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ABSTRACT: This study aims to define the phylogenetic relationship within Korean Pinus L. and to find the
molecular markers which resolve the phylogenetic relationship in genus Pinus. cpDNA atpF-H and psbA-trnH
regions were used as molecular markers. We performed the molecular phylogenetic study on 17 taxa of Pinus in
Korea. The combined analyses of two gene loci showed that Korean Pinus was a monophyletic group supported
by 100% BP. According to the results of separate analyses, psbA-frnH region seems to work better resolving
power to clarify the phylogenetic ambiguity in Korean Pinus than those of atpF-H region. Also, we tried to
checked the value and resolution of two chloroplast DNA loci on phylogenetic implications.

Keywords: Pinus, subgenus Diploxylon & Haploxylon, atpF-H, psbA-trnH

R: A=A DNA aipF-H, psbA-trnH regions PIARE &3t o] £Xdts 2UFE AEE F 1
% AAES ATE FHst A=At AuREe] AESE FARAE
2 Yeld = e EAAE gold A A7t 3 E AT apF-H, psbA-trnH region®] %
A 2SS 100%2] BPRE AR HE @ATFoR SRl on,

A% % 74

ol
AL (Pinus L)

T3}5(Coniferales), AU}

(Pinaceae), 2~LH-o}l2H(Pinoideae)ol]l E8u= A EF0 7
o] Hukt 2o Ao FAESA R FE- oprE

7ke} FrtER}, A Solm G Fo] Aeal Qlrk vt
F458 A AAFCR 9% 11050 XSkl oM (Fu et

* Author for correspondence: kimjh2009@gachon.ac.kr

http://www.pltaxa.or.kr
Copyright © 2014 the Korean Society of Plant Taxonomists

111

Aboldst ol

] TEH M & °1:rL°ﬂ}‘1 ol 8d F /MY EAmA F psbA-trnH region®| atpF-H region®.Th
HAE st tha 2 84S e

=+ atpF-H, psbA-trnH

al., 1999; Syring et al., 2005), 1 &
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(Pinus)©] 7HEBIWH-45(Picea), A2V (Larix)?t S0
AZE AL, AUHTE(dbies), &5 TS (TBuga),
WA (Cedrus)©] 7 EAZE B A3E
AAgk v} QlckFig. 1, D). 3FARF Wang et al. (2000)2] A
oA AT AEE 3FTo] EEEo] Au-Sef
S AL AT 78 HEE o FolAA] kit
StAl AUFES It Aug£0 Al5EE A
T3 rbel, matK, 1V 52 P2 B-8-3F Wang et al. (1999)
o] A+ Foll Sh=AF 2T 8 [E(P Thunbergii Parl.),
TP sylvestris L.), 22U5(P. densiflora Siebold &
Zucc.), 2EZBINE(P strobus L.), ZPA5-(P koraiensis
Siebold & Zucc.), T3F(P. pumila (Pall.) Regel), A5t
(P, parviflora Siebold & Zucc.), M5 (P, bungeana Zucc. ex
Endl)je] E3Hs]o] thfo] X1 b} Qltt. ©]F Gernandt et al.
(2005)°] rbcL? matKE AR E-83te], S-2luetel i
¥o= Zow A A 205 F REEAAALY
(P, pungens Lamb.), &7 GNP ridida Mill.), otk
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Fig. 1. Strict consensus tree based on the combined chloroplast
DNA [psbA-trnH+atpF-H] region sequences of Pinus (CI = 0.934,
RI =0.956). Bootstrap value are presented on the branches. a: two
needle leaves, b: needle leaves, c : three to five needle leaves.
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AP taeda L)), WASSYF(P. banksiana Lamb.),
&, TFAU, AU, s, S s, A S
Ezdghby, wige] 23k AleeA AE F3s)
o} olglst FAEAE Ee 2SS AsdATES
(Wang et al., 1999; Gernandt et al., 2005) ©]Z12] ez <
T-(Richardson, 1998) ol &Jsl| 2o %l F719] fa5&
Z¥= 1K (subgenus Diploxylon) $+ /M9 F3&5S 2=
“I3&(subgenus Haploxylon)©ll tf$t A2 v}E =) A gt

Sl AR 2ufae] BRe Sloldt Min
(1995)°] 4] @izt 349 a7y 54& 7Ee
2 2} 63k, AU, TR, o)z

B, AABUTE, 2508 BREA Avs
s, 2URSlA SEEE), YA,
K@), 12T 27 ek auFoldel] x
ORI, A, AR, A, 2ea AER
B3Rl shpolde] EatERon, Was o of
ol S3) Lok Ast ekt

©]% Lee (2003, 2004, 2008)= FE|3Hd 548 70
2 arolss) girolso s Fraglit), 2y
of&2 ofglo] ¢l Fro] Wolx|al, §1e] FuhH el At
o] 27iehs S0, Shfols ofglo] lo] &t
U "ojA|ar, o febe] drpdo] ks 540 ®
TESiTh 20 AT Ayl mEH Aol E
oittAu, 2l7|tauy, &, WERE(P tabuliformis
var. mukdensis Uyeki), 7AW, AU, AU
FAAETA EEE T, SbFoldel s, 5t
L, A, AER B, W] ZaHL of -
Min (1995)¢] Ao}k fAFSEL O, WES 7 of ot
o= EIATA gt A g WS shrolsel
EFIAR WS 2o HE BolF3int

Kim (20089)% 24l 913-elst 722 Fejol we
A& EREE AE B8l AWHTSE Lee (2003,
2004, 2008)} WRRE7FA|® Spfobg ) Apiolds o 7
RIS

A71eE AT Tol SFAF AUTES e R st 25
kA AT o] a, SETelA o]Folzl AFteA

2 g 5l BEE, 34 54, FY
el B 549 54 0 BXELAL
S AR A7) oiF-E© 2 (Nakai, 1909, 1911; Uyeki,
1926; Yim and Kim, 1975; Yim and Kwon, 1976; Yim et al.,
1977; Yim and Lee, 1978; Yim and Lee, 1979; Kim et al.,
1981; Kim and Kil, 1983; Lee, 1986), at=4t Ao o
soli Add AR QTS olge wRek
At o)7oi7l it gtk

e, AR BANES Aol A%A DNA
rbcL, matK, trnV, nads 52 SAWA7} F2 o] LEQ O
L, 2 AgelA EAAR E-8-3F 54 DNA apF-H,
psbA-trnH regione ©]-8-3t AlEe2 A= FEE vt gl
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Table 1. The List of taxa, voucher information, and accession numbers for plant materials used in this study.

Taxa Voucher No. atpF-H psbA-trnH
Pinus densiflora f. densiflora 2~V S-H Park, 71828 (KH) KJ661347 KJ661365
P. densiflora f. congesta 3 5% K-S Kim, 110033 (KH) KJ661354 KJ661372
P, densiflora f. erecta B¢ 2V J-K Hong, 120017 (KH) KJ661355 KJ661373
P. densiflora f. multicaulis Q¥ K-S Kim, 110064 (KH) KJ661356 KJ661374
P, densiflora f. pendula %1 X 2115 J-K Hong, 120023 (KH) KJ661357 KJ661375
P. koraiensis Zr 5 ANH0410211 (KH) KJ661350 KJ661368
P. parviflora 1 3 - G-H Lee, 9-11 (KH) KJ661358 KJ661376
P, pumila =35 K-S Kim, 110118 (KH) KJ661359 KJ661377
P, thunbergii 5% NGH50470 (KH) KJ661349 KJ661367
P. banksiana W= 2= 22U J-K Hong, 120001 (KH) KJ661353 KJ661371
P. bungeana % s.n. KJ661352 KJ661370
P, rigida B 712U Park, SH 70429 (KH) KJ661348 KJ661366
P, rigida X P, taeda @) 71 B CF 22U - J-K Hong, 110157 (KH) KJ661360 KJ661378
P strobus 2~E 2 B A5 K-S Kim, 110076 (KH) KJ661361 KJ661379
P, sylvestris T Su, Youngwoo s.n (KH). KJ661351 KJ661369
P, tabuliformis % Zhang Xi Liang 22 (KH) KJ661362 KJ661380
P. taeda B2 - K-S Kim, 110030 (KH) KJ661363 KJ661381
Larix kaempferi Q2 2} 5 NAPI-20090377 (KH) KJ661364 KJ661382

: native plants, : introduced plants

©1, CBOL Plant Working Group (2009)°] 38%-F-2] L}&k
2158 ¥ 57425 (land plants)®]l tdF DNA barcoding
AN apF-H, psbA-rnHE X3t 771 EAwlAC] 8-
A AEE gRlsks A1 o] FolX Alel7} Qls dtoltt.
CBOL Plant Working Group (2009)2] ¢34z}l 2J&p, 1
&} YA =] EAAE A ATl de] ]84 maK,
rbcLo] Z12F 66%S} 61%2] AlEeH s dE S Alwsks A
o2 ey, B AT o] &% pshbA-trnHE ©F 70%,
apF-H= ©F 55%2] sVd e 2= 210 = a4 Qlrh

weba] 2 AE vk AuSell Oist DNA arpF-
H, psbA-trnH region®] Al&82 i8S HESHL, ol&
7122 $Eugel BEes Avge] 4Est A% Al
AE Aok 2l Ao it

= 3

1. 945 =

el AL E91510] A3 Qs AR 17
Rl vete] HRFEA ARELHKI £Feha
Qe AZELY AL VRARE AFHAT, T4
o el gli= g VAl A4 AR AAE )8t
oAtk EF DARFLORA L ol SAHYE Yt

T (Laric Mill)] DA [Larix kaempferi (Lamb.)

Carrire] & %] 7 (outgroup) ©. % ©]-&-3F3iTh £ AF-oA]
ARESE A AR HE PH = Table 190 2l518]c)

2.DNAF&

DNA FZ2 e g A5 o& ARl
Total genomic DNAT Doyle and Doyle (1987)%] CTAB %
S A4 W3 Kim et al. (2008)7 Kim et al. (2009)2] %

= ol &sto] FEslt xd AE9] 9 40mg= X
Z5-27] (Tissue Lyser 1I, QIAGEN)Z #4531 1.5mL
Bof %371 &, 500uLe 2X CTAB extraction buffer (2%
Hexadecyl-trimethyl-ammonium bromide, 1.4 M NaCl, 20 mM
EDTA, 100 mM Tris (pH 8.0), 5 uL2] 0.2% fB-mercaptoethanol)
2} 20 mg®] PVP-40= ¥ 11, 55°CS] water batholA] 1~2A]7F
TR o™ 10&vtt Aol 2 AojFilth 5% F
500 uLe] SEVAC -2 (chlorofom : isoamylalcohol = 24 : 1)
S 4ol & AolF T, 4°C 13,200 rpm (5415R, Eppendorf
Co., Germany)°. = 1037F 94l siolch A4
AHojzl A=dS A ZL Eppendorf FHo| %71 ¥, vig
FH|Ee] ¢l 7.5 M ammonium acetateZ 0.08 volume 57}
33, FF volume? 0.54 volume 9HFo WExH i ¥
isopropanol& F7}381o] -70°C deep freezeroll A 315 &<t
A Z T Aol gkud &, 13,200 pm S E 3377 ¢
A sto] el AAEATE Fob A= pellete]
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700 pL2] alcohol (70%, -20C )= F713F % 13,200 ripm 2
13 A4 sk oA A dls AlAskaL, 700 uLe
alcohol (95%, -20°Cy& F7Fto] 13,200 rpm 2 121t €
] SHAATE S AATE pellet> 2l2elA] 34T
AL AZAIA o179 alcohol= AATE E pellet®] ol
w2} 50~100 uLe] 1X TE buffers F7}sto] &aj A% Tk
FZ3t DNAT 1% agarose gel2 17195 3fo] 2%
= Folstlon, &3 DNAS FE+E GeneQuant pro
(Amersham Pharmacia Biotech, Inc. USAYE ©]-8-lo] AH
skt

3. &7|Md BRI

B AT A A ] BAAE S £
$3ll 9454 DNA apF-H region, pshbA-trnH regions ©]-&
skoict.

4. PCRE 0|2¢ RTX} SIS

FRAA SEHES 93 FHEA AN 70-80ngS]
A¥ template DNA, 1 unit Taqg DNA polymerase (Solgent Co.,
Korea), 10x reaction buffer (100 mM Tris-HCI, pH 8.0, 500 mM
KCl, 15mM MgCl) 2.5 uL, 2.5 mM2] dNTP (Solgent Co.,
Korea)?} %FH3F primer (5 pmol/uL) 212} 0.5 uLel] B4 3
2b THTE A7Fe] #HE volume 25 pLe] WSO R A
Akl 4 SERES2 GeneAmp PCR System 9700
(Applied Biosystems Inc., USA)y= AM-3131 ™, PCR W&
AHEL LoadingSTAR (DYN-EBIO Co., Korea)?} &34
PCR productE 1% agarose gelollA] 7|93t 5%
= gRIskih A7 §Ax A|9E FE] S8l AR
St primer®] sequence 5~ Table 21 &SIt} 7+ 534}
of] W PCR 2318 th3-7 2t

atpF-H region : arpF(CBOL Plant Working Group, 2009)
2} atpH(CBOL Plant Working Group, 2009) primers- ©]-3-3}
o apF-H regions 55313 tH(Table 2). apF-HS| S35
94°Cof|A] 2% F<F pre-denaturations A|Z] -, 94°CollA] |
9] denaturation, 55°CoIA] 13+2] annealing, 72°CollA] 1%

Table 2. Sequences and reference of primers for amplifying and
analyzing the sequences of the chloroplast DNA of atpF-H, psbA-
trnH region.

Region  Primer Reference

atpF - ACTCGCACACACTC
CCTTTCC

atpH GCTTTTATGGAAGCT
TTAACAAT

psbA-trnH  trnH CGCGCATGGTGGATT
CACAATCC

psbA  GTTATGCATGAACGT
AATGCTC

Sequences (5'-3")

atpF-H

CBOL Plant Working
Group (2009)

Korean Journal of Plant Taxonomy Vol. 44 No. 2 (2014)

9] extension® = ©]FOJX]= thermal cycle S 403] HE
E3l o, vl o 2 72°Col|A] final extension Z}g S
E 7% PCRE &3l o] Fol Rt

psbA-trnH region : rnH (CBOL Plant Working Group,
2009)%} pshA (CBOL Plant Working Group, 2009) primers- ©|
8319 pshbA-trnH regions & 53FATHTable 2). psbA-trnH
9] FEL o4°Co| A 2% F pre-denaturations A7
94°Co A 19 denaturation, 64.5°Co 4] 13-2] annealing,
72°ColA] 13-9] extension®Z ©]FO]A]:= termal cycle 8
S 403] HHESII o, niXjuko 2 72°CollA] final extension
g oz A PCRE 3l o] Fo| 5L

5. PCR producte| Fxj|et H7|xd 2F

PCR productst QIAquick PCR Purification Kit (QIAGEN,
USA)E ©]-&3to] Fa=tke] wiyrdel wet FAlstslom,
JA|%E PCR productsE cycle sequencing W52 =07
ARE3ISATE

Cycle sequencing WHg-<> BigDye Terminator V3.1
Sequencing Kit (Applied Biosystems, Inc. USA)S AR&-51q
GeneAmp PCR System 9700 (Applied Biosystems Inc. USA)
oA FFAE] wlFFdel wel AAISHATE Post reaction
clean-up ¥}J<> Montage SEQ96 sequencing reaction cleanup
kit (Millipore Corporation, Bedford, MA)E ©]&3}] 354+
o] ol whet gAEkTt.

A71 L2l F4(sequencing)y> ABI 3700 automated DNA
sequencer (Applied Biosystems, Inc. USA)E- ©]-235}5]

6. 7 |ME HEH AS 7=

Sequencing®l 7t §-2}F2] 947]4 9> Sequencher (ver.
4.5, Gene Codes. USAYE ©]|-&35}0] Z%(assembly)s}SiTh.
A7194 e A& 98te] Clustal X program (ver. 1.83,
Thompson et al., 1997)& ©]-&3t] UApA o= V)& 4
A7l &, HFH 0w Uekow AR A7IMLE 5t
o] gRlsiict.

PAUP* program (ver. 4.0b10, Swafford, 2002)2 ©]-8-5}7
Uncorrected pairwise distance® 7+ #F& Atole] $7]H
o] & FAEIT AlET TS kel Fdel Slef
A 7Rl BE FdsHAl AHElsiela, AA @r4d F
gap B 2013 (missing character)® *] 2|3} 0.,
Hy G71MQLe] B character ‘unordered’, ‘unweighted’
character® 27d3}3ith PAUP*ol| 9Jd 71 2> HEE
7= AlETE AFEsH7] 2130 heuristic searchE &3l #
o}’ 224 (maximum parsimony analysis)S 2 A&} 01
Bootstrap 2] (Felsenstein, 1985)= 1,000%] WHE3to] 75
T 78 A A EE ER18FLA}F Bootstrap values AF&E3)
&It} Maximum likelihood analysis= GTR++/" 22-S A8
3t°] RAXML BlackBox(http:/phylobench.vital-it.ch/raxml-bby)
= o] &sisitt.
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4 o
H7|ME HO| 2

A543 DNA apF-H region®] 7144 WHo| . 1757
o thet apF-H regions 21815701, 557 bp2] 7] site
2 A9 A5PP s o] g3 AFsty #4d7, dA
Q71 S 510 bp= D7g3kaL, 47 bpi= Wlol7) Qllom,
o] Z 25 bp7} AESH o7 F83F FHoqUn}. A
7k G+C TS 35.6%3tH(Table 3).

B2 A3} 47 step?] tree lengths Z2H= 3712 MP tree(Cl,
RI=1.0007} =& %0, o]5 3l Strict consensus tree
£ 24313} Strict consensus treedl| Al AURES AA|l=
100%2] BP #o.2 Z38HA] A A= oL), Ahttolsel
7Y Aol a) el A ekl Aol

¥ = A9E HoAFESItHFig. 3, A).

Table 3. Values and statistics of the data matrices.

atpF-H  psbA-trnH

A=A DNA psbA-trnH region?] F71AE W] . 177 M an (I+I1)
= 5 il BLAyElod o S
Frarell oet PpsbA-trnH region= wAErglom, 687 bp-J Number of taxa analyzed 17 17 17
& 7 & AEE ey o)Lt AlEsd B4y
v Jsﬂei g4 f OLé = ]_O 718 : 4 25A, Aligned length of sequences 557 687 1,244
AA A71E F 620 bpe= DAL, 67 bpe= HO)7F U ; , 15k i 73
_ o = M + 5. v 7.
o, o] F 23bpt AFSHCE FEG FAojgie, g MEnOrITCY
25740) GH+C BHeke 38.7%93\13}(Table 3). Number of informative site 25 23 48
Number of constant site 510 620 1,130
EXAISSIE fA4Z0; Number of variable site 47 67 114
A7IMYE B4 B3l dolxl A5dE S VxR Hd Number of mostparsimonious trees 3 2 7
ECZE zkA5L0Y ZF oz ul O zl7F %
71‘11 :ﬂoo 4= —vﬂo O]'MJ—I, = T IjX]'E = Tl'ij]'L]']——: Tree length 47 68 122
65/\__/\/\—5094 o= 3l EE;‘EZ_]_O EFL*%
jTﬁEEé ] T’“ Bq_’ 15 F3ll wwitel e Consistency index (CI) of MP tree ~ 1.000  0.985  0.934
FAAE HEstAL S9ict. ) ] 00 0000 0956
< . - . Retention i RI) of MP t 1. . 95
A=A DNA apF-H region : 1755l thdt A5 ctention index (RI) o ree
P.densiflora f. multicaulis 1 7]
P.densiflora f. pendula
Pinus densiflora f. densiflora
P.densiflora f. erecta
80 P. densiflora f. congesta
P sylvestris g
P thunbergii ;:
k)
100 P O
®
>
P.taeda c
w
100 ]
P.rigida g
wn
65|
P.rigida X P. taeda
P.banksiana
P.parvifiora ]
7 P.pumila
| 100 P strobus .g_
ad Lkbungeana >
L— P.koraiensis

Larix kaempferi

0.02

Fig. 2. ML tree based on the combined chloroplast DNA [psbA-trnH+atpF-H] region sequences of Pinus. Bootstrap value are presented on

the branches.
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Pinus densiflora f. densiflora

P. koraiensis

P.sylvestris

P.densiflora . congesta

P. densiflora f. erecta

P. densiflora f. multicaulis

P.densiflora . pendula

P.thunbergii

uojAxoldiq

P. tabuliformis

P rigida
LE PrigidaX P taeda
S P.taeda

P.banksiana

P.parvifiora
{

64 P.pumila

100

P.strobus

uojAxojdey

P.bungeana

Larix kaempferi

snuid snuan

(B)

Pinus densiflora f. densiflora

P sylvestris

P.densiflora f. congesta
88

P.densiflora f. erecta

P. densiflora f. multicaulis

63

P.densiflora f. pendula

[————— P thunbergii

uojkxoldig

P. tabuliformis

P.rigida

P.igidaX P. taeda

snuld snuan

P.taeda

P.banksiana

100

P. koraiensis

Pparviflora

Ppumila

92

uojAxojdey

P. strobus

P.bungeana

Larix kaempferi

Fig. 3. Strict consensus trees based on the chloroplast DNA atpF-H (A) region and psbA-trnH (B) region sequences of the Pinus. Bootstrap

value are presented on the branches.

A=A DNA psbA-trnH region : 17557 thdt A%
=4 A3} 68 step] tree lengths 2t 2712 fAFSE MP
tree(CI =0.985, RI=0.990)7} =& on, o]& &
Strict consensus treeS 23T}, Strict consensus tree®l| 4]
atpF-H region¥} nX7IA| 2 AUFE AA|7F 100%2] =
< BP gho= AAFHCh Ed Aol 100%, 3t
Fobd 929%2] Tha =2 BP gholl &l XX == 742t
9] EAZE FAJSISItHFig. 3, B).

A=A DNA apF-HS} psbA-trnH regiond] ZFE4A .
1725l g 1244709 A7]site= 23HE 54|
DNA #4123} 122 step?] tree lengthE 2t 77019 MP
tree(CI = 0.934, RI=0.956)7} =&% %o, o]& S ¢
718+ 2] A %5 <=(Strict consensus tree)E 2SI TE. Strict
consensus treeol| A WA AAUET) E 7 vk AU, 7] E

AP rigia Mill. X P taeda L.), Hlothar-2} ¢

7 57%°] BP #ho = AA| == EAIRE P8Itk A
I Aol delA o] EA|EA, BPAEE SOl Atol&
RAY psbA-trnH regionol|A1 2] A3} -F-A1SH topologyZE
FJ8IATHFig. 1). ML treeclA= ZF #AIZE AAsh=
BP ko] zpolE Alflsta A& <l topology: strict
consensus tree?} FAFSFSICH(Fig. 2).

-
T Aol vizlR 289 20

a

Aol chet #4972
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I, Tk AL Foll 77t vk 3 EAE e &
LH&o] gl Erolehs Al A AXskar lok wEsth
Fig. 18} 204 A1 v} o], ¢4 DNAZE 234
(psbA-trnH + atpF-H region)o| A AAE 73] A%
2 A= ool FaEHAX Aprse] gk &
AAEEA ATl diFa dAE AL, SulelA] Au

o3} AP tolEo] Fglo] FEE= A Ik o][de] o
TAIE A A5kl QTHWang et al., 1999; Gernandt, 2005).
E3E o] Aol AMEE apF-H region A7) S0l
A8 BRETRE HuelA e ERatel Ajtetrta A7t
P o, S SHAQ] WAlFTORE HdE oA
W, Sl Avprolsat shibifol&ow s
Tkl Az

AF7HA au-Sul Aol tie A= FEe
A, EAAE A MRS Foto] At R o, i
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