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Phylogeny of Korean Rhus spp. Based on ITS and rbcl. Sequences

Won Kyung Lee*, Myong Jo Kim*, and Kweon Heo*'

*Division of Applied Plant Sciences, Kangwon Natl. Univ., Chuncheon 200-701, Korea.

ABSTRACT

: This study was carried out to confirm the phylogenetic relationships in Korean Rhus species,

Sequences from internal transcribed spacers (ITS) of nuclear ribosomal DNA and rbcL gene of chloroplast
DNA were determined. Cotinus coggygria was selected as outgroup because it is closest allied with Rhus in
Anacardiaceae. Also, ingroup was limited as six Korean Rhus species. ITS 1 sequences in six species of Rhus
and one species of Cotinus ranged from 246 to 253 bp and ITS 2 sequences from 234 to 244 bp. Concerning
the G+C content of the studied taxa, ITS 1 sequences ranged from 58,0 to 68.13% and ITS 2 from 59.75 to
68.46%. On the other hand, rbcl. sequences were same size in the all species examined by 1,428 bp, G+C
contents of rbcL sequences were ranged from 43.56 to 43.77% which means there are nearly no different
from interspecies each other. Phylogenetic tree strongly supports the colse relationships between R,
succedanea and R, sylvestris. Rhus javanica and Cotinus coggygria were also closely allied with each other in
ITS and rbel. trees. Therefore, R, javanica was regarded as most primitive species among the Korean Rhus
species. ITS 1 region of nuclear ribosomal DNA was suggested as very useful taxonomical marker for genus

Rhus,
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Table 1. Collection data and GenBank accession numbers of species used in this study.

Accession No.

Taxa Collection data s bl

Rhus verniciflua Stokes (C)' Cholanam-do, Wando, Arboretum of Chonnam National University, AY510151 AY510140
in May 22, 2008. K. Heo 880 (KWNU).

R. verniciflua Stokes (H)  Gangwon-do, Heongsung , Gayari in May 2, 2003. K. Heo 877 (KWNU). AY510149  AY510141

R. verniciflua Stokes (S)  Seoul, Hongnheung Arboretum, in June 26, 2003. K Heo 898 (KWNU).  AY510150 AY510142

R. trichocarpa Miq. Gangwon-do, Chuncheon, Mt. Daeryong, in June 3, 2003. AY510152 AY510143
K. Heo 890 (KWNU).

R. succedanea L. Cheju—do, Halla Arboretum, in October 18, 2002. K. Heo 688 (KWNU).  AY510153 AY510144

R. sylvestris Sieb. & Zucc. Cholanam-do, Wando Ever-Green Arboretum, in May 22, 2003. AY510154 AY510145
K Heo 884 (KWNU).

R. javanica L. Gangwon-do, Chuncheon, Mt. Daeryong, in June 3, 2003. AY510155 AY510146
K. Heo 892 (KWNU).

R. ambigua Dippel Seoul, Hongneung Arboretum, in June 26, 2003. K Heo 899 (KWNU).  AY510156  AY510147

Cotinus coggygria Scop. Chungcheongnam-do, Taean, Chollipo Arboretum, in July 11, 2003. AY510157 AY510148

s.n. H. J. Jeong (KWNU),

Y(C), (H), and () mean different from collection sites.

Total DNAS #%& DNeasy Plant Mini Kit
(QIAGEN, Hilden, Germany) 2} Wl o g F3s}5ict.
DNA ¥ %+ EtBr (ethidium bromide) ©] £+ 1.5%
agarose gelolA A7]% %53} lamda DNASY A EE 4
v wste} FEE stk DNAYE 25 ngo 3 A%

shol ALg-shict.
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PCRZZ2L 25 ng? template DNA, lunit Tag DNA
polymerase (TaKaRa), 10X Ex Taq buffer 5 u, 25
mM MgCl: 3 ¢4, 2.5 mM dNTP 4 g, 5 ¢M primer 2 ¢4
£ 533l A4 Fu97} 48 w7t HEF FHTE A3
t}. PCR primert ITS @71ME & SFA7)=H White
et al. (1990) ¢l 9ato] 1eHE ITS13 ITS4E o] 431
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1, rbeLolA = rbcl. N3} rbel. RS o] £35H9th =% &
Thermal Cycler 480 (Perkin Elmer, USA) 22 4343}
At ITS FEZ oA PCRE 95TlA 32 E< pre—
denaturation A%l $&, 95ColA 30%9 denaturation,
48ClA 30%9) annealing, 72 CollA 1%#9] extension
© & 0] 20]R) &= thermal cycled 353] WHEslgom 72C
oA 107t final extension #}4S 713 PCRE ¢E3}
31, rbcLol A= 94CollA 38 F<F pre—denaturation
A7) F, 94CollA 1% denaturation, 48CoJA 1%
annealing, 72°CeollA 289 extension® & o]Fojx|=
thermal cycles 303 ¥HE3&} 0w 72Co|A 1087t
final extension 74 § PCR T&%& ¢#53lgich

‘SequencingS Sanger et al. (1977)¢] 23] mete )
Hell &8 A8tk o]F 74 PCR product® PCR
Purification Kit (QIAGEN)Z A A3k, Cycle
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sequencing %% BigDye Terminator Cycle
Sequencing Ready Reaction Kit (PE Applied

.21

43

x-

3 #

Biosystems) & AF&3to =33 vl Automated
sequencing< ABI PRISM 3700 DNA Analyzer (PE
Applied Biosystems) & AH-8F T Sequencingol] A&
% primer Table 29 3ol Vel gl

% ool DNA 97|44 Sequencher
(version 4.1; Gene Codes, Ann Arbor, Michigan,
USA)E ALg3te] AR = sequenced AY B 7
CLUSTAL X program (Thompson et al., 1997)-& o]%
sto] W71 S gEsginh 1TS1, 5.88, ITS2 74t B
rbcL F7F G71M G ol AFAE A8 AFH @
7\ Az vlwastel AAstS T (Yokota et al., 1989;
Baldwin, 1995; Kiss & Wink, 1996; Hoot, 1995). ¢17]
AYzre) divergence A4 Kimura two parameter %
HE o] 39 (Kimura, 1980). AFEsHy #£4&
PAUPE AME-sto] 8atql oL, gapd w4 oA Al 3t3l
o} (Swofford, 1998). ¥4 Z7-& Heuristic search,
A g-skod =83}9 a1, bootstrap value

Sequencing

TBR swapping=

Table 2. Primers sequence information used in ITS sequencing.

Primer 5'-Sequence-3 Designed by

ITS 1 5'-TCCGTAGGTGAACCTGCGG-3’ White et al. (1990)
TS 2 5'-GCTGCGTTCTTCATCGATGC-3' White et al, (1990)
ITS 3 5'-GCATCGATGAAGAACGCAGC-3' White et al (1990)
ITS 4 5-TCCTCCGCTTATTGATATGC-3' White et al. (1990)

Table 8. Primers information used in rbcl seduencing.

Primer 5'-Sequence—3 Designed by
rbcL N 5'-ATGTCACCACAAACAGAAACTAAAGC-3
rbcl R 5'-TATCCATTGCTGGGAATTCAAATTTG-3'
Primer OF 5'-GCCGAATCTTCTACTGGTAC-S’ Kdss and Wink
Primer NR2 5'-TTACCCACAATGGAAGTAAACATG-3’ WK. Lee
Primer 2F2 5'-GCGCTCTACGTCTAGAGGATC-3' WK: Lee
Primer 3F 5'-TGCGTTGGAGAGACCGTTTC-3’ Kass and Wink
Primer RF 5'-TATTTCACTCAGGATTGGG-3' Késs and Wink
Primer 1R 5'-GGGTGCCCTAAAGTTCCTCC-3’ Késs and Wink

+ 1003 ¥H&31o] A} (Felsenstein, 1985).
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7% 9 7RA ) ITS 19] Do) 246~253 bpolaL, ITS 2+
234~244 bp MR YebWT ITS 19 dol= Rhus
sylvestris?} R. succedaneal|¥] 246 bp®E 71 290
v, R. vernicifluaol A 253 bpE 7F4 71 Ao 2 Vept
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Table 4. Sequence size and base composition of internal transcribed spacer (ITS) and rbc sequences.

Taxa TS 1 ITS 2 rbd
Size (bp) G+C (%) Size (bp) G+C (%) Size bp) G+C (%)
Rhus verniciflua Stokes (C) 258 59.76 234 60.78 1428 4363
R. verniciflua Stokes (H) 253 59.76 234 60.78 1428 43.63
R. verniciflua Stokes (S) 252 59.80 234 60.78 1428 43.63
R. trichocarpa Mia. 248 63.49 244 62.45 1428 4370
R. succedanea |. 246 58.40 243 60.66 1428 4363
R. sylvestris Sieb. & Zucc. 246 58.00 243 60.66 1428 4356
R. javanica L. 248 61.90 241 61.98 1428 4356
R. ambigua Dippel 247 68.13 240 68.46 1428 4377
Cotinus coggygria Scop. 248 62.30 240 59.75 1428 4377
68.13%¢ WMHAE Yetwt, ITS 2¢]A4& 59.756~ Zo T = A0 7 ebRTE ITS 971449 #4 23,
68.46%= e F ko] vls=d S BT ITS  £UF&HUelA Cotinus%st 7v8 742 $2 R
1914 2] G+C content™ R. sylvestris7} 58.0%% 7% javanicaZ nucleotide divergence”} 7.3% ©1% 1L, &7
wron, b & e R ambigua®l 68.13%F 24l aFol= 35 bp olth. b FABATE A FLS R
ek, ITS 2904 outgroup ()¢ Cotinus AU

coggygria’t 59.75% % 7+ ek ow R, ambigua’t
68.46%% 71 wA JebEth R ambiguat: 1TS 13
ITS 2 2ol - G+C content’} 73 =& A 0.2 Vet
3L, ZUEOIA TS G714 UAnba o 2 g a2 &)
Zt= G+C content H$ ¢holl X 3= = H oz 9]
t} (Table 4).

B Aol ZAFE ITS €714 49 nucleotide
divergencet= 0.2~15.5%% #2ghe 3 72 947] o]
€ Zk= R, succedanea$t R. sylvestris Abo]l 5o
2 R. syivestris 9} R. javanica AFO|E B 7] x}o]= 74
el Aow e A, T3 outgroup Cotinus
coggygria 2] nucleotide divergences 7.3~14.6%<!
Aoz JEY 254 nucleotide divergence H &}

L
fu

sylvestris® 14.6% ¢} 2.
<o) Br& 5t (Table 5).
3t rbel 2] Aol 1428 bpE EE FolA Y3
t} (Table 4). T3 rbcl® G+C contents= 43.56% ~
43.77% = WeRt kel AL Zol7h §lE-& e,
nucleotide divergence:= 0.1~1.0% ¥ = YeR} 3¢
A7 Lo zfol 7k A STt (Table 6). #HAgh2 ITS
9} vpR7FA & R, succedanea$} R. sylvestris A1l
A719] Aol T Aol rt. gk 14712 7] Ako]
7} W= R. javanica®} R. ambigua®l 1.0%= &=t}
89 Cotinus coggygria?te 04~0.7%=Z TS &
a2 7 A 2 2ubEE] nucleotide divergence 3 Zo
233 Ao vewt o7 7P Tk T2
javanicaZ 04%% WUEpgon A7 57t ZFo] v

, §71% 70 bp2l Ao]7t

Table 5. Nucleotide divergences of internal transcribed spacer (ITS) sequences.

Taxa 1 2 3 4 5 6 7 8 9
1. R. verniciflua (C) - 0.000 0.002 0.129 0.151 0168 014 0.126  0.141
2. R. verniciflua (H) 0 - 0.002 0129 0.151 01563 0141 0126  0.141
3. R. vemicifiua (S) 1 1 - 0.127 0.149 0151 0139 0124 0439
4. R. trichocarpa 61 61 60 - 0123 0125 0119 0.090 0.106
5. R. succedanea 71 71 70 59 - 0.002 0.153 0134 0.144
6. R. sylvestris 72 72 71 60 1 - 0.165 0136  0.146
7. R. javanica 66 66 65 57 73 74 - 0113 0.073
8. R. ambigua 59 59 b8 43 64 65 54 - 0.106
66 66 65 51 69 70 35 51 -

9. C. coggygria
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Table 6. Nucleotide divergences of rbc. seduences.
Taxa 1 2 3 4 5 6 7 8 9

1. R. verniciflua (C) - 0.000 0.000 0.004 0.005 0.004 0.008 0.008 0.004
2. R. verniciflua (H) 0 - 0.000 0.004 0.005 0.004 0.008 0.008 0.004
3. R. verniciflua (S) 0 0 - 0.004 0.005 0.004 0.008 0.008 0.004
4. R. trichocarpa 6 6 6 - 0.004 0.004 0.008 0.008 0.004
5. R. succedanea 7 7 7 5 - 0.001 0.008 0.008 0.006
6. R. sylvestris 6 6 6 6 1 - 0.008 0.008 0.004
7. R. javanica 12 12 12 12 11 12 - 0.010 0.004
8. R ambigua 12 12 12 12 11 12 14 - 0.007
9. C. coggygria 6 6 6 6 8 6 5 10 -

Aoz ety 7MW F& R ambigual ® 10719
F7)atol& BSI) AR rhcle o) £E7F U =
22, 1,428 bp F 97| Aol = Hh 14 bp dhell HA &
oF £U9] AE-S 7HdrIolE AEsE f-840] ul$
A%t (Table 6). o)# ek A= rbcl gene®] & &
olate] AFHADAE sl dste vl F83H4] St
712 A9} YA 83U} (Olmstead & Reeves, 1995).
3HH, ITS sequence variationa 15% BYulgs) F7F
ATHARALE N eh=d T2 HdH S Ak
AZSA BAL 2AE LE Fold dr]Mde 58S
F2E At ITS 13 ITS 2 #3749 471 gaks A
3to] AT B Aol A Cotinus coggygrias $]
TOF AME3le] 9L PAUP #4439, tree lengths
183 step®] % L, consistency index (CD+ 0.86301%1¢
™, retention index (RD = 0.848 % Welktt} (Fig, 1A).
AA AETF2 7)15-olM R, javanica® outgroupd} e
clade (FAT) ol HAISIA AL, tFE FE59 sister group
Gz ol H ik 1 vk o ® BA8) U Zlo] R ambigua
ojlom W& 07 R succedanea—R. sylvestris T-0)
BAEt] o] F FL2 vig Zdd Aoz yekyyt wiA
B0 R R. trichocarpa®} R. vernicifluaZ} ¥4 &) vhght}.
Z17) o A (Mg, B4, d5) oA A9 R verniciflua
= A3 polo ogh Wolrl Ao gles g & gl
ot (Fig. 1A, B & Tables 5, 6). Bootstrap %41 21,
50~100%2] bootstrap value7} YER} Bl 4 ¢HgAdo]
W= Ao g A} Rhus trichocarpa 9+ R. ambigua
7} R. verniciflua, R. succedanea X R. sylvestris®)
sister group@ & e clade) A 8 bootstrap value
+ 100%Y< YER AT =3 R, succedanea?t R.
sylvestris? T8 clade 92 100% % W% 73k A
£ HojFo] Ads] ZAFYS e Yt (Fig. 1A).
SHA, rhbcL ) AFEA A3} tree length® 30 step©) )

SN
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a1 consistency index (CD+&E 0.830]%1 2.9, retention
index (RD+ 0.688% WERStTh 7272 #1584 9
21 rbcl. AFFAA AU T -AdE -2
U= B0 R FAwATe X Bk A,
ITS ASF oM NEUF7h Ad T - Aty —
MU A Ao g YA gktt (Fig. 1A, B).
A 4 A3, vt st TF5 T HUT
5 Alg e 5] 9AlES YER O, o] A2 Miller et

A

A B
@) R. verniciftua C ®) R. verniciflua C
70
- 100 .
100 | LR verniciflua H R. verniciflua H
61 .
5 lp_l R. verniciflua S R. verniciflua §
100 R. succdanea 97 R. trichocarpa
100 ,{ N
R. sylvestris R. succedanea
a5] 180
100 o .
 R. trichocarpa R. sylvestris
R. ambigua R. ambigua
R. javanica R. javanica
L C. coggygria — C. coggygria
1 0.001

Fig. 1. The neighbor-joining trees of ITS seduences
(A) and rbcl sequences (B). Numbers above
branches indicate the bootstrap vaiues higher
than 50%.
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7 e B3eba, oY £ 23eta Qe thAlg e,
1 % Toxicodendron® 2 GAE LS AASHIL Qi
Barkley (1937)& 2543 Toxicodendron® &
L_Erzl =S &L}U/\ o :ﬁLAﬂ Oﬂuﬂ_q _Lﬂ:10ﬂ

YI.

L

€ore T 2
A NRE Zby $AE allergy A4S YA 9
W, Toxicodendron® 2] Ariji= Feio] o] = 1= 3
A& T, A= allergy s o7& Z 02 Astar 9l
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= Toxicodendron® 0.2 A2 8leio} g Aolt} & A
o] Al Fof ﬂ]%‘—?oﬂ*ﬂc WS (R. javanica) H& A ]
stal YA F5& dAF S A e Jo® Kot
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H 2
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Slth ITS 1°] Aol Rhus sylvestriset R, succedanea
ol A 246 bpE 7+ Zoko ] R, vernicifluaol A 253 bp
27 20 Aeg vEEy. ITS 29 dol= R.
verniciflua’} 234 bp=E 7V R9ko™, R. trichocarpa’t
244 bpE 7H AA JErRH. ol £FTY G+C
content¥ ITS 1eA]&= 58.0~68.13%2] M4 & ebd
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