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Abstract

The chloroplast DNA (cpDNA) and nuclear ribosomal DNA (nrDNA) sequences
and single stranded conformation polymorphism (SSCP) analysis were carried out
to elucidate genetic variations and phylogenetic relationships among 15 taxa of
the genus Thymus distributed in Korea. The nucleotide lengths of the selected
three regions ranged from 292 to 293 base pairs (bp) in #rnL-trnF, from 321 to
323 bp in psbA-trnH, and from 624 to 625 bp in ITS region, respectively. The
GC contents of the selected Thymus species ranged from 37.33 to 39.04% in
trnL-trnF, from 22.74 to 26.64% in psbA-trnH, and from 59.13 to 59.94% in ITS
region, respectively. We cloned and sequenced the selected three regions, and
then compared with those nucleotide sequences. We also constructed the genetic
divergences and phylogenetic trees based on the combined nucleotide sequences.
These results showed that TMU and SR-1 had 'the highest nucleotide divergence
values (0.0281) than those of any other pairs among ingroup taxa. On the other
hand, TMG-3 had the lowest divergence values with two taxa isolated Sungup
(SU-2 and SU-3) and 1100-W. The clear genetic differences were not found
between 7. quinquecostatus and T. magnus. We also identified the T.
quinquecostatus grow above the altitude 150m were grouped with the 7. magnus

in Ullung Island.

Additional key words: Genetic variation, ITS, phylogenetic relationship, psbA-trnH

intergenic spacer, Thymus, trnL-trnF spacer
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W 2] kS (Genus  Thymus) 2l &S A5 +H 94FY] #=F Y(Labiatae)oll &3}
= dAe 9y AdEoltt d AAA SR ofd oA FE = A A
A 35000 Fo] AAEtL Jom, 1 F FHAGU 2HAH HI A=
ojgol ExFth W olg V|7t e Zo WEE It} st %017&
olFo =z fEygtol= WM SKT. quinquecostatus Nakai)¥} 492l 3T, magnus
Nakai) 2%°] AAstar Aot &3 A Ah(d, 1958; Mabberley, 1990; Ohwi,
1984) (Fig. 1). =rjellA M2 AF=, dets, 4= #£i 50~200m
e el vk kel A3]ek Auieh Hete, FUE
1,000me] AF Ado|up ZhEo] @2 wol A At vt AW e &%
oA AAdst=d &M, s, £ =g dFoldt =
(%3, 1958).

W) gFe] o2 A )l SRS BHAFFEEY) =v FEHIN)o]
, AES WESIAY EF@hm)elH, e AARE)l A A Aol

al

= 12mm, & 3-8molth =2 6ol J=H efel 2~474% G AT 71A]
2 RRA FAE7] ujitdd #HE FAoR welt A3tHS Zol7t 3mol
3 "ol ok bz Zo] smolw 10712 Wo] i $1% 379 dA
Azh ol ofEfjE 2709 AW Ad3Pola "ol Atk IS FAA o F
717} Qi Aolx 7~9m, A B smEA 2o ey HAFo] drt HhHo|
A eke AE7|7F My FgR Fi A Fo] 7~10me]H e Ao]7t 15m
o]aL Zo] Zo]7} 10mno] Tt ], 1980).

wglgke]l 3 %= Thymol, v-terpinene, p-Cymene % Camphor 5 <] A
ol FgiEo Qo] MyF Efeo gr|E B4 (Guenther, 1949; 1 &,
1994; Leung 5, 1996). &

T, T, W B9 59 HAHoRE RItefo® o] &sto] ghti(Jackson ¥}
Hay, 1994; Letchamo ¥} Gosselin, 1995; Mabberly, 1990). A &l A &= 2] &
E})(Thyme)ol 8} 20 s ~uel S fx o= AN RE e



A, AE(R, AAA, 2 8)5Y FE 9 thymol 59 A fr(essential oil)
e Aok 7 AHA ol ol&Ho gk 1 FolAM AF AES FE2
A& T vulgaris L., T. zygis LE2FH ABAEH AAAHo=Z= A 258 4
T AF7F AAED e AeZ HuE I It (Guenther, 1949; Lawrence,
1984). #H ol &= 3F(aroma)S ©]-&3F Aromatherapyehi= WX 5W, 448 <
d B R Sl o] &%= dE(herb) A=l W AlA Aol A e 4H|
7V wAs%] F7kekHA Brle] 7] Rk AA Asstal tk(Brown, 1995;
Curtis, 1996; Ody, 1993).

g E B ety W gs A Ee] /71 Linnaeusol]l 93 1753 Hx

ol Folxl o oA A E Fo] ol thate] A F AolE HY A%
2 o]lgo] g EFITA AAVE Wgs] A JA @S HAAolnh g
Leto A= Sle] dolep Fo ok FejA EAS EoiE Wy A
o Ural vk gAtel] WA= AFEY, T, WP or e}
7% ghrh eyl Aoz F ol aoe] meb Al 9l A7) Foll Lo
T2 FHY ®ol7h vl BFste] SR ew F e A oHu
(Mabberley, 1990; Ohwi, 1984; A3} 2 1997). &3l W] gke] Auj, AR 4
sol dE AFelME FHAGe] wet Aolrt Bk 2R E HE At
W]k A Eo] g PEg Eie A HAE AWIE stolof vk F
ol A7IE A JATHA 5, 1994; 7 T, 1999; 7 &, 2000). webA A o

=
Ao A g fAA BAL BH A8 FHe] Waw Ao

_—

S
TR BT WH S o] 83t deoxyribonucleic acid (DNA) A& 42 £ 9
st A4& 7 AHAeRE FET F Ade T8 WYY tvE U &
o e T R vl g o R o]g5al ¢ tk(Baldwin s,
1995; Jun 5, 2002; Jung 5, 2002; 7 &, 2003). FHA 559 FHFAEo|e)
3 4 &= Z AP (phenotype)= o] Qe s WSHAIRE, DNAE AE
- 9] 3o s AA e dEA FARe nEZEg ol {2k
i ¥ DNAd wHjsto] @7]e] A gk&o] Z42b 1/4~1/33 120 == Wo]&o]
ofF w7 wEe AEolA FAHA ATl FE&SHA ol&EH1 Utk
(Crawford, 1991; Palmer ‘5, 1988).



o] FAA HEA DNAS H|YE3s F9<Ql photosystem II DI protein
psbA-trnH(GUG) % #rnL(UAA)-trnF(GAA) intergenic spacer 917} # < A&+
AskA A R FW Wol AFel WIWE] AREE I Yltk(Baker 5, 1999;
Curtis 9} Clegg, 1984; Jung 5, 2003a). =3k & X< DNA (nuclear
ribosomal DNA)%= HEETQ]e] o] wWolel Astgh HAd F9le] wHo
(restriction fragment length polymorphism, RFLP)E 7}#] 3L lo] 152 &E2] 7

T A ol &H A Atk 53], A7|7F A 12 BEH I g HE DNA
*‘f—% T dastd e Alolol $IXstal & internal transcribed spacer (ITS) A

E R A Eo] A multicopy BEIE EAEIL Wo| 7} thekaln, ZEo] Lo
st ol fr® FXF v £ ARAAE goteted TR3 A8E o) §
) gk 1 F 18S rRNA®} 5.8S rRNA Afolo] &x13t= ITS 13} 5.8S
rRNAS} 258 rRNA Abololl EA)sH= ITS 27k o3l 9l 5.8S, 18S 2 25S
ol mlgte] Al Wol7l vdFet A et sle® oA dth(Baldwin,
1992; Jung 5, 2002; Kim¥} Jansen, 1994; Palmer 5, 1988; Rogers®} Bendish,
1987; White &, 1990).

DNA Z}7te] A7z wep Zol7p e o7
DNA)Z &= thE A2 o]F sttt ol& dxl 971X 4 2
HolE A #EES T F o] AE] AT de ol & 1 dom,
wrre] Wolgzto] de] AREH I UTH(Jung &, 2003b; Orita &, 1989; Sato
¢} Nishio, 2002; Sunnucks 5, 2000).

Weld B o ATE AR FAREI FUsn 55E 9AEAL 25
Q= webatel AT WelFe FHOR LFE L BUE REo] Wy
} x|

I A gke] st J =54 DNA 5 Wete] vt weE Hgsst o<l
trnL-trnF9} psbA-trnH intergenic spacer 79 12|31 3] Z]H & DNA2] ITS *
o] fd7]AE 7 SSCPL] H]nlEA]

S
= =
o] Aot MYFH A= AsHAgH FABAE el st

_3_



Figure 1. Distribution map of the genus Thymus. Thymus is distributed in the Old
World and on the coasts of Greenland, from the Macaronesian Region
(Canary Islands, Madeira and Azores), Northwest Africa north of the Sahara
Desert (Morocco, Algeria, Tunis and Libya), the mountains of Ethiopia and
the southwest Arabian Mountains, the Sinai Peninsula, through the arid
regions of West Asia up to the Himalayas, and reaching the limits of the

tropical region up to East Asia and Japan.



o. A5 % WH

) H=ed A H197)9 ddAdE BEd2 A
AFrze] sk AA A AAEAAGEE s0melshyell A W2 FF 274 A, el
s 1,100m Aol A wi= e 270 A 5 A g A, A
oA el 3/hA 1,700mell A 2] gk 170l 2=
A3

i
IhAE A3 Aedv 4

2 ¥ Y (Labiatae)d] 3 %(Lamium amplexi-
caule L)E outgroupl =z ©]&3}FtH(Table 1). THE A& d FHFITZE
Mgk & vlZ total genomic DN Wy

A
(70C)el HpEHA FEFo] Aga T

>4

2. Total DNA +5 % XA

]

A

Total DNA F&-& U F(polysaccharide) A Aol 7} A&t Aoz <&
7 el 24 W (protein precipitation technique; Dellaporta 5, 1983)= W33}
o thdt o]l AAHAT. A <l 1.5 goll HAFALE H7pste] wha g
T, dAgFde] & &5 (100 mM Tris-HCI, pH 8.0; 50 mM EDTA , pH 8.0;
500 mM NaCl; 2% SDS; 1% PVP; 0.1% p-mercaptoethanol)E 3 7}3Fo] 60T ©l
A 30 F AAAIHT. ©HA] 5 M potassium acetate (pH 6.5) 4 mLE 7}
3lo] DNAS FAAZT AA¥ DNAE 13,000 rpmoll A 10E37F QA H 2l &)
o] TE beffer (10 mM Tris-HCI, pH 8.0; 1 mM EDTA, pH 8.0)o] &&fxZt}.
o] NE At A2 FA A F=F isopropyl alcohol?} 1/101] <]



Table 1. Taxa of Thymus and outgroup used in phylogenetic analyses.

Taxa Abbreviation Collected sites
T. quinquecostatus Nakai SS-1 Seongsan, Jeju, Korea
SS-2 Seongsan, Jeju, Korea
SuU-1 Seongup, Jeju, Korea
SU-2 Seongup, Jeju, Korea
SU-3 Seongup, Jeju, Korea
1100-1 Mt. Halla(alt. 1,100m)
1100-2 Mt. Halla(alt. 1,100m)
1100-W Mt. Halla(alt. 1,100m)
1700 Mt. Halla(alt. 1,700m)
SR-1 Mt. Sorak(alt. 1,400m)”
SR-2 Mt. Sorak(alt. 1,400m)”
T. magnus Nakai T™MU Ullung Island, Korea
TMG-1 Ullung Island, Korea”
TMG-2 Ullung Island, Korea”
TMG-3 Ullung Island, Korea”
Outgroup
Lamium amplexicaule L. Lam NJAES, Jeju, Korea"

* YPlant materials were received from National Arboretum and Gyeongsangbuk-do Agricultural
Research & Extension Services, respectively.
*NJAES; National Jeju Agricultural Experiment Station.



sodium acetate (pH 7.6)& X 7}st & -20TolA 2A]3F &<t H#A3SIo] DNAQ]
ARAE F=3drh. AFdAE DNAE TE beffero]l 2 ¥, RNase A
(Promega, USA)®} Proteinase K (Sigma, USA)E A}&3lo] Holdi= RNACH
proteinE =33}t 3l EH RNAS} proteins Al A5H7] 18] & H2] phenolE
A7be & dAdEE st A AES 35t 5 phenolichloroform (1:1)<
A2 skt AAl¥ DNATYE ethanol I AW o= thA] 3]43}o] TE bufferol

SAA AT, 3% DNAE 1% agarose (Promega, USA) gel 7|95
UV/VIS spectrophotometer® ¢l & A A sz HaFslo] Algz A3t}

Al T 9992l trnL-trnF intergenic
spacer®} psbA-trnH intergenic spacer F-91¢} 3 THEF FAAQ] 58S Lo}
F95 X33 AA ITS F9E o] &3 Ath(Fig. 2). %A DNAQ truL-trnF
o} psbA-trnH intergenic spacer®] A TEF2 JEA AA FAAY A7|A
dol ofm W&zl Huje] @VIMES VIE=e® AAE Sang 5(1997)9] W&
primerg AF&3Fth & EE ITS F9lo g %S White 5(1990)°l <]

3 3okl W& primers ARES} Th(Table 2).

AR} FEFS A% FF A A TS (polymerase chain reaction, PCR)] ®F
S T39S template DNA 10 ng, primer 27} 0.5 puM, 10x reaction buffer

(100 mM Tris-HCI1, pH 8.3 at 20C, 500 mM KCl, 15 mM MgCl,) 5 uL, dNTP
(21&°5% 200 puM; Takara, Japan) 2 pL, Tag DNA polymerase (Takara, Japan)
2.5 vintsell Bt H 32 SFTE HIbste] & WS EAFE 50 uLE kSl
FAA FENESS GeneAmp PCR System 9600 Thermal Cycler (Perkin-Elmer,
USA)E Ab&3te] 94TolA 2 o d 3 thg, 94Tl 12, 55CelA 1,
72Co A 122 30 cycles 5% T &, 72TA 102S FAAAL F



(A)

trnL <'L> trnF

trnH

Chloroplast
DNA

(B)

TS ITS1 — ITS3 —
— D> T s rona LTSI cocioma PLITS2 [ oo ona IS
) —
L—1Ts2 L—1Ts4

Figure 2. The general structure of the two chloroplast DNA (cpDNA) regions
(A), trnL-trnF and psbA-trnH intergenic spacers, and the nuclear ribosomal
DNA (nrDNA) ITS region (B) used in this study. Arrows indicate the

positions and orientations of the primers used.



Table 2. Primer sequences and references used in this study.

Primer Sequences (5'—3") References

trnL-trnF

trnLF AAAATCGTGAAGGT TCAAGT Sang et al., 1997

trnFR GATTTGAACTGGTGACACGA Sang et al., 1997
psbA-trnH

psbAF GITATGCATGCCCGTAATGC Sang et al., 1997

trnHR CGCGCATGGTGGATTCACAA Sang et al., 1997
ITS

ITS1 TCCGTAGGTGAACCTGCGG White et al., 1990

ITS4 TCCTCCGCTTATTGATATGC White et al., 1990

23 PCR M2 1x TBE buffer (Tris-Borate/ EDTA, pH 8.3)% AF&3F 1%

H7rske] 100Vel A 307 woF 7]

agarose gel®ll ethidium bromide (EtBr) &
d5E HAS F transilluminatorol A €913} T}

4. 2233} plasmid DNA £

o

stol®l PCR 4FE2 TOPO TA Cloning Kit (Invitrogen, USA)ES A}&3}<]
ligational A Th. ©] & 42 Col A 3027t €% 4 (heat-shock) WH <= &3 Top 10F
competent celloll A A3 A7 & X-gal (50 pg/mL)3} IPTG (50 pg/mL) 2
ampicillin (50 pg/mL)°] 23 LB vl A o] =&3te] 18417 cloning3t At &
24 % A3 white colonyE ampicillin (50 pg/mL)°] ¢ 9+ LB-broth W

=

Ao A 8AIZF FoF kst & Wizard Plus SV Minipreps DNA Purification
System (Promega, USA)S Al43}o] plasmid DNAES 231t} Plasmid DNA
= 1% agarose geloll A A71F 5= A5t



5. 9714 € 2%

H=A DNAQ #rnL-trnF 2 pshbA-trnH intergenic spacer 9]¢} ITS A< <]
g BEAe 7]£9 Sanger 5(1977)9 A&EEA MEERAHE L83

ol AEsE FNAYE BAHS o] &ttt Cy5™ AutoCycle™ Sequencing

7]

>
rit

¥ 02

L)

Kit (Pharmacia Biotech, USA)¢} TOP Sequencing Kit (Bioneer, USA)E 4 & 3}
o AASATE Cyclic sequencings 938t Ul 7He] HUIAFEHLLHE
(ddA, ddC, ddG, ddT)E Cy57F 3EA] ¥ vector inner primerQ! M13-40 primer
(5'-CGCCAGGGTTTTCCCAGTCACGAC-3")¢} M13 reverse primer (5'-TTTCACA-
CAGGAAACAGCTATGAC-3') (Amersham Biotech, USA)E Al&3}e] 94T ol A
30%, 55TColA 30%, 72TCollA 4025 303 AT th5 72TCAA 10272
o $AAALSH, stop solutions H7Fsl7] A7A 4CeA H#AsGch A7)
% &< long read acrylamide gel (Amersham Biotech, USA)3} 0.5x TBE bufferg
o] 83l= ALFexpress DNA sequencer (Amersham Biotech, USA)E A}-&3}¢]
1000Vell A 70027 AAISHAT o] A A vl Jhe] HUSAFEILHE

oo o8 gASUA BE A2 I3 WEA G/1MG B4

b
o] &x712 Z4dH. old FH

6. 371X E 2 FATA 4

A=A DNAQ trnL-trnF, psbA-trnHS} nrDNAS] ITS G99 A7IALE =79
FHAAE BAF7] f3 A7Y FAAES =2FAX o Clustal W
program (Higgins &, 1992) o]83lo] 12} HEHE& AAS & Heotozr HF

AESs FdstAt. 971 Hol&S sty A A EA A gap missing

g



character= = &3}

¥ 7] Wol&LS PHYLIP (version 3.5; Felsenstein, 1993)2] DNADIST program
oA AALE AT o] & HIEF O Z transition : transversionS 2 : 12 75
two-parameter method (Kimura, 1980)2 34 AZAFE Airtslgon, 1
Ay E 7] x=Z 3} neighbor-joining trees 2 SIH T T3 A& 52] branch
of tg MFEE £o]7] 93} parsimony analysis®ll Al -2 bootstrap (100
3y AN E 25 29SS consensus treeEs AT B AFEEEH A
o]Z1 48719l <A7IALEELS  NCBI (National Center for Biotechnology

Information)®] %A} 2321 GenBankoll 553} Th.

7. SSCP &4

ZE3% =4 DNAY #nLl-truF 2 psbA-trnH intergenic spacer -9]ol tff g
ol s #H&SH7) sl outgroups A LS W gk HA JiA e dste
SSCP A& F 33ttt PCR 42H= 2.5 pL¥} denaturing buffer 7.5 uL (95%
formamide, 0.05% xylene cyanol, 0.05% bromophenol blue)E & &3t 95T ol A
3R S 71E & FA Ao Fol HAASYATE °]E 8% non-denaturing
polyacrylamide gels (acrylamide:bis-acrylamide = 49:1)= 0.5x TBE bufferE ©]-&
3= Hoefer SE600 uint (180x160x1.0mm) XS AL-&3to] 2 -2o]x 18A7F
150v2 A719E sl d719E el €9 § S7F°l EBr 0.5 pg/mLE A

10:7F 9A38ke] UV image analyzerol X H719-§ &2 ¢S 4

_11_



2,
23k PCR At=2 Figure 33 2t} ol59 A7|: 95
A DNA®| srnL-trnFol A 386 base pairs (bp) (Fig. 3A), psbA-trnHOl A 446 bp
(Fig. 3B), L2]a2 3 2B % DNAS A ITSelA 713 bp= ¥ 5 Ath(Fig.
30).

7}7ke] ZZ 5 PCR AHE S o]43te] AA AL BAFgon =4
DNA®] trnL-trnF 2 psbA-trnH intergenic spacer®] 714

X
471 €2 National
by =

[e)

=9 g

Center for Biotechnology . Information (NCBI) = GenBank”dll
(GenBank accession No. Z00044), °ll 7]t (GenBank accession No. AP000423)
s Z1Ed Raud AMEdEd nlastel g9& AAsAeH, Y R
ITS FA9% T2 A& Bad ¢as) H-919 18S, 58S, 25SE 7|02
d& AR gl ols F7IA¥EES Clustal W program
(Higgins 5, 1992)& ©]-&3le] A H3} A th(Fig. 4).
Aol Wi Qr1ALE vwske] doln MY 9 AT 5 16
Farol e 747 AVIEES AA a2 2320 NCBI® GenBankoll
&3t Z+zbe] fA A gk accession No. & -0 ¥Rk TH(Table 3).

2 A | oWy A gke] it AN anL-mFR-$1 A7
Aol @71E 292 bpR udEbth 2w A§AdeA APE AAEe
trnL-trnF 5-91 9714 el 2717} 293 bpE thE A9 € AAERT
1 bp7F Bl A=t °l+= outgroup?! Fou=(Lam)oll Aol A7]¢} 5Lg A
olt}. pshbA-trnH F-91:= trnL-trnF H-$1E.TF 29 bp7l ¢ & 321 bpl=dl et
2He] 1,700mA el A =7 ARA AT ThE AR 2 bp O 1 EAS

T,

_12_



1 23 4567 89 10 11 12 13 14 15 16

Pl =

R K K I i e —

1 2345 67 89 10 11 12 13 14 15 16

=

1 23456789 10 11 12 13 14 15 16

=

Figure 3. Electrophoresis patterns of cpDNA, trnL-trnF (A) and psbA-trnH (B),
and ntDNA (C) from 16 taxa used in this study. Lane M is DNA size
marker, GeneRuler™ DNA ladder plus (MBI, USA). Lane 1 to 16 are SSI,
SS2, SuU-1, SU-2, SU-3, 1100-1, 1100-2, 1100-W, 1700, SR-1, SR-2, TMU,
TMG-1, TMG-2, TMG-3, and Lam, respectively. Species abbreviations are
given Table 1.

_13_



Qg1
-2
Q-1
-2
an-2
1100-1
1100-2
1100-§
1700
SR-1
SR-2
T™IT
TME-1
TME-2
T™E-3
Lam

Qg1
-2
Q-1
-2
an-2
1100-1
1100-2
1100-§
1700
SR-1
SR-2
T™IT
TME-1
TME-2
T™E-3
Lam

Qg1
ag-2
Q-1
-2
an-2
1100-1
1100-2
1100-1
1700
SR-1
SR-2
T™IT
TMG-1
TME-2.
TME-3
Lam

Figure

4.

ARG T AT T TRAC T AAAATAT TT A TATCC OO =TT TTTTTORT TAA-CRETCCCAAATTTCCTTATOCTT AN

r

T

oD

an
an
an
an
an
an
an
an
an
an
an
an
an
an

. 80

CTEATTOTTTEACAAACGTATTTRRACGTAAATGACTTTATCTTATCACATGTEATATAGAATACACACTOMAAATGAAG 1A

.
.
.
.
G T
.
.
A T A
A T A
GE T
.
.
.
..... C... /Tl . Bllce=lhgmyl =2 e Adaet .. . T. .- . .C.T..
CAATRAATGOCGATATRAATRAAT AGT O TTRAAAT——TACARGAC TORGRAGA AAACT TTRTAA T TR TRTOTCTTTA
&)
G....C..T..T.....A.T.CA.AA.C. TAGCG....... Teo e Corviinn
Sequence data matrix of the combined sequences data

(cpDNA+nrDNA). Nucleotide sequences were displayed from 5' to 3'.

trnL-trnF, psbA-trnH, and ITS regions range from 1 to 297, 298 to 622,

160
160
160
160
160
160
160
160
160
160
160
160
160
160

. 180

240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

set
The

and

623 to 1265, respectively. Dot indicate the same nucleotide as in SS-1 and

dashes indicate gaps.
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trnL-trnF <—|—> PsbA-trnH

S§s-1 ATTGACATCGACTCCAGTCATCTAATARAATGAGEGTGGGATGCTACATTGGARATGCCTCTACTATAAAATTATATTTT 320
SS-2 320
SU-1 320
SU-2 320
SU-3 320
1100-1 320
1100-2 320
100-W 320
1700 320
SR-1 320
SR-2 G A 320
™I A 320
TMG-1 320
M2 320
™G-3 G 320
Lam ... GA...... Cooi AA ... G...G.......... A 320
S§s-1 TARATATAATTTTATTAAAAATATTTTTTTACTTTAGCAATTTTCAATTTCAACTTTTTTAGAAATTGTAARARAAAAGA 400
SS-2 400
SU-1 c T 400
su-2 c . T 400
-3 c. T 400
1100-1 T 400
1100-2 R/ /| L Baly il e .. 400
oo ... 0 B K== cfelpl =4 rle AQr 400
1700 c 400
SR-1 ... N JEIU NATIONS i UNIVERSITY LIBR aRY 400
SR-2 Ao cceo c 400
™I A G ccc 6C 6 c 400
™e-1 G CCC 400
™e-2 o 400
™G-3 c 400
Lam - GGA.A..G S e CA...T-...--T 400
S§s-1 TCGAA-TTTCATCATTTTTTT-ATCTTCTTT-~TATATATTCTGTAATGGAAAGAAAAATTGTAGGTAAGTACAATACTA 480
SS-2 480
SU-1 TT GGA o 480
sU-2 TT 480
-3 TT A 480
1100-1 c 480
11002 480
1100-0 TT 480
1700 A T TT 480
SR-1 G 480
-2 C 480
™I c 480
TMG-1 480
™e-2 TT 480
™G-3 TT 480
Lam ~..T..CA...G....... CT....TC..CC.C..A.C..oovien 480

Figure 4. (Continued).
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55-1 CTAGAAAATATAGAAAAGGACTCCTGATTGARAAGAAAATAAAGGAGCAAGARACCCTTTCTTTTTTTATCAARAGAGGG 560
S 560
Si-1 CT GA AL AN G A 560
SU- 2 ool C.T. GA_AA AA G A ... 580
SU-3 ol C.T. GA_AA AA G A ... 580
1100-1 CT GA AL AN G A 560
1100-2 ool C.T. GA_AA AA G A ... 580
T100-W ool C.T. GA_AA AA G A ... 580
1700 CT GA AL AN G A 560
32 560
SR oo G ... 560
TMUI CT GAAMA GA 560
TMG-1 ol C.T. GA_AA AA G A ... 580
TMG-2 ol C.T. GA_AA AA G A ... 580
TMG-3 CT GA AL AN G A 560
Lam e e T......... T....T....... G G G.AG. .- 560
psbA-trnH <—|—> ITS1
88-1 TTTCTTGCGCCGTATATTTATCTATTCTATTTTCAAAAACTCCTACACACTAAGAACAAGTCTCGAA-CCTTTAAAAACA 640
852 A &40
su-1 1 640
su-2 1 640
sSu-3 T &40
L1001 il 640
b T T el o | S R T T T T 640
1100-W 1y &40
1700 e e e 4 Y 640
SR=1 R T R T e e e ST R L L L L L L L L. 640
SR-2 &40
TMU ol 640
TMG—1 il 640
TMG-2. T &40
™G-3 1 640
Lam =LA A.... T......... Coovrnniit A ..GC....G.. 640
S8-1 GACCGCGAACACGTGTTTAACAACGTTGEGGACGETECEGEEEEETAACCCTCTECCETETCCCATCTCCTECCGGCETET 720
852 C 720
su-1 G ol 720
suU-2 G ol 720
sSu-3 C 720
1100-1 . G ol 720
1100-2 . G ol 720
1100-W C 720
1700 . G ol 720
SR-1 . [ G ol 720
SR-2 C 720
™U G ol 720
™G-1 G ol 720
TMG-2. C 720
™G-3 G ol 720
Lam ... CCAA...C. ACG....C.C.GAG...... CG....C.C... AG...GGT.. . -.G.AA,,.CC 720

Figure 4. (Continued).
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S8-1
88-2
Su-1
suU-2
SU-3
1100-1
1100-2
1100-W
1700
SR-1
SR-2
TMUI
TMG-1
TMG-2
TMG-3
Lam

551
S8-2
SU-1
Su-2
SU-3
1100-1
1100-2
1100-W
1700
SR-1
SR-2
T™MU
TMG-1
TMG-2
T™MG-3
Lam

8s-1
S5-2
SU-1
suU-2
si-3
1100-1
1100-2
1100-W
1700
SR-1
SR-2
TMU
TMG-1
TMG-2.
T™MG-3
Lam

Figure 4.

ATCTT-CGGGTCACGTCGTGCGGGECT ARCGAACCCCGGCGCGEAATGCGCCAAGGARRACA-AAACGARGCGTT-—-TCC 800

,,,,,,,,,,,,,,,,, B L.................._800
C 800
il 800
S 800
C 800
il 800
il 800
C 800
il 800
,,,,,, T L......................800

800
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 800
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 800

800
-C.ACC....G—.C.GC.............. TG GC...T.G..... ccce. .. 800

ITS 1‘4--r-b-5J3S

CCCTGRCATCCCRTTCGCGEAGTGTGCTGEEEEAGCAGACGTCTATCARATGTCARAACGACTCTCGGCARCGGATATCT &80
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
c 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
880

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
A 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
880

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 880
......................... 880

CGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGETGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT 960
960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
,,,,, T Lll.l.................0%e0
960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 960
960

(Continued).
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5.8S <—|—> ITS 2

S8-1 GAACGCATETTECGCCCGARGCCAT TAGGCCGAGGECACGTCTEOCTEEECETCACGCATCGOGTCGCCCCCCTTCCCCG 1040
ss-2 A co..... ACoo o 1040
su-1 R U 1040
su-2 A 1040
su-3 U U 1040
1100-1 ... ... R U 1040
1100-2 A 1040
1100-W ... ... U U 1040
1700 Ll R U 1040
SR-1 A 1040
SR-2 . B il 1040
™ B il 1040
TMG-1 A A 1040
™E-2 ... B il 1040
™E-3 B il 1040
Lam .. ..., B GC. AAAA 1040
8s8-1 CGCTGAATGCCEEECEETCEEEEEC-GEACATTGGCCTCTC—————- GTGCACCTCCGTGCGCEECTGECCCAARTGCGA 1120
S8-2 T cc 1120
sU-1 Tl O . 1120
sU-2 Tl Ol 1120
Si-3 T C 1120
1100-1 T Cooooo O . 1120
1100-2 T o o Ol 1120
1100-W T C 1120
1700 T R e e i e G e s L. 1120
SR-1 j T W A==l el gy = o= M e A el Ll 1120
SR-2 A £ 1120
™I L WSS TR NATIONAL LN ERSLTY LIBRARY 1120
TMG-1 T oo o Co Co.ooo 1120
TMG-2. T C 1120
TMG-3 Tl Ol 1120
Lam C.CA.GG..... c...——— LG C.C.GTGCGA.C.A. . .C6..C....... Coooit 1120
558-1 ~TCCCCGEGECEACTEECETCACGACAAGTGETGETTGAACATCTCAATCTCTCTCGTCRTCGTEGCCETCCTG--TCGTCA 1200
ss-2 B il 1200
QU= il 1200
su-2 1200
SU=3 il 1200
L100-0 Ll 1200
1100-2 1200
L00-W il 1200
LT Ll 1200
SR-1 1200
SR— 2 Lol 1200
™0 Tl 1200
TMG-1 1200
TG Lol 1200
1 1200
Lam A ..GCC . .GCA ... G....Co............. C-..... . GI.CT....C. ACCAA. .CT..... G 1200

Figure 4. (Continued).
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S85-1

TTACGGGAATAGTCATAAACG——-ACCCAACGGTGCCGGTGCTTAACTGCACC-TCACCTTCGACC 1265

SS-2 . T o Ao 1265
st-1 T A T 1265
SU-2 . T o Ao 1265
SU-3 . T o Ao 1265
1100-1 T A 1265
1100-2 . T o Ao 1265
1100-W . T o Ao 1265
1700 T A 1265
SR-1 . T o Ao 1265
SR-2 . T o ACoo G.. 1265
TMLI T A C 1265
TMG-1 AA T ... . ... Ao 1265
™E-2 Co T o A G 1265
TMG-3 T A 1265
Lam G.C...——.. A, .CC.T..GA......... C..6C.A . .C——. . T...G.G..CA ... 1265

Figure 4. (Continued).

_19_



Table 3. GenBank accession numbers among 16 taxa of the genus Thymus and

outgroup.
GenBank accession No.
Taxa Abbreviation
trnL-trnF psbA-trnH ITS

T quinquecostatus Nakai  gg.] AY281301  AY281310 AY443434
SS-2 AY281302 AY281311 AY443435
SU-1 AY443422 AY443429 AY443442
SU-2 AY443423 AY443430 AY443443
SU-3 AY443424 AY443431 AY443444
1100-1 AY281303 AY281312 AY443436
1100-2 AY281304 AY281313 AY443437
1100-W AY443420 AY443427 AY443438
1700 AY443421 AY443428 AY443439
SR-1 AY281305 AY281314 AY443440
SR-2 AY281306 AY281315 AY443441

T. magnus Nakai T™MU AY281307 AY281316 AY443445
TMG-1 AY281308 AY281317 AY443446
TMG-2 AY443425 AY443432 AY443447
TMG-3 AY443426 AY443433 AY443448

Outgroup

Lamium amplexicaule L. LAM AY281309 AY281318 AY443449

_20_



ekt ol5e % AuiuEe e A7ET 92~94 bp ZA UEWL
(Table 4). W2]d¥ A gde] & 2HE DNAY ITS 1 ¥99 A7E= 22
6~227 bp, ITS 2% 234~235 bp= EF= ol A7IAE A7]dl oA Wo
2 UebWth ey 58S FYAE 1 =77 164 bpE WM Fo A=
B FdstAth(Table 5). <Ago] &ahs AoivhE(Lam)e] Bl Lo A=
ITS 12] =717} 1 bp 2 ¥bd ITS 29] A7 & 3~4 bp 22 5AH S YEeERA
thoolel wel AA ITS Yol J=A4 DNAS = 2 AAE 1
ANAE 624 bpollAl 625 bp7kAl 1 bpxtolE Rt Wk J =4 DNAS
trnL-trnF} psbA-trnH F-2lol A= 5 A G MAE It F7IM<E =
719l W37t AAA T, & 2l H<E DNASL AA ITS JdolMe= 5d =34
Aol MAE X 1 bp L ke AolE YENNE U E ¢3S & F
A A tH(Table 4, 5).

DNA® 7% % EZH] 5EA4& A e <G+C>9] &S W ds A&
o] 94=A DNA 5 intergenic spacer §-91¢l srnL-trnFol A& %

A FRE Mgkl SR-17F SR27F 37.33%% 7P wgton], SR oA &

FE A gl TMUZE 39.04%= 7Hd %A vebwth 283 psbA-trnHOl
T AgAGeA FE SU-30] 22.74%= 7HE Wk o™, outgroup

E(Lam)©] 26.64%%= 7} =A YEFSTH(Table 4).

W gk A 5o & gHE& DNAQ ITS 1 oA 58.41~60.18%= 1}

o, 58SE 54.27~54.88%%, ITS2E 62.39~64.10%2 YERHATE A A
ITSOI M= &5 =2 AWl sHTMG-1)°] 59.13%= 7F wkal, outgroup! 3
& (Lam)o] 66.56%% 7HE =dth AA A 02 <GHC>FEFS AA 1TSS
psbA-trnH7} 9F 36~40%= 7} =2 AolE B oW, pul-trnF pshbA-trnH
Ho} oF 14%°]% = A UEFStH(Table 4, 5).

2 Ao JEHE AVIMLE(Fig. 4)= 7IEZZE outgroups XEste] WHol&
S &S 9954 DNA 5 trnl-trnF 5915 19.53% (58/297), psbA-trnH
T 46.46% (151/325)2 psbA-trnHOl A U H2 Wol&S UEHEY. 3 grE
AN A= ITS 19] 37.25% (76/204), 453t 920 5.8S7F 3.66% (6/164), 12| il
ITS 27} 37.65% (93/247)% YEFYF ITS 13} ITS 2 A 2] Wolx= 79 ns&=d)
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A B2 = A

B2E A 971 ES 235k Kimura (1980)2] two-parameter methods S
o] &3t FHA AYAFTE A AHNE Table 601 YeEpATE W]
(Thymus) &3l 34 AZAS7F 0.0016~0.0292 VEFRL O™, 2]
% 253} outgroupite] A AYAFE 02016~0.21432 YERSTE S
o FAH AgAFAME TMG-3 - SU-2, TMG-3 - SU-39+ TMG-3 - 1100-W7}
7+ A AT B2 0.00415 YERH HEHe] TMUSE SR-19] 0.02812 7173
=2 AYATE UEdo F oo FARAE 7 A UEbs
gk MA FlA= Su-2 - SU—39Jr SU-2 - 1100-W, SU-3 - 1100-W7} 7} vr&
A A5 0.0016< EFA WA SR-29F SU-1-& 7HE =& 0.0299] A A
T2 B AwmMyEd AAE olE 0.0024~0.01729 =& FX9 F14
AYA 57 YeEbgEd 1 FollA TMG-1 - TMUSF TMG-2 - TMUZF 98.28%]
e AL Bon, TMG-29F TMG-37F 99.76% = 71 =& As

Wl eky ] gke] fABA FAS fste] FAAH A
neighbor-joining (NJ) trees 2HAdste] 7fALe] FAL=E kL al(Fig. 5),

A o™ (Fig. 6) A&
et AFEE A7) $35F9] 100 bootstrap w212 3}¢] consensus treeS 2HA] 5f
AthFig. 7). =A< 8 FHE DNA F7149 Z2Fo M9 NI tree= SR-2
7} outgroup?! Lam¥} 53] Aq<om, SR-1-SS-1-8S-2 1FZ 1 vuA
gl gks: 7| A &(SU-1, SU-2, SU-3, 1100-1, 1100-2, 1100-W, 1700, TMU,
TMG-1, TMG-2, TMG-3)& X33l 27k 9] Hek(aldw, d1H)e= Uy
of Aok 28 el FAdE Jo HelA AAE ol FAdAT
H| =8} A] 7ol Fth(Fig. 5). T3 parsimony tree 2]l 2|3 20714 2] tree”}
A A E LI bootstrap A H = 24 S consensus treedl A= 30~100%%] A=
= YEeEATH(Fig. 6, 7). Consensus tree w2 02 HFE AT AHX|hol A4k
W2 gH(SS-1, SS-2)7 EEo] Aobib wWlE|gH(SR-1, SR-2)> NJ treeol A 9}
A 2 g JIAESE e JAes AT ahd ZAake] wWe gk

MAE 7He A4F3] e o Aokt Mgk A 7tole okzrel At

03

Tk parsimony A& A A8 parsimony treeE

ke
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Table 4. The length and GC contents of ¢cpDNA among 16 taxa of the genus

Thymus and outgroup.

trnL-trnF psbA-trnH
Taxa’ Length G+C Length G+C
( bp) (%) ( bp) (%)

SS-1 292 38.01 321 23.36
SS-2 292 38.01 321 23.36
SU-1 293 38.23 321 23.99
SU-2 293 38.23 321 23.05
SU-3 293 38.23 321 22.74
1100-1 292 38.01 321 23.36
1100-2 R92 38.36 321 24.30
1100-w 292 38.36 321 23.05
1700 292 38.36 323 23.22
SR-1 292 37.33 321 23.99
SR-2 292 37.33 321 25.86
T™U 292 39.04 321 26.48
T™MG-1 292 38.01 321 24.61
TMG-2 292 38.01 321 23.36
TMG-3 292 38.01 321 23.68
Lam 293 37.88 229 26.64

“Species abbreviations are given in Table 1.
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Table 5. The length and GC contents of ITS 1, 5.8S, and ITS 2 regions of
nrDNA from 16 taxa of the genus 7Thymus and outgroup.

Length ( bp) G+C (%)
Taxa’

ITS1 58S ITS 2 Total ITS1 58S ITS 2 Total
SS-1 226 164 234 624 58.85 54.88 63.25 59.46
SS-2 226 164 235 625 58.41 5427 6340 59.20
SU-1 226 164 234 624 59.73 5427 62.82 59.46
SU-2 226 164 234 624 60.18 5427 63.25 59.78
SU-3 227 164 234 625 59.47 5427 6325 59.68
1100-1 226 164 235 625 59.73 5427 6340 59.68
1100-2 226 164 234 624 59.73 5427 63.25 59.62
1100-w 226 164 234 624 59.73 5427 6325 59.62
1700 226 164 234 624 59.73 5427 6325 59.62
SR-1 226 164 234 624 59.73 5427 62.82  59.46
SR-2 226 164 235 625 58.85 54.88 63.83 59.68
T™MU 226 164 235 625 59.29 5488 63.40 59.68
TMG-1 226 164 234 624 59.29 5427 6239  59.13
TMG-2 226 164 234 624 59.29 5488 64.10 59.94
TMG-3 226 164 234 624 59.29 54.88 63.25 59.62
Lam 227 164 231 622 69.60 54.88 71.86  66.56

“Species abbreviations are given in Table 1.
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Table 6. Sequence divergences in the combined data set (cpDNA+nrDNA) of
Thymus species and outgroup. Numbers below the diagonal are divergence
values corrected for multiple substitutions using the two parameter model

(Kimura, 1980). Identity values (%) are shown above the diagonal.

Taxon” SS-1 SS-2 SU-1  SU-2 SU-3 1100-1 1100-2 1100-W

SS-1 - 99.19 97.61 98.03 98.03 9836 9795 98.03
SS-2 0.0081 - 97.61 98.03 98.03 9836 9795 98.03
SU-1 0.0239  0.0239 - 99.43 9943 99.10 98.69  99.43
SU-2 0.0197 0.0197 0.0057 - 99.84 9951 99.10 99.84
SU-3 0.0197 0.0197 0.0057 0.0016 - 99.51 99.10 99.84
1100-1 0.0164 0.0164 0.0090 " 0.0049 0.0049 - 99.43  99.51
1100-2 0.0205 0.0205 0.0131 0.0090 0.0090 0.0057 - 99.10
1100-W  0.0197 0.0197 0.0057 0.0016 0.0016 0.0049 0.0090 -

1700 0.0206 0.0206 0.0081 0.0041 0.0041 0.0074 0.0114 0.0041

SR-1 0.0131 0.0147 0.0256 0.0214 0.0214 0.0181 0.0214 0.0214
SR-2 0.0164 0.0197 0.0290 0.0247 0.0247 0.0230 0.0273 0.0247
T™U 0.0239 0.0272 0.0231 0.0189 0.0189 0.0172 0.0180 0.0189
™G-1  0.0214 0.0231 0.0172 0.0131 0.0131 0.0114 0.0139 0.0131
T™G-2  0.0181 0.0197 0.0089 0.0049 0.0049 0.0081 0.0122 0.0049
T™G-3  0.0172 0.0189 0.0081 0.0041 0.0041 0.0073 0.0114 0.0041
Lam 0.2016  0.2099 0.2143 0.2070 0.2104 0.2067 0.2056 0.2094

“Species abbreviations are given in Table 1.
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Table 6. (Continued).

Taxon 1700 SR-1 SR-2 T™™U ™G-1 TMG-2 TMG-3 Lam

SS-1 9794 98.69 9836  97.61 97.86  98.19 98.28  79.84
SS-2 9794 9853 98.03  97.28 97.69  98.03  98.11 79.01
SU-1 99.19 97.44 97.10 97.69 98.28  99.11 99.19  78.57
SU-2 99.59 97.86 97.53  98.11 98.69  99.51 99.59  79.30
SU-3 99.59 97.86 97.53  98.11 98.69  99.51 99.59  78.96
1100-1 99.27 98.19 < 97.70" 98.28 98.86 . 99.19 99.27  79.33
1100-2 98.86 97.86 97.27  98.20 98.61 98.78  98.86  79.44
1100-W  99.59 9786 97.53  98.11 98.69  99.51 99.59  79.06

1700 - 97.77 9744  98.03 98.61 9943 9951  78.58
SR-1 0.0223 - 9820 97.19 9752 9786 9794  79.33
SR-2 0.0256 0.0180 - 98.11 97.69 97.69 9777  79.81
™U 0.0197 0.0281 0.0189 - 98.28  98.28 9836  79.06
T™™G-1 0.0139 0.0248 0.0231 0.0172 - 98.86  98.94  79.06
T™™G-2 0.0057 0.0214 0.0231 0.0172 0.0114 - 99.76  79.30
T™™G-3 0.0049 0.0206 0.0223 0.0164 0.0106 0.0024 - 79.18

Lam 0.2142 0.2067 0.2019 0.2094 0.2094 0.2070 0.2082 -
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o7} Atk gk Y 1,100me] W] 3FE(1100-1, 1100-2)> 22> A Ao

R (1100 -W)Hte oE oS I Aok 2Ean 2 Ek(1100-W)

2 938 Y 150me] AS M FE(SU-2, SU-3, SU-HI o 7HAl 1A &)

et @ s 1,700me] W]k A&t ghebakel s 1,100m A & ol A

TR W s =8 ANYFEa=E A I de AoE UEyth
2]

A AAH A= AdE LA THFig

o

W] gkd Ao A=A DNAS maL-ornFet psbA-tmH F-915 PCRE =
*3to] SSCPol| tigt #4123 E Figure 89 YEF AT srnL-trnFH-91 ol A =

MAZ el oFzke] ztolE B 4 gloy Wo] & d AS F e B=
= olYlth(Fig. 8A). ¥ psbA—trnH F-olol A= Aetite] AAsh= WE
F(SR-2)0 A T2 A= Aolg e S HEe = ddY = &
SxoA A" AWM EHTMG-1, TMG-2, TMG-3)o| A= <7te] Aol= =
T AATH(Fig. 8B).
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T™MU

TMG-1
| 1100-1
| 1100-2
TMG-2
TMG-3
1700
SU-1
SU-2
\ SU-3
1100-W
\SS-I
SS-2
SR-1
—SR-2
Lam
0.1

Figure 5. Neighbor-joining dendrogram based on the combined sequences data set
(cpDNA+nrDNA) among 16 taxa. Lam (Lamium amplexicaule) was used as

the outgroup taxon. Species abbreviations are shown in Table 1.
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Lam
T™MU
— TMG-2
— TMG-1
TMG-3
1700

— 1100-2
— 1100-1
1100-W
— SU-3
SU-2

— SU-1
SR-2
SR-1
SS-2
— SS-1

Figure 6. One of the 20 most parsimony trees based on the combined sequences
data set (cpDNA+nrDNA) among 16 taxa. The tree was generated through a
heuristic search with DNAPARS program in PHYLIP package. Lam (Lamium
amplexicaule) was used as the outgroup taxon. Complete taxon names are

given in Table 1.
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oo SS-1
100 SS-2
100 SR-1
SR-2
— SU-2
90
100 SU-3
10 SU-1
100 100 1100-W
— 1100-2
—— 1100-1
1700
TMG-3
T™MG-2
T™G-1
T™U

100 100

40

30

100

100

Lam

Figure 7. A strict consensus tree derived from the 20 equally most parsimonious
trees based on the combined sequences data set (cpDNA+nrDNA) among 16
taxa. Bootstrap values (100 replicates) are shown on the consensus tree above
the nodes. Lam (Lamium amplexicaule) was used as the outgroup taxon.

Complete taxon names are provided in Table 1.
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(A)
1 2 3 4 5 6 7 8 9101112131415
--h-—ﬂﬂ-ﬂ-ﬂhhﬂﬂ-

(B)

1 234 5 6 7 8 910 11 12 13 14 15

Figure 8. PCR-SSCP band patterns of the amplified cpDNA #rnlL-trnF (A) and
psbA-trnH (B) intergenic spacer regions among 7hymus spp.. Lane 1 to 15
are SS-1, SS-2, SU-1, SU-2, SU-3, 1100-1, 1100-2, 1100-W, 1700, SR-1,
SR-2, TMU, TMG-1, TMG-2, and TMG-3, respectively.
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trnL-trnF= 0.68~1.71%, psbA-trnHE= 0.68~2.07% A% =¢vh. 8y A4
BL Z97)edola] Zowo Muladk ) A (TMG-1, TMG-2 2 TMG-3)E 2
T2 A dolA F=dE MAET zolHo] BAWA ol Fol WE G+C F
Fol Aol gle oz AT

3 ZB<E DNAY ITS dFolXE= 22 ITS 10] 226~227 bp, ITS 271 23
4~235 bp®] A7|E °f7te] Wol7} YEhdS AT 5 U o5 F99
A71E g A EoA 7]E BuE ITS 1 (186~298 bp)a ITS 2 (18
7~252 bp)e]l Wl £33 th(Baldwin, 1992; Baldwin 5, 1995; Downied}
Katz-Downie, 1996; Hamby<®} Zimmer, 1992; Jobst ‘5, 1998; Jung, 2001; Kim¥}
Jansen, 1994; Suh 5, 1996). + G Azt A7V|AEe] A7) vl A= ITS 27}
ITS 1XtF AA]l A71A-4ded 8~9 bp ©f ZA EATS st =, ol

Lo

A= Cucumis melo (Kavanagh®} Timmis, 1988), Oryza sativa (Takaiwa %,
1985), Daucus carota (Yokota ‘s, 1989), Vigna radiata (Schiebel?} Hemleben,
1989) SOl ®iy AFAT a3} FASAY. a8y F 997t 97
Mgl A7 sdstAY 1 bp AL AFolE  Eol=  Nicotiana rustica
(Venkateswarlu®} Nazar, 1991), Lycopersicon esculentum (Kiss 5, 1988) 2
Hordeum vulgare (Chatterton &, 1992b) 59| 2=l A ¢} ITS 19 ZHo|7} At
HOoR ITS 2 H9 A7IMEe] dolRtt 2 Populus deltoides (D'Ovidio, 1992),
Sinapis alba (Rathgeber?} Capesius, 1989), Avena sativa (Chatterton, 1992a) %
Vicia faba (Yokota &, 1989) 5¢] 2 =ol|Ae] A¥ote st

e 43P 585 RNARE 7|Eo] d7d HuyFs 9 dFuis 2
EoAe Aol FU3t 164 bpE YEFSTHJung, 2001; Suh 5, 1996). G+Cxk
S B OITS 1 (58.41~60.18%), 5.8S (54.27~54.88%), ITS 2 (62.39~64.10%)
2 Yehged, old A¥EL2 @dEUFE(Suh 5, 1996)94 RiE ITS |1
(62.4~64.0%), 5.8S (55.4%) ITS 2 (60.9~62.3%)2] A3} HWUF2(Jung,
2001)2] ITS 1 (58.1~65.3%), 5.8S (54.9%), ITS 2 (62.0~68.3%)°] ZA3}9} H|

St o e HXAEA waE WP (Baldwin 5, 1995)°] 23
ok m3E ITS 17 ITS 23t G+C &3 Wl ale A& ITS 27F ITS 12t ¢ =
A YdEE, o] 7] Torres 5(1990)0] X a3k vpel okl 28y A
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