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Table 1. Cymopterus melanotilingia with related taxa and outgroup included in the

phylogenetic analyses. Most ITS sequences were obtained from GenBank.

Taxa Abbreviation Voucher GenBank accession no.
Angelica acutiloba AngAcut AYH48227
A. gigas AngGiga DQ263575
Cnidium monnieri CniMonn AY329841, AY330507
Cryptotaenia japonica CryJapo AY360236
Cymopterus aboriginum CymAbor AY146826, AY146892
C. acaulis CymAcau AF358474, AF358541
C. basalticus CymBasa AF358476, AF358543
C. beckii CymBeck AY146830, AY146896
C. bulbosus CymBulb AF358477, AF358544
C. cinerarius CymCine AY146831, AY146897
C. constancei CymCons AY146832, AY146898
C. corrugatus CymCorr AY146834, AY146900
C. coulteri CymCoul AY146835, AY146901
C. davisii CymDavi AY146836, AY146902
C. deserticola CymDese AY146837, AY146903
C. douglassii CymDoug AY146838, AY146904
C. duchesnensis CymDuch AF358478, AF358545
C. evertii CymEver AF358479
C. gilmanii CymGilm AY146839, AY146905
C. glaucus CymGlau AY146840
C. globosus CymGlob U78398, U78458
C. goodrichii CymGood AY146841
C. ibapensis Cymlbap AF358480, AF358547
C. jonesii CymJone AF35848, AF358548
C. lapidosus CymLapi AY146842, AY146908
C. longilobus CymObus AF358482, AF358549
C. longipes Cymlpes AF358483
C. macrorhizus CymMacr AY146843, AY146909
C. melanotilingia CymMela Mt. Juwangsan

(M. Kim 8612)
C. minimus CymMini AY146844, AY146910
C. montanus CymMont AF358484, AF358551
C. multinervatus CymMult AF358485, AF358552
C. newberryi CymNewb AY146845, AY146911
C. nivalis CymNiva AF358486, AF358553
C. panacutifolius CymPana AY146846, AY146912
C. planosus CymPlan AF358488
C. purpurascens CymCens AF358489, AF358556
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Table 1. Continued.

Taxa Abbreviation Voucher GenBank accession no.
C. purpureus CymReus AF358490
C. ripleyi CymRipl AY146847, AY146913
C. rosei CymRose AY146848
C. williamsii CymWill AF358491, AF358558
Dystaenia takeshimana DysTake AYH48224
Halosciastrum melanotilingia HalMela AY328937, AY330503
Ligusticum sinense LigSine DQ311639
L. tenuissimum LigTenu AYH48215
Ostericum sieboldii OstSieb AYH48219
Peucedanum terebinthaceum PeuTere AYH8216
P. japonicum PeuJapo AF169277, AF169276
Physospermum cornubiense PhyCorn U78382, U78442
Pimpinella affinis PimAffi AY581780
P. eriocarpa PimErio AY581790
Pleurospermum foetens PleFoet AF008639, AF009118
Selinum broteri SelBrot AY179029
Tilingia agjanensis TilAjan AY328939, AY330505
T. tsusimensis TilTsus Mt Ggumosan

(M. Kim 8804)

weba] Z3uEe] ik FE B ITS AVIAES Abske] /AR Ao s Az
B3kt
MoE o2 owy
F-Fe sty A #Asy] Hd THUELE FYte] AAASEE Ao, T
FES dEdsn AEASH FE2A(NU)e Bystsict. slvve]$(Ostericum) 3 vhe] v
B2 (Angelica)ol #3 42L& Kim et al(2007)9] AyE Fxsigon, Bnjo R¥s=

Cymopterus<:ol]l 33k & 22 Hitchcock and Cronquist(1973)¢] A5 =2 #2815t}

DNA Agd Apg3 23YUEY diupdyse 7247 2942 Aug. 20, 2007 )3 3 22HAug.
24. 200014 AR A5E A& UtHTable 1). DNA F&& ofgjoA 33 AAS
DNeasy Plant Mini Kit (QIAGEN, Germany)Z& °]&3-9tt. PCRS template DNA 5 ul,
Tag DNA polymerase 1 wl, 10X buffer 5 wl, 25mM MgClz 3 wl, 25 mM dNTP 5 @,
primer ITS1 2 uf, primer ITS4 2 wWE X33 F 43 o] WHgHS 95°CollA 38 F<t
pre-denaturation A7l 3, 95°ColA] 1% 9] denaturation, 52°CollA] 1%} annealing, 72°ColA]
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3%9] extension®Z o|Fo{ 2= thermal cycles 303 W&} o™, 72°CollA] 783t final
extention #48& A 4889t Cycle Sequencing %32 BigDye Terminator Cycle
Sequencing Kit (PE Applied Biosystems)& AF&3to] $235}9 31, Automated sequencing-S
ABI PRISM 3730XL Analyzer (PE Applied Biosystems)E AF&statt 3 9+
(outgroup)> 719l AT ZH%E EUE  Pleurospermeae®l Pleurospermum foetens$}
Physospermum cornubiense® 3+ tHDownie et al., 2002).

DNA 4714492 Sequencher(version 4.1: Gene Code, Ann Arbor, Michigan, USA)E A}
S3Fe] AR F+= sequenced AH- 2& ¥ Clustal X program(Thompson et al, 1997)S ©]
43to] ArIME e AEAT ITS 1, 58S, ITS 2 F3ke] A7 Ee oA A fatsd o3
ATE F7IMEE gene bankoll A dlolEE 79 vluste] AAE At Table 1). A&+
212 PAUP ver. 4.0b(Swofford, 2002)& AH&3te] a3t glaL, 4] %312 Heuristic search
9} Tree Bisection Reconection (TBR) branch swappings #-83to] 4238} 3L, bootstrap
value= 1003] ¥HE-3le] A (Felsenstein, 1985).

A-Fte] o FFestd JAS A AIE Table 20 YER AT

°§ 12t Cymopterus: 3+ @8] dlnku-E(Tilingia tsusimensis)
A AEdel. T3 Fig ARG "ol fJdS wEk dEoly
‘JrE‘r‘Jr‘I] o 70‘5’— A 22 gvpEgE Binye] & (Ostericum)e] A5 FTAAE

§P\13 \—:_L%L‘/}%% PR &% HFon A widste] divbiuEd A S Belt

(Kim et al., 2007). o]&& 54L& % A1 Fej= oy WFow wjdste nhrut

&4 (Angelica) @t 8l o]

o} A (calyx teeth): <X = . o}

7b Bujgg]&olul uEEa A S Holu, ofX 7 S AR v uE&olu vl
9= Fglo] FEEY(Yoon, 1994, 2001).

I (mericarps): ZHLES E3E v ol
|

A2
2
9,
IS
)
M

3 WA 49 e 548 JHA I 9l
A ola 5709 GE A4S 7 Bulo] BXE= Cymopterussy F8lo] ),

R 948 2950 A9 29 RRITH RAALHE ATE S92

I 2329 ITS 1 219 bp. ITS 2= 224 bpE e TH Appendix 1). ¥3 GC content
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Table 2. Comparision of Cymopterus melanotilingia with related taxa.

Taxa Cymopteru Cymopterus species in . .
. ) Ostericum Angelica
Characters melanotilingia North America
Stem Erect Erect, acaulescent Erect Erect
Leaves Ternate Pinnately dissected Pinnate Pinnate
Petals Purple White, yellow White White
Calyx teeth Conspicuous Conspicuous to obsolete  Conspicuous Obsolete
Mericarps
Symmetry Asymmetric Symmetric Symmetric Symmetric
Compression Strong, dorsal Strong, dorsal Strong, dorsal ~ Strong, dorsal
Carpophore 2-cleft to base 2-cleft to base 2-cleft to base 2-cleft to base

Commissure (inner) face
Ribs (number)

Lateral ribs (at maturity)
Lateral ribs (shape)
Lateral ribs (prominence)
Dorsal rib (shape)
Dorsal rib (prominence)
Pericarp

Plane
3or4
Divergent
Broad
Winged
Winged
Prominent
Unilayered

Vittae (oil glands) in furrows 0

Vittae in commissure

0

Plane

5
Divergent
Broad
Winged
Winged
Prominent
?

5-9

Plane

5
Divergent
Broad
Winged
Rounded
Prominent
Unilayered
1-3

2-8

Plane

5

Divergent
Broad
Winged
Rounded
Prominent
Multilayered
1(2)

2(-4)

= ITS 1°] 58.4%°|™,

ITS 2+= 56.3%= ITS 1

o] 2
Ee

of M) ofzt Egkow,

HAA Ao of

56.8%%2 AXEATHTable 3). &+ EFTS ITS 12 215-219 bp, ITS 2& 215-228
bpE ITS 27} 18.th A, Aol ol ITS 27F 19] Hla) v =4 vehsteh ITS Aol
et Ao &) gape]l WA oW 1 A} ITS 1, 2= 247 230, 244 bp= AAE = Ak
ITS 13 ITS 29 AAHdol= 474709 A712 A=A ASTHoRE HARE 2t Fi
2 1975-919 k. MP#A A3 4029 AIZ FAE 18719 HA7FAH e EAEE dojxow A
Aoz ourt v YRS x3e ol AFFES ClE 052, RI= 059 183 RC
= 0.31°] %tk

#H27Fg (Parsimony) wAEFg D& SALXEAZFE 2004  &Hu 4kl
Cymopterus%;: 3670 TE°] 3A F MY aFoz UFold HAEgZ F3Ike] d7|A g wWolr}t
F5-3}o] Downie et al.(2002)¢] AF3E ZAH AU (polyphyly)e] EAHS Ho] Fo

o

g
o w3 #Ajole] §-
S

Mok oxe U?J

Arhgol

TS Ar4Ad4=

—

B gAkel

Cymopterus<s
Sl A Gl AMAZ Halosciastrum melanotilingia (HalMela)Z 714
T3 Downie et al.(2002)2] AFZAze} 1-27] 714 Lol ©E ¥ Aol Zol(Fig. 1),

zC)

gl Alote]  Halosciastrum melanotilingia®t 545

2o AFL olsfshs

FEv wilel RAxE WAool

=t w9 f-&3 AU
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Table 3. Size and G+C% of ITS 1 and 2 of Cymopterus melanotilingia with related taxa.

Taxon ITS 1 ITS 2

length C+G% length C+G%
Cymopterus acaulis 216 59.3% 221 57.5%
C. newberryi 216 59.3% 221 57.9%
C. bulbosus 216 57.9% 221 55.7%
Peucedanum japonicum 216 57.4% 223 57.0%
Cymopterus duchesnensis 216 56.9% 222 55.9%
C. goodrichii 216 58.3% 222 56.3%
C. panacutifolius 216 56.5% 222 57.7%
C. cinerarius 215 56.3% 222 57.7%
C. aboriginum 216 56.0% 222 57.7%
C. evertii 216 55.8% 222 57.2%
C. gilmanii 216 56.5% 223 57.0%
C. basalticus 215 54.7% 222 58.6%
C. globosus 216 57.4% 222 58.1%
C. ripleyi 216 56.0% 222 58.1%
C. lapidosus 216 56.5% 222 57.7%
Pleurospermum foetens 216 50.5% 215 55.3%
Physospermum cornubiense 218 51.4% 220 55.0%
Cymopterus glaucus 216 55.1% 222 56.3%
C. longipes 216 57.4% 222 57.2%
C. planosus 216 56.0% 222 56.8%
C. davisii 216 56.5% 222 57.7%
C. minimus 216 56.0% 222 57.2%
C. purpureus 216 55.6% 222 57.2%
C. rosei 215 55.8% 222 57.2%
C. jonesii 216 55.1% 222 54.5%
C. douglassii 216 56.9% 222 58.1%
C. ibapensis 216 58.3% 221 57.9%
C. corrugatus 215 58.1% 220 58.2%
C. coulteri 216 57.4% 221 57.0%
C. deserticola 217 57.6% 221 56.6%
C. macrorhizus 217 56.2% 221 57.5%
C. montanus 217 57.6% 221 57.9%
C. constancei 217 57.1% 221 57.0%
C. multinervatus 216 59.3% 221 56.6%
C. purpurascens 216 59.7% 221 57.9%
C. nmivalis 216 55.1% 222 59.0%
C. williamsii 216 58.1% 223 57.4%
C. longilobus 218 56.9% 222 58.1%
C. beckii 216 56.9% 221 58.4%
Cnidium monnieri 216 55.6% 222 57.7%
Tilingia tsusimensis 216 56.9% 221 57.9%
Angelica acutiloba 216 57.9% 221 57.5%
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Table 3. Continued.

Taxon ITS 1 ITS 2

length C+G% length C+G%
A. gigas 216 56.0% 221 57.9%
Peucedanum terebinthaceum 216 56.5% 222 57.2%
Ostericum sieboldii 215 53.5% 221 57.9%
Dystaenia takeshimana 215 54.0% 225 58.2%
Selinum broteri 216 54.6% 222 58.1%
Ligusticum tenuissimum 215 54.9% 223 55.6%
Pimpinella affinis 214 56.1% 220 58.2%
P. eriocarpa 216 54.6% 219 57.5%
Cryptotaenia japonica 210 57.6% 228 57.5%
Ligusticum sinense 215 56.3% 222 55.4%
Cymopterus melanotilingia 219 58.4% 224 56.3%
Halosciastrum melanotilingia 216 58.3% 223 55.6%
Tilingia ajanensis 216 56.5% 222 55.4%

Aligned length 230 - 244 -

3. 2872 AE|

Halosciastrum melanotilingia (H. Boissieu) Pimenov & Tikhomirov in Nauche
Doklady Bysshei Shkoly Biol. Nauki 5: 97-104 (1968).

Selinum melanotilingia H. Boissieu in Bull. Herb. Boiss. 2(3): 956 (1903).

Peucedanum melanotilingia H. Boissieu in Bull. Herb. Boiss. 2(8): 642 (1908).
Pimpinella crassa Nakai in Bot. Mag. Tokyo 31: 102 (1917).

Ligusticum purpureopetalum Kom. in Izv. Bpt. Sada An SSSR 30(1-2): 206 (1932)
Ostericum melanotilingia (H. Boissieu) Kitagawa in J. Jap. Bot. 17: 561 (1941)
Halosciastrum crassum Koidzumi in Acta Phytotax. Geobot. 10: 54-55 (1941).
Cymopterus crassum (Koidz.) Hiroe in Umbell. Asia (excl. Jap.) 143 (1958).

Ostericum crassum (Nakai) Kitagawa in Jour. Jap. Bot. 34: 361 (1959).

Cymopterus melanotilingia (H. Boissieu) C.Y. Yoon in Kor. J. Plant Tax. 31(3): 353-265
(2001).

=g 3= (o], 1980)

Type Locality: Busan in Korea

S A EA Ao, ", T g, A
SHABA, AEEFA, 234, A5 (&
(ZFeFrh

o] F 3 A o)

#ZT L M. Kim 8612 (Aug. 20, 2007, Mt. Juwang)
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Fig. 1. One of the most parsimonious trees based on ITS sequences. The numbers above

the line indicate branch length. Refer Table 1 for taxon abbreviations.
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Strict
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L cCymBub
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CymbDuch
CymGood
CymPana
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CymPlan
CymDav
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2 73 | CymRose
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CymDoug
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69 |—|: CymCDrr
| S S — CymCoul
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83

Fig. 2. Strict consensus of the 18 most parsimonious trees of 482 steps derived from
heuristic search of ITS sequence data. Numbers above branches are bootstrap support

(%). Refer Table 1 for taxon abbreviations.
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o 2P E 329L 7 gehdEely AUBY fAbsh, Baksk v geln 3 )
A4S dAY A A Qlo] Fele] Fuo] )

1. 3= g ol A wately e o] 4
2. 9= G,
3. w9e A7 v2a v A, 548 £tk 3 Ee 400
23 IE  Halosciastrum melanotilingia
3. w3 A7 23 o, 54 3t 570 Cymopterus
2. W& 559,
4. otx= FElEha & due 93 Bu|ye] g Ostericum
4. FA = HIPAY B2, A= UF
5 w3 A wiHoez g vt yUE4 Angelica
5. w¥= ofetA wiW o b WebEE Tilingia tsusimensis
1 3= A9 7ol HgHo] Fot AUE% Pimpinella
1 &

ZAUES sy-e 19039 Selinum melanotilingia H. Boissieu® ¥ ©|%, gxjult}
Peucedanum?: (Boissieu, 1908), Pimpinella%(Nakai, 1917), Ligusticum%(Kom., 1931),
Ostericum?;:(Kitagawa, 1941), HalosciastrumZ(Pimenov  and  Tikhomirov, 1968),
Cymopterus%:(Yoon, 2001)°] ¥3AZ4 Axm=2 EFH 71 wg B3 BEFToI
. 2 A+9 9]3% BEA <l AdE Fs 2H %‘J‘/}EL w37 i olar 578 @i
< = Cymopterus%3 Fglo] FHEJY. U ES 359
BjetA o8 EHUVL‘/}% W s vz, H‘E’iﬂ} = &5

9 #& 7Md FUEE(Pimpinella)® F8lo] FE %™ (Jang et al., 1999), &< Hl
Gl gjale] =V 7F e 540 BEEa oo A 29SS A thupuE
(Tilingia tsusimensis (Yabe) Kitagawa)® TFEEAHKim et al, 2007). =3 Z3UYES
o}A| 7} AP o w FElsta @Fe] HuE 7zl Bvuel & (Ostericum) ¥ A3 S Holu
(Sun et al., 2000), ¥-37F vl ola 3-470¢] HHL A o] FHEEY 2R YES
IANEA S5 wjHe R FetA g #3945 7 viouUE S (Angelica)® A, @
%o #Huet F5g AFAE AL lo] FEEJATHYoon, 1994).
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Appendix 1. Aligned ITS sequences of the Cymopterus melanotiligia and Tilingia
tsusimensis. ITS 1. 1-221;, 5.8S: 222-384; ITS 2: 385-610. Refer Table 1 for taxon

abbreviations.

[ 10 20 30 40 50]
TilTsus TCGAATCCT--GCAATAGCAGAATGACCCGCTAACACGTTAACAATTTG—
CymMela TCGAATCCTCTGCGATAG-AGAATGACCCGTTAACACGTAAAAACACCGC
[ 60 70 80 90 100]
TilTsus GGCGAGCGTCGGGGGGCCTCG-GTCTCCTG-TATGCGAATCCCTGGTAGG
CymMela GGAGAGCGACG-GGGGCCTAGCGACCCCCGTCTTGCGAACCCAAGGCAGG
[ 110 120 130 140 150]
TilTsus TGGCCACTCCCGGGTGGCCACTGGCCTGCAAAATCATTCGGGCGCGGAAT
CymMela TGTCCCCCATCGGGTGTCCACCGGCCTACGAAACAAACCGGGTGCGGAAT
[ 160 170 180 190 200]
TilTsus GCGCCAAGGACCTTAAAACTGAATTGTACGTCCGTATCCCGTTAGCGGGC
CymMela GCGCCAAGGAAATCAATACTGAATTGTACGTTCGCTGCCCGTTCGCGGGT
[ 210 220 230 240 250]
TilTsus ACCGGCGTCATTCCAAAACACAA-CGACTCTCGACAACGGATATCTCGGC

CymMela AGCGGCGTCATTCCGAAACACAAATGACTCTCGGCAACGGATATCCCGGC

[ 260 270 280 290 300]
TilTsus TCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGC
CymMela TCTTGCATCGATGAAGAACGTACCGAAATGCGATACTTGGTGTGAATTGC
[ 310 320 330 340 350]
TilTsus AGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCA

CymMela AGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCT

[ 360 370 380 390 400]
TilTsus CTAGGCTGAGGGCACGCCTGCCTGGGTGTCACGCATCGTCTTGCCCACAA
CymMela GTAGGTTGAGGGCACGTCTGCCTGGGTGTCACGCATCATGTTGCCCCCGA

[ 410 420 430 440 450]
TilTsus ACCACTCACACC--TGAGAAGTTGTGCCGGTTTGG-GGCGGAAACTGGCC
CymMela —CCACACACTTCCTT-TGGATATGTGCCGGTTCTGGGGCGGATATTGGCC

[ 460 470 480 490 500]
TilTsus TCCCGTACCTTGTCGTGCGGTTGGCGGAAAAACGAGTCTCCGGCGACGGA
CymMela TCCCGTGCCTAGTCGTGCGGCTGGCGCAAAAATGAGTCATTGGTGACGGA

[ 510 520 530 540 550]
TilTsus CGTCGCGACATCGGTGGTTGTAAAA-GACCCTCTTGTCTTGTCGCGCGAA
CymMela CGTTGCGACATCGGTGGTTGTAAGAAGACCTTCTTGTCTTGTCGCGTGAA

[ 560 570 580 590 600]
TilTsus TCCTCGTCATCTTAGCGAGCTCCAGGACCCTTAGGCAGC-ACACACTCTG
CymMela TGCCCTTCACCTTAGTCGGCTCAAGGACCCTTAGGCGCCCACACCCTGTG

[ 610]

TilTsus TGCGCTTCGA [599]

CymMela TGTGCTTCGA [606]
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Taxonomic review for the Cymopterus melanotilingia

(H. Boissieu) C. Y. Yoon in Apiaceae
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The systematic position of Cymopterus melanotiligia (H. Boissieu) C. Y. Yoon in
Apiaceae was revaluated based on the ITS sequence data. Its diagnostic characteristics
include its asymmerty mericarps, 3-4 mericarp ribs, winged dorsal ribs, and ternate
leaves. It is morphologically similar to 7Tilingia tsusimensis and Pimpinella having ternate
leaves. It is distinguished from Ostericum having symmerty mericarps, 5 mericarp ribs,
and rounded dorsal ribs. Also it looks like Angelica with broadly winged lateral ribs and
strongly dorsally compressed mericarps, but is distinguished by having its conspicuous
calyx teeth and unilayer pericarps. Cymopterus melanotiligia formed a different clade
group with Cymopterus species distributed in North America based on ITS sequences,
and it supports the close relationships with Halosciastrum melanotilingia. Thus, we
conclude that this species is here referred to Halosciastrum melanotilingia (H. Boissieu)
Pimenov & Tikhomirov.
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