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ABSTRACT: Genetic variations of Abies koreana and Abies nephrolepis were assessed using two mitochondrial
DNA regions (nad5 intron 4 and nad5 intron 1) for 16 natural populations to understand their phylogeograph-
ical history. Seven polymorphic sites of the two combined regions resulted in the resolution of four haplotypes
(M1-M4). The average gene diversity within the population (H) was 0.098, the total gene diversity (/,) was
0.620, and the interpopulation differentiation was G = 0.841, N = 0.849. The populations were divided into
three groups (northern area, central area, southern area) according to their geographic locations. The popu-
lations of the northern and southern areas were mostly fixed for M1 and M2, respectively. The populations of
the central area showed the highest levels of gene diversity (H;= 0.654) due to introgression from the north-
ern area and southern area. The presence of a single mtDNA haplotype in the southern area suggests that cur-
rent widespread populations have expanded to the central area from a specific refugium population after the
last glacial period.
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e

T (Abies koreana Wilson, Pinaceae)= SHHE
AE2A AFLEANA YA 2= 0w
A $FH(Chung, 1958; Lee, 1996; Sun, 2007). 7/J1}
Wilson(1920)°l] ]38l A7) vluste] 73] 9 4=
@, TATEY A, L] FH T SHOE I3 A=
FTo IR Tt 4 Wole A5 Bl ok
o Qe ZARFIRA E8I Ui -[dbies nephrolepis
(Trautv. ex Maxim.) Maxim.]2} &3t 0] ofeg 43t
oJtt.

T He U] P ATEE Kim and Kim
(1983)°] -Fevtet Ai-Er(dbies)ell et ARE= Q1 24
9 - el st 2AF SISt 21§ Chang et al.
(1997) A7 $1219] vl A5 F3l Akt Y
Ab A QeA] R I e o] S E o] L
e Zlor Basiglon, Agat ofdel #Esh= 7HA|
SollA Tk &<2l% flavanone *JH°] T2 4. faxoniana
Rehder & E.H. Wilson [synonym of A. fargesii var. faxoniana
(Rehder & E.H. Wilson) T.S. Liu.]Z} 4. georgei Orr [synonym
of A. forrestii var. georgei (Orr) Farjon]oll4] E<1E|o] o5
To] Y AAFY o= FAS3UTE S Han
(2003)> S} S] FA HlwAT Ay AR F5
P& 7= Ao E HUEF o, Song et al. (2007)7}
Song et. al. 2008y 1, 72}, T2}, 23 52 A5
gt AgrellA Ao A AEgke] vuE 8
o] FiEE Aow Hiusou MAT W S5F4
W3] TR s S0 = SRIE G

F484 9= F2 RAPD, SSR 5ol 93t fHvier
) A2} (Jung et al., 2000; Kim and Hyun, 2000; Lee et al.,
2008; Hong et al., 2011) 354 DNAY trn-L/trn-V and trn-
Firn-T §-3%2 ©]-83F A7 (Kormutak et al, 2007)7} <
W gawglon Bag A fdmAs setEA o
= Aow Geln).

AUbple) Age 9420 92 954 DNATH
FARAS Y, vEZE=g o DNAL EAFHE drt
(Neale and Sederoff, 1989; Wagner et al., 1992). AbiesZ; 2
BEO) Se vhgel o3 AtEso] ol B ¥
sol PG %A DNA ¥ 4R3990 9 DNA
o Wolopde Bl A FABAZ stelssel of
2320] Ith(Burban and Petit, 2003; Du et al., 2009). “137]
ol FHZole Auake] A4 fAddA 4 Ass
2 ATE 9151 =4 DNA 2 & DNAS} 7 vEs
Zgjo} DNAZ| ©o] o] 2531 TH(Wu et al., 1998; Liepelt
et al., 2002; Ziegenhagen et al., 2005; Naydenov et al., 2007,
Liepelt et al., 2010; Wang et al., 2011, Aizawa et al., 2012;
Peng et al., 2012; Xiang et al., 2015).
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T 9 vl tiske] S ARAYEE 1479
27070A], =v9] = SI7HAS] o BES R Ee EE
(KH)= &8st grstglon, 47 9 Fuurgt
SAFo T P (Xiang et al, 2015; Semerikova and
Semerikov, 2014) Abies veitchii Lindl. 37| & Z &35l F
1641919 R217/HAE Aol AHgetlet. g &+
U= FEjFoR SEYPAS 2 glo] FEis FH)
7] o] R 580 2 (Chang et al., 1997; Han, 2003) 3Hit
T ¥k F e Al fAddAlE ghetst
7] flete] JHATE T BER FEsHA Al skl
EEAZ Aoich & Aol ARE AEARe] 5
AR K= Table 11 F2)3}3Ach

DNA =&, 5%, Tl & F7IM28%

DNA F&5 flall g13h 215.9] 95 Silica gel® 134
A ARl o, Az o] 88 A 7Fesh FH2ol
THE FEE ofdelE ARgEITh Hdxd A= o
40 mgs 25407 (Tissue Lyser I, QIAGEN, Germany)%
3101 1.5 mL F-Holl $71 3, DNeasy plant mini kit (QIAGEN,
Germany)s ©|-&3to] 522 wiyrdel we} Total genomic
DNAE FE3I91t}. 53 DNAE 0.9% agarose gel= 37|
Y53kl FEIH-5 1831 AL, Nanodrop 2000 (Thermo
scientific, USA)S ©]8319] DNAY 5% 2 =52 =43519
o} §42F 528 98l 25-100ng2] genomic DNAZS 53 ©
= Dr. MAX DNA polymerase (Doctor protein, Korea)s ©]-3-5F
o] AL AANES-S SIS

u]EF =20} DNAS nadS intron A998 FEof=
Wang et al. (2000)¥} Liepelt et al. (2002)0l] 713 Aol =]
AlE A nad5 intron 171993} nads intron 44912 Z2}o|
HE ARSISITH(Table 2). F-34F S35-8 $13F PCRZPI
95°Col|A] 5% “E<F pre-denaturations A7 5, 95°CellA] 30
%9] denaturation, 58°CollA] 30%9] annealing, 72°CellA] 1
9] extension®.Z ©]FJ A= thermal cycle IS 353
WHESEl o], upx|uko Z 72°Col| A 77t final extension
P& 2gsisict.

PCR products= multiscreen filter plate (Millipore Corp.,
USA)E ol-&sto] ko] wiyrdel whet FAsiolom,
A% PCR productsi= BigDye® terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA)S A2-519] cycle
sequencingdFATE. G714 G2 412 ABI PRISM 3730XL
Analyzer (Applied Biosystems, USA)E ©]&3I3it}. o1& &
&l nads intron 1 F-2}F] 7-9- F 266N, nad5 intron 4 31
2] 735 & 304709 A7IME-S FRIsHitt 2 %99
A7IMEES EF NCBIS GenBankel 55% %o
accession numbers F-o1FITHK T448846-KT449415).
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Table 1. Locations of Abies koreana and A. nephrolepis, proportion of individuals exhibiting each mitotype per population, and gene

diversity (H) values for mitotypes.

Taxon Population Country Lat. Long. N Mitotype H
Ml M2 M3 M4
Northern area
Mt. Baekdu China 42°04' 128° 03" 31 31 0 0 0 0
Mt. Seorak Korea 38°07 128°27' 10 10 0 0 0 0
Mt. Hwaak Korea 37°59' 127°30' 8 8 0 0 0 0
Mt. Gariwang Korea 37°28' 128° 34" 10 7 3 0 0 0.466
Mt. Hambaek Korea 37°09' 128° 55' 25 25 0 0 0 0
Central area
Mt. Sobaek Korea 36°57 128°28' 50 12 38 0 0 0.372
Abeis Mt. Worak Korea 36° 53" 128° 06' 12 0 2 10 0 0.303
Zﬁ’dﬂffoﬁ i’;sna M. Sokri Korea 36° 33" 127° 52! 6 0 5 1 0 0.333
complex
Southern area
Mt. Deogyu Korea 35°51" 127° 44 19 0 19 0 0 0
Mt. Gaya Korea 35°49' 128°07' 11 0 11 0 0 0
Mt. Geumwon Korea 35°43' 127° 45" 8 0 8 0 0 0
Mt. Jiri Korea 35°19' 127° 41 20 0 20 0 0 0
Mt. Baekun Korea 35°06' 127°37 13 0 13 0 0 0
Mt. Halla Korea 33°22' 126° 33" 35 0 35 0 0 0
Mt. Yeongchuk Korea 35°31" 129° 03" 5 0 0 5 0 0
Abies veitchii  Mt. Azuma Japan 37°41 140° 54' 3 0 0 0 3 0

Table 2. Primer sequences for analyzing the mtDNA of A4bies.

Gene Label Sequence Reference
nads F nads-aF GGAAATGTTTGATGCTTCTTGGG
1 . Wang et al. (2000)
intron 1 R nad5-bR CTGATCCAAAATCACCTACTCG
nads F nad5-4F CATCCCTCCCATTGCATTAT
2 . Liepelt et al. (2002)
intron 4 R nad5-4R GGACAATGACGATCCGAGATA
H7|Mg ) 24 48 $I8td TCS ver. 1.21 (Clement et al., 2000y A2-3}

Sequencing®l 7} F-12+2] §17149& MUSCLE (Edgar,
2004y olgate] FHsalom AAS gl F FA]]e
=2 A3t o] & Geneious 8.0 (http:/Awvww.geneious.com,
Kearse et al,, 2012)E ©]&3lo] AALDE LS AESIA
i, ol T AR el st fVIMEE B M=
26671 Aol Tzl W= 3 (haplotype)= 271 918 A Ay
2] polymorphic site T49-& S TH(Table 1).

clole 24
2 A Ao vk U E Y A haplotype network)
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Adov, AL W SATFYH, Nei, 1987)
ARLEQUIN ver. 3.5.2.1 (Excoffier et al., 2005y A2-3}7
AT A W AT BRI (H)S T
AR AT (Hy) 2313 WA F 2EAG(Gs 2 Nyp)
£ PERMUT ver. 1.2.15 AR&-3ko] 241813 Thused 1,000
permutations). G, #> HHH P A (allele)2] WIEE 7|9k =
51, Ny #5 haplotype2] W19} haplotypes Alol2] A}
dell olal] ARkt wkeF N ghol G gt But =01 f<d
A7E =2 haplotypese] 574 ZNAIE WellA A 24
HAE 7Fs/do] w2 AE vlsk, #AE MATES
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ot AT 284 F-Z(phylogeographical structure)S
7= Ao e 4= Qltk(Pons and Petit, 1996).

ATHoE MATS 47 WolE &lsty| 9l
AMOVA  (Analysis of molecular variance) &2
ARLEQUIN®| 9Jal] =3 3it}. 7HAE=2] #Ael4 vli
S flete] Eulvhr ko ® A7tbE= Y] - e
o (R1& 370y H, N Ao R AzE=
et o (A% 36°0lshE W, T18lal e
TE Pt e FAE @R 363749 E S5
Aoz 7] aFoE Wro]l FHEetth A&
A G771 Zo] AT A ellA Al L]EHlS).

2 1

mtDNAS]| tHo|2} &7 | M 22

T el 14 afolE glst] 9ls)
o] n|EZ=g]o} DNA 249 (nad5 intron 4, nad5 intron 1)
of tis Awhd VI #AE s 1 2%
nads intron 44912] 17149 298-302 bp, nads intron 1
A9 1,259 bp7t ERIFGI 0, F 7742] WHo] #]efo] &
Q1= ST Table 3).

nad5 intron 4 oA 191-194 bpollAl 1712] indel
(insertion/deletion)®] FRIEIOH, 71 ] 5712 @ A7]

v U

Mt. Baekdu ’

Mt. Hwaak

Mt. Deogyu

Mt. Geumwon

Mt. Gaya

Mt. Jiri

Mt. Halla

Mt. Baekun

B

A\

A4 (38, 187, 220, 222, 238 bp)ollA] X|&kaAto] Bz E o]
F e7112] WHo) A o] FIEIT}. nad5 intron 1 o=
A7 A543 bp)2] A& Foz Qal 17]2] He] A
o] FRI=|QIt}. FRle ol X 23] 4712 mtDNA
haplotype (mitotypes)©] 178 ¥ I TH(Table 3). A &
A= Mitotype M13+ M27}F ER1E Gl o m, FH-A] ol A=
M1, M2, M3, F5-A| o= M2, M37} 15 Qlar, JE
2] Abies veitchiiolX] M7} E1=SIt}. Mitotype M1 H
FAR oA FH ZFAE bR A 7hA] dEE G o
), Al wHUFg oz wekEh shelgakx] oo
A M2E S 2t JHAI7E LR ERlE It M2 M1
Hlwate] 1719] indel?} 2708 @714A X[ gke]l gk x}o]

Table 3. Variable sites of the aligned sequences of two mtDNA
fragment in four haplotypes.

nad5 intron 4 . nads
Mitotype intron 1
38 187 191-194 220 222 238 543
M1 G C A TATG T T C
M2 G A - - - - G T T A
M3 T ¢ - - - - T G G C
M4 T ¢ - - - - T G G A
Sequences are numbered from the 5' to the 3'
1
0
Mt. Seorak A
Mt. Gariwang
Mt. Hambaek
Mt. Sobaek
' Mt. Worak It A
R
Mitotypes

Mt. Yeongchuk

B v M3
v B w

v
0
°

Fig. 1. Geographical distributions (A) and network (B) of mtDNA haplotypes (mitotypes) of Abies koreana and Abies nephrolepis (A. veitchii
in japan). In the network, solid bar (single nucleotide substitution) and open bar (indel) on the branches represent mutational steps.
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UTE Ak oA FE] StepibA]| 7] g1

Al R ow Aetdh M3E 44
9] gohil, LAt} WA A L] JFAt 2| elA]
%] AcHFig. 1A).

Mitotype network =21oX= M1S= FE 1719 indel
o] WHAYE & M2 TI5Y M39F M4 1% IR A4 U
Holgk Mgl Hlawste] M3E 6709 34 Wo] x|
o] FlEom, Md= 5712] ®lo] #ejo] Feluirt
(Fig. 1B).

mtDNAo]| 2|8t {FICIbd

mDNAE E3F A9} BHuEe] fvkeld &
A A A ZE 7HSAHH = 0.466), AWAHH =
0.372), S2AHH = 0.333), EHH = 0.303) =02 YEL
ST (Table 1). ZHA1E W) Hat S0k ()2 0.098, %1
A FATF (H)S 06202 BEEACE AATE F B3
S Gy = 0.841, Ny, = 0.849% BRIEQ 00 N, ko] G,
ol misl A4 #5E] FoF AeATH F2E 7t
A= Ao Yepdth AR HHA0] Gy = Ny =
02222 th2 X|<de] vl tha Gl glsQlal, F5A
oM Gy = 0486, Ny, = 0.5030.% F2Eo] HFx|A
of ulaf AR 2F wEekgte] w2 Zo® FRIFGIT
Ao = AT W FATE (H=0)0] H#Z5E A
oo, 71 A AR 7 28RS Gg= Ny = 1.000 ©.
2 HEHND, AA FATFYH)S 028602 HFA|
ARTH 1 FFAY Hopes B Ao SAHT
(Table 4).

AMOVA (Analysis of molecular variance) &2 ollA= L
& 1 WOt 71.88%% 7HE AAl IEEeH, TIE ]

AT 7F ol 14.74%7F 1wl a, iAW WOl
= 13.38%Z 71 A YEFSTE (Table 5).

o F

oI Cibdal 25

£ o)M= mtDNA (nads intron 4, nads intron )% %
ll FIUeb B STk d 2 Estel disl &
AT 71 Pinaceae T FAHFHATA AFEolA
= mtDNA”} cpDNAS} Hlwste] 7iAl: 1F 23k (Gg,)°]
B2 A I AT} Jaramillo-Correa et al. (2008) @A]
ol ®-EBR= Abies 21250 t)&l mDNA Gy, = 0.933,
cpDNA G, = 04022 H 13} 01, Aizawa et al. (2012
FEobAo} B (Pinus koreaiensis)©l il mtDNA G, =
0.897, cpDNA G, = 0.327%2 B33tk 2 72 3}of| A
v AR TF FRAESR] Gy = 08412 FRIE o] V)&
Pinaceae? ¥ <174 3} = (Jaramillo-Correa et al., 2008;
Aizawa et al., 2012)7} FARHA @2 oH, = 3
U5 BHUFS] pDNA 4] 91 H(Kormutak et al.,
2007)0ll4 Felel AT 3+ FHAESH(D, = 0.298)7F H]
WNE =2 7hs 2he o= YRt

A= HRAA FRAF o R A 7F 23}
7} B A DolWtH Gy, 0.222<0.486<1.000). HH-+]< <]
2 AR HAES M2gt FEES] M3 AT
= Atole] ik Este] o) vEhd ddow dde
ol SHAAL AT Ul FATRRd (Hs = 0.336)2 A
AT (H, = 0.654)°] 7HF A #EETE THA
o1o] % 543 3719] haplotype (M1, M2, M3)°] &<l
Hj9lt}. o]t B Aol HpAelal el FAA

Table 4. Estimates of average gene diversity within population (Hj), total gene diversity (H;), and two measures of interpopulation

differentiation (Gg; and Ng;) (mean £ SE in parentheses) for mitotypes.

Areas H Gyr Ng;
Northern area 0.093 (0.093) 0.120 (0.105) 0.222 (NC) 0.222 (NC)
Central area 0.336 (0.020) 0.654 (0.097) 0.486 (0.126) 0.506 (0.121)
Southern area 0.000 (0.000) 0.286 (0.204) 1.000 (NC) 1.000 (NC)
Whole area 0.098(0.444) 0.620(0.069) 0.841(0.073) 0.849(0.070)

NC : not computed

Table 5. Analysis of molecular variance (AMOVA) data for Abies koreana and A. nephrolepis populations from three geographical regions in

Korea.

Source of variation daf. SS vC Variation(%) Fixation index P value
Among areas 2 54.19 0.263 71.88 F=0.524 <0.001
aArZ‘a‘;“g populations within 12 11.15 0.054 14.74 Fy =0.866 <0.001
Within populations 280 13.72 0.049 13.38 F4;=0.718 <0.001
Total 294 79.06 0.366 100

df : degree of freedom, SS : sum of squares, VC : variance components, F-statistics were based on the haplotype frequenceis

Korean Journal of Plant Taxonomy Vol 45 No. 3 (2015)
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oA F AAex YehtE AT fF30] T5E
BRa) giE Zow dekEnh HRxde] 44 vl
P H=0.466)S AlQlst o Avke] FHATM (H)y 0
o % IO, o] FHAJOZTE AAow
W 7hel it Hekel] FARFER Qe kY] o
glo] dojut o2 FeteT),

Mitotype network 2] Z3}o|x] M122 FE 1719] indel
o] AT ¥ M2 T1EI M4 TIF 7 A= =] HoiRle
1, M4Z FE| ThA] M37} 8le= Ao RISt} o]
T AEAG7A] Fehet BHuE 52 2] R

g} o] ¥ IS T =R AFYHAS 7
o

ASR|RISHE 24

Abies?s &S BN A 9E FAHOE st A A
oF 400iF0] F-EETH(Farjon, 1990). 22| Abiess 2%
= 3192 Eocene(56-33.9 ¥whd Z) A]7]e) Holw|2]7}
o} FoprlopA| oA FR1E It} 53] ofrJofx|Se] &
L= tIFEE] dbiess A5 A2 2 23t
7} o} vlw 2] Ftof| (Pliocene—Pleistocene, 5.3—0.018%F
) B35l Aoz d#A thk(Semerikova and Semerikov,
2014). SHFE dbies% 2] BX+= AR E nlE O R 3}
o] =2 A 37] Miocene (23 Wwhd ) FE sHEE
Jof] A4 gelx a1 9Jth(Kong, 2004),

HESE ST dbiesE S BT 3%5(4. koreana, A.
nephrolepis, A. holophylla)° % F=Z 3% 1,000 m ©]42]
AR e T2 s Ut A2 Abiess AE
=2 oe] Heo Wy AXHA Ao R #E9
A FA4AE RHEEsIg o, 7 Ay Wsh] o W
MAZe] Wat7] o]F 57} Adadhel whet AR oo
ool 1 A0 = A al 3 th(Hong et al., 2011).

P F o x AL EHluHEeE e SEE Y
L7 AR Gagled, 1 AAe s JiAES FHE
Aow ME FTHIAE ZHA Ho] Wkt Fto] ol
o)t

Aol el ERIU ZiAIES] mtDNA
Ay 5RAY AATEH FFAE] AT S A
Z U ©19] haplotype (M1, M2yS 7EAmA A&
Fo] o]Foj R}, ANk o7 Fo] {4 Eih= g4
Zde] &l o]FIRX L (Meng et al., 2007), HIE F5-4]
Aol A St xg)2] Al 7|2 GR1EA] gtk o
sho R W& warel dA 9o FaxEs 2t
2L o EAA Y (refugium §)°.F FE|Q] H¥EY
of 2t AU 7FsAdo] =HAvise, 2004; Du et al, 2009).
Aizawa et al. (20128 S, S, Liof FESH= A
(Pinus koreaiensisy=2] mtDNA #4243} 152 shH&
< B T fAAEE zhe b JEe] st
B} oefst fAAEE 2 Zo=® R g5 3

el riu

w=o] Wahy] o B3t SAEAT Wek] o)s i
FAq oz HES] e ol FAE Zow e
star itk ol& AR THAY @ A M2y
Walrlel] HFA o)A Febet FuuE S FHuE
o] 2AFol st A7 A] REA7E E AL, o] &
SRSl A A Rl ofs M29] fg s 3t
Hor, Wil] o)F x| weh stelabx] o 9
M2 JiAIEC] FHAG7MA s Ays gz
T2 pDNA 4] o (Kormutak et al,, 2007)°14]
v YahH =0.205)7 A2 NAEHH =0.167)7F Bl
ato] shebak fAlEe] frAveFdel T = AH
=021 0% FRlF o, shepibx|ofo] L 7|Tte] 4
A oE A9 2o FAEEF OS5 Astd Ao i
w5 B o] M1¥} @A 0] M22] 7
7F SRAGEY AN FHA FAGFYH, =
0.654)°] ol 0= Jhhket,

Z o] Ws}7] wj(Last glacial maximum, LGM, ¢F 274 7)
SHEEO] &, AX 92 7]5421 2ke]7t S tH(Yoon and
Hwang, 2009). AJ3-2]9]& dfj=rio] yrolxma s
o] §Aste 1 wi-¢- xSk o, A vlel vk
2t 7155 7S Flow dEilich EE S22
el Qlo] ek el AutEy, shSs, 7R
LHof 2R 7E skl o, Al Aol At
45, s, dhrgo] AsllE Ao R o e of
AL ik, & ATtelA ERlE WE5A9 2] haplotype M3
AAES HAyalr] o &, AFA9e 7152 2ol =
Qlstol M2 A He] FAwEt W o]
ojFolxl Aow Azte ot A 47] %8} F7I
(30-120%F @ )l P H 8= (Dobson and Kawamura,
1998y5 Fall YEAGOoE F4J¥ wHbE S Fuv
T 24 AYA AR e A7 Eehmayt Lo
v, o W] uf o] stolxH A it o
& Alo] thetald (Korea Strait)o] THA] A2 A4 & A
(Kimura, 2000; Yoon and Hwang, 2009; Kim et al., 2010) $+
e AFdE e o Az shtes {9d
M4 NAES S deA ool M3E s o
ofubar FHA A7 Bz E S ol

2 AT mEZT ol DNA I ke o ®
S| Qo] Bulue} TARIEe] Wake X|e) sy
FAVAT BRI RET] glek. e} sk
off #AE3ki= dbiess JNAIEC skl Syt H 22
BAGASH nEREeol DNA JRE 213, o]9)
a7 2l A2l A Gzl sfete] o] Fozlrhs A
o elul7}t Qi Ao w P Bulus Pkl
o wrb AEQE AALRE B gAE o
DNA, §1%4] DNA 5 6%t #4704 ula 2
E9 @ ARAQ PS5y A7 Be Aow 4%

A},
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