Hardy-Weinberg expectations within
populations. Relatively high degree of population differentiation was observed in A. koreana (F=0.063).
compared to that of 4. nephrolepis (F=0.039). From 3-level Hierarchical estimation of F-staticstics, only 4.9%
of the genetic variation was allocated between species (£,;), which suggested that most of genetic variation was
shared between two species. On the basis of results from analysis of genetic relationships among populations,
2 populations of A. koreana (Mt. Halla and Mt. Deogyu) were genetically distinct from the populations of A.
nephrolepis but a population of Mt. Jiri was allocated within a group of populations of A. nephrolepis.
Populations of both species seemed to have undergone genetic drift due to gradual decrease in population size
induced by global warming after the last glacier, which resulted in increase of homozygotes by inbreeding. It
could be also postulated that these species might be diverged recently and It is likely that the two species have
not fully speciated yet.

Key words : Abies koreana, Abies nephrolepis, nSSR, genetic diversity, genetic structure

*Corresponding author
E-mail: yphong@forest.go.kr

571



578 EEMER RS A 1008 A43 (2011)

N o=

T3 (dbies koreana EH. Wilson), F-H|U-5-(4bies
nephrolepis Maxim.)& --2|upetol] A st= Aupy-&
(Genus Abies) FEo)t}. T3 UF-= Wilsondl 98] A5
ZoA Hzx HAE ZE FOo= W (Wilson,
1920) 3hte FRA] Gl Yi4k, 224, 7tk dhepit

LA EEFTHASE 5, 2007). EA =
AR oz ARAZ &8 A EA Eal3 A7 o

3

=32 9le] 20065 HAIAAREAYIUCN)S] 817 2
9071 A& BRaelA 2T eE SAE vk v
FAZE 5, 2007; AF5 5, 2007). Sk A gate] £
o] olEl A HEE AR A3, 2AF e
oF 70%7}F A7 3¢S Kol AUThal BalataA 4
Hol A0S AL 7128 R B 28F 7
7] By ujEolgt B ST} 5, 2001). 20
A7] FRE71l] Soleha] Aol E3tke L As] B
o] W&o AL low W] B FolEAL A
© dAoE fFEY A9 7 bE g5l vls) o
ol XA o] A= AL lvkal BAE uf Tzt
g ek 34, 2000). TR b S5 ol &, v
Al lol A 9742 de] EX s I FFOR g
U A8 o2 AR EE AT R SeuRtlM e &
ZAF o] 59 3 700 m o FelA ASatet 5 ¥
Bl & 34 Ao Ay Eo] Exgth H2A) 9 Ve &
A& Bol ol §5e T AAHSE 77 Fot v E
8l REU o] A3 A3k th(Lee et al., 2008). A
o 2 ol A A E A EA L] ZHEJE &
2 I4A "2 AFHNA o]Fgt F3 Wehrlel L9=
AYOBHE o]FF FEFTEE o FoJA Ut o]H T
T AR dokgh 715 27 wEel iAo Yk
o] vro} A4 M43 g7 P def el =9
3| Eo|u Belo] A9 EVFsstAY 1 AkE e ® g
thEEA 5, 2004).

Random Amplified Polymorphic DNA (RAPD), Amplified
Fragment Length Polymorphisms (AFLP), Inter Simple

T

Sequence Repeats (ISSR), Simple Sequence Repeats (SSR
Y+ microsatellite) 52 7o] 3 DNA o] ®lo]& 4]
3}i= EAEF chloroplast DNA (cpDNA)®} mitochondria
DNA (mtDNA) X3 M| E47]#o) EA3HE genome
o] Hol& A8t thdet DNA EAE°] 7dE o 3
S sE Hofol| A ARE-E] L 9l tH(Liewlaksaneeyanawin
et al., 2004). ©]% RAPD, ISSR¥} 7+e FAFN 9S4 HE
A](dominant marker)E-2 28}A Q1 3] DNAE tldo =
TS T 7T gel oA BE FHAE S gheto]

7Fsstol B FAALE Fal fFdHolde +74

e A

gfoket= @ o] AThelA$- 5, 1997). Nuclear Simple
Sequence Repeats(nSSR)= 3] genome g0l &25472] §7]
A go] vHE-5= P 2 EA|5t= FH = vHETS] Fo
2 ol 7F tpFstA FEE TH Weiguo et al., 2007).
g F-E2] nSSR F-9]:= HA| genome Aol B U
o2 -9l vlal Aol go] 7] wiol 7R o)
£ HFal7] gola Hes e s g fde] A
o] o] ALg-%| 3 JtHAltukhov and Salmenkova, 2002).
FAFY $AEAQ RAPD, ISSR &= th2A] 2w
DNAE o2 g #4027 FIHTA % olFH
} 3-9-*J (codominant) &
s 7HAIH, FAF E7] Y3 markers 3R T 3
o] A&7 W& ™ol AthStruss and Plieske,
1998). FAN7FA] FdpF-eb B Ul tisia = F2 9]
5T FE A Fds AdE EREE AT o] FojxloH
1733+ AAd, 1982; HFFok A4, 1983; FH &
5, 2007; $HE 5, 2008), Aol it A= 4
DNA 3 A|(dominant DNA marker)E ©]-83}o] o]Fo%
vl Atk 3§74 2, 2000; 7488, 2002; Lee ef al.,
2008). S EA 9] 735 2uf A A EE FAe=0 A
Qo] ol o]Fojd Q7] W& HFd FAF
ALt Al Alofo] 2B R B4 A Al B 9
7} &-+EtH(Lynch and Milligan, 1994; Nybom and Bartish,
2000; Lybom, 2004). ¥ DNA W #n-L/itrn-Ve} trn-
F/orn-T F-]2] ¥o] A2l haplotype £41& EalA 4t
7 7l JeEERE 954, At EEuE ) F
el bl thEt A-7F E vk =l (Kormutak e
al., 2007), =4 DNAE 3] DNAo| B3] EdAHo|&o]
S g B Enk o] Ajxgto] WA EA] oot 4
< 2 A 7 "Holrt 8 DNARY 82 540 7] o
ol F 2 AR AA BEEHE 7S e Egt
AtollM e BEg A5 7T = e el At
(TE&E 5, 20060). wWetA & A7 A EA
(codominant DNA marker)?] nSSR 34| #4& 53}
Tl BV AT S setetal F E
o] Fd A= FABAE Golr Al Y= T

B %0

a
&2

M o

1. A2 % H DNA F&

T e AR EERYE, AR, ERhlA, &
HuHEE S70S] AL, QA Aokl 2, B
el A e AF A 2 e G 2070A S A
sted Al g5 st AR ARl 30 mol el b
AL ol fFAwAel sle AR AeEE g Hast
skoith AFE AF2 LR EFG0 mgrhA)E 2
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71& o]-&-3te] #4|§ F DNeasy Plant Mini kit (QIAGEN
AHE ©l-&3t] DNAE FZ33 )

2. NSSR HEXA| 24

Abies albal|<] 7WEE 13702] nSSR primer (Cremer et
al, 2000)5 °]&3ato] AuEFS Fall thgge] HEE
5719] primerg A3t A3t 2t primere] forward
sequence?] 5'9= 19 bp Z°]€] MI3 oligonucleotideZ
£ Fo] PCR #78l|4 F4E DNA templateE ©]-8-3F
71421 DNA Aol 34 dye FAM/HEXE <1
M13 FAM/HEX dye-labeled primer (5'-CACGACGTTG-
TAAAACGAC-3')7} DNA template®l] €4 3ttt 5=
AHE2 11 ple] F RESAe) 14 ng Template DNA, 0.2
UM Primer mix, 1xreaction buffer, 0.1 mM dNTP mix,
1 mM MgCl,, 0.04 uM M13(-29) FAM/HEX dye-labeled
primer, 1U Tag polymerase”’} 01715 ZA3AH. &
& 918l 94°CollM 7] ErA 5, 94°CollA WA 1
B, 60°CoA] 137} annealing, 72°CollA] 287F S5-30] o]
FolAl= A4S 108] WHEAIR] T 94°Coll A WA 30
%, 50°CoIA] annealing 303%, 72°CollA] 13-71e] FEo)
o] Fojx = HA S 253] WHESE & 72°ColA FHF FFA
Ak SE4HE9] #82 Prism 3130 xL Genetic Analyzer
(ABDE ©o|&3lE, 228 37] 23S ¢80 Gene
Scan™-500 Rox™ size standardS 70| YolFAt. =
2HE 1412 Gene Mapper analysis softwareS ©]-8-3}1
om FEAE A7)E VIEeR dHFAAE st
AR S 285

ZFAAE B FAAE ARE 7|22 A s
H&(P), A2 2 E-Fa2ke] 74), e g2t
o] 4(4,), olFHHE HAX(H), o 1BHAE 71N (H,)
E Atstath. dig Ak Ble o] Juzt 84
e X A4 4 G AR o8] FRERNSH, Wright®]
(1978) F SAA(Fg Fp Fop)2t Weir(1990)] 83l ut
E ] ATTFEREZ, W J92E, Jd AT

2 EIHEE FA3I Nei(1972)2] +43 AL +

Table 1. Nuclear SSR primer sequences used in this study.

Primer DNA Sequences (5'—3")
SF1 F  TTGACG TGA TTA ACA ATC CA
R AAGAACGACACC ATT CTC AC
SF bs F AAA AAGCAT CACTTITTCT CG
R AAGAGGAGG GGA GIT ACA AG
SF 50 F CATTTG GIGCGG TTC ATT TC
R AGI GGC ATT TCA CTT ATT GG
SF 83 F  AGC AGC ATA ACC AAG GGT CAA
R TCT GAATTT CTA AAG GCG GC
SF 324 F TTT GAA CGG AAA TCA AAT TCC
R AAGAACGACACC ATT CTC AC

M13 labeled primer (FAM/HEX)-CACGACGTTGTAAAACGAC

3Tt o)4ke] A #2418 POPGENE 1.31(Yeh ef al.,
1999) ZZ2 138 o] &3t} FAAF A 2] null allele
A FFE #2lslr] 98k Micro-Checker 213
(Oosterhout ef al., 2004)& ©]-&3}A 3, HZ2] E¥x3ct
A5 At 14 F5(genetic drift) Y AH-F A
%3171 9184 BOTTLENECK Z =213 (Piry et al.,
1999)2 ©]-&-3}] Wilcoxon sign-rank tests &3+ -F-2]4
AES ANt Jd 7F FARAE FA487] Sl
Neie] 7% A& 7|ZE Phylip v3.5(Felsenstein,
1993)Z ©]-&-34] UPGMA®H | 2|3l Dandrogram= 3}
ok Je 7F A2 A Aol f73 Al e FEaA
£ 733171 9814 IBD(Isolation by Distance) X2 13
o]&-3}o] Mantel testS -3 Jc}.

o

Zon gy nE

T A RS RS (P 60%~100%E
Bt 733%, JT H HE-/F42 S 2.8
3 NAHE Hd 340, FENHEFEA FU4)E 1.7
AEHERH240(EF4hE i 2.0/ 2 Yepstt o)
A Z7INA(H,)= B2 0.381 [0.334(X12]4H~0.405(3F
22 ol H I TEX(H=0.317) Bt} =UATHTable
2). EHIE] oA FAREE H &Py 60%~100%=
it 68%, Jet ¥ G712 (4= 3.270(&94H)~3.8

Table 2. Genetic diversity in natural population of A. koreana based on 5 and 4 loci (exception of SF50 locus).

] A A, P(%) H, H,
Population N

5 loci 4 loci 5 loci 4 loci 5 loci 4 loci 5 loci 4 loci 5 loci 4 loci

Mt. Deogyo 20 3.6 2.3 2.4 1.7 60 333 0.280 0.225 0.404 0.300

Mt. Jiri 20 3.8 2.5 1.9 1.3 60 333 0.280 0.213 0.334 0.226

Mt. Halla 20 2.8 2.3 1.7 1.6 100 100 0.390 0.350 0.405 0.349

Mean 20 34 24 2.0 1.4 73.3 55.6 0317 0.263 0.381 0.292

A=number of alleles per locus; 4 =effective number of alleles per locus; P=percentage of polymorphic loci; H =observed heterozygosity;

H =expected heterozygosity
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Table 3. Genetic diversity in natural population of A. nephrolepis based on 5 and 4 loci (exception of SF50 locus).

A A, P(%) H, H,

Population N

5 loci 4 loci 5 loci 4 loci 5 loci 4 loci 5 loci 4 loci 5 loci 4 loci
Mt. Gyebang 20 34 23 1.8 1.4 60 50 0.300 0.238 0.313 0.214
Mt. Odae 20 3.8 1.9 1.4 100 100 0.206 0.170 0.346 0.244
Mt. Seorak 20 34 3 1.5 1.4 60 50 0.190 0.163 0.282 0.213
Mt. Sobaek 20 32 1.8 23 1.4 60 50 0.250 0.200 0.342 0214
Mt. Taebaek 20 3.6 23 1.9 1.4 60 50 0.170 0.150 0.324 0.213
Mean 3.5 2.5 1.9 1.4 68 60 0.223 0.184 0.321 0.220

A=number of alleles per locus; 4 =effective number of alleles per locus; P=percentage of polymorphic loci; H =observed heterozygosity;

H =expected heterozygosity

M hZ Hd 3.5, F8 d"F3a4 FU4,)= 1.57)
(Aeh237)(AaWAhE Ht 1.97]0] At} ol FH =
VR (H,y= B3t 0.321 [0.282(22F2H)~0.346(L.thAH] 2
ol H I FEX(H,=0.223) Bt} E3THTable 3). 571
AR A FH LA A (fixation coefficient) -2
THUF7E B 0111, BEYEIE Hd 0.1762 H-WH
FAed ) mop SHHTA D=t olFH A B} ¥l
TR 2 Ao YSItK(Table 5). &4 A W=7}t
= #FE Qe sl o] 82150l AS F U=
B o) ARE-E microsatellite 4] AFE-A] null alleles
2 8 AAlRTr FFHGA 7 AkeiA 22 7
o] =& 4 vty W E I Qoj(Echt er al, 1999,
Chapuis and Estoup, 2007), & Aol AFS-¥E 2E F4
Az A gold WHFAAES WS ZE null allele &
A 75 ER1E A3 7] FAAERE F SF50 37t
gl A et stepit Joks A9l U A JoE Wl null
allele®] &A| 7Fs/do] A=A Ym=] a2zl 4]
= null alleleo] 2= A] ¥gkrhE|o]E vlAA]), 22]aL
FARFE F SFIF} SF324 oA TAAS gho] &2 %t
S YERAY 09] 368 VRN AL Qo] kst 7F Aol
7} 2 Ao e TH(Table 5). webr] Het & 2494
2070 A A e A F77F 2 ] ARz &
A= AA FAA ] g e AR Qs of
719 274 s 0] 2 A0 E AZtEITE by o
2 JG W el FS ZEeA 435171 Asix= A

H

¢

Table 4. Observed number of alleles in each population.

Polulation SF1 SFb5 SF324 SF50 SF83  Species
Mt. Deogyo 1 4 1 9 3 A. koreana

Mt. Jiri 1 6 1 9 2 A. koreana

Mt. Halla 2 3 2 5 2 A. koreana

Mt. Gyebang 1 4 1 8 3 A. nephrolepis
Mt. Odae 2 5 3 7 2 A. nephrolepis
Mt. Seorak 1 5 1 5 5 A. nephrolepis
Mt. Sobaek 1 3 1 9 2 A. nephrolepis
Mt. Taebaek 1 4 1 9 3 A. nephrolepis
Mean 2 425 3 763 5

Y RE FAAYL WEH O H1T 5 Yoo} S
o nSSR A= R4 7 BEEE AR 7

3 7Fsd AR e FE WolAA |
g Aete AN o] He A
R £olA G RE RS 127
$1+= sampling error7} LAY & .
Aol A 1| Hoh g /4314 4= SF50
Az A FZE 1470 HED 5-970, H 7.6370; Table
HE A GAA 20 TIEEE x| 2siA
oA oz Aol 7Fs T FHAY 2l e F 280
oltt. vt £ AdlAe Hek T 20/0AThS: tide
2 E4E Y] wio) o]& 28 RS Hehd
2 RT #AFs|xA Erbseith e fAxE

o

—

Table 5. Estimates of Wright's F statistics and Fixation coefficient(F) based on 5 and 4 loci (exception of SF50 locus).

A. koreana A. nephrolepis

Locus Fis Fie For F Fis Fip For F

SF1 -0.071 -0.071 0.143 -0.062 -0.027 -0.005 0.021 0
SFb5 0.170 0.170 0.053 0.177 0.225 0.240 0.020 0.241
SF324 -0.250 -0.071 0.143 -0.062 -0.041 -0.008 0.032 0
SF50 0.260 0.287 0.037 0.293 0.465 0.497 0.060 0.499
SF83 0.175 0.203 0.034 0.210 0.085 0.134 0.053 0.138
Mean (5 loci) 0.148 0.193 0.053 0.111 0.288 0.322 0.049 0.176
Mean (4 loci) 0.076 0.135 0.063 0.065 0.078 0.125 0.039 0.095
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sampling errorg =°]7] 984 ot H tg-F-2 7
FotsiAl A2 SF50 i AkaE Al 2lekar veA] f-d
A#EES td e 2 Hebid SARA S s A A
] A AR ISPy B 66.7%, olFF
e JHA(H ) Fd 02928 RO m | FHU-]
A FAAkE & (PR Het 60%, 1 FHAE 71HA
(H,)= 83t 02205 YEFTHTable 2, Table 3 5). 77
ot B URE I o R 7E0 FalE AgoA
RAPD A #4437} gy vk (H)2 0.418
2 RyEomFelaz A4 2, 2000), ISSR A H-4]
A} Pt FATEEH ) 0237, EHIL
0.240% HE v} AT Lee ef al., 2008). H|= 5
T2 SR DNA Ho|E40] o] FojA|tfete 4
7] FFol mh #EE = HolAH| 9] 5] thEa
o Aol oJajA AtE = o] F{AES] 8 UEE
2 5 ATHEEE 5, 2006). weEbA 7]1E] Aol A
4% ¥834 dominant marker?] 42 Ad RAPD
9} ISSR FAZHH 7Alcke FX]¢F & AoA £
codominant marker?] nSSR XA ZFE ALtE A= 2
A HlaLsks Zlo] tha Egtel g "ol sloy F 7t
O] FATS A =E vl & v ISSR ¥A4] 4] A7}
oF g 7 vl BlE) fThd o] thas
=2 A9 2 YT Codominant 5733 #'d nSSR 3%
A7F A9 vE JA9rEe] drEHE A9 Y Picea
abies®] F-ATHFAA-L 0.815(Maghuly ef al., 2006), Pinus
sylvestris®] A TFAI-S 0.810(Scarfi et al., 2009),
Pinus  pinaster®] A2 0.734(Mariette e al.,
2001), Picea jezoensisS] A TtF¥Ad2 0.406(Moriguchi et
al., 2009), Abies ziyuanensis®] FA ¥ 3L 0.337(Tang
et al., 2008)% HILEo] Aol FHUHEE TOHE 3
FrEEol vlal] o fwel7t AA SAls=
Zo® vt e W ol 2 3eke] 447
Holup A A X 54, wjgA o] dFs o 9
9] 739 A A 2 W% AT ol 12 4
S 7Y 4H A A thHamrick ef al., 1992; Lee et
al., 2006; Korshikov et al.,2005). tF2 A G559l vl
@$E FAHOlE BASHAL e AR Yehd T
oF RV 22 A 52 A FEoE Sk
LoA= S| EAl Watr)ol ghelgh gl A-g-shi
A A|47] Eeo| BA $7]00] 32 H L7 AT 7]
2o] Aeshir AR M AR 7F Y Eo] & Ao
2 4#A rtkKong, 1998). BOTTLENECK X&)
o]-8-3lo] Wilcoxon sign-rank test= 53 24 735
XS A, TAXSE Fog Jes #FAT
thEllol 8 WA, wEbA] dA) frede] EEG
28] FAG FEYG A7) 7ol o) ZE AT

0 e

LA
U =< Vo

_01_1

o go
B 39 o mo

Ay

Hes Aol wE AAE] AEEAT A& A
Aol zkEE Jete] Aeole kel 2717k F31H
02 ZAFHWAN WA= XA R 4TS 9T
T AME S AR AR JE fAEs A
EE2 e E F @2 0.053(73 )3 0.049(81u

)2 Jehe™ null allele7t #2% SF50& #1984
Mol FaxM FHE Jok 7+ FHEs =S
EM= Foah 0.063(73HF)# 0.039GEHIVHR )=
Bt U] A A fe] S 6.3%, IV
o A4 3.9% o] ek 7F {A zpolof 7]A% A
o] i YAl = A Ft W A 7hel] Ffrshe fAW
ole] 71R1gk 2o 2 YERSTH(Table 5). SF50 2434
E XN S Wt 2FATIA Boks o F ekl 2ol
0012 FAEEEE 1%l xko]7F UA] ekt
7180l A% RAPD E4A A G,=0.081, 3
o143 dA Q. 2000)2F ISSR #2414 I FA U
G=0.099, EHI U Gg= 0.082, Lee e al., 2008)
Hr}h ohd vk pXjo)n FHjuE Hok 7F B o
T A el A CR T A7t v Ao R e
= ol= 79| ISSR A4 #e} A|sht 1 Zpe] 7t
o A e AE & 7 AT I o ded
ZA 7F f4 4 2olE 10% ol etE UER AL iR
o] fFARolZE et bl FfrEaL vk 7158 A

9} AX3H(Hong ef al., 2004). Yz o8 B 97}
Hi A5 A9 fARsst e v 2
FiL A&FH oA 1& A 4 o}

A1 04=0.102, Kwon and Kim, 2002) ¥ 7FZH] U5
(nSSR &4: F,=0.102, Moriguchi et al., 2009)¢} H]
WEtH 22 fiEs S Boy s A
EolRE Sglal| A HawskA et EH U TRE
HuH7o Wstr] o] o] fAbgh Xske] S AYES
Aoz A7t dEste JuhEe] AyE] xS
AT JE 7 2SN 7|7 o] & F K 5he] HARA]Y]
of H]Fo] FjH oz #2 o=z AztErt FeAA
(Weir, 1990)F ©|-&3to] AlT4 Fxd & E3F A=
s FAS 29 3 JAD 7 44 BIRE(F,=
0.210)°l ®lal & 7+ Fd24 ESPE=7F w9 2A e
WH(F,=0.049) o} 71A] o] 7 FFL] F w3t FE9]

o
o|Foin7 Td Ao F

o
i
22
3
&
a
N
SN
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Figure 1. Location of populations sampled for nSSR analysis
in A. koreana and A. nephrolepis in South Korea (1: Mt.
Deogyu, 2: Mt. Jiri, 3: Mt. Halla, 4: Mt. Gyebang, 5: Mt.
Odae, 6: Mt. Seorak, 7: Mt. Sobaek, 8: Mt. Taebaek).

Mt. Halla

Mt. Deogyu

0.01

Mt. Jiri

Figure 2. Genetic relationships of populations among populations
of A. koreana constructed by UPGMA.

GE0 A9 AYH R ThE o] fAHeRE Tt
7he Ao 2 YR WK (Figure 134 2), BHUF- FTtEo
A A Al e A2l ko] #FEA = %
ChFigure 13} 3). o]= A4 A} 314 Agld] m&
FAAAE E F = Mantel testE TIPS w) 2 <&
o] FAAAE Bl At YA h(r=0.5591, p=0.03).
T Y JEES 6t NS RS A T
T et ko] vheR] bR Bl EUHEE Fe
2R FHAoR 7Y Bl #3kE Ao E YEhsth
HIVHE AR ke Solab] v A] EHvy I

[ Mo

[eZ

Me ol

Mt. Gyebang

Mt. Seorak

Mt.Sobaek

Mt. Odae

0.001

Mt. Taebaek

Figure 3. Genetic relationships among populations of A.
nephrolepis constructed by UPGMA.

Mt. Halla (A.koreana)

Mt. Deogyu (A.koreana)

— Mt. Jiri (4. koreana)

——Mt. Gyebang (A.nephrolepis)

Mt. Seorak (A.nephrolepis)

Mt. Sobaek (A.nephrolepis)

Mt. Odae (A.nephrolepis)

Mt. Taebaek (A.nephrolepis)
Figure 4. Genetic relationships among populations of A.
Koreana and A. nephrolepis constructed by UPGMA.

Table 6. Estimates of Wright's F-statistics at 3-level sampling
hierarchy including whole populations of A. koreana and A.
nephrolepis.

Comparison F-statistics (4 loci)
Among Species For=0.049
Among Populations within species Fy=0.085
Within Population F:=0210
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