MOLECULAR PHYLOGENY OF THE TRIBE HEDYSAREAE WITH
SPECIAL REFERENCE TO ONOBRYCHIS (FABACEAE) AS
INFERRED FROM nrDNA ITSSEQUENCES

S. Ahangarian, Sh. Kazempour Osaloo & A. A. Maassoumi

Ahangarian, S., Kazempour Osaloo, Sh. & MaassoAmA. 2007 12 31:. Molecular phylogeny of
the tribe Hedysareae with special referenc®©tmbrychis(Fabaceae) as inferred from nrDNA ITS
sequenceslran. J. Bot. 13 (2): 64-74Tehran.

A total of 53 species (54 sequence accessionsgsepting 28 species of the tribeedysareag5
species of Vicioid clade and 19 species Gdilegeaeincluding the twoGlycyrrhiza species as
outgroups was included in a phylogenetic analysimgi nrDNA ITS sequences with maximum
parsimony method. The analysis, based on successiveighting by rescaled consistency index,
revealed that Vicioid clade is the first branchdwaled byChesneya-Caraganglade and Astragalean
clade as successive sisters to Hedysaroid clade.géhusAlhagi is well allied, as the basal most
taxon, with the remainder of Hedysaroid claB®enusandTavernieraare each monophyletic and
weakly allied taxaHedysaruris not monophyletic, its species are dispersedsascHedysaroid clade.
Sullaa segregate dfledysarumforms a well supported monophyletic group witk thclusion ofH.
humile The enigmatic genuBversmannias allied with Onobrychisclade.Onobrychisitself is not
monophyletic due to inclusion of the twtedysarunspecies, an@nobrychissubgenu®©nobrychisis
not monophyletic as well, where&@nobrychis subgenusSisyrosemd&orms a strongly supported
clade. In contrast t@nobrychissectionHeliobrychis. sectiondDendrobrychisandOnobrychisappear
not to be each monophyletitledysareaes circumscribed herein to include omyhagi, Ebenus,
EversmanniaHedysarum, Onobrychi$ulla, TavernieraCoretrodendrorandSartoria
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INTRODUCTION undergone several treatments by various authors

Since De Candolle (1825) onward, the taxonomic(Bentham 1865; Hutchinson 1964; Polhill 1981a, 1994
delimitation of the tribe Hedysareae has been Choi and Ohashi 2003; Lock 2005)st recently, Lock
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(2005) expanded the tribe to twelve genera includin complete nrDNA ITS (ITS1, 5.8S and ITS2) region for
Alhagi Adans., Calophaca Fisch ex DC., Caragana 19 taxa includingAlhagi pseudalhag{M. B.) Desv,
Fabr. andHalimodendron Fisch ex DC., formerly Onobrychis(10 species of eight out of nine sections),
treated inGaIegeae(PthiII 1981b, 1994) in addition.to Hedysarum(2 species)Taverniera(2 species)Ebenus
Corethrodendron Basin., Ebenus L., Eversmannia (3 species), Eversmannia subspinosdisch., were
Bunge, Hedysarum L., Onobrychis Mill,, Sartoria  getermined first time by us. In the case of
Boiss. & Heldr, Sulla Medik. and TavernieraDC.  pajimodendron halodendrorfPall.) Voss, for which
Lock (2005) briefly overviewed the taxonomic Nistor 1994752 were previously sequenced by Sanderson
o oS O controrersial geners (6 HEOYSAIUT  and Wogiechonsld (1996), MDNA TS seaquences
do not repeat the:se again here. The tr{be is 2 meofb Vere also determined here again. For_this and the
Polhil's temperate herbaceous group and has bee emainder taxa, the sequences were obtained from ge
ank (see Table 1):

traditionally placed close to the trib&alegeae X )
Available molecular data (nfDNA ITS andnatk DNA Extraction: Leaf materials were sampled from

sequences) showed that the Hedysaroid clagderbarium spgcimens deposited in the Herbarium of
(composed ofHedysarum borealeNutt, Onobrychis ~Research Institute of Forests and Rangelands (TARI)
montana DC., Alhagi camelorum Fisch. and A. the Central Herbarium of University of Tehran (TUH)
maurorumMedik.), is one of the three well-supported herbarium  of  Hacettepe University (HUB), and
subclades, within the Inverted Repeat Lacking CladeHerbarium .of National Plant Gene Bank. Voucher
(IRLC) (Sanderson and Wojciechowski 1996; specimens of those taxa collected from the natural
Wojciechowski et al. 2000, 2004; Wojciechowski habitats by us'were deposited at the Tarbiat Madare
2003, 2005, 2006)Hedysareaeas a whole occurs in{ University Plant Collection (see Table 1). Genomic
dry open localities with a continental temperate orDNAs were isolated using the modified CTAB
mediterranean climate, and is restricted to Eurasiamethods of Doyle and Doyle (1987).

North America and the Horn of Africa with Socotra. Polymerase Chain Reaction (PCR). The complete
After Hedysarumwith ca. 160 specie)nobrychisis . DNA ITS region was amplified using primers 1TS4
the second largest genus with ca. 130 speciesntitBi - a4 |TS5 of White et al. (1990). Amplification was
tribe (Mabberley 1990; Lock 2005). The.-genus IS qone in a DNA thermal cycler (Primus 96, MWG,

Continental temperate and warm-emperate zondsegf t SSTMan): The quaity of PCR products were checked
P P by electrophoresis in a 0.8% agarose gel (using 1X

Irano-Turanian region. The Flora Iranica area is'oh : . o .
: . : .. TAE as the gel buffer) stained with ethidium bromid
the main centers of diversity of the ‘genus compgsi and then visualized under UV light. Nucleotides

over 75 species in two subgenera divided into nine . ;
sections (Rechinger 1984)edysareadn general and Seguences of_PCR products were determined using
Hedysarum(cf. Chennaoui-et al. 200&ndOnobrychis cycle sequencing and an automated DNA sequencer
in particular remain under-sampled and hitherto nothrough Gen Fanavaran Co. The same nrDNA ITS
comprehensive  molecular- phylogenetic  analysisPrimers ITS5 and ITS4 were used for cycle sequencin
including almost all the/genera has been undertakerreactions.

The present work using nrDNA ITS sequences is thePhylogenetic analyses. Sequences were aligned using
first report on the phylogeny of the tribe withatvely  clustal W 1.8 (Thompson et al. 1994) and adjusted
its broader taxonomic samplinghe goals of our paper visually. Individual Sequences from taxa included i
are, therefore, to: the present study have been deposited in DDBJ (see
(1) Reconstruct the phylogenetic relationships mfl a Table 1. for accession numbers). Phylogenetic araly
delimit Hedysareaeas a whole, (2) determine the were performed on the aligned data matrix using
generic relationships  within it and (3) clarify maximum parsimony method (MP) as implemented in

infrageneric relationships withi@nobrychis. the version 4.0b10 of PAUP* (Swofford 2002) ingtalll
in a Macintosh computer. The heuristic search optio
MATERIALSAND METHODS was selected using 100 replications of random emutdit

Taxon Sampling. The sampling in this study includes gequence and TBR branch-swapping with MulTrees on
28 species of the tribHedysareae(sensu Polhill — 5nq steepest descent off. Analyses were conducted
1981a), 5 species of the Vicioid clade (Sandersuh a ;sing a successive weighting (SW) strategy (Farris
Wojciechowski 1996) and 19 species of the tribe1969) Weights were assigned to characters usieg th
Galegeae including two Glycyrrhiza as outgroups «reweight characters” option based on the rescaled

based on previous studies (Sanderson an¢gngistency (RC) index (Farris 1989) with a base
Wojciechowski 1996; Hu et al. 2000; Wojciechowski € \yeight of 1. When the tree length and Cl, Rl and RC

al. 2000, 2004; Wojciechowski 2003, 2005). The remained unchanged in successive rounds, these tree
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were accepted as the SW trees. In both analyse4,00%) and for whichiH. membranaceur@oss. & Bal.
support for clades were evaluated by bootstrappindgs a sister taxon. This clade is moderately unitith
(Felsenstein 1985) using 1000 replications with theEversmannia-Onobrychi assemblage (BP= 71%).
heuristic search option, simple addition sequentg a Onobrychs represented herein by 11 species, plus

TBR branch swapping. intermixed H. boreale and H. wightianum Aitch &
Baker, forms a strongly supported clade (BP=98%).
RESULTS This clade is, in turn, composed of two well-supedr

The aligned nrDNA ITS data matrix for 50 examined sypclades (BP= 98% and 100%, respectively), one of
species are 715 nucleotide sites long of whichs3®8  hich comprising Onobrychis species  solely.
are potentially informative. The length of nrDNAST  Eversmanniais well positionedas sister taxon to

is ranging from 329 base pairs (bp)Hialimodendron  Onobrychs clade (BP= 96%).

halodendron (due to incomplete sequencing by
Sanderson and Wojciechowski 1996) to 637 bp in

: . . DISCUSSION

Ebenus stellataBoiss. Maximum parsimony (MP) - S .
analysis of the nrDNA dataset (characters equallﬁlwgneggc s_tritgs z?t?ethl—?e?jelgrlcte?eogeﬁstheFggﬁﬁll
weighted) generated 2754 most parsimonious treis wi (Polhil 19.81a 1994) anny with tribeSalegeae
a length of 1234 steps, Cl= 0.459 and RI= 0.74thwi ' 9 9

- - . Wagstaff et _al.. 1999; Lock and Schrire 2005),
excluding autoaphomorphies). MP analysis of the(. A
dataset after three rounds of successive weighting icereag Trifolieae and Fabeae (Lock and Maxted

. . . : 005) comprises the temperate herbaceous clade,(THC
using rescaled consistency index (RC) yielded 28tmo L .
parsimonious trees with a length of 388.30 steps, aSanderson a_nd W.OJC'eChOWSK' 19.96)' The THC plus
CI=0.625 and an RI=0.842. The strict consensus of'€ three M'Ilett'o'd genera_/\/!sterla Callerya and
these 27 trees with accompanying bootstrap valsies iAfgek|a cc:mpnse lRL.C (Wojciechowski et al'.’, 2000.’
given in Fig. 1. Here, we describe phylogeneti02004)' In Advances in Legume Systgmaﬂcs, Polhill
relationships of the studied taxa basing on the(lgsla) pomted out thajﬂedysare_atejerlved from _the
successive weighting analysis and mention theastragalmd part (subtribéstrgalinag of the tribe

. . . Galegeae without clarifying its closest relative
differences with the equally weighted one (the mee : .
shown) wherever is reclqevar)llt g ( genus/genera. Previous nrDNA ITS phylogenetic

In the tree (Fig. 1.), the well supported [tstap studies, with few taxon sampling oHedysareae

percentage (BP) of 100%)] vicioid clade is the tfirs (Hedysarum  boreale and Onobrychis montana

branch followed by Chesneya-Caragana cIadeShowed that these two genera are strongly alligt wi

— - Ihagi (of Galegeag the so called Hedysaroid clade
(BP=66%) and Astragalean clade (BP=100%) ad - - ;
successive sisters to Hedysaroid clade (85%) thal $andersqn and.Wunechowskl 1996), and, in tura, a
includes representatives of. 7 genera analyzed fron"‘?",Ster to e|therV|C|9|q-AstrgaIean clade (Sandarand
Alhagi through Onobrychis_Bootstrap supports for Liston 1995) or Vicioid clade alone (Sanderson and
. : : oWojciechowski 1996). Chloroplast genematK
sister group relationships of these grades are 100/oW iechowski et al 2000. 2004 d bined
91%, and 53%, respectively. Relationships among thé ojciec gws | et al. h ' K 208 anh lcom ine
last three clades were not.resolved in the equall)prDNA l.T -matK (Wojciechowski 5p ylogenies,
weighted analysis. Within the Hedysaroid clatihagi again with the same sampled taxa of the Hedysaroid

represented herein with three species forms thal basC|ade’ suggested a sister group relatioqship db.it
most clade " (BP=100%) followed byHedysarum Cgragapaof GalegeaeCaraganaHedy;grmd clad.e IS
papillosum Boiss/ and a weakly supported clade allied with the Astragalean clade (Wojciechowskakt

(BP=63%) composed of both monophyletiaverniera 2000, 2004; lejciewoyvgkih 200k5')’ whille ;%%'(r)
and Ebenus,as successive sisters to an assemblage glupertree - analysis (. ojciechowski - et al. )
remaining Hedysarum species, Sulla Eversmannia positioned them outside both the Astrgalean and

: : : Vicioid clades. Our nr DNA ITS-based phylogeny is
subspinosaand Onobrychis However, in the equally . . .
weighted analysis, relationships within an asseg®la In_l% conistﬁnlt W'th. botanatKhanE' %Omb'n%d nrDNA I
containingHedysarum papillosurthroughOnobrychis -mat dp )l/c;genleBS;DESa;to/t € (ﬁ. ;:jsarml ’I as a.lr\]Ne
were not resolved properhBulla, represented herein supported clade (BP=85%)is a led solely wit
with 6 taxa, along witH. humileL., as nested within Astragalean clade, but the relationship is weekly

, . " a0, .

it, forms a well supported monophyletic group (BP= supported (BP=53%, Fig. 1.).



67

Phylogeny of Hedysareae

33
Onabrychis 961908
clade
100
N\

99 -
100]00
% 100

74

Hedysaroid

clade
N

89

100
Astra;gglean 75 67 &1
clade 1o
kil L %2
Chesneya-Caragana 64 68 ik
clade
97
100 518 85 s
e w2t —
Vicioid
clade 99 63
100 00—
]
1

IRAN. JOURN. BOT. 13 (2), 2007

Cinob rpele paghae

Onab prehir suchen :[ Sect. flefbrychiv 5! .
Oneb spchus nammeramcs ——  Swt Ay nwnubor bie g E
Dotk gashes 2eanli — Seet Anthpdffe = °§
Onab ok mam larsa ——  Secl Afhanica B
Db gehe haflan ——  Sect Lovifloroe -7

Onab gprefus armacantha —— Sect Lvmdrobrychic =
Hedprarumboreak ?
Chmab prefes mantara .

Do i altéssrin.a Sect Omabryehe  — £ £
Fedprarumr aghioamm %“E
Ormob gychis crishgali — Sectfophbpehs | T
Omek prchis comu b Sect. Dendrobry chir

Fyers mama subiponcsa

Sulla fexvasal =Tedpramum foruazm)
ulfacommanal =F.comrammn)
Swlla sarmosal =5 carrw 2m)
Hedys arum humie
Swulfa palldal /7 palidam)
Subia capstefa (=1 capniam)
Sulia s pinossaimal =7 SpULs )
Hadyg arum merbransceusm
Eberus cgppadocica
Eberus laguroides
Ebenus stelata
Taverieracusnioia
Tavernieraspatea
Hedysarum paonkosum
Angge pFeudan agi
Ahapt caTeivam
Alnagy mawu-erum
Coluimapersica
Lessertiaherbaces
Poflechicla vogede
Carmichaecla wiliams i
Cpliapis aucher
Astragais stocksi
Astragals arzonices
Halimoder oron Naiodenaion
Heglericter ol o0 feaicfe oo
Caregana grandfora
Cadophaca fians chanica
Caragiana sdiniva
Caragana roboravs K
Chesneyaasiragaina
Chesneya os hungarica
Guelfenstaediagarcifiove
e ago poymonona
Tl Lo
Foun satizum
Wicta ludovicianz
Crice~ arietnum
Cilrperrhiza lenidda
Gheprmezauraienss | Owtgroms

Fig. 1. Strict consensus treerof 27 parsimonioasstiresulting from phylogenetic analysis of nrDNESIregion

after successive weighting with RC (length = 388s8&ps, Cl= 0.625, RI= 0.842). Bootstrap valuestgrethan
50% were shown.above the branches.
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Table 1. Taxa included in nrDNA ITS phylogeneti@bses.

Species

Voucher accession

numbersof ITS

Alhagi camelorur Fisch

Adams 1-88 (ARIZ)

U50756, U5075

Alhagi maurorurrMedik.

USDA 50228:

u50486, U5048

Alhagi pseudalhac(M. B.) Desv Iran: Kazempour Osaloo 20-1 (TMUPC) AB374181
Astragalus arizonicuGray USA:Sanderson 9¢ AF12169(
Astragalus stocksBenth. ex Bung Iran: Foroughi 10802 (TAR AB05196¢
Calophaca tianschanic (Fedtsch.) Boris [Former USSR : Skvortsov s.n. | U51220, U5122
Caragana grandlora (M.B.) DC. Iran: Assadi & Shahsavari 65834 (TA AB05203¢
Caragan: roborovsky Kom. China: Zhang 200037 (P AF52195¢
Caragana sibirici Medik. Liu et al® AY62691:
Carmichaelia williamsiiKirk New Zealand Sanderson 1! U50520, U5052
Chesneya astragalinJaub. & Spac Iran: Assadi & Maassoui 55503 (TARI AB05203¢
Chesneya dshungari Gobsk Former USSR:Goboskokov: 5.29.55 (1 U50350,U5035
Cicer arietinumL. ICARDA, Flip82-150C AJ23769¢
Colutea persiciBoiss Iran: Foroughi 17434(TAR AB05203’
Ebenus cappadocicHausskn. & Siet |Turkey: Erik 2507 (HUB AB37418:
Ebenus laguroideBoiss Turkey:Domez 5335 (HUE AB37418:
Ebenus stellatBoiss. I(r_lfall\r/ll.uég?nganan & Kazempour Osaloo 2-1 AB329691
Eversmannia subspinoFisch Iran: Feitag & Mozaffarian 28397 (TAR AB32969:
Glycyrrhiza lepidoti (Nutt.) Pursk Toolin 1572 (ARIZ U50758, U5075
Glycyrrhiza uralensi Fisch Hu 1142 Nursery specim AF46705(

Gueldenstaedtia pauciflorgPall.)
Fisch. ex. DC.

Homepage of:“Matt Lavin Montana St
University (htpp://emini.Oscs.monta
edu/~mlavin/data/ITSmill.htm)

mdot in gene bank

Halimodenderon halodenderdRall.)
Voss.

Iran: Maassoumi et al. 86046 (TARI)

AB329693

Halimodenderon halodender(Pall.)
Voss.

Stevens 2394 (US)

Hedysarum borea Nutt.

USA: Wojciechwski & Sanderson 131 (ARI.

U50482 U5048:

Hedysarum humi L. Morocco: THHU 020° AY 772221
Hedysarum membranace Coss. & Bal |Algeria: THME 020:° AY77222¢
Hedysarum papillosurBoiss Iran: Assadi et al. 30175 (TAR AB32969¢
Hedysarum wrightianurAitch. & Bake |lran: Baghestani al. 200¢-2 (TMUPC] AB32969¢
Lessertii herbacei DC. Wojciechowski and Sanderson 299 (AR AF12175:
Medicago polymorpt L. Jenkins 9-8 (ARIZ) U50863, U5086
Onobrychis acualiBornm Iran: Ebrahimi F-3260 (Iran Plant Gee Bank |AB32969¢
Onobrychis altissimGross Iran: Zarre et al. 2006.5.10 (TU AB32969;

. . Iran: Ahangarian & Kazempour Osaloo 2-
Onobrychis aucheBoiss. 1(TMUPC) AB329698
Onobrychis cornutdl.) Desv. Iran: Kazempour Osaloo 2006-3(TMUPC) AB329699
Onobrychis crista-gall(L.) Lam Iran: Ahangarian & Kazempour Osaloo 20(%\%329700

y gafiL- ' 5(TMUPC)

. Iran: Ahangarian & Kazempour Osaloo 2005;
Onobrychis gaubaBornm. 2(TMUPC) %3329701
Onobrychis laxifloreBakel Iran: Aliyabadi 22172 (TUF AB32970:
Onobrychis mazanderanid@ech. f. I(r_lfall\r/ll:uég?nganan & Kazempour Osaloo 2-3 AB329703
Onobrychis montar DC. Mason & Mason 3773 (ARL. U50484, U50488
Onobrychis nummulariBoiss Iran: Mozaffarian 43904 (TAR AB32970¢

Gene Bank accession

uU56019, U56020
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Gene Bank accession

Species Voucher accession

numbersof ITS
Onobrychis arnacanthBunge Iran: Assadi & Ranjbar 82292 (TARI) AB329705
Oxytropis aucherBoiss. Iran: Maassoumi 55104 (TARI) AB051908
Pisum sativunt.. USA: Wojciechowski 398 (ARIZ) U50861, U50862
Podlechiella vogelifwebb.) Iran: Mozafarian et al. 39103 (TARI) AB051911
Maassoumi et Kazempour Osaloo
S_ulla capitati (Des_f.) Choi & Ohasl Tunisia: THCP 0083 AY772223
(=Hedysarum capitaturdesf.)
S_ulla carnos (Desf.) Choi & Ohasl Algeria: THCR 0071 AY772224
(=Hedysarum carnosum
Sulla coronaria(L.) Medik. Tunisia: THCO 0055 AY772225
(=Hedysarum coronariujn
Sulla flexuosdL.) Medik Morocco: THFL 0189 AY775312
Sulla pallida(Desf.) Choi & Ohashi | i THPA 0168 AY772229
(=Hedysarum palliduin
Sulla spinisissim (L.) Choi & Ohast Tunisia: THES 0121 AY772226

(=Hedysarum spinosissimulm)

Iran: Ahangarian & Kazempour Osaloo 2-

Taverniera cuneifoligRoth.) Arn. A(TMUPC) AB329706
Taverniera spartgBurm. f.) DC. Iran: Mozaffarian 49325 (TARI) AB329707
Trifolium uniflorumL. A24194, Margot ' Forde  Forage  Germplaaros3)70g

Vicia ludovicianaNultt. McLaughlin & Bowers 3185 (ARIZ) U51216, U51217

Abbreviations used in accession information: "A, @lch Arboretum/Gray Herbarium, Harvard University,
Cambridge; ARIZ, University of Arizona Herbariumudson; HUB, Herbarium of Hacettepe Universitynkara;
ICARDA, International Center for Agricultural. Reseh in the Dry Areas, Aleppo, Syria; PE, Herbariwh
Institute of Botany, the Chinese Academy of Scisndgeijing; TARI, Herbarium of the Research Ingstiof
Forests and Rangelands, Tehran; TUH, Central Herbaof University of Tehran, Tehran; TMUPC, Tarbiat
Modares University Plant Collection, Tehran; UStiblaal Museum of Natural History, Smithsonian ington,
Washington, D.C.; USDA, U:S. Department of Agricué Plant Introduction accession numbers. Voucher
accession foCaragana sibiricawas not. mentioned in the gene bat&ueldenstaedtia paucifloravas mistakenly
written asSpogiocarpella paucifloran the dataset appeared at the homepage of Manh.LAbbreviation used in
accession information for these north African speciere directly obtained from gene bank.

In Polhillean sense, (Polhill 1981&)edysareadorms Callophaca formerly treated in Galegeae (Polhill

a single complex dominated bynobrychis and  1981b, 1994) However, the present nrDNA ITS
Hedysarunmplus five segregategversmanniaEbenus  phylogeny is not concordant with Lock’s view, since
Strachya Sartoria and Taverniera Polhill excluded no direct relationship ofCaragana Halimodendron
Alhagi, due to its'some non-Hedysaroid characteristicsand Callophacawith Hedysareads evident.Caragana
including obtuse keel and fruit venation pattemoynf and the two allies are morphologically so distifiom
Hedysareae (Hutchinson 1964), and placed it in the Hedysaroid taxa (Polhill 1981a) to be clasdifie
Galegeae But, he noted that the genus is relatively within Hedysareae On the other hand, these three
close to Hedysareae The phylogenetic hypothesis genera plus Chesneya and Gueldenstaedtiawere
presented here (Fig. 1.) confirms his view and that already classified in a newly established tribe
genus is well positioned as a sister to the renminfl ~ Caraganeae(Ranjbar and Karamian 2003). But our
Hedysareagsee also Lock 2005). Lock (2005) with a nrDNA ITS (Fig. 1) and previous molecular
speculation based on available molecular phylogenet phylogenetic studies, both nrDNA ITS (Sanderson and
data (Wojciechowski et al. 2000, 2004) and Wojciechowski 1996) anthatK (Wojciechowski et al.
morphology (Polhill 1981a; Choi and Ohashi 1996, 2000) show that monophyly of this new tribe at the
2003) expanded the tribe to comprise 12 genera witlturrent status is weakly supported.

adding Alhagi plus Caragana Halimodendron and
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Choi and Ohashi (2003), basing on gross1998) and a chromosome number of 2n=14 (Goldblatt
morphological, palynological and cytological data, 1981, Aytac 2000), suggested tldtenuss apparently
resurrected genera such @glla and Corethrodendron  related toOnobrychis Howevre, the present nrDNA
as segregates fromdedysarumbut mergedStracheya ITS phylogeny shows that the two genera are not
into it and maintainedavernieraas a distinct genus. closely related, indicating that these characteseh
Our nrDNA ITS phylogenetic analysis of 7 genera been evolved in parallel among them.
(Corethrodendronand Sartoria not analyzed) of the Taverniera a medium-sized genus of 16 species
Hedysareae united them in a well supported distributed in NE Africa and SW Asia (Tullin 1985;
monophyletic group. Therefore, we suggest that theMozaffarian 1988), two of which were included hetei
tribe in the present status comprises o@lihagi, is monophyletic and allied weakly witiEbenus
Hedysarum, Onobrychis Eversmannia Ebenus  Taverniera is morphologically characterized by
Sartorig Taverniera, Sullaand CorethrodendronThe  shrubby habit, leaves 1, 3-foliolate and shortitstip
tribe is characterized by shorter or reduced wietgls, pods enclosed.in the corolla (Polhill 1981a; Thulin
indehiscent (rarely dehiscent) jointed or 1(2)-sekd 1985; Choi and Ohashi 2003). Gross morphological
pods and chromosome base number of 7 or 8. (Polhill 1981a; Thulin 1985; Choi and Ohashi, 2Q03)
pollen morphological (Thulin 1985; Choi and Ohashi
Generic reationships within Hedysareae. In the 1996, 2003) and. nodal anatomical features altogethe
tree presented here (Fig. 1), the small SW AsiariChoi et al..1998) suggested a close relationshipe
genusAlhagi with 3-5 species (Rechinger 1984; 9enus «with Corethrodendron (=Hedyasarum sect.

Lock and Simpson 1991; Lock 2005), as Fruticosg of C: Asia. Our nrDNA ITS tree shows that

. . .. Tavernierais distinct fromHedysarum
represented herein by three species and form itS In contrast to the monophyly Afhagi, Ebenusand

own strongly  supported clade (BP=100%) Taverniera the genusdedysarumis not monophyletic.
positioned at the base éfedysareagAs noted  one species of,itH. papilosumis placed basally near
above, the sister group relationship of this genus\lhagi. The two of four remaining speciesH.
with the rest of the tribe was already speculatednembranaceumand H. humile are allied with and
(Polhill 1981a). Its obtuse keel and non- nested withinSulla respectively. While the other two,
Hedysaroid fruit venation pattern as well as basid. borealeandH. wrightianumare exclusively nested
chromosome number of x=8 are seemed to b@&mong Onobrychis species Several workers (e.g.
symplesiomorphic characters. Recently, AwmackPolhill 1981a; Thulin 1985; Choi and Ohashi 1996)
and Lock (2002) questioned the specific demonstrated thatiedysarum a genus of ca. 160
delimitation of this morphologically variable SPECies (Lock 2005), is not clearly delimited freine

d d ticall d d th b fit related genera Corethrodendron, Stracheyaand
genus and dramalically reauce €number ol 1§35y ermiera As noted earlier, recently Choi and Ohashi

species to ond\. maurorumwith two subspecies, (2003), based on the critical analysis of morphioiaig

A. maurorumsubsp.maurorumandA. maurorum  gata treatedHedysarum sect. SpionsissimaFedtsch.
subsp. graecorum (Boiss.) Awmack and Lock. (= sect. Hedysarum (Fedtschenko 1902; Chrtkova
According to seed protein'data, the two spedes, 1968) as a distinct gen®&ulla, andtransferrecH. sect.
pseudalhagiM. Bieb. and A.graecorumBaoiss., Fruticosa Fedtsch. (Fedtschenko 1902, 1972) to the
appeared to "be. not distinct from each othedenusCorethrodendronbut reducedstracheyaBenth.

(Sheidai et al. 2002)."A comprehensive moleculat® & section of Hedysarum According to their
systematic study of the genus with moreclassmcatlon,Hedysarumvvas currently circumscribed

; ; : : ..and composed of four sectioHedysarumMulticaulia
geographic sa_m_pllng of its representative taxa IS(Boiss) P Fedtsch Membranac)(/ea Fr:dtsch and
however, definitely necessary to evaluate theStrachéya(Benth ) Choi & Ohashi '
specific circumscription. _ o _Sulla a genus of 7 species (Choi and Ohashi 2003), six
Ebenus a genus of ca. 20 species growing in Eurasiayf which were analyzed herein, is monophyletic with
with the main center of its diversity in Turkey (BB~ e jnclusion ofH. humile. The same conclusion was
Morath 1971; Lock 2005), three of which analyzed gached by Chennaoui et al. (2003)lais distinct in
here, is appeared to be monophyletic. Non-moleculaghe tripe by having a suite of some features iriogid
characters including, one-segmented pods with 2 or gnnya| habit (excepsS. coronaria(L.) Medik.), free
seeds (Huber-Morath 1971; Polhill 1981a), pollengiinyles adnate at the base (Thulin 1985; Choilet a
grains with tricolpate apertures and reticulatenexi 1999: Choj and Ohashi 2003) and colporate pollen
sculpturing (Choi and Ohashi 1996; Perveen andeRais grains (Ferguson and Skvarla 1981; Thulin 1985;iCho
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and Ohashi 1996, 2003) as well as
distribution restricted to Mediterranean region.eTh
sister group relationship ofSulla with H. sect.
Membranacea[a monotypic section represented Hy
membranaceum restricted to northernmost Africa
(Choi and Ohashi 2003)], revealed that it is a
specialized taxon derived from the polyphyletic
Hedysarum Neither Stracheyanor Corethrodendron
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its unique(Mabberley 1990) classified into two subgenera, @nd

sections (Rechinger 1984). The present nrDNA ITS
data show that the subgerSisyrosema (Bunge)
Grossh., which is represented here by four outtof i
five constitutive sections, appears to be a well
supported monophyletic group (BP=96%), whereas the
subgen.Onobrychisis not monophyletic due to the
sister group relationship of its two representative

were sampled here to test their phylogenetic statuspecies to the subge8isyrosemand the inclusion of

within the tribe, but it can be speculated that ldteer
taxon may be closely related Taverniera(see above
discussion). An extensive species sampling coveihg
four sections ofHedysarum(sensu Choi and Ohashi
2003) plus Corethrodendronis definitely needed to
evaluate their relationships and position moreieipl

in the context of a molecular phylogeny.
Eversmannia a small genus of four species, one of
which, E. subspinosawere analyzed herein, is closely
allied with theOnobrychisclade. This is an unexpected
result in that its relationship wit®nobrychishas not
been questioned. Fruit pericarp anatomy (Mironogt an
Sokoloff 2000) suggested thgt subspinosas closely
related toHedysarum while pollen morphology put it
the sister tdAlhagi (Choi and Ohashi 1996). In contrast
to other members of the tribeEversmanniais
characterized by non-lomentaceous and
dehiscent fruits, that is, they do not break irggraents

in the manner typical of the tribe and ' transversalmazanderanica Rech.

venation pattern of valves (Mironov and  Sokoloff

the two species dfedysarumwithin it. Yildiz et al.
(1999) suggested, however, that monophyly of these
two subgenera was not supported by a phylogenetic
analysis of fruit characters. The subg&isyrosema
differs from the subgenu®nobrychis by its large,
crescent/kidney-shaped < ovaries and pods, hairy
vexillum, large persistent flowers and the epiderii
calyx without crystals (Rechinger 1984; Yildiz dt a
1999). These features appear to be synapomorpires f
the subgenSisyrosemaOur nrDNA ITS phylogeny
(Fig. 1) depicts that members of the subgenus
Sisyrosemaare derived from subgenu®nobrychis,
recently.

Sections Lophobrychis Hand.-Mzt. Pnobrychis
cristargalii (L.) Lam.] and Laxiflorae Baker Q.
laxiflora Baker.) [both of subgenOnobrychi$, and

ratheAnthyllium Nab. ©. acaulisBornm.), AfghanicaeSirj.

(O. nummularia Boiss.) andHymenobrychisDC. (©.
f) [all three of subgen.
Sisyrosemp are represented herein by only a single

2000). These characters are apparently seemed to species; hence the monophyly of these sectionsotann

autapomorphies for this taxon. Until.. recently,
Eversmanniawas regarded as monotypic genus (

be addressed. The species-rich sectitaliobrychis
Bunge ex Boiss. (of subgeBisyrosempg represented

subspinosp but three local endemic species have beerhere by two specie®. gaubaeBornm. andO. aucheri

described from C. Asia (Yakovlev et al. 1996). dt i

Boiss., is monophyletic. In contrast, sections

represented here by only-a single species, hesce iDendrobrychis and Onobrychis (both of subgen.

monophyly can not be evaluated.

As mentioned abové&nobrychiswith 11 sampled
species plus the two intermixddedysarumspecies,
forms a well-supported. monophyletic group (BP=98%).
According to ta. fruit - morphology-based cladistic
analysis, Yildiz et al. (1999) concluded ti@tobrychis
is not monophyletic due to inclusion dD. sect.
Dendrobrychis DC. among Hedysarum sections.
Although, our molecular phylogenetic study is partl
congruent with this fruit morphological stud®, sect.
Dendrobrychisis not placed outsid®©nobrychis but
the two sampledHedysarumspecies are nested within
Onobrychis However, it is noteworthy that the present
work is clearly in agreement with non-molecular
studies (Polhil 1981b; Goldblatt 1981; Yildiz et. al

Onobrychiy appear not to be monophyletic. One
species oDendrobrychisO. cornuta(L.) Desv., is the
sister to a subcalde of. crista-galii (of sect.
Lophobrychi3 and H. wrightianum whereas O.
arnacanthaBunge is sister td. laxiflora (of sect.
Laxiflorag)-subgenus Sisyrosemaclade. This is an
unexpected finding thaDendrobrychisis a small and
morphologically uniform section whose monophyly has
not been questioned (Rechinger 1984; Yildiz et al.
1999).Onobrychiscornuta andD. arnacanthgas well

as the five remainder species of the section (Reehi
1984)] do share a suite of morphological features
including shrubby cushion-forming habit, persistent
spiny peduncle or petiole, wing petals two timesger
that keel and unarmed pods. nrDNA ITS data indjcate

1999; Pavlova and Manova 2000) that these two generhowever, that these two species are well separated

are closely related taxa.
Infrageneric Relationships within Onaobrychis. The
genus Onobrychis comprises ca. 130 species

phylogenetically, suggesting that these morphokdgic
characters have been evolved in parallel at least i
these two species. The two members of sect.
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wightianum forms a well-supported clad®obrychis
clade) as allied withEversmannia subspinos&Vithin
Onobrychis clade, the Onobrychis subgenus
Sisyrosemaforms a monophyletic group, while the

OnobrychissubgenugOnobrychisis not monophyletic. A .
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