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Abstract

Mericarp morphology of 24 taxa belonging to nineng®@ ofthe tribe Selineae
(Family: Apiaceae) in Korea was studied by Scanning Electron Microstp$MA and
NMDS analyss were performediased on 12 morphological characters. Tericarp
surface characters likaericarpshae rib numberand shpe, surface pattern, surface
appendage and mericarp symmetrgroved useful in distinguishing the generatio¢
tribe Selineae

Introduction

The family Apiaceae comprises about 4enera ands widely distributedacross temperate
regions of the worldPimenovand Leonov, 1993. Many members of Apiaceae can be easily
distinguished by umbellate inflorescend@iits consisting of two orseeded mericarps suspended
from a split central column or carpophore and numerous minute epigynous flowers (Boalnie
1998. Fruits of Apiaceae are known as cremocarps which idrihstate split into two mericarps.

Each mericarp has a flat commissural and convex dorsal surface. Drude (1898) proposed a sound
system of classification of Apiaceagth three subfamilies Hydrodiloideae, Saniculoideae and
Apioideae and 12 tribes. Apioideae is the largest subfamily consisting of 404 gedeadout

2,935 species (Pimenov and Leonov, 1988)d canbe distinguishedfrom the other two
subfamilies by the synapomorphies like firenceof compound umbelsyell-developedvittae
(secretory canals) and free carpophor8slineaeis one of the tribes of Apioideae ansl
representedy generaAngelical., Carlesia Dunn., Cnidium Cussonex Juss.,CymopterusRaf.,
DystaeniaKitag., Glehnia F., Libanotis Haller ex Zinn, Ligusticum L., PeucedanuniL. and
OstericumHoffm. Species ofhetribe Selineaeare mostly distributed in China, Japan and Korea
(Spaliket al, 2004)

Drude (1898) and many other workers like Calestani (1905), -Rofansky (1916)
considered fruit morphology and anatomy as important characters for classification of subfamily
Apioideae. While Heywood (1971), Davis (1972), Cronquist (1982), doubted/alidity of
characters considered by Drude (1898) to diagnose evolutioe&tjonships. Later, various
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molecular phylogenetic analyses using nrITS, and plastid markersrdte matk, rpoC1l
provided little supports to classifications based on anatomy and morphology of fruits @aido
1996; Plunketet al, 1996; Downieet al, 1998, 2001). In some analyses, #reacacia clade
arose within theAngelicaclade (Plunketet al, 1996; Downie et al, 1998) and Downiet al
(2001) suggested that thferacacia clade may eventuallipe subsumedvithin the same. Both
groups compse many genera thatere traditionally placedn tribe Peucedaneasubtribes
Angelicinaeand Ferulinae(Drude, 1898) or tribes Peucedaneae Andeliceae(Pimenov and
Leonov, 1993). Later, based on nrITS data Spetlikl (2004) suggested that tiRengeica and
Arracacia clades form a strong monophyletic group. They described it asSelieeaewhich
consiss of 62 genera However, variousattempts to identify structural characters useful for
delimiting the species und8elineadailed, even those bat®n molecular data (Ajamit al 2008;
Fenget al, 2009; Zhowet al, 2009).

Despite the consistent picture of relationships tfasemerged in Apiaceasy molecular data,
it hasalways beerdifficult to identify structural characters that could beduse classify and
define the clades in Apiaceae with a major exception of fruit micromorphology and anatomy (Feng
et al, 2009). Bagchi and Srivastava (1989) studied epicarp surfaces of some medicinally
important Apiaceae members and concluded that tifacgucharacters of epicarp of fruits are
useful in distinguishing the specidsu et al. (2006) studied théaxonomicvalue of fruit wing
types in order Apiales suggesting that their structural data could complement DNA with
observable features to recopmiand circumscribe taxa. Similar studies were carried out by various
workers [eeet al, 2001;Spaliket al.,2001; Liuet al, 2006; Liacet al, 2013)which proved that
the fruit micromorphology is useful in classifying and identifying taxa of Apiaceeeet al
(1997), for the first time, studied seed morphology of eight medicinally important species of
Apiaceae. Furthethe importance of seed trait in tteexonomyof tribe Scandinaavas also proved
by molecular datglee et al, 2001). Recently, ldoet al (2013) provided new insightstmthe
phylogeny of Angelicaand its allies based on nrDNA, cpDNA and morphological characters
which included fruit anatomy and micromorphology.

In Korea, research on Selineae have been performed by various syduktectonsiderably less
number of taxa were taken into account (G¥taal, 1998;Yoon, 2001; Koo and Kim, 2008Jhe
present study was therefore conducted amalyzethe usefulnessof mericarp characters in
distinguishing genera dfietribe Selineae

Material and Methods

The present study includes 20 Korean taxa belonging to the Saleeaeand four taxa
representinghe tribe Scandiceae. Seeds of collected specimens and herbarium specimens were
used for the study andre depositedn KRIB and KBH Details of voucher depositioare
mentionedin Table 1.Fruits were carefully dissectedithout removingtestaunder dissecting
microscope (Nikon, AZ100). Size and colour of the seegl® notedunderdissectingmicroscope.
For micromorphological obsertians, mature fruits were mounted on stubs uslogble sided
adhesive tape. Each sample was coated witiindayer (2640 nm) of gold usindditachi E1010
sputter coateand examined at 20 KV using a Hitachi S340&canning Electron Microscope.

For prenetic analysis, 12 qualitative characters of 24 Korean tée@ considereds
mentioned in Table 2The datawas analyzed with the help of PAUP*4.0 (Swofford, 2001) to
obtain a phenogram using the unweighted fgmroup method with arithmetimean (UPGMA)
from the data matrixQuantitative values were ldgansformed to reduce the effect of zero values.
The datawas then subjectetb nonrmetric multidimensional scaling (NMDS) following Quinn
and Keough(2002).
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Table 1. Voucher information of the specimengxamined in the study.

Collectors and date Accession

Species

Place of collection

of collection

number

AngelicaanomalaAvé-Lall.

A. cartilaginomarginata
(MakinoexY.Yabée Nakai

A. dahurica(Hoffm.) Benth.
& Hook.f.exFranch. &Sav.

A. decursivgMiq.) Franch.

Namwoneup Seogwipesi, Jeju
do, Korea

Deokchtri, Jucheormyeon,
Namwonsi, Jeollabulkdo, Korea;
Sanbukri, Unju-myeon, Wanju
gun, Jeollabuldo, Korea
Yeongpyeonglong, Jejusi, Jeju
do, Korea

Sikjangsan, Sechediong, Dong

Joongku Leest al;
24.1.2008

S.M. Lee & H.Y.
Lee; 21.10.2009

C.S. Kim; 7.8.2001

Changyoung Lee;

KRIB 0015965

KRIB 0029410

KRIB 0001002

KRIB 0020712

& Sav. gu, Daejeon, Korea 29.10.2008

A. genuflexaNutt. Oesarri, Bongseongnyeon, Geonge Kim & KRIBBSD1040
Bonghwagun, Gyeongsangbuto,  Jinki Kim;
Korea 17.0.2003

A. gigasNakai Daeamsan, Seohwayeon, Inje Joongku Leest al; KRIB 0004085
gun, Gangwordo, Korea 6.10.2004

A. grosseserratéaxim. Unjangsan, Jeongcheanyeon, HyeongKyu Lee & KRIB 0001031
Jinangun, Jeollabuldo, Korea Taejin Kim;

19.7.2001

A. japonicaA. Gray Geomundo, Deokcher, Samsan  Jinki Kim & KRIB 0029071
myeon, Yeostsi, Jeollanando, Changyoung Lee;
Korea 2.2.2009

A. polymorphaviaxim. Oebangri, Sudongmyeon, J.H.Kim et al; KRIB 0013530
Namyangjusi, Gyeonggido, Korea 12.11.2007

A. tenuissimadNakai Geumdaebong, Gohasup, HyeongKyu Lee &  KRIB 0001020
Jeongseogun, Gangwordo, Taejin Kim;
Korea 12.9.2001

Anthriscussylvestris(L.) Ulleungdo, Ulleunggun, ShinhoKanget al; KRIB 0006619

Hoffm. Gyeongsangbuklo, Korea 14.6.2006

CnidiumjaponicumMig. Susanri, Seongsareup, Seogwipo C.S. Kimet al, KRIB 0007560
si, Jejudo, Korea 15.11.2006

C. monnieri(L.) Cusson Goyangsi, Gyeonggido, Korea W.K. Paik; KRIB 0010062

10.11.2001

Cymopterusnelanotilingia
(H. Boissieu) C.Y.Yoon

Gayasan, Gayenyeon, Hapcheon
gun, Gyeongsangnado, Korea

S.M. Lee & H.Y.
Lee; 1.11.2006

KRIB 0006906

Dystaeniatakesimana Ulleungdo, Ulleunggun, Taejin Kim; KRIB 0003115
(Nakai) Kitag. Gyeongsangbuklo, Korea 13.10.2000

Glehnialittoralis (A. Gray) Saekdaldong, Seogwipi, Jeju J.H. Kimet al; KRIB 0011773
F. SchmidexMiq. do, Korea 19.6.2002

LibanotisseseloidegFisch. Baekunsan, Mitaimyeon, Jinki Kim & KBH1053185
& C.A. Mey. exTurcz.) Pyeongchangun, Gangwordo, Sanghong Park;

Turcz. Korea 20.10.2005

Ligusticumtachiroei (Franch. Jeombongsan, Girimyeon, Inje Jinki Kim & KBH1032523
& Sav.) M. Hiroe& gun, Gangwordo, Korea Sanghong Park;

Constance 14.10.2004
Osmorhizaaristata(Thunb.)  JuwangsanBudongmyeon, G.Y. Chunget al; KRIB 0011782
Rydb. Cheongsongyun, Gyeongsangbuk 22.8.2002

do, Korea
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Table 1 Contd.

Species Place of collection Collectors and date Accession
of collection number
Ostericumsieboldii (Mig.) Yongsanri, Doammyeon, W.K. Paik; KRIB 0010040
Nakai Pyeonchanggun, Gangwordo, 19.10.2000
Korea
PeucedanurjaponicumThunb Oeyeondo, Ocheemyeon Changyoung Lee; KBH1259205
Boryeongsi, Chungcheongnasdo, 2.10.2009
Korea
P. terebinthaceuntFisch.ex Daejintri, Yeondraemyeon J.H. Kimet al; KRIB 0010050
Trevir.) Ledeb. Yeongdeokgun, Gyeongsangbuk 12.10.2001
do, Korea
Torilis japonica(Houtt.) DC. Cheondeungsan, Sanchemlyeon  G.Y. Chunget al,; KRIB 0011785
Chungjusi, Chungcheongbuéo, 5.8.2002
Korea
T. scabra(Thunb.) DC. Sanbangsan, Sagye Andeok Taejin Kimet al: KRIB 0002834
myeon Seogwipesi, Jejudo, 28.5.2002
Korea

Table 2. Codes used fofor mericarp character analysis.

No. Mericarp characters

Mericarp beak: absent (0), present (1)

Mericarpshape broally elliptic or elliptic (0), triangular (1) oblong (2) linear or linealslong (3)
Mericarp surface: irregular reticulate (@plliculate(1), irregularwinkled (2), granulataculeate (3)
Mericarp surface appendage: absent (0), hair (1), pep{®, spiny or bristly (3)

Mericarp ribnumber: 5 (0)3-4 (1), 9 (2), absent (3)

Mericarp rib: not developed (0), dorsal and lateral ribs filiform/inflated (1), dorsal ribs filifoiteted
and lateral ribs winged (2), dorsal ribs and lateks winged (3)

7. Dorsal and lateral ribs comparison: rib not developed (0), dorsal and lateral ribs identicalsdl)add
lateral ribs different (2)

8. Secondary ribs: absent (0), present (1)

9. Mericarp compressed: compressed laterally or not cesspd (0), dorsally compressed (1)
10. Mericarp symmetry: homomorphic (0), heteromorphic (1)

11. Apexof mericarp: noremarginate (0), deeply emarginate (1)

12. Baseof mericarp: noremarginate (0), deeply emarginate (1)

ook wNE

Stress values resulting frodMDS reflect the match between the pairwise differences
originally calculated between the species and the pairwise distances in the ordination. Lower stress
values indicate a better match (Quinn and Keough, 2002). This statistical analysis was performed
using PAST (Hammeet al, 2001). Names and authorities of the species are as per The Plant List
(2013). Terminology to describe tiseedcoat and seed surface sculpturfojows Harris and
Harris (1994), Stearn (1992), and Webb and Simpson (2001)

Resuls and Discussion

The results obtained from the studye summarizedn Table 3. Photomicrographs of
mericarps and mericarp surfaces are presented mrdsd and 2, respectivelyin the tribe
Selineag large variation came seenn sizes of mericarpslhe lengthof mericarp varies from
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2.7£0.2 to 11.4+0.6m (Fig. 3), while thewidth of mericarp vaes from 1.4+0.2 to 9.3+0rm
(Fig. 4). Seed size dblehnialittoralis is highly divergent than other species included in the study
(Figs 3& 4). Three difierent shapes of mericamere observediuring our study. The genera
Ligusticum and Libanotis are characterized by oblong mericarps, the ge@lshnia is
characterized by triangular mericarp, while broadly elliptiiptic mericarpwas observedh the
gerera Cnidium Angelicg Ostericum Cymopterusand Peucedanumin all species of Selineae,
mericarps are symmetrical with five ribs excepCymopterusnelanotilingia where asymmetric
mericarps with threer four ribswere observed

Fig. 1. SEM image®f mericarps of 24 taxa of Selinea&: Angelicaanomalg B. A. cartilaginomarginataC. A.
dahuricg D. A. decursivaE. A. genuflexaF. A. gigas G. A. grosseserrataH. A. japonica |. A. polymorphad.
A. tenuissimaK. Anthriscussylvestris L. Cnidiumjaponicum M. C. monnierj N. Cymopterusnelanotilingia
O. DystaeniatakesimanaP. Glehnialittoralis; Q. LibanotisseseloidesR. Ligusticumtachiroei S. Osmorhiza

aristata; T. Ostericumsieboldii U. Peucedanunjaponicum V. P. terebinthaceumW. Torilis japonicg X. T.
scabra Scale bar: 1 mm.

Three different surface patterns characterize Selineae mericgnpsirregular reticulate
surface pattermvas observeih Cnidium Dystaenia GlehniaandAngelicacartilaginomarginata
A. genuflexa A. japonica A. anomala A. gigas and Peucedanunterebinthaceum While



180 LEE et al.

Ligusticum Ostericum Cymopterus Angelicatenuissima A. polymorpha A. dahuricg and A.
decursivashowed colliculatesurface.The rregularwrinkled surface patterrwas observedn
Libandis seseloidesindPeucedanuraponicum Papillate surface pattern characterizes the genus
Libanotis Hairs were observedn mericarps ofslehnia littoralis and Peucedanunjaponicum
(Fig. 2).In all species of Selineae employed in this study, mericarpsyarmetrical with five ribs

except inCymopterusmelanotilingia where asymmetric mericarps with three or four ribs were
observed.

Fig. 2. Mericarp surface characten$ 24 taxa ofSelineaeA. Angelicaanomalg B. A. cartilaginomarginataC. A.
dahurica; D. A. decursivaE. A. genuflexaF. A. gigas G. A. grosseserrataH. A. japonica |. A. polymorphald.
A. tenuissimaK. Anthriscussylvestris L. Cnidiumjaponicum M. C. monnierj N. Cymopterusnelanotilingia
O. DystaeniatakesimanaP. Glehnialittoralis; Q. LibanotisseseloidesR. Ligusticumtachiroei S. Osmorhiza

aristata; T. Ostericumsieboldii U. Peucedanunjaponicum V. P. terebinthaceumW. Torilis japonicg X. T.
scabra Scale bar: 20Qum.
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Table 3. Morphological characters of mericarpof 24 species in the tribeSelineae.

Species Length Width Mericarp shape Mericarp  Appen Ribs
(mm) (mm) surface dage | ateral Dorsal
Anthriscussylvestris 8.2+0.5 1.0+0.1 linearoblong granulate  Absent Absent Absent
aculeate
A. anomala 5.910.5 5.0#0.4 broadly elliptic reticulate Absent winged inflated
A. cartilagino 3.3:0.3 1.9+0.3 broadly elliptic irregular Absent winged inflated
marginata or elliptic reticulate
A. dahurica 5.840.5 5.2+0.5 broadly elliptic colliculate Absent winged inflated
A. decursiva 4.840.6 3.1+0.4 broadly elliptic colliculate Absent winged inflated
or elliptic
A. genuflexa 6.2+0.6 4.6+0.4 broadly elliptic irregular Absent winged inflated
reticulate
A. gigas 6.4+0.5 4.8+0.4 broadly elliptic irregular Absent winged inflated
reticulate
A. japonica 10.1+0.6 6.1+0.3 broadly elliptic reticulate = Absent winged inflated
or elliptic
A. polymorpha 4.2+0.3 3.1+0.2 broadly elliptic colliculate Absent winged inflated
Angelica grosseserrata 5.6+0.7 4.6£0.8 broadly elliptic colliculate Absent winged inflated
A.tenuissima 5.410.5 3.6+£0.6 broadly elliptic colliculate Absent winged inflated
or elliptic
Cnidiumjaponicum 3.0+£0.2 2.0+0.2 Broadly elliptic reticulate  Absent winged winged
or elliptic
C. monnieri 2.940.2 1.8+0.2 broadly eliptic irregular Absent winged winged
or elliptic reticulate
Cymopterus 6.0£0.3 3.1+0.2 elliptic colliculate Absent winged winged

melanotilingia
Dystaenigakesimana 5.7+0.6 3.2+0.4 broadly elliptic reticulate  Absent winged winged

or elliptic
Glehnialittoralis 11.4+0.6 9.3+0.4 triangular irregular hairy winged  winged
reticulate
Libanotisseseloides 2.740.2 1.4+0.2 oblong irregular papillate inflated inflated
winkled
Ligusticumtachiroei 4.0+£0.2 2.0+0.2 oblong colliculate Absent inflated inflated
Osmahiza aristata 17.6£1.0 1.0+0.1 linear reticulate  bristly  filiform  filiform
Ostericumsieboldii 3.840.3 2.6£0.2 broadly elliptic colliculate Absent winged inflated
or elliptic
Peucedanunjaponicum 5.1+0.5 2.1+0.2 elliptic irregular hairy winged filiform
winkled
P. terebinthaceum 4.6+0.2 3.3+0.2 broadly elliptic irregular Absent winged inflated
reticulate
Torilis japonica 3.840.3 1.4+0.1 oblong granulate  spiny  filiform filiform
aculeate
T. scabra 5.910.5 1.2+0.2 oblong granulate spiny  filiform filiform
aculeate

We found three different mericarp rib shape$aiineaeLigusticumtachiroei and Libanotis
seseloideshave dorsal and lateral ribs which aféiform or inflated. The gener&ngelica
Ostericumand Peucedanumare characterized bfjlliform or inflated dorsal ribs and winged
lateral ribs, while the genefanidium, Cymopterus;lehniaandDystaeniashowed winged dorsal
and lateral ribs.
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Fig. 3. Length of seeds summarized in Boxplot. The boxes represent the second and third godrtileseatical
line within each of the boxes represents the median. Outliers are identified with asterisksQi@dijam
japonicum C. mo: C. monnierj D. ta: Dystaeniatakesimanal. ta: Ligusticumtachiroei Li. se: Libanotis
seseloides A. te: Angelica tauissima A. ca: A. cartilaginomarginata A. ge: A. genuflexa A. po: A.
polymorpha A. ja: A. japonica A. da: A. dahurica A. an:A. anomalaA. gi: A. gigas A. de:A. decursivaA.
gr: A.grosseserrataO. si: Ostericumsieboldii Cy. me:Cymopterusnelanotilingig G. li: Glehnialittoralis;
P. ja:Peucedanuraponicum P. te:Peucedanunterebinthaceum

Fig. 4. Width of seeds summarized in Boxplot. The boxes represent the second and third qualrties vartical
line within each of the boxes peesents the median. Outliers are identified with asterisks. (Cnjaium
japonicum C. mo:C. monnierj D. ta: Dystaeniatakesimanal. ta: Ligusticumtachiroei Li. se: Libanotis
seseloides A. te: Angelica tenuissimaA. ca: A. cartilaginomarginata A. ge: A. genuflexa A. po: A.
polymorpha A. ja: A. japonica A. da: A. dahurica A. an:A. anomalaA. gi: A. gigas A. de:A. decursivaA.
gr: A. grosseserratpO. si: Ostericumdeboldii; Cy. me:Cymopterusnelanotilingig G. li: Glehnialittoralis; P.
ja: Peucedanurnfaponicum P. te:Peucedanunterebinthaceum
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Emarginated mericarp apex was observeflrigelica japonica, Adahuricg andA. anomala
while in other studied species mericarp apex wasemoarginate. Deeply emarginated mericarp
base wa®bserved ilAngelicagenuflexaA. polymorphaA. japonica A. dahurica A. anomalaA.
grosseserrata Ostericumsieboldii Cymopterusmelanotilingia and Glehnia littoralis, while in
other specieaon-emarginatednericarp base was noticed.

Phenetic analgis

UPGMA phenogramwas evaluatedo identify characters that distinguish the genera of
Apioideae. The analysis revealed seven major groups. The @dehsia canbe distinguished
from other genera @elineady triangular mericarp and hairy mericarpfaoe (Pairwise distance
2.474). Ligusticum tachiroei and Libanotis seseloidesappear to be sister groups abklong
mericarps characterize theiBoth the species cdme distinguishedy mericarp surface pattern
and appendaged.igusticum tachiroei has colliculate surface pattern and lacks appendages
(pairwise distance 1.000), wherebi#banotis seseloideshas irregularly wrinkled and papillate
surface.Cymopterusmelanotilingia can be distinguishedrom other genera lik€eucedanum,
Angelica, OstericumCnidium andDystaeniaas it has asymmetric mericarp and rib numbdr 3
(pairwise distance 2.188Lnidium and Dystaeniaappear to be sister groups (pairwise distance
1.064) andare characterizetty winged dorsal and lateral ribs. Based on UPGMA analysis of
mericarp surface characters, theneraGlehnia, Cymopterus, Ligusticum, Libanotis, Cnidiainal
Dystaeniacan be distinguished, howeveingelica Peucedanumand Ostericum cannot be
distinguished. NMDS analysis of Br&urtis similarity coefficients (Fig. 5)atculated from 12
morphological characters showed similar separation of species as in UPGMA (Fig. 6).

Fig. 5. Nonmetric multidimensional scaling (NMDS) using Br&urtis similarity index of 12 morphological
characters. (C. jaCnidiumjaponicum C. no: C. monnierj D. ta: Dystaeniatakesimanal. ta: Ligusticum
tachiroei Li. se:LibanotisseseloidesA. te: Angelica tenuissimaA. ca: A. cartilaginomarginata A. ge: A.
genuflexaA. po: A. polymorphaA. ja: A. japonica A. da:A. dahurica A. an:A. anomala A. gi: A. gigas A.
de:A. decursivaA. gr: A. grosseserrataO. si: Ostericumsieboldii Cy. me:Cymopterusnelanotilingig G. li:
Glehnialittoralis; P. ja:Peucedanurjaponicum P. te:Peucedanurnterebinthaceum
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To conclude, characters éknericarpshae, rib number,and shpe, surface pattern, surface
appendageand mericarp symmetmgan be considered as useful traits to distinguish the genera of
tribe Selineae These results are in congruence with i@ecular systematistudy ofAngelica
and allied genera based on nuclear DNA sequences éEahg2009).

Fig. 6. UPGMA phenogram of tribe Selineae and Scandiceae based on the 12 morphological characters.
Values above lines indicate pairwise distance

A taxonomic key based on the mericarp characters has been provided below for the easy
identification ofSelineaamembers in Korea.
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Key to the Korean taxa ofSelineaebased on mericarp characters:

1. Mericarp heteromorphic and rib numbe#d3 Cymopteus
- Mericarphomomorphic and rib number 5 2

2. Mericarp triangular, surface appendage hairy  Glehnia
- Mericarp broadly elliptic or elliptic or oblong, 3
surface appendage absent or hairy

3. Mericarp oblong; dorsal and lateral ribs 4
filiform/inflated

- Mericarp broadly elliptic or elliptic; dorsal ribs 5
filiform/winged and lateral ribs winged

4 Mericarp surfaceolliculate Ligusticum
- Mericarp surface irregulardwrinkled Libanotis
5. Dorsal ribs filiform and lateral ribs winged Angelicg Osterium, Peucedanum
- Dorsal and lateral ribs winged 6
6. Dorsal and lateral ribs identical Cnidium
- Dorsal and lateral ribs different Dystaenia
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