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Abstract

The external and internal structures oftbudrom 95 taxa representing 27 Ranunculaceae genera of China were studied.
The results show that Ranunculaceae could be divided into 4 groups based on the fruit types, epidermal surface, vascular
bundle, mesocarp cell, and endocarp cell structures: Grofgllicle or achene, branching or branching and anastomosing
vascular bundles, mesocarp parenchyma, and endocarp with one layer of lignified cells (indkafitgmand other
genera); Group 2: achene, vascular bundle branching, mesocarp lignifiedagnaith one layer of irregular and partly
lignified cells (Thalictrum only); Group 3: achene, endocarp with multilayered thieled cells (includingAdonis
BatrachiumandRanunculuy Group 4: achene, two nédiranching vascular bundles, and endocdith one layer of fibers
(including Anemone Clematisand Pulsatilla). This study show that the fruit structures of Ranunculaceae could provide
morphological and anatomical evidences for molecular phylogeny.
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Introduction The critical question to be addressed in this study is
following. Do fruit anatomy characters give reliable
Ranunculaceae is a basal group of eudicots (Anonipformation on the main groups the family? Tanget al
2009), about 60 genera and 2500 species in the worl@008) described the carpel fusion pattern of Ranunculaceae
(Tamura, 1993; Takhtajan, 2009), and 38 genera and 924iits that could provide morphological evidences for the
species in China (Wanet al, 2001). In the family, many molecular systematics. However the fruit microstructures
taxa are famus ornamental plants (e@lematis patenand  were usually overlooked in most of the studies (Husin
Trollius macropetalus and some taxa have important 1923; Wang & Wang, 1979, Wanet al, 1980, 2001;
medicinal values (e.ghconitumandDelphiniun) (Hazratet  Tamura, 1993; Takhtajan, 2009)he present study thus
al,, 2007, 2013Zhanget al, 2009; Wangt al, 2010; Wu, aims to explore the morphological and anatomical
2011, Hacet al, 2013; Weret al, 2013). characteristics of fruits in Chinese Ranunculaceae, especially
There are several taxonomic revisions of RanunculaceaRe pericarp structures in detaihd to identify structural

(Hutchinson, 1923; Wang & Wang, 1979, Wa@l 1980,  characters that support the findings of molecular phylogeny.
2001). Hutchinson (1923) divided Ranunculaceae into two

subfamilies based on the fruit characters, Helleboroideagaterials and Methods
(ovaries with more than dvule; fruits follicular or baccate)
and Ranunculoideae (ovaries with 1 ovule; fruit a bunch of  1he external and internal structure of mature fruits

?T)rom 95 taxa representing 27 Ranunculaceae genera of

other researchers also focused on fruit features in the&hina were studied carefully in thitusly. Sample names
studies. Ranunculaceae was divided intostbfamilies, and voucher information are provided in Table 1.

Helleboroideae, Ranunculoideae and Thalictroideae by
Wang & Wang (1979) and Wangt al (1980, 2001). . . o

Whereas it was divided in to 5 subfamilies HeIIeboroideau!_\\/lOrphoIoglcal and anat9m|cal study Fruit trichomes

(follicle, berry or capsule), Hydrastidoideae (berry),Of _each sample were first photographed,_anq then the
Isopyroideae (follicle), Ramculoideae (achene, with or fruits were rehydrated for further examination. The
without petals) and Thalictroideae (achene, without petal§xocarps were carefully remes to observe and

by Tamura (1993). Takhtajan (2009) emphasized on thghotographed the vascular bundles, endocarp cells and
pollen grain features of Ranunculaceae and divided therystal structures. Additional fruits were placed in FAA

family  into seven subfamilies, Aconitoideae, (formalini acetic acidlalcohol) for a minimum of 24 h and
Cimicifugoide&, Coptidoideae and Trollioideae were added:hen prepared for Sectioning using the g|yco| methacry]ate
except three subfamilies (Helleboroideae, RanunculoideaggpA) methad ( Feder & O6Brien, 196
Thalictroideae) mentioned. Recently molecular studiesy  \was used for the first two infiltrations in GMA and a

resulted in some important new insights about . . , PP .
Ranunculaceae (Jensenal, 1995; Wanget al, 2009) In tm|n|mum of f|ye days for the third infiltration. A Leica
Ultracut R microtome was used to prepare transverse

the new system five subfamilies were recognized, . . . . .
y 9 sections about 2m in thickness. Sections westained

Coptidoideae, Glaucidioideae, Hydrastidoideae,>"’ e " - o~
Ranunculoideae and Thalictroideae. Coptidoideae angSiNg the periodic acicchiff/toluidine blue method
Thalictroideae as the natural groups, but Aconitoidead, Feder & OO6Brien, 1968) and

Cimicifugoideae, Helleboroideae and Trollioidea(or ~ Olympus BX53 microscope and an Olympus DP26 digital
Adonidoideae) were transferred into Ranunculoideae (Jenseamera. Some fruits showing the vascular bundles were
et al, 1995; Takhtajan, 2009; Wastal, 2009). drawn in Photoshop CS 2.0 on the conaput
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Table 1. Taxa of Ranunculaceae in China examined for fruit structures, together with voucher specimens details dodality.

Species Voucher specimens Locality
Aconitum barbatunfer. Han 622 (IFP) Heilongjiang
A. barbatumvar. puberulumLedeb. Liu 5351 (IFP) Hebei

A. carmichaelivar. truppelianum(Ulbr.) W.T. Wang & Hsiao Wang 2945 (IFP) Liaoning
A.coreanum(H. Lév) Rapaics Cheng 91 (HANU) Heilongjiang
A. excelsunRchb. Medicinal investigation group 2649 (IFF  Neimenggu
A. fischerivar. arcuaum (Maxim.) Regel Wang 1779 (IFP) Neimenggu
A. jaluenseKom. Wang 133 (IFP) Liaoning
A. kirinenseNakai Wang 436 (IFP) Liaoning
A kusnezoffiRchb. Liu 1335 (IFP) Heilongjiang
A. macrorhynchunTurcz. Zhang 1120 (IFP) Jilin

A. monanthunNakai Li 827 (IFP) Jilin

A. sczukiniiTurcz. Liu et al 287 (HANU) Heilongjiang
A. umbrosunKom. Fu 3472 (IFP) Heilongjiang
A. villosumvar.amurensgNakai) S.H. Li & Y.H. Huang Yanbian group two 580 (IFP) Jilin

A. volubilevar. pubescenfegel Wang 1425 (IFP) Liaoning
Adonis amurensiRegel & Radde Cheng 14 (HANU) Heilongjiang
Anemone amurens{&orsh.) Kom. Cheng 13 (HANU) Heilongjiang
A. dichotomal. Cheng 75 (HANU) Heilongjiang
A. raddeanaRegel Cheng 16 (HANU) Heilongjiang
A. rivularis var. flore-minoreMaxim. Li 4451 (IFP) Neimenggu
A. silvestrisL. Cui 1217 (IFP) Heilongjiang
Aquilegia oxysepalé pallidiflora (Nakai) Kitag. Li 1244 (IFP) Liaoning
A. oxysepaldlrautv. & C.A. Mey. Cheng 71 (HANU) Heilongjiang
A. parviflora Ledeb. Han 661 (IFP) Heilongiang
A. viridiflora Pall. Liu et al 138 (HANU) Heilongjiang
A. yabeanaitag. Li 4443 (IFP) Neimenggu
Batrachium foeniculaceur{@ilib.) V. I. Krecz. Cheng 76 (HANU) Heilongjiang
B. kauffmanii(Clerc) Ovcz. Yan 482 (IFP) Jilin
Beesia calthifoligMaxim.) Ulbr. Bijiang group 1599 (KUN) Yunnan
Caltha natandall. Cheng 89 (HANU) Heilongjiang
C. palustrisvar. sibirica Regel Cheng 33 (HANU) Heilongjiang
C. palustrisvar. membranacedurcz. Okubo (IFP) Liaoning
Cimicifuga dahuricgTurcz.) Maxim. Wang3213(IFP) Liaoning
C. simplexWormsk. Liu et al 286 (HANU) Heilongjiang
Clematis apiifoliavar. obtusidentataRehd.& Wils. Chen 15355 (IFP) Guangxi
C. brevicaudataDC. Cheng 94 (HANU) Heilongjiang
C. fuscaTurcz. Cheng 73 (HANU) Heilongjiang
C. heracleifoliaDC. Liu et al 285 (HANU) Heilongjiang
C. hexapetaldall. Liu et al 269 (HANU) Heilongjiang
C. intricata Bunge Wang 3022 (IFP) Liaoning
C. koreanakom. Noda 248 (IFP) Jilin

C. macropetald_edeb. Yanbian group one 208 (IFP) Jilin

C. patensMorr. & Decne. Liu et al 263 (HANU) Heilongjiang
C. serratifolia Rehd. Cheng 137 (HANU) Heilongjiang
C. sibirica (L.) Mill. Li 7342 (IFP) Heilongjiang
C. terniflora var. mandshuricgRupr.) Ohwi Liu et al 268 (HANU) Heilongjiang
Consolida ajacigL.) Schur Anon s. n. (KUN) Yunnan
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Tablel.( Cont 6d. )
Species Voucher specimens Locality
Coptis chinensi§ranch. Anon 319 (KUN) Sichuan
C. teetaWwall. Qingzang group 74355 (HITBC) Yunnan
Delphinium cheilanthurfrisch. Ex DC. Palonov 246 (IFP) Neimengu
D. grandiflorumL. Liu et al 227 (HANU) Heilongjiang
D. korshinskyanunNevski Han 730 (IFP) Heilongjiang
D. maackianunRegel Cheng 128 (HANU) Heilongjiang
Dichocarpumadiantifolium(Hk. f. & Thoms. ) W.T. Wang & Hsiao Yunnan northeast group 445K) Yunnan
D. hypoglaucunW. T. Wang & Hsiao Anon 6111 (HITBC) Yunnan
Enemion raddeanuiRegel Liu et al 444 (HANU) Heilongjiang
Eranthis stellataMaxim. Liu et al 126 (HANU) Heilongjiang
Halerpestes cymbalarigPursh) Greene Cheng 78 (HANU) Heilongjiang
H. ruthenica(Jacg.) Ovcz. Lin 127 (IFP) Neimenggu
Helleborus thibetanuBranch. Wang 4172 (KUN) Gansu
Isopyrum manshuricudom. Li 7053 (IFP) Liaoning
Leptopyrum fumarioided..) Rchb. Liu et al 236 (HANU) Heilongjiang
Paraquilegia microphyllgRoyle) Drumm. & Hutch. Boufford 42174 (KUN) Yunnan
Pulsatilla cernuaThunb.) Bercht. & J. Presl| Cheng 39 (HANU) Heilongjiang
P. chinensigBunge) Regel Liu et al 238 (HANU) Heilongjiang
P. dahurica(Fisch.) Spreng. Cheng 64 (HANU) Heilongjiang
P. patensvar. multifida (Pritz.) S. H. Li & Y. H. Huang Fu 2185 (IFP) Neimenggu
P. sukaczeviiuz. Zhao 838 (IFP) Neimenggu
Ranunculus amurensigm. Zhang 1602 (IFP) Heilongjiang
R. chinensisBunge Cheng 47 (HANU) Heilongjiang
R. cuneifoliusMaxim. Investigation group 188 (IFP) Liaoning
R. franchetiiH. Boissieu Cheng 25 (HANU) Heilongjiang
R. japonicusThunb. Cheng 50 (HANU) Heilongjiang
R. microphyllusHand-Mazz. Sato 7752 (IFP) Jilin
R. monophyllu®vcz. Wang 1824 (IFP) Heilongjiang
R. natansC. A. Mey. Li 7764 (IFP) Heilongjiang
R. pulchellusC. A. Mey. Fu 2549 (IFP) Neimenggu
R. radicansC. A. Mey. Liu 6058 (IFP) Heilongjiang
R. repensl. Cheng 49 (HANU) Heilongjiang
R. sceleratud.. Liu 5834 (IFP) Jilin
Semiaquilegia adoxoid€®C.) Makino Qiao 1110 (KUN) Shanxi
Souliea vaginatgMaxim.) Franch. Qingzang grouf2181 (KUN) Yunnan
Thalictrum aquilegifoliunvar. sibiricumRegel & Tiling Liu et al 264 (HANU) Heilongjiang
T. baicalenseTurcz. Liu et al 255 (HANU) Heilongjiang
T. filamentosunMaxim. Li 3205 (IFP) Heilongjiang
T. foetidumL. Ding 1885 (IFP) Heilongjiang
T. przewalskiiMaxim. Fang 918 (IFP) Hebei
T. simplexvar. glandulosum. T. Wang Liu et al 261 (HANU) Heilongjiang
T. sparsiflorumTurcz. ex Fisch. & C. A. Mey. Wang 2351 IFP) Jilin
T. squarrosuntteph. Skvortsov 809 (IFP) Heilongjiang
T. tuberiferumMaxim. Wang 2720 (IFP) Jilin
Trollius chinensisBunge Fang 981 (IFP) Hebei
T. ledebouriiRchb. Zhao 1601 (IFP) Neimenggu
T. macropetalug-r. Schmidt Liu et al 242 (HANU) Heilongjiang
Urophysa henry{Oliv.) Ulbr. Wulingshan group 3448 (KUN) Guizhou
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Clustering analyses: All fruit anatomical characters taxa studied and they may be next to the phloem (e.g.
(as listed in Table 2) were considered, but 16Thalictrum simplexvar. glandulosum- Fig. 2M), or
qualitative characters were used for clustering analyse&round the vascular bundles (eAfjuilegia oxysepala
(listed in Table3). Some flower and vegetative organ Fig. 2C). A few species have no fibers or fibers are very
characteristics§ qualitative characteysrom Wang &  fare close to the vascular bundles (&gltha palustris
Wang (1979) and Wangt al. (1980) were also used. Var.sibirica- Fig. 2F).

All  characters were treated as unordered and )

unweighted. All the analyses were performed using Endocarp: The endocarp consists of one layer (e.g.
NTSYSpc Version 2.10e (Rohlf, 2000). Cluster Thalictrum simplewar. glandulosum- Fig. 2M) or many

: : : . layers of cells (e.gAdonis BatrachiumandRanunculus
ar'lalys[s using UPGMA (unweighted pair group methOdFig. 2A. D, K). which may be parenchymatous (e.g.
with arithmetic average).

Caltha natans- Fig. 2E), partly lignified (the water
tangential walls are not or slightly lignified but the others
obviously lignified, e.g.Aquilegia oxysepala Fig. 2C),
. . . completely lignified (e.g.Eranthis stellata- Fig. 2H),
Vanayon in fruit type;, trichomes and structures WasﬁPers which may be evenly lignified (e.@lematis patens
characterized and described for each of the 95 taxa o Fig. 2G) or mt (e.g. some species dhemone- Fig

Ranunculaceae sampled (Figs, 2). The following @) "anq sclereids (e.ghdonis amurensis Fig. 2A). The
characters were examined: trichome type, fepidermal  oqocarp cells are completely lignified (eRanunculus
cells, mesocarp, endocarp, vascular bundles, and CryStaléponicas- Fig. 2K) or somewhat parenchyma close to
A summary of these characters is provided in Table 2.  the ventral and dorsal sutures (eRuilsatilla - Fig. 2J).
These endocarp cells are usualhectangular (e.g.
Fruit and trichome type: There are two types of fruits in  pelphinjum maackianumFig. 20) and some irregular in
Ranuncilaceae taxa studied. Most species are Wwithshapes (e.g.Helleborus thibetanus- Fig. 2P). In
follicles (e.g.Aconitum coreanum Fig. 1A) and a few |ongitudinal view,the long axis of the endocarp cells are
species achenes (e.Banunculus chinensis Fig. 1B).  perpendicular (e.gEranthis stellat - Fig. 2H) or parallel
Two types of unicellular trichomes occur on the fruits,(e.g.Clematis patens Fig. 2G) to the fruits. However, in
nonglandular hairs (Fig. 1C, D) and glandukairs with  RanunculugFig. ) and Batrachium(Fig. 2D), the long
rich inclusions and their surface are with mucus (Fig. 1Eaxis of the innermost layer endocarp cells are
G). The former are curly (e.g\conitum coreanum Fig.  perpendicular to the fruits and the others are parallel to
1C) or straight (e.gA. sczukinii- Fig. 1D), and the latter the fruits. Anomocytic stomata were observed on the
obovate (e.gCalthaandTrollius - Fig. 1E), bottle shaped €ndocarps of Consolida and Delphinium (e.g. D.
(e.g.Aquilegia and Consolida- Fig. 1F) or papillary (e.g. Maackianum Fig. 2Q).
Leptopyrum fumarioides Fig. 1G). One species usually ) ) )
has one kind of trichome, but a few species have botClustering analysis The 22 morphological characters of

. . P fruits, flowers and vegetative organs wegspplied
types of trichomes (e.gConsolida ajacis Fig. 1F). (encoded details are shown in Table 3) for cluster analysis

, and UPGMA dendrograr(Fig. 3). Thefour groups were
Exocarp: Exocarp is composed of one layef cells  ptained at 0.66 similarity coefficient.

which are more or less square (éAguilegia oxysepala

Fig. 2C) or elliptic (e.g. Thalictrum simplexvar. Discussion

glandulosum Fig. 2M). The outer walls of exocarp cells

may be thick (e.gAquilegia oxysepala Fig. 2C) or thin Our results clearly indicate that most of the fruit
(e.g. Caltha natans- Fig. 2E). The tannins occur in the features, such as the distition of fibers around the

exocarps in some species (€Cpmatis patensFig. 2G).  vascular bundles and the types of endocarp cells, can be
used as taxonomic evidences to distinguish the
subfamilies and genera. Ranunculaceae could be divided
into 4 groups based on the fruit characters studied.

Results

Mesocarp. The mesocarp may consist of one (e.g.
Ranunculus japonicasFig. 2K) or a few layers of cells
(e.g. Thalictrum baicalense Fig. 2L). The cells are
uaually parenchyma (e.gBatrachium foeniculaceum
Fig. 2D), but lignifiedin Thalictrum and Leptopyrum
(Fig. 2I). The intercellular space is usually obvious (e.g

Group 1: Follicles (excepHalerpestesvith achenes). The
mesocarp is not lignified (excepteptopyrum and
lignification occurs in the endocarp. The vascular bundles

Batrachium Caltha, Eranthis - Fig. 2D, E, H) but not 'fare branching or branching and angstomos_ing. '!'h_is group
obvious in some cases (e.Glematis- Fig. 2G). The mcluo_les most genera of th_e family stud|§d_ (_|duhg
calcium oxalate crystals are present in the mesocarp clo§sonitum, Aquilegia ~ Beesia Caltha ~ Cimicifuga

to the endocarp in some speciesRenunculuge.g.R.  consolida, Coptis Dichocarpum Delphinium Enemion
japonicas- Fig. 2N). The three types of vascular bundlesEranthis HalerpestesHelleborus Leptopyrum Isopyrum

are present viz. branching and anastomosing (e.d’@raquilegia Semiaquilegia Souliea Trollius and
Aconitum carmichaelivar. truppelianum - Fig. 1H),  Urophys3. Hutchinson (1923) placed alhdse genera
branching (e.gTrollius macropetalus Fig. 11), and non  (except Halerpestel in the subfamily Helleboroideae
branching (e.gRanunculus chinensis Fig. 1J). Fibers according to the follicle and ovaries with more than one
occur in the mesocarp close the vascular bundles in thevule.
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Table 3. The coding oftharacters and character states* for genera dRanunculaceae
[The characteristics 1722 werequoted from Wang and Wang (1979) and Wangt al. (1980)].

Genera Characters

1] 2[3[4]5]6]7]8]9]10]11]12][13][14[15[16][27][18][19]20]21] 22
Aconitum 0o 1. 0 0 01 0 1 0 1 0 1 0 0O O O O 1 0 O O O
Adonis 1 1.0 0 0 0 0 21 1 1 0 2 1 0 0O 1 0 0 O O 0 O
Anemone 11 o 0 0 2 1 1 0 1 0 2 1 0 O 1 O O O 1 0 2
Aquilegia o 0o 110 0 0 2 01 0 1 0 0 0 0 O O O O 1 O
Batachum 1 1 0 0 O 2 1 0 1 1 1 1 1 0 0 1 0 0O 0O O O O
Beesia o 1. 0 0 00O 0 2 01 0 1 1 0 0 0 O0O 0 0 1 0 2
Caltha o 0o 1. 2 0 0 0 0 0O 1 0 1 0 0 0 0O O O O 1 0 O
Cimicifuga o 1. 0 0 00 0 1 01 0 1 1 0 0 0O 0O O0 1 1 O
Clematis 11 0 0 0 2 1 1 0 1 0 2 1 0 1 1 1 0 0 1 0 1
Consolida 0o 1 1.1 0 1 0 0 0O 1 0 1 0 1 0 O O 1 0 O O O
Coptis o 1. 0 0 00O 0 1 0 1 0 1 0 0 0 0O OO0 1 0 0 2
Delphinium o 1 0 0 01 0 1 0 1 0 1 0 1 0 0 O 1 0 0 1 O
Dichocarpum 0 0 0 0 O O 0O 2 0 O 0O O O O O O O O O O O 2
Enemion o o 0o 000 0 1 01 0 1 0 00 0O0OO0OO0O 1 0 O
Eranthis o o 1.1 0 0 0 2 01 0 1 1 0 0 0 0 0 0 0 0 2
Halerpestes 1 0 0 0 O O O O O 2 0 2 1 0 0 O O O O O O 2
Helleborus o 0o 0 00O 0 2 0 2 01 1 0 0 00 0 0 0 0 O
Isopyrum o o 0o 000 0 1 01 0 1 0 00 0O OO O O O
Leptopyum O O 1 3 1 1 0 1 0 1 0 1 0 O O O O O O O O O
Paraquilegpg 0 O 1 3 0 O 0 1 0 1 0 1 0 O 0O O O O O O O O
Pulsatilla 1 1.0 0 0 2 1 1 0 1 0 2 1 0 1 1 0 0 O 1 1 2
Ranuncuus 1 1 0 0 O 2 2 0 1 1 1 1 1 0 0 1 0 O O O O O
Semiaquilegia. 0 0 0O 0 0 O O 1 0 1 O 1 0 O O O O O O O 1 O
Souliea o o 0 00 1 0 2 0 2 01 0 0 0 00 O0O0O0 0 O
Thalictrum 11 1 3 1 0 0 1 0 2 0 2 0O 0O O O O O O 1 0 O
Trollius o o 1 2 0 0 0 1 0 1 0 1 0 0O 0O O O O O O O O
Urophysa O 1 0 0 0 0O 02 0 1 0 1 0O 0O 0 0 O O 0 0 1 2

*1. Fruit type: follicle(0); achene(1). 2. Natandular hair: absent(0); present(1). 3. Glandular hair: absent(0); present(1). 4. The shape of glan
absent(0); bdle shape(1); obovate(2); papillary(3). 5. Lignified mesocarp: absent(0); present(1). 6. Pericarp vascular bundlesOlyrémaheigng an
anastomosing(1); ndoranching(2). 7. The number of vascular bundle: indefinite(0); two(1); above two(2). 8lisTiiteution of vascular bundle fibe
absent(0); near phloem(1); around vascular bundles(2). 9. Endocarp cell layer: monolayer(0); multilayer(1). 10. Engoapg pelygonal(0); rectangle
fusiform(1); irregular(2). 11. The long axis directiamfsendocarp cells: same(0); different(1). 12. The long axis direction of innermost endocarp cells
axis(0); vertical to the longitudinal axis of fruit(1); parallel to the longitudinal axis of fruit(2). 13. Lignified wapdafarp cell: partlydnified(0); completel
lignified(1). 14. Endocarp stoma: absent(0); present(1). 15. Endocarp cell type: lignified cell(0); the endocarp cellsantiiehventral suture and do
suture are parenchyma, and the others are lignified(1). 16. Endocarmlitent(0); present(1). 17. Plant type: herb(0); liana(1). 18. Flower symn
pattern: radial symmetry(0); bilateral symmetry(1). 19. Long carpophore: absent(0); present(1). 20. Petal: preser()2abStaminodium: absent(
present(1). 22 eaves growth manner: alternation(0); opposition(1); all basal(2).

However, in some other classification systems theyrevious classification systems the three genera were
were placed in different subfamilies based on the externgllaced in the tribeDelphineae(Wang & Wang, 1979;
morphological characteristics of leaves, flowers and fruitSfamura, 1993; Takhtajan, 2009). The results were
(Wang & Wang,1979, Wanget al, 1980, 2001; Tamura, supported by the molecular phylogeny (Jens¢nal,
1993; Takhtajan, 2009). Many phylogenetic studies (Jenself95; Wanget al, 2009).
et al, 1995; Roet al, 1997; Wanget al, 2009) based on
molecular sequence data have demonstrated that theSab-group 2. Follicles are with glandular hairs or
genera belonged to three subfamilies, Coptiglméd hairless. The endocarp cells are rectangle (including
(Coptig, Ranunculoideae Agonitum Beesia Caltha ~ Aquilegia Calthas Enemion Eranthis Leptopyrum
Cimicifuga Consolida Coptis Delphinium Eranthis Isopyrum Paraquilegia Semiaquilegiaand Trollius).
Halerpestes Helleborus Souliea and Trollius) and  Some previous resedmers suggested th&altha had no
Thalictroideae Aquilegia Dichocarpum Enemion  close relationship withTrollius (Song et al, 2007,
Isopyrum Leptopyrum Paraquilegia Semiaquile and  Takhtajan, 2009; Wangt al, 2009; Caiet al, 2010).
Urophysd. In this study we divided the genera into five However, our studghowsthat both genera are similar in
sub-groups based on the trichome types, the endocarp cefiait structures, for example, obovate glandular hairs,
shape and the distribution of fibers around vascular bundldsanching vascular bundlesectangular endocarp cells.
at 0.77 similarity coefficient. Sugroup 1 and 2 are almost The chromosome types and vessel elements are also
matches wit the findings of molecular phylogenetics similar in both genera (Chen & Li, 1991; Yang, 2002).
studiegJenseret al, 1995; Wanget al, 2009). Six genera of the sufroup 2 Aquilegia Enemion

Leptopyrum Isopyrum Paraquilegiaand Semiagilegia)
Sub-group 1: Follicles. The endocarp cells are rectanglewere placed in the tribelsopyreae in molecular
and anomocytic stomata were observed in the endocagystematics (Jensat al, 1995; Wanget al, 2009). Fruit
(the endocarp ofAconitum is not with stomata) structures showed in our study provide the anatomical
(including Aconitum ConsolidaandDelphinium). In the  evidences for the molecular phylogeny.



462 XIN YU CHENGET AL,

Fig. 1. Fruit morphology of Ranunculacest@owing their follicle (A), achene (B), naglandular hair (C, D), glandular hair &),
branching and anastomosing vascular bundles Bignching vascular bundlg$), nonbranching vascular bundles (JA, C)
Aconitum coreanurr(B, J)Ranunculus chinesis (D) Aconitum sczukinii(E) Caltha palustrisvar. sibirica. (F) Consolida ajacis(G)
Leptopyrum fumarioidegH) Aconitum carmichaelar. truppelianum (I) Trollius macropetalusScale bars =2 mmin A, H, I; 1 mm
inB, J; 20 umin GE; 40 um in F;10 um in G.
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Fig. 2. Fruit structures dkanunculaceae showimgricarp structures M), crystals in mesocarp (N), endocarp cells (O, P), endocarp
stoma (Q).(A) Adonis amurensis(B) Anemone raddeangC) Aquilegia oxysepala(D) Batrachium foeniculaaem (E) Caltha
natans (F) C. palustrisvar. sibirica. (G) Clematis patengH) Eranthis stellata(l) Leptopyrum fumarioidegJ)Pulsatilla cernua (K,

N) Ranunculus japonicus(L) Thalictrum baicalense(M) T. simplexvar. glandulosum (O, Q) Delphinium maackianum (P)
Helleborus thibetanys =crystal,en = endocarpex = exocarp, f fiber, Ic = lignified cell me = mesocarp, pc = parenchyma cell, sc
= stone cellt =tannin.Scale bars = 100 um in A, C, G, L; 50 pum illBH-K, M-Q.

Sub-group 3 and4. Subgroup 3: Follicles are with non  1993; Takhtajan, 2009; Wareg al, 2009) for example,
glandular hairs. The mesocarp is composed ofVang & Wang (1979) divided these genera in four tribes,
parenchymatous cells and the endocarp cells are rectandglémicifugeae Beesia Cimicifuga and Soulieg,
(including Beesia Cimicifugg Coptis and Urophysa. Coptideae Coptig, Helleboreae Helleborug and
Subgroup 4. Follicles are smooth. The vascular bundlessopyreae Dichocarpum Urophysg according to the
aresurrounded by fibers. The endocarp cells are irregulatypes of chromosome and leaves. Howevke internal

or polygonal (includingDichocarpum Helleborus and  structure characteristics of fruit were not considered in the
Soulieg. The both sulgroups were not recognized in the previous studies (Wang & Wang, 1979; Tamura, 1993;
classification systems (Wang & Wang, 1979; Tamura,Takhtajan, 2009; Wanet al, 2009).



