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Abstract: Phylogenetic studies were conducted to evaluate the taxonomic relationships among 28 taxa, includ-
ing 2 outgroups of Korean Campanulaceae, using atpB, atpB-rbcL, atpF-H, matK, rbcL, rpl16, rpoC1 and trnL-
F regions sequences in chloroplast DNA. The combined analyses of eight chloroplast DNA regions suggest that
Codonopsis and Platycodon basally branches within the phylogenetic tree; Wahlenbergia distinguished an inde-
pendent clade; Campanula forms a clade; Peracarpa and Asyneuma clade is a sister to the Adenophora-
Hanabusaya clade; Hanabusaya is placed within the section Remotiflorae of Adenophora; Adenophora form a
clade. Our present results support the generic level, although discordance remained at the infrageneric groups
such as section and series based on morphological characteristics in the genus Adenophora.

Keywords: Campanulaceae, Chloroplast DNA, Phylogenetic relationships

223} g4 BRFEI Y7 2RFE 5 F 30EF O AEeA
A=A DNAY atpB, atpB-rbelL, atpF-H, matK, rbeL, rpll6, rpoCl 123 trulL-F A
Ak sl °X4Z} Aol A7IME AEE Tt B A3 =& Y gol 7MY 7
ke WNNEgAEH 258452 47 SHH2E FHHAY. I=Eg A& ot
TAZRE % ZP“H—E% z‘é 0'3}93\ ), c} FRES A& 2 AL EA
LB A 2 =4 DNA 871 g9 d7)A
Jhsslgey H e A §

FAE Lolr 7]
Ao A7IME BN

o
2
>,
ol
20
32

[

)

o o
it

b o2

=2 ox iy I

>

LN N rle 2 o ok ]

)
4
=
2
R
Lo

i
ko
=

B
ofl
plct
b3
hiats
Jpu
i—"l

A 5% (Campanulaceae
R 2o

3 3}31(Fedorov, 1957; Lammers,

2007), APG -
AN A 2 BT (Core  Eudicots), 27
(Euasterids)®] = 3}=-(Asterales)oll <
Phylogeny Group, 2009). Z&%4t3}e] st
4:4) 2] (monograph) ¥T&

FAARE

FAA oJsha ] &H2)E T (Angiospermae),
J= s Al
H“/}(The Anglosperm

T3 de Candolle (1830 A]

* Author for correspondence: yooko@kangwon.ac.kr

http://www.pltaxa.or.kr
Copyright © 2012 the Korean Society of Plant Taxonomists

282

%% 3] Fedorov (1957), Hong (1983), Kolakovsky (1987)
ol o8l AEoAA gkor, el whep bl
(Lobeliaceae Juss.)2}] Fgtodftofl M= A zFol7}



Phylogenetic relationships of Korean campanulaceae based on chloroplast DNA sequences 283

glolgiet.
skt Ao

glomerata L., Phyteuma japonicum Miq.,

#3| A= Hemsley (1889)7F Campanula
SIS ER=]
(Adenophora remotidens Hemsl.), 5% Zrt(ddenophora
verticillata (Pall.) Fisch.), 282 (Campanula punctata Lam.),
S (Platycodon grandiflorus (Jacq.) A. DC.), <3
(Lobelia sessilifolia Lamb.) & 5% 7%= 7|AISE A& Al
© =% Nakai (1909, 1911), Kitamura (1941), Baranov (1963),
Lee and Lee (1990), Lee et al. (1990), Lee et al. (1997) 5]
oJall Fo wx7F MHAAY AL o] 71 )
om, Oh (1981)= o]l Rxahs 2ELIE 95 29%
1995 1238502, T18]3 Yoo (1995)= 8% 25% 9% 8
FEo® AuE vk ik
Al 2E ] oish 58 AT EE Sdlel +
b A ERas ez A F(Llee, 1967) B
S H|(Chang, 1979; Lee et al., 1988), T9& A9} )
ol (Park and Jung, 2000)°1 &t AT7}F =S,
3 &5 O o ® 3 ATEE Yoo and Lee (1989)9} Lee
(1989, 1997)°ll 2]l Y < (Codonopsis Wall.)Z} ZFulj <
(Adenophora Fisch.)oll thst &738H4] A57F 3= At
3k H 2= Kim and Yoo (2011)°] &) PCR-RFLP$}
ITS 47149 A5 ol &3t d=1t 25839 Als+
ATAZE H vt odok dE vl Akl 54
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Table 1. List of samples used in this study.

ZF 2% (Hanabusaya Nakai)®] 739~ ZF23 U4 9] 7|
A FAWAE HelV] flel FREFE AT (Lee et al,
1986)= H|5-3F RAPDR4] (Yoo et al., 1996), ITS 37144
A(Kim et al., 1999), €143 el & 24 (Park and Ko,
2000) ‘& tHgsE SHolM 9] A7t SraE vbdE, 7
2ol oyt BEAEo R Ry QN (4denophora
racemosa J. Lee et S. Leep= T+ FFr3e] 7 547
£ 93517] $180 1TS2} RAPDE-ATto] AAESIt}(i et al,
2010).

2 ATE FE A e o8 EREAY IF
el oist E5EE fABAITE wE RS W, A
(Yoo, 1995; Kim and Yoo, 2011)E A|2]slal= EA[A
FA A7t A 9k kA 23T AES
Aoz VA E EFarelA AlEeA FAvAE e
=l 28 AMEE I = 954 DNAS 971 9E v
- sk AlerE 2eta olF 71 AT A

9} vl w3l B} st

£ X

Mz H

AT = 20009 625-E] 2011 8L 7kA] YA o]
A AR AQREE A AFZE ARSI o AR AxE

44 B2 A& g3tk FAREE At 4

Taxa

Voucher Source

Family Campanulaceae Juss. 2523}
Genus Adenophora Fisch. ZHth <2
Section Microdiscus Fed. 13 2] Zth) 2
A. lamarckii Fisch. 74 2t
A. liliifolia (L.) Besser U2] 2]
Section Platyphyllae (Borbas) Fed. &2 7] &
A. verticillata (Pall.) Fisch. &3 7t
var. hirsuta F. Schmidt & Z-tj
A. divaricata Franch. & Sav. -7t
A. kayasanensis Kitam. 7}oFAzht)]
A. racemosa J. Lee et S. Lee <]t ztt)
A. triphylla var. japonica (Regel) H.Hara %+t
Section Remotiflorae (Baranov) Ponomarchuk =A| t) &
A. erecta S. Lee, J. Lee et S. Kim A ZA )
A. grandiflora Nakai T=8FA] ZA| o))
A. remotiflora (S. et Z.) Miq. A T
var. hirticalyx S. Lee, Y. Chung & J. Lee ZERA|H
Section Thyrsanthae (Fed.) Baranov -2+t &
A. coronopifolia Fisch. 7|
A. polyantha Nakai =9 %]
A. stricta Miq. B30

Yo0053180(KWNU) Korea, Mt. Samyeong

Yoo143(KWNU) Korea, Mt. Seorak
Y0075356(KWNU) Korea, Seonjaryeong
KHB090825-262(KH) Korea, Mt. Jeonggak
Y0073736(KWNU) Korea, Mt. Daedeok
Yo0075358(KWNU) Korea, Mt. Gaya
Y0058475(KWNU) Korea, Mt. Odae
Y0063275(KWNU) Korea, Mt. Samak
Yo0080073(KWNU) Korea, Ulleungdo
Y0054257(KWNU) Korea, Mt. Daedeok
Y0075355(KWNU) Korea, Mt. Bohyeon
Y0019500(KWNU) Korea, Mt. Jiri
Yo018845(KWNU) Korea, Mt. Halla
Y0062036(KWNU) Korea, Mt. Hakga
Y0061921(KWNU) Korea, Podaebong
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Table 1. Continued.

Taxa Voucher Source

Genus Campanula L. Z5%%

C. punctata Lam. &3 Y0075339(KWNU) Korea, Mt. Balgyo

C. takesimana Nakai 4 = 5% KHB090723-016(KH) Korea, Ulleungdo

C. glomerata var. dahurica Fisch. ex Ker Gawl. AFFZ 1o Y0075359(KWNU) Korea, Mt. Daedeok
Genus Codonopsis Wall. ] 9 <

C. lanceolata (S. et Z.) Trautv. B 9 Y0062006(KWNU) Korea, Mt. Bonghwa

C. pilosula (Franch.) Nannf. TH3} Y0075340(KWNU) Korea, Mt. Gyebang

C. ussuriensis (Rupr. & Maxim.) Hemsl. 274 &% Y0056567(KWNU) Korea, Seowon-myeon
Genus Hanabusaya Nakai 37325 %%

H. asiatica (Nakai) Nakai 5732 5% Y0075337(KWNU) Korea, Mt. Hwaak
Genus Asyneuma Griseb. & Schenk g O} A}

A. japonicum (Miq.) Briq. % ©}&} Yo0075333(KWNU) Korea, Seonjaryeong

Genus Peracarpa Hook. f. Thomson &x== 2]

P. carnosa var. circaeoides (F.Schmidt ex Miq.) Makino 3= <=2}

Genus Platycodon A. DC. =214 &
P. grandiflorus (Jacq.) A. DC. =2}
P. grandiflorus t. albiflorum Hara ¥ =2} %]
Genus Wahlenbergia Schrad. ex Roth °f| 7] =2} X] &
W. marginata (Thunb.) A. DC. ¢l 7] &=2}A]
Family Lobeliaceae Juss. 5= 7Fth 3}
L. chinensis Lour. 5~ 712 £

L. sessilifolia Lamb. 5= 2}

Yo0075152(KWNU) Korea, Gyorae-ri

Yo0075331(KWNU) Korea, Mt. Yak
Yo073108(KWNU) Korea, Mt. Bohyeon
Yo0075148(KWNU) Korea, Dalsanbong
Y0063251(KWNU) Korea, Mt. Bukbae
Yo0075343(KWNU) Korea, Mt. Dacam

geta AEEEAKWNU)Ol BaAskgla, ot =
LI} 7P fAME BRToRE dexl ekl 2%
Fre ARESISITE. Addel ARE FERae] YA H K
+ Table 13} 297 GenBank accession number:= Appendix
19} 2

DNA2] &2 Doyle and Doyle (1987)2] WS wskar,
%3t DNA+ Beckman spectrophotometer® 7 & <
S5nguLz 34 Eto] PCRS $13F DNAE AE-3F3ith
DNA 552 DNA Thermal Cycler (Biometra, Whatman Co.)
2 38909, apB, atpB-rbclL, atpF-H, matK, rbcL,
1pi16, rpoCl 18|31 yml-F A9 T%HE& ISt primere
Table 29} 2T} PCR 712 94°CollA4] 5% 52 pre denature
A2 3 94°Col A 1T, 45-5500A1 13, 72°Cell A 2
cycle® 3to] 35-403] RHESE & 72°Ce|A] 1023F o] 4]
A A}, TE%¥ DNAT 1.0% agarose geloll 171953}
UV ol A &1l 2™ Wizard PCR Preps DNA
Purification System (Promega Co., Madison, WI, USA)= ©]
g8te] AAlskleh A vlwE 1% markerZ= 1 Kb
Plus DNA Ladders AME-3I3ITE.

A714Y 412 automatic DNA analyzer system ABI
PRISM 3730XL analyzer (Applied Biosystems)E ©|-2-5}ITh
. 971X ¥2 Sequencher (Gene codes Corporation, Ann

Arbor, Michigan)?} Clustal X& o]g3le] A3, HF
AR FRE 2AQe Fal pastdon JEE @1
A& PAUP'4.02b10 (Swofford, 2003)S Alg-3lo] FHrhdok
-2 (maximum parsimony analysis) A3}t A1
W2 heuristic searchE ©]-23F 11, 19 W& optionS. =
+ 1,000 random-addition-sequence replications, ACCTRAN,
MULPARS 72|31 TBRS AR&-aF3low Ade A 9]
AARES dotry] flste] Fd A FF 42 1,000
3] WHESFO] bootstrap (BS; Felsenstain, 1985)#k2 AH&E3s}
o}t T @7|Wol= Kimura two-parameter methods
(Kimura, 1980)% AFE #hS(Farris et al., 1996) W83
3kAakslo] AF2-3F$1 31, Consistency index (CI), Retention
index (RI), Rescaled consistency index (RC)E AFH&3l3ITh
(Farris, 1989).

of

2

7ML BN

H ATelA v Sl 23S XTI F 30%-Farel o
St atpB, atpB-rbcL, atpF-H, matK, rbcL, rpl16, rpoC1 12
L rml-F A9 Q71D £ 3 dI= Table 33
2ok dEE 51x2] Aol apB-rbelo] 2,80170% 7}
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Table 2. Primer used for amplification and sequencing in this study.

Primer” Sequences
atpB S2F 5'-TATGAGAATCAATCCTACTACTTCT-3'
S1494R 5'-TCAGTACACAAAGATTTAAGGTCA T-3'
atpB-rbcL. atpB2 5’-GAAGTAGTAGGATTGATTCTC-3’
S385R 5’-GCGCAGATCTATGAATAGGAGACGT-3’
S2R 5’-AGAAGTAGTAGGATTCATTCTCATA-3’
atpB5 5’-TACAGTTGTCCATGTACCAG-3’
rbeL1 5’-GAATCCAACACTTGCTTTAGTCTCT-3"
atpF-H M13F+atpF 5’-GTTTTCCCAGTCACGACACTCGCACACACTCCCTTTCC-3”
M13R+atpH 5’-CAGGAAACAGCTATGACGCTTTTATGGAAGCTTTAACAAT-3’
matK trnK-3914F 5'-TGGGTTGCTAACTCAATGG-3'
trnK-253F 5'-TTGGGTCGAGTCAATAAAT-3'
matK-934F 5S'-ATTTTGGTTATGACAATAA-3'
matK-1848R 5'-TATCGAACTTCTTAATAGC-3'
matK-2200R 5'-TCTGTATAACCTCCACAAAG-3'
trnK-2R 5'-AACTAGTCGGATGGAGTAG-3'
rbel. IF 5'-ATGTCACCACAAACAGARACTAAAGC-3'
CNEWR 5'-GTATCCATTGCGGCAAACTC-3'
rpl16 rpl16-F71 5’-GCTATGCTTAGTGTGTGACTCGTITG-3’
rpl16-R1516 5’-CCCTTCATTCTTCCTCTATGTTG-3’
rpoC1 M13F+rpoC1 5’-GTTTTCCCAGTCACGACGTGGATACACTTCTTGATAATGG-3’
M13R+rpoCl1 5’-CAGGAAACAGCTATGACCATAAGCATATCTTGAGTTGG-3’
trnL-F trnK-L(c) 5’-CGAAATCGGTAGACGCTACG-3’
trnK-L(e) 5’-GGTTCAAGTCCCTCTATCCC-3’
trnK-L(f) 5’-ATTTGAACTGGTGACACGAG-3’
trnK-L(d) 5’-GGGGATAGAGGGACTTGAAC-3’

“atpB: Hoot et al. (1995), atpB-rbcL: Savolainen et al. (1994), Hoot et al. (1995), afpF-H: Kress et al. (2005), mafK: Johnson and Soltis
(1994), rbcL: Olmstead et al. (1992), rp/16: Jordan et al. (1996), rpoC1: Downie et al. (1996), trul-F: Taberlet et al. (1991).

Table 3. Characteristics of atpB, atpB-rbcL, atpF-H, matK, rbcL, rpl16, rpoCl, truL-F region and combined data for 30 taxa of Korean

Campanulaceae and outgroup.

Characters atpB atpB-rbcL atpF-H matK rbcL. rpl16 rpoCl  trnL-F  combined
. 835- 493- 1,682- 953- 864- 8,244-
Length of sequence (sites) 1,402 2,651 627 1.919 1,287 1,077 517 903 10,165
Aligned length (sites) 1,402 2,801 667 1,955 1,287 1,240 517 979 10,848
No. of variable sites 184 324 192 583 176 363 82 266 2,170
No. of informative sites 136 217 139 292 122 249 62 195 1,412
Sequence distance (%)
Campanulaceae+outgroup 0-7.07 0-17.86 0-1530  0-18.60 0-6.99 0-17.24 0-8.70 0-16.14 0.01-12.08
Within Camapanulaceae 0-4.92 0-14.77 0-13.52  0-1428 0-6.37 0-12.34 0-8.70 0-12.64 0.01-9.34
ol o

2 A3 TR0 2 mark (1,9557Y), apB (1,40271), rbcl
(1,28771) 59 <ol oH, amB, rbcL 7123l rpoClS &
T R f7IAE o7t stk maKel -5
AEE 1,955 F 1,372 97149 As e o
w2 58370 WErt Ao, s AR A S 7P
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T8 A7IAEL T 10,8487H30T. o5 8,678/ WHolvt
AL, LA 2,17070= ®el7E glslem, o] & 141270
7t AleTE 28 88 AR ARE I
BEHFTZH] 9471¥0]E Kimura’s two parameter distance
2 Aksto] wiE-g= kst A ol7hS X3S AR
AN = maK A9 &5 E& A (Peracarpa carnosa var.
circaeoides (F.Schmidt ex Miq.) Makino)-%37 13 (Lobelia
chinensis Lour)®] 18.60%% 7} =koH, 5oz &=
apB-rbcL3}t rpll6 Aol A Goprb-=d 7 el 3o] Zh2}
17.86%2F 17.24%% 32 7IR01E Halth U] 9471
Wol= apB-rbelo] 14.77%(=2HA]-o) 7| Z2kAh)2 714
=93, apBY T 2FA-T7F 2 F L (Hanabusaya asiatica
(Nakai) Nakai)@} 9 %= 2}X|(Platycodon grandiflorus f.
albiflorum Hara)-=73ZF20] 4.92%%2 7Hg SHokt}. 871
AE Fate] rwolE AMES A s XFE

A= 0.01-12.08%% VERELL, -S43 285F-Ft U
o = 0.01-9.34%% H| 1A A LpERTE & oA <]
Hol: fy o] 0.73-121%Z 7P EH9kal, ooz s
ZHl450.01-1.21%), ZFE5(Campanula 1.)(0.01-0.99%),
L& 2E5(Platycodon A. DC.)(0.05%) 5-2] =031t}

ASeE 24

1) apB £4: apB2] A71M DS o] 830 Hfdok
A8 2B A, A5 A 402 EAZ(clade)E
BT HA mepx] S ty o] 7P 7)) A
5 P9 ILBS = 100%), N7 =24 &5 (Wahlenbergia
Schrad. ex Roth)¥} Z&Z&0] 37 A=A O™ BS=
54%), =5 2}X] S (Peracarpa Hook. f. Thomson)¥} Jo}
A5 (Asyneuma Griseb. & Schenk)e] s8] EAIZE A
S THBS = 63%). - HEt SAERl SR T ESS

A) — Adenophora, Hanabusaya B) — Adenophora, Hanabusaya
74 Asyneuma 98 Asyneuma
00 T: Pe[aca[pa 7 W: Pefacafpa
{ Campanula 700 Campanula
100 54 Wahlenbergia Wahlenbergia
Codonopsis 100 — Codonopsis
100 Platycodon 100 L Piatycodon
Lobelia Lobelia
) ————— Adenophora, Hanabusaya D) Adenophora, Hanabusaya
M) Asyneuma 98 Asyneuma
% T: Peracarpa % T: Peracarpa
700 Campanula { Campanula
Wahlenbergia 100 65 Wahlenbergia
100 — Codonopsis Codonopsis
90 L Platycodon 100 l: Platycodon
Lobelia Lobelia
E) — Adenophora, Hanabusaya F) Adenophora, Hanabusaya
55 Asyneuma 77 Asyneuma
% T‘: Peracarpa 100 T: Pemcafpa
100 Campanula 10 Campanula
Wahlenbergia Wahlenbergia
100 (—— Codonopsis 100 (—— Codonopsis
100 L Platycodon 100 L Platycodon
Lobelia Lobelia
® _1: Adenophora, Hanabusaya H) Adenophora, Hanabusaya
64 Wahlenbergia - Wahlenbergia
Asyneuma TE Asyneuma
96
P
% eracarpa 0 Peracarpa
Campanula Campanula
99 —— Codonopsis - 67 Codonapsis
99 L Platycodon Platycodon
Lobelia Lobelia

Fig. 1. Schematic summaries of results. The bootstrap values greater than 50% are below the clades (A: atpB strict consensus tree, B: atpB-
rbeL strict consensus tree, C: afpF-H strict consensus tree, D: mafK strict consensus tree, E: rbcL strict consensus tree, F: rp/16 strict
consensus tree, G: rpoC1 strict consensus tree, H: trnlL-F strict consensus tree).
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v

3l

&y} A shte] & FAEN L
7 S BATHFig. 1A).

L, gAY

%
A

2) atpB-rbcL ¥4: apB-rbcl B714L 2] FHujdek B4
A3}, Ase AA e BARE @400 1A =
2143} CElSo] 717 7)ol 9171815 7 (BS - 100%)
W\t 2SEES 27 o2 GHH
on), FrsehA S} doligo] WAES AT
(BS=100%). 5dxF%E52 A&y 34 359

o, & 3k ghHol E7FsSFITHEIg. 1B).

&

3) apF-H ¥4 apF-HE| S71MLDE o182 4 A
AEres 2 59 BAEE B30, 71 i
of ZeA & gy&o] shte] EA2E 493
(BS=90%), W7|mebA] &3t 2gase 747 940
AT TS JopAES WAEE
SR H(BS =70%), AhE-T 2T HEE Sl
AEE s FrrmeS-doatEs A A

e BEATH(Fig. 10).

A

HEOELW\“J‘{E

4) matK B4: maKe] 971595 ol&sto] Hjdof
TAS AN A3 AsTe A a1 EAERE 34
stk WA mepA S Y so] 7t WA FA 0
(BS=100%), oN7|=efA&53 2544, TremebA]453
ForAE2 22} 65%9} 66%°] AAEE 7ML 27}
AsS BT 2T EES IS 34 4
H O unresolvedsHAl YEFATHFig. 1D).

5) rbcL B-4: rbcL] F71ALE B4 A3, ASFe A

A e BAEE BUSFAT, Eep % ol
7)oM) 7 A A E A ILBS = 100%), of 71 =24
&yl 2B2HES A7 = or SR Ev-T )
A &3} JolAlE2 81%2] bootstrapgkS 7FA L St

aL
I 2=~ I~ 1L = I~ B
2SN} RS- 2EH1E &

HAZE 34 o}U%
Az Aol 21|83 th(Fig. 1E).

6) mpil6 ¥H: rpll6 G711Ae] HArhzo} #4 a1, 7|
v 2 09 xS FAsch WA ek
3} HEjgo] 7)ol S-S FAEHI(BS = 100%),
M EetA &3 2FRES 47 BPH o FHHY
on], Frrea Jobds e 2FRE A&
HERRE BAZ Al UAES FAYsAtBS =
64%)(Fig. 1F).

7) poCl ¥4: rpoC19] A7IM AL o] ggt F ok
A Az}, ASE AA 789 BAZE FAsigith WA
ZEp & gy o] 7 7N WSS FAsla
(BS=99%), =&%%, TLobAE 18al golrto]
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77y ZYA 0w FAEGloH, of 7| A &S H&-
FAFEESE BAZY I 64%Y AAEE 7ML
A= ekFig. 1G).

8) trnL-F ¥4: 1rnL-F2] 971495 o] &3 Hjdok
A A AlSTE A ol EAERE Fskith |
A e o] 7P 71l SR8kl TR e vy
%, 2TES5 19 o.J_J_E]'XV\O] 7L7L e A
A=At o7 EepA] & Gobb2 89%2] bootstrapt
& 73 FeEEpA &t oS- %7&5%%%’: Az

Afolell 1A]8ItH(Fig. 1H).

9) A5A DNA 871 A& T £4: & A7l
AHESE 87H4 151 DNA 037]/\103% Fete] A
A, AeTe A e BAxE B8 WX
2} %3 vy go] 7hg 7)o dAES FA s
(BS=100%), N7 =e}A &2 25EE5E |
AA=E 7 AL ZH2F S 2R #AIRE FAsith 7
A& JolatES WAl S

R s e A S S S A
RAILBS = 100%), = ZFLE5

= F7BITHBS = 100%).

HY <& Yel|X<= "M (Codonopsis pilosula (Franch.) Nannf))
o] HY(C. lanceolata (S. et Z.) Trautv.)I A27dE(C.
ussuriensis (Rupr. & Maxim.) Hemsl.)0] 323 7|25 ¢
g Al tS FA 0 (BS=100%), ZF 25 UlellA
= 238 AEFL(C. takesimana Nakai)©] 100%2] =X
55 72 A fREA S S 2T 5l
EgE BAZ Yol BAIUE Remotiflorae (Baranov)
Ponomarchuk)¥} S74%F%40] 7712 FAHAE s
o 7 WA A O HHBS = 100%), BALAQ] 73]
O]:O E_O% EE’:]‘S]— 00:]31]—74] §]—O]61— 2= Oio']]j_ ]j_
S0 2= S5 A (Platyphyllae (Borbas) Fed.)$ XHZH
(Adenophora triphylla var. japonica (Regel) H.Hara), 5%
e, DX (A. verticillata var. hirsuta F. Schmidt)’} 87%%]
bootstrap?tS Kol o] BAXE FAstela, 2y
2 Z O (Microdiscus Fed.)2] W= Z-tN4. liliifolia (L.)
Besser) 2} (4. lamarckii Fisch.)7} 37 F3 52
o, PN (Thyrsanthae (Fed.) Baranov)oll &3k &
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Fig. 2. Strict consensus tree of two equally parsimonious tree (2,970 steps, CI=0.849, RI=0.919, RC=0.781) based on 1,412
phylogenetically informative changes in 8 regions sequences in cpDNA of Korean Campanulaceae. The bootstrap values greater than 50% are

below the clades.
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Appendix 1. Taxa and GenBank accession numbers for sequences used in this study. Accession numbers are given in the following order:
atpB, atpB-rbcL, atpF-H, matK, rbcL, rpl16, rpoCl and trnL-F.

Adenophora lamarckii Fisch. 59 2] KC146462, HQ704475, HQ704515, KC146502, KC146542, HQ704592, HQ704632, HQ704672; A.
liliifolia (L.) Besser Y22t KC146460, HQ704473, HQ704513, KC146500, KC146540, HQ704590, HQ704630, HQ704670; A.
verticillata (Pall.) Fisch. 3%t KC146438, HQ704451, HQ704491, KC146478, KC146518, HQ704568, HQ704608, HQ704648; A.
verticillata var. hirsuta F. Schmidt. 8 ZHtl] KC146439, HQ704452, HQ704492, KC146479, KC146519, HQ704569, HQ704609, HQ704649;
A. divaricata Franch. & Sav. 522l KC146427, HQ704440, HQ704480, KC146467, KC146507, HQ704557, HQ704597, HQ704637; A.
kayasanensis Kitam. 7FOFRFZT] KC146430, HQ704443, HQ704483, KC146470, KC146510, HQ704560, HQ704600, HQ704640; A.
racemosa J. Lee et S. Lee <]t ZHt] KC146432, HQ704467, HQ704507, KC146472, KC146512, HQ704584, HQ704624, HQ704664; A.
triphylla var. japonica (Regel) H. Hara Zt] KC146437, HQ704450, HQ704490, KC146477, KC146517, HQ704567, HQ704607,
HQ704647; A. erecta S. Lee, J. Lee et S. Kim A1 ATt KC146465, HQ704476, HQ704516, KC146505, KC146545, HQ704593, HQ704633,
HQ704673; A. grandiflora Nakai Z=2}X] ZAIT] KC146429, HQ704442, HQ704482, KC146469, KC146509, HQ704559, HQ704599,
HQ704639; A. remotiflora (S. et Z.) Miq. BAI T KC146433, HQ704447, HQ704487, KC146473, KC146513, HQ704564, HQ704604,
HQ704644; A. remotiflora var. hirticalyx S. Lee, Y. Chung & J. Lee 152 At KC146435, HQ704448, HQ704488, KC146475, KC146514,
HQ704565, HQ704605, HQ704645; A. coronopifolia Fisch. &7t KC146426, HQ704439, HQ704479, KC146466, KC146506,
HQ704556, HQ704596, HQ704636; A. polyantha Nakai 5~ %t KC146431, HQ704444, HQ704484, KC146471, KC146511, HQ704561,
HQ704601, HQ704641; A. stricta Miq. F3td] KC146436, HQ704449, HQ704489, KC146476, KC146516, HQ704566, HQ704606,
HQ704646; A. taquetii H. Lév. 23 7td] KC146464, HQ704478, HQ704518, KC146504, KC146544, HQ704595, HQ704635, HQ704675;
Campanula punctata Lam. Z5% KC146442, HQ704455, HQ704495, KC146482, KC146522, HQ704572, HQ704612, HQ704652; C.
takesimana Nakai 4 2 3% KC146443, HQ704456, HQ704496, KC146483, KC146523, HQ704573, HQ704613, HQ704653; C. glomerata
var. dahurica Fisch. ex Ker Gawl. A2 o] KC146441, HQ704454, HQ704494, KC146481, KC146521, HQ704571, HQ704611,
HQ704651; Codonopsis lanceolata (S. et Z.) Trautv. IS KC146444, HQ704457, HQ704497, KC146484, KC146524, HQ704574,
HQ704614, HQ704654; C. pilosula (Franch.) Nannf. Y KC146445, HQ704458, HQ704498, KC146485, KC146525, HQ704575,
HQ704615, HQ704655; C. ussuriensis (Rupr. & Maxim) Hemsl. 227 &< KC146446, HQ704459, HQ704499, KC146486, KC146526,
HQ704576, HQ704616, HQ704656; Hanabusaya asiatica (Nakai) Nakai &74% %% KC146447, HQ704460, HQ704500, KC146487,
KC146527, HQ704577, HQ707617, HQ704657; Asyneuma japonicum (Miq.) Briq. % ©}A} KC146440, HQ704453, HQ704493, KC146480,
KC146520, HQ704570, HQ704610, HQ704650; Peracarpa carnosa var. circaeoides (F.Schmidt ex Miq.) Makino =52 KC146448,
HQ704461, HQ704501, KC146488, KC146528, HQ704578, HQ704618, HQ704658; Platycodon grandiflorus (Jacq.) A. DC. =&}A]
KC146449, HQ704462, HQ704502, KC146489, KC146529. HQ704579, HQ704619, HQ704659; P. grandiflorus f. albiflorum Hara ¥ T=2}2]
KC146450, HQ704463, HQ704503, KC146490, KC146530, HQ704580, HQ704620, HQ704660; Wahlenbergia marginata (Thunb.) A. DC.
ol 71 =2FX] KC146451, HQ704464, HQ704504, KC146491, KC146531, HQ704581, HQ704621, HQ704661; Lobelia chinensis Lour. 5% 7}
P KC146452, HQ704465, HQ704505, KC146492, KC146532, HQ704582, HQ704622, HQ704662; L. sessilifolia Lamb. Z=Ztt}]
KC146453, HQ704466, HQ704506, KC146493, KC146533, HQ704583, HQ704623, HQ704663
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