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ABSTRACT: This study aims to define the phylogenetic relationship within Korean section sabina and find
molecular markers which resolve the phylogenetic relationship in genus Juniperus and section sabina. cpDNA
matK and psbA-trnH were used as molecular markers. The combined analyses of two genes suggested that sec-
tion sabina was a clade supported by 100% BP. The relationships of [J. chinensis var. sargentii+J. davurical
clade and [J. chinensis var. chinensis+J. chinensis var. procumbens+J. chinensis var. horizontalis] clade were
supported by 91% BP and 100% BP, respectively. Thus, the classification of Korean section sabina would be
appropriate at follows, (1) J. chinensis var. sargentii+J. davurica, and (2) J. chinensis var. chinensis+J. chin-
ensis var. procumbens According to the results of separate analyses, matK seems to work better resolving power
to clarify the phylogenetic ambiguity in Juniperus and section sabina than psbA-trnH.
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ol w7k glow, Fst7bE 7o 2o, A
o] 3-84 AU Eeiue FEAel SHow
w7 (Section Juniperus)™ T-EEH, A AJAE 0
2 oF 5009 F-Frro] skl Qlth(Adams, 1999; Fu et al.,
1999). SHtEoll= 3PS (Juniperus chinensis L. var.
chinensis), "I (J. chinensis L. var. procumbens (Siebold)
EndL), =8P 5-(J. chinensis L. var. sargentii A. Henry), 53
W5 (J. chinensis L. var. horizontalis Nakai)2} 5-3F W54
Aol FHIFUF (J davurica Pall)?] 5EFTo] XS
o2 A th(Korea National Arboretum and The Plant
Taxonomic Society of Korea. 2007).
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b R, e OF 30 E3EeH, A
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Adams et al.(2002)°] RAPDe] 2J3t FolxJolal Sk
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Table 1. List of taxa, voucher information, geographic origin, and accession numbers for plant materials used in this study.

Accesion No.*

Taxa Korean name Locality Voucher No. _—

matK  trnH-psbA
Juniperus chinensis L. var. chinensis B} lé;}:gggg;%il’kﬂ:ugfj;n’ K-S Kim, 110108 O O
J. chinensis L. var. procumbens (Siebold) Endl. (A) A g} 5 ii??;ﬁf;?gg?gzzé:inan_gun’ K-S Kim, 110017 O O
J. chinensis L. var. procumbens (Siebold) EndL. (B) 2 Sk} i‘;‘)‘ﬁﬁﬁ“& Korea K-S Kim, 100045 O O
J. chinensis L. var. sargentii A. Henry (A) T i?gjg?gg;g; Jeju-si, J-K Hong, 110002 O O
J. chinensis L. var. sargentii A. Henry (B) Fe g;zzﬁ;%;tﬂﬁf;:f:n’ c-H Leeggf%Cz—S Jang, O O
J. chinensis L. var. sargentii A. Henry (C) ) éifg\l;i?(dl\:,t'l){ ;;Ez‘gun: C-H Le€9 g; ZC;-S Jang, o o
J. chinensis L. var. sargentii A. Henry (D) FI}T Eggﬁigﬁg?ﬁirﬁgborewm’ J-K Hong, 130005 O O
J. davurica Pall. @& Primorye, Russia KHB1061006 O O
J. rigida Siebold & Zuce. PR gg’;ﬁ;’ﬁgﬁ&_gfgﬁfun’ K-S Kim, 110009 O o
J. conferta Parl. =73 ]Jgezcl?aet?jkg- c(lj(;(};(.)(;reG;nsan-si, J-K Hong, 110015 @) O
Thuja koraiensis Nakai Eza ZZ‘;:‘E;T??%;E:@“ K-SKim, 110120 O 0O
T occidentalis L. jopzw  KoreaNational Arboretum, K-S Kim, 100162 O O

Pocheon-si, Korea

*O: indicated that the gene was analyzed in this study and not yet given the accession number of those sequences from NCBI

Table 2. Sequences and reference of primers for amplifying and analyzing the sequences of the chloroplast DNA of matK, psbA-trnH gene.

Region Primer Sequences (5'-3") Reference
matK aF AATGGATGAVTTCCAWAGADAR This study
matK bF ATTCATCCRGAAATTTTGGTTC This study
matk matK aR TKCCAAATTCGITCTCTCTC This study
matK bR AGATRATATCTACATTTTTTKACTW This study
psbA- trnH CGCGCATGGTGGATTCACAATCC CBOL Plant Working Group(2009)
trnH psbA GTTATGCATGAACGTAATGCTC CBOL Plant Working Group(2009)

MG™ Taq-HF buffer 10 uL, 2mM MG™ dNTP mixture
10 uL, 10 pmol primer 5 uL(X2), MG™ Taq-HF polymerase
1 uL, S79)2 o831t} PCR termal cycle 3782 94°C
ollA 4527} denaturation, 59°Cll4] 183} annealing, 72°C
oA 1:£31 extensions 353 WHESFATE. Zhzte] {7 A)
A& SF37] 913l AHE-SE primere] 97149 Table

20) el shaact.

6. PCR producte] gx||2} H7|Md &
PCR productsi= Montage PCR Cleanup Kit (Millipore,

USA)E o]gsto] Fwte] vilsrdel wet gAlstsl o,

JA|%E PCR productsE cycle sequencing WFH5-2] =807

ARg-eF3TH

Cycle sequencing WH&> Big Dye terminator cycle
sequencing kit v3.1 (Applied Biosystems, USA)E A3
o, tiid FdAe] Aot 1kbE 9 markKe] 735 73t
2] primerE ©]-8-3k0] cycle sequencingstitt. @714
g2l A7 3730XL automated DNA sequencing system
(Applied Biosystems, USA)S- ©]-8-3131tt.

7.7\ ME A A 7=

Z} F2ke] 7192 Sequencher (ver. 4.5, Gene Codes
Co. USA)E o]&ato] xaai3itt. 71X 4= S
sto] A4 A7 LEE sl
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AFF 5 PAUP program (ver. 4.0b10, Swofford,
2002y olgatiom, A SlojA] THEAlE BE
At Aelatlar, A4 9714D T gapS BT 2AoE
Z(missing character)@ 2|31 0™, FHE 27|44
T 342 unordered’, ‘unweighted’ character® 373}
th. PAUPOY 9J3l 7H > ARE 7= AleTE A=
3171 913l exhaustive search® F3ll Aok
(maximum parsimony analysisys AA|5}3]0 W, o] u}Z
option® =+  ACTRAN, ‘TBR’ branch swapping,
‘MULPARS = # A 3}a}qict. AlgellAl 2t Aol ot
AR E ARES] Q1A 27 o] tree?t EER A
Z}2] 749 strict consensus tree(SFHAAXAETF)E 3 &,
Bootstrap 2] (Felsenstein, 1985)2 1,0008] HH&-5}od
bootstrap value® AFE3FTE 8, marK el pshbA-trnH
region®]] tgh AlEFEEE o2}l - Ak UM A
= 23 AR 7 A8t Maximum  likelihood
analysist=  GIR+1+T ndS  H93e6] RAxML Fig. 1. Distribution of 4 taxa in section Sabina.
BlackBox(http://phylobench.vital-it.ch/raxml-bb/)& ©]-2-3}31
31, Bootstrap value= 2]l AIAJE FHodoRtA] WS &

QO J. chinensis
* [[] V- chinensis var. sargentii
*Jv chinensis var. procumbens

A J. davurica

" sm
—_—

Table 3. Values and statistics of the data matrices.

- -, sbA
ElR =i o= matK (1) _tr’:H w0
a .I_.'.I' Number of taxa analyzed 8 8 8
Alligned sequences (bp) 1,210 524 1,734
1. X|2|™ 21 section Sabina 1186 oo 4eg 1585
U 4RFe] UE i 8 BRE A9 gy in Korea ~1,198 ~1.666
T %EIL-O/] cﬂ‘——‘?‘olﬁy’} #Hse 5 ‘E]l-%é_léy’]' d= :la]—l——’ J. chinensis var. 1.186 480 1.636
Selvel £5mg} Foek ool BEs, MR chienesis ’ ’
A Q7 dRA Ay ket At sk AAY variation  J. chinensis var. 1186 480 1 666
of REST ERGFE T SERAAAT, Galol  (bp)  procumbens ’ ’
%%X]O—ay, A EpA| ol dH- TS, -2kl A J. chinensis var. 1.198 387 1.585
LUl Aol MTURE RS weh AT fep sargeni ’ ’
M REshE Ao® ERIHoh S v J. davurica 1,198 465 1,663
E]— ﬂll']l—":—)‘\_]_—X]Q_‘ﬂﬂl_}\ﬂl?—Ei %_EWL —E—%‘%}}\OJ—L} %%9 \'H}\]O]— % Mean of G+C (%) 32.7 33.6 32.9
EA el Hargict . .
Number of informative site 72 74 146
2. ?:17 Ikl% Eol %Hg Number of constant site 1,134 442 1,576
maK FRARL] Q7|XE Wol : 4772 o Number of variable site 76 82 158
O mak fAAHE EHSGO, LIssbp (FHY, 4T Number of most
LH)~1,198 bp GE U, W) oo E B parsimonious trees ! 396 9
Aot e dd A7IAde dol= 1,210710]a, A Tree length 79 85 164
A71ME F L1347 AL, 76709 WHo 7t QU . .
— 1A o = =101 ol =1 Consistency index (CI) 0.987 0.976 0.982

FE 32.7%C1 3 H(Table 3).

- N Retention index (RI) of MP tree  0.990 0.976 0.984
psbA-trnH region®] @71XQ Wo| : 4770 by

Aol thet psbA-trnH regions 4351310, 387 bp & -In L value - - 3185.40277
WH)~480 bp (L, A3 ool KT
FAEE A7IAML e dol= 524700]a1, A 2714 74M7F At o2 Fasklt) GHC TS 33.6%

A F 442l AL, s7le] Wert gl9lem, 1 & O] H(Table 3).
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. EXAISSE E2M 0t

BE Q7MY A4S w5uE 25 vreve s A
sto] fAHAIE AESISI

matK FFAA} ;4270 st A7IMES A A
79 step2] 4o1= Zh= 1712] MP tree(CI =0.987, RI = 0.990)
= =319 tHFig. 4). MP treecl A= L2 0] 99949]
BPE AA|H= FAIXE P45t Fo® gRIxglom,
A el A F e BARE dAdskIth b+
AU FAIZEE 100%°] BPE, w3+ g
FAZE 95%2] BPE A A=)},

psbA-trnH region : 4ol tist A7IMGE A
A3} 85 step] Ao)E ZH= 396702 MP tree(CI =0.976,
RI=0.976)5 =Z3I0UHFig. 4). MP tree A= 54
o] Wl = U AEEEd 3 B9 % node
el 100%°] BPE A A== EAIXE Fshe= 2o
2 gyt Frd el s A g 2
AZ7F 73%%] BPE, T UF+dbddur EAx
59%2] BPZ A4 ¥t}

(=

r J.davurica
J chinensis var. sargentii B
100
J chinensis var. sargentii_C
I J.chinensis var. sargentii_D %1
0 o
—] wn
Q
J chinensis var. sargentii_A g’
Q
J.chinensis var. chinensis
100
100 J.chinensis var. procumbens_A
1
J.chinensis var. procumbens_B
wn
Jrigida ]
10 IS
3.
S
J conferta ]
c
wn
Thuja koraiensis Q
3
10 [ Ey
>
|2
Thujaoccidentalis | “S”

002 substitutionsfsite

Fig. 2. ML tree based on the plastid DNA [matK+psbA-trnH
region] sequences from the section Sabina. Bootstrap value are
presented on the branches(-In L value : 3185.40277).

maK AR psbA-trnH region TZEA : 45-Frol
st A7 LES BAS AI 164 step?] tree lengthS 2=
99712] strict consensus tree(CI=0.982, RI=0.984)5 TZ3IATH
(Fig. 3). MP treeclA = Si-2o] 93%2] BP=, b+
G EAZ) FFTFHR T BAZE 100%2]
BPE A A ¥ $ITh ML treeol| A& brd i} b
o] T BAIE B 100%2] BPOl| 2]l A4 E|2lckFig. 2).

o F

SIS AlEo] DNA HAIS S8t ASSIE S0t
Ao AdelA= prdo] vy vs3 e
S BF7HA AL, dae] v rE glem, o] b4
a1, AHo] 3-8 AR Y EEdthe
TS 2t dAETelths As dF AHFEk L 9l
Ch(Fig. 2, 3). FAI9E Fig. 29} 3041 #A|A1E vl o] marK
2} psbA-trnH region®] ZFHEA oA AoAX]= AI}= F
o AAED e A gk EAAE s ATt
T Abost A3tE vpeRdIthAdams et al., 2002; Adams
and Schwarzbach, 2012). Adams et al.,(2002)> RAPD#2-&

ok 2,

J.ch is var. chi ]
100
J. chil is var. procumbens_A
88
J. chi is var. procumbens_B
J. chinensis var. sargentii_A w
A
'd
Q
1=
" ; ” 3
J. chinensis var. sargentii_B a
100 J. chii is var. sargentii_C
J. chi var. sargentii_D
93
J. davurica
J.rigida o
o)
100 s
=3
K
J. conferta 2
&
Thuja koraiensis E
100 =
£
Q
Thuja occidentalis _

Fig. 3. Strict consensus tree based on the plastid DNA
[matK+psbA-trnH region] sequences from the section Sabina.
Bootstrap value are presented on the branches.
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is var, chinensis ]

A, chinensis var, procumbens_A

1. chinensis var. procumbens_B

J. chinensis var. sargentii A

DUIGDS *3as

1. chinensis var, sargentii &

A, chinensis var. sargentil_C

1 var. sarg D
¥
1. davurica
J. riglda I
o
- 1=
1. conferta §

Thuja koraiensis

100

einyy "uan

Thuja occidentalis

(B) —— J.chinensis var. chinensis |
J. chii is var, procumbens_A
J. chil is var. pn by B
J.ch var. sarg A i
0
n
£
=
A chinensis var, sargentii B 2
L 4 var. sarg c
J. chinensis var. sargentii_D
J. davurica
100 =
1. rigida i
0
I R 3
g
E
A conferta a
&
2 N " o
Thuja koraiensis [
9
2
=3
)
Thuja occid =

Fig. 4. One of the MP tree (A) and strict consensus tree (B) based on the plastid DNA matK (A) and psbA-trnH region (B) sequences from

the section Sabina. Bootstrap value are presented on the branches.
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3l el e TE A ]i & A
dstar glom, ofel vlal g = &
T low EJ—O}‘ﬂ’ﬂ Hﬁk‘/}—ré‘ E7H4 TTTOR
2]k 71 ¥ Adams and Schwarzbach (2012)> &t
T4 252 nrDNAS} cpDNA 48 53l shigel gk
W, w7 2 EAIERE A ARl
el vlsl sl Bl ARl Ao R KHalst
Fom, b= R, AR, e
e FAZXE o]F+ Ao Hsgith & A4 e
M= 71E dTRelA (Adams and Schwarzbach, 2012) S},
Aot 7HEA A EE @bt S, AR
vl 2 BARE A g, el
100%2] BPell 2Jal] A A|=m e %74]1% g/gsrelct
+ Ho|th(Figs. 2, 3, 4). Adams and Schwarzbach (2012)2]
Ao B A9 Ao} Adams and Schwarzbach
012)°14 AR Gy, A, w7 Aol
A FREA L, T FEelA FREATHE A
A1 QRIQIA], ARE-H EAputA A B]ZE AR =
AEs] o ¢ o AT AdE BekE o wdk
= ZYHJr-r Ashprel= FElsH et

2 ATolA AlFFEAel o] &8 F ke A4
= Mz 2po)E Bt matK S o] 85k At
A= FUFA U9 A 57 BAIZ7)F psbA-trnH region
o H|st] tha # FAdH vk psbA—trnH region®| A= F
e AEEY 2 AEEo] 5% node U]
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of fXst= AHE YEFTHFig 4). maK AR
coding gene®]al, A oAl 9712 length variation
o] FEleHA Hehh= Ag Kol a9l dhpiso)

AEE sk Qo] A w8 s EE Aled
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AALE o] &= A7t FaE|ofokst Zlow A7kt

2 AFA Y o] dAlgTolekeE Ve AT
AE A A = S AoE HAHY, maK 74
A7F dpd W shubg&e] Al i Eell SlofA
psbA-trnH region®l] B3t T4 2 IEHE Aled
N Aow AZEnt sk A (1) A
FH 2AZE Q) THFHTFHEHTH A% T £
AxE FEehs Zlo] Age Zlow Azhdrt

40 osl;é

SHIDH AlZo| X|2|x 2 EA

SEubetel] RxsteE U ES Fokrlor A (T,
A, gAalo}, Fell s Eo] FESARE EFHTA 5
‘do] HEatA] ot st W E Folal|= e A
olt}. 9& 59| Ohwi (1965)= U Kyushu?] sj¢l7}ell
Aot BESE 2108 B sk O Farjon (2005)
2 Ohwi (1965)7} W =2V=(Juniperus confertays 33t

el
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TR eEAe Aor Ay, € U AP
Okinawa#| el &4 o] T¥Esh= 2o Busgith
ek Evhet el 2o tidke] Chung (1943)%
Uyeki (1926)= &5 58 HIEsto] &3te] St = <e
¥shs ZloR Busiglov A4 Agtow Qs &
o] o ‘9'*011‘/}
Y o BEAE T, 4, 7w, d5oE 5
2 ol BEA SO FEE Y fEvet Asst
IRk Aol =2 #328h, 92> HonshuA] el
L3}l (Farjon, 2005), TFJUrﬂ% &35 st A
LS A S e vt AsibA]
o= A ol FEE Aol Faxshs AL A
o7 Folgt dojr}, & ATtelA el fHFoR
AR AL et A A EATE Syl EE
Sk 2o wlFo] & u] Aol x| el Eaxshd -
7} 84 9] mislel| A-gato] Ay 23k Jlow 3
CHETE Huh et al (2000 F-2luel @b w350
Z(sect. Juniperus)®] =X rigida)$} SR (L
conferta)) FATIPY A& ALk AT} A3
o djjef] Ao R B¥sl= AHNTE dgHe
= 98] Fxshes el vlaske] A ok
o] she Aoz nwakglo, Wakd el tistel 2
Rl e TR farkepgel v 9
HwE 28 Ao 55k gleh szt
oF Bt e} ‘5‘35113. EACFAA AR )] fAF
A ZABAR] FUFEHE 53
Aol Q1] v‘i'—ﬁ‘rﬂoi ks 2 e =R RS L 2L
EHFE F3 ZFPAL, ok 3549, o
¥ Honshu#| ol L3 #3xshm, feufeh= ¥ 'CFEH7 =y
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