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Twenty four species belonging mainly to Astragalus L. section Dissitiflori DC. and some related sections were
analyzed using maximum parsimony and Bayesian methods on the basis of nrDNA ITS sequences and
morphological data. Trees resulted from two datasets were in agreement on their overall topologies. Based on our
results, members of the section Dissitiflori didn't constitute a monophyletic group. However, the section with
inclusion of the species from the other related ones, considered to be a monophyletic group. Since A. virgatus as the
lectotype of the section Dissitiflori was not included in the present study; it is difficult to evaluate the monophyly of
the section and to delimit it explicitly. Astragalus juladakensis, shows a basal position in both ntDNA ITS and the
combined ntDNA ITS-morphology trees, as a sister to the remaining species of the sect. Dissitiflori. However,
according to the present study, the affinity of this species to the section appeared to be questionable. Based on our
molecular data, three species belonging to the section Corethrum in Iran, are pertained to the sect. Dissitiflori. In
addition, our results revealed that 4. pravitzii, which had been transferred to sect. Ornithopodium Bunge, belongs to
the section Dissitiflori.

Reza Sheikh Akbari Mehr, Faculty of Biological Sciences, Shahid Beheshti University G. C., Tehran. -Abbas Saidl,
Faculty of Energy Engineering and New Technologies, Shahid Beheshti University G. C., Tehran (correspondence
<abbas.saidi@gmail.com.>) -Shahrokh Kazempour Osaloo, Faculty of Biological Sciences, Tarbiat Modares
University, Tehran & Ali Asghar Maassoumi, Botany Division, Research Institute of Forests and Rangelands, P.O.
Box 13185-116, Tehran, Iran.

Key words. Astragalus sect. Dissitiflori, Bayesian method, morphology, ntDNA ITS, parsimony, phylogeny.
nrDNA ITS 5 5Ls S,y slresls wlul 5 Ol 4l 55 08 w5 Dissitiflori adsy 554k
O i g o8NS ¢ e ske o SLElS (6 585 (S amdils g0 (5 S e (%-3)
Q\J.@J cdl.f;.@_.v J..:.@.Ja Jisls ‘U‘u’f 6[.&)_}[.1.‘.3 E) LSJ)"‘ L;UJJM.GJ LM )L:«il.'vb (S hrw U’“L:‘G
Q‘J@J ‘u"JJ"’ CA.;JJS clil.;\: ‘k;’\'wu-l) C}.LG LG E )L:,.'“..J\: c}’l-ﬁ}‘ X V.B\S 'C,al.:
O a3 5 Ay oy A 5 (6ol s a4 Glate (lastligs S S GO SS 5l 055 53 5 Sy S5skd ol addlls 3
Sl Ul olas s Dissitiflori aisw el S @ ol 235 3 bl 30 JiSTse 5 sy slaesls 5l eslizud L
Lol e Ssp sleaisn Koo a by e Gt S ol g adsn ol slasl andl das sod W85 1) Sl g a5 5 Lled 4 el pl
U i Sldlas sl Dissitiflori aisy S556 Candy 335 e Slp Aoy S 03 8 1 55 5SS o5 8 S 0l
2 pdy el a3 JGT s (Dissitiflori ais 5SS Olsnn) A, virgatus. S 03,5 5)\s romen 55l S50 Slaks ) ealinud
sddanlllas SLa S ady 4 Cund |y ol 05 S SO AL juladakensis &8 o555 S O 3 slaesls 5l ol &b bl

Gl Ol go bl ) JST 50 andllas ol e 358 L3 i 516805 aks 53 el 055 ol ool ey e i sl S0
3,15 las Dissitiflori a; 55 o0 |&is Ornithopodium aisw & S A. pravitzii &8 Ksls 0L o ls oy 5 (asism s



IRAN. J. BOT. 18 (1), 2012

INTRODUCTION

Astragalus L. is the largest genus of flowering plants,
comprising about 3000 species. The main centers of
biodiversity of the Old World Astragalus are in
southwestern and central Asia (Lock & Simpson 1991).
There are over 800 species in Iran alone (Podlech 1999,
Maassoumi 1998, Maassoumi 2005). Astragalus sect.
Dissitiflori DC. is one of the largest sections of the
genus with about 20 species in Iran. The recent
molecular phylogenetic study of the genus based on
nrDNA ITS data revealed that this section with only
two sampled species, nested in a polytomic assemblage
along with several related medifixed-hair sections such
as Erioceras Bunge, Cytosides Bunge, etc. (Kazempour
& al. 2003, 2005). The classical classification of
Astragalus mainly depends on morphological
characteristics (Bunge 1868-69, Podlech 1990). These
characteristics are mainly affected by environmental
factors during plant growth (Cai & al. 1999). Although
identification of some sections within the genus
Astragalus is relatively simple, however some sections
pose much more complex situations. The positioning of
the species within each section is the most challenging
task facing the taxonomists. Section Dissitiflori is one
of the most complex sections within this genus. The
objectives of the present study are to test the
monophyly of the section and to evaluate the
relationships within it.

MATERIALS AND METHODS

Taxon sampling

A total of 24 species of Astragalus (15 from section
Dissitiflori) plus seven other related taxa from sections:
Corethrum Bunge, Cystisodes Bunge and Erioceras
Bunge (Maassoumi 1998) and two species of
Astragalus sections: Incani DC. and Caraganella
Bunge as outgroups (based on previous studies,
Kazempour & al. 2003, 2005), were included in
phylogenetic analyses based on both nrDNA ITS
sequence and morphological data (Table 1). The
nrDNA ITS was newly sequenced for all Astragalus
species in this study except for the outgroups adopted
from Kazempour Osaloo & al. (2003) and downloaded
from GenBank.

Morphological study

Characters used in the cladistic analysis were obtained
through examination of fresh materials in the field and
herbarium specimens deposited at Central Herbarium
of Iran (TARI), and Herbarium of Ferdowsi University
(FUMH). Thirty six vegetative and reproductive
characters with relevant character states used in present
analyses are given in Table 2. The polarity of
characters was determined using the outgroup method
(Maddison & al. 1984).
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Molecular study
DNA extraction, PCR and Sequencing

Total genomic DNA was extracted from dry leaves of
individual plants deposited in Central Herbarium of
Iran (TARI) and FUMH following the modified CTAB
procedure (did not use PVP along with extraction
buffer and using 5X CTAB buffer instead of 2X one) of
Doyle and Doyle (1987). The complete nrDNA
ITS+5.8S region was amplified using primers ITS4 of
White & al. (1990) and ITS5m of Sang & al. (1995).
The total volume of amplification reactions was 25 pl,
made up of 18 pul deionized water, 2.5 pl of 10x PCR
buffer, 2.5 ul of 2.5 mM dNTPs, 0.5 pl of each primer
(5 pmol ul™), 0.25 pl (5 units) of Taq polymerase and
0.75 ul of template DNA. The PCR cycles consisted of
2.5 min at 95°C for predenaturation followed by 27
cycles of 1 min at 95°C for denaturation, 45 sec at
53.7°C for primer annealing and 50 sec at 72°C for
primer extension, followed by a final primer extension
of 7 min at 72°C. PCR products were used for
sequencing reactions. Sequencing of the nrtDNA ITS
fragments was performed in an ABI Genetic Analyzer
3130 using ITS5m primer.

Phylogenetic analyses

Sequences of nrDNA were aligned using ClustalX
(Larkin & al. 2007) and indel positions were treated as
missing data. Phylogenetic analyses were performed on
the aligned ntDNA ITS dataset and morphological
dataset separately and in combination, using maximum
parsimony (MP) and Bayesian approaches.

Maximum parsimony

Initially, phylogenies were inferred from two datasets
using maximum parsimony method (MP) as
implemented in the version 4.0b10 of PAUP*
(Swofford 2002). Multiple tree searches were
conducted using heuristic search options that included
random addition sequences (100 replicates) holding
five trees per replicate, and tree bisection-reconnection
(TBR) branch swapping, with retention of multiple
parsimonious trees (Maxtrees = 10000). Bootstrap (BP)
support (Felsenstein 1985) was determined with 1000
replicates using heuristic search options and TBR
branch swapping. For morphological analysis, initially
all characters were used as unweighed. Multistate taxa
were defined as polymorphism. For improving the tree
indices and decreasing the effect of characters showing
high homoplasy on tree topologies, a successive
weighing process based on character’s best fits for
rescaled consistency index (Farris 1989) was carried
out. After three rounds of reweighing no change in tree
indices was observed. To assess combinability of two
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Table 1. List of analyzed Astragalus taxa and their voucher specimens. Sections are based on Maassoumi (2005) and
Podlech et al. (2010), separately.

Species Voucher no. Section (Maassoumi) (Sffgfiil(; réh etal) GenBank accession no.
A. argyroides 2@2@1&?&%’5‘ Freitag, b sitiflori Dissitiflori AB721936
A. aucheri %%tlt?%lgkl) Dissitiflori Dissitiflori AB721937
A. eburneus ﬁ‘;@%ﬂfgﬁ) Dissitiflori Dissitifori  AB721938
A husseinovii 2/;315(?2?})& Safavi, Dissitiflori Dissitiflori AB721939
A. juratzkanus 1;/;1.515 ?;Xléf; Pakravan Dissitiflori Dissitiflori AB721940
A. melanocalyx 15\]; gg(z}ic;le):izi, Dissitiflori Dissitiflori AB721941
A. barafiabensis Ijggl(’% ARD) Dissitiflori Dissitiflori AB721942
A. nigrolineatus iggg%&%ﬁfngooee’ Dissitiflori Dissitiflori AB721943
A. pravitzii i‘fg‘;‘(’%};i{n Dissitiflori Ornithopodium ~ AB721944
A. ruscifolius %%Z%fgia&f‘ Freitag, b sitiflori Dissitiflori AB721945
A. saadatabadensis ?Sr iy (TARY) Dissitiflori Dissitiflori AB721946
A. sitiens ng%??ﬁfﬁf oroughi, . citiflori Dissitiflori AB721947
A. sumbari }K{e(:)lé(;e(:!ll?zg)Foroughi, Dissitiflori Dissitiflori AB721948
A. xiphidium ;{6"1“15(3;2’[{1) Dissitiflori Dissitiflori AB721949
A. juladakensis g/[;as(sgl‘fﬁ‘l) Dissitiflori . AB721950
A. aestimabilis ]3); Sh ZSEE{IEZ’\RI) Corethrum Dissitiflori AB721951
A. dendroproselius ]3)5 ; 3S ?E{IEZ’XRI) Corethrum Dissitiflori AB721952
A. viridis %%gs(ffa,:}u) Corethrum Dissitiflori AB721953
A. zoshkensis 17\47%2539%%1{’1) Cytisodes Dissitiflori AB721954
A. gigantirostratus 17\/;2335;?;2;{18; al, Cytisodes Cytisodes AB721955
A. anacamptus Eg%‘;%ﬁ%ﬁ)al” Erioceras Erioceras AB721956
A. djenarensis {‘i%%r(‘ﬁ%)za“gooee’ Erioceras Erioceras AB721957
A. supervisus %gﬂj‘ﬁ’lgg)‘ﬂ” Incani Incani AB231116
A. stocksii Foroughi, Caraganella Caraganella ABO051966

10802(TARI)
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Table 2. Characters and character states used in the cladistic analysis.

#1 Habit: spiny lignified (0); non-spiny lignified (1); herbaceous (2).

#2 Plant height: < 10 cm (0); 10-50 cm (1); > 50 cm (2).

#3 Shoot branching: low (0); high (1).

#4 Stem state: stem absent (0); standing (1); prostrate (2).

#5 Stipule length: <2 mm (0); > 2 mm (1).
#6 Stipule color: greenish (0); membranous white (1).

#7 Stipule hair color: only white (0); white mixed with black (1).
#8 Leaf type: paripinnate (0); imparipinnate (1); single leaflet (2).

#9 Leaf length: <2 cm (0); 2-7 cm (1); > 7 cm (2).
#10 Leaflet pairs number: < 3 (0); 3-10 (1); > 10 (2).
#11 Leaflet L/W ratio: < 1.5 (0); > 1.5 (1).

#12 Leaflet shape: linear (0); oblong elliptic (1); elliptic (2); obovate (3).
#13 Leaflet hair type: dense on both sides (0); disperse on both sides (1); one side dense and other side disperse

2).
#14 Black hair on peduncle: absent (0); present (1).

#15 Inflorescence: sparse raceme (0); dense raceme (1).

#16 Bract length: < 0.5 mm (0); > 0.5 mm (1).

#17 Calyx type: campanulate (0); tubular (1); gibbose tubular (2).

#18 Calyx hair state: appressed hair (0); standing hair (1).

#19 Calyx hair symmetry: symmetrical (0); asymmetrical (1).

#20 Calyx length: <5 mm (0); 5-15 mm (1); > 15 mm (2).

#21 Calyx teeth length: < 0.5 mm (0); 0.5-3 mm (1); > 3 mm (2).
#22 Calyx teeth internal surface hair: absent (0); present (1).

#23 Corolla color: yellow (0); purple (1); blue (2).
#24 Standard L/W ratio: <2.5 (0); > 2.5 (1).

#25 Standard shape: elliptic (0); obovate (1); rhomboid (2).

#26 Standard tip: obtuse (0); acute (1); emarginated (2).

#27 Wing L/W ratio: < 3.5 (0); > 3.5 (1).

#28 Keel L/W ratio: <2 (0); >2 (1).

#29 Ovary stalk: absent (0); present (1).

#30 Style hair: absent (0); present (1).

#31 Pod shape: linear (0); oblong elliptic (1).

#32 Pod cross section: orbicular (0); triangular (1).
#33 Pod L/W ratio: <3 (0); 3-15 (1); > 15 (2).

#34 Pod hair type: hair absent (0); long and asymmetrical (1); short and symmetrical (2).

#35 Hair compression on pod: dispersed (0); dense (1).
#36 Black hair on pod: absent (0); present (1).

datasets, the incongruent length difference (ILD, Farris
& al. 1995) test was conducted using PAUP.

Bayesian analyses

ITS and combined ITS-morphology datasets were
analyzed using Bayesian inference as implemented in
MrBayes version 3.1.2 (Ronquist & Huelsenbeck
2003). Models of sequence evolution were selected
using the program MrModeltest2 (Nylander 2004)
based on the Akaike information -criterion (AIC)
(Posada & Buckley 2004). On the basis of this analysis,
nrDNA ITS dataset was analyzed using the SYM+I+G
lonely. In combined dataset ITS sequences were
included as a separate partition along with morphology
character states as a second partition. A standard

(morphology) discrete state model (Iset
coding=variable, (nst=1+G) was applied to the latter
partition. Both analyses were run for two million
generations, using Markov chain Monte Carlo search.
MrBayes performed two simultaneous analyses starting
from different random trees (Nruns=2) each with four
Markov chains and trees sampled at every 100
generations. Once reaching the stationary phase, trees
were collected and after burning in one fourth of them,
used to build a 50% majority rule consensus tree
accompanied with posterior probability (PP) values and
showed using Treeview (Page 1996).

RESULTS
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Morphological data analysis

Morphological analysis based on equally weighted
characters resulted in three most parsimonious trees
with length (L) 151 steps, Consistency Index (CI) =
0.364, and Retention Index (RI) = 0.532. All characters
used in analysis were parsimony informative. After
three rounds of reweighing no changes in tree indices
were observed (CI = 0.553 and RI = 0.802). The single
most parsimonious tree resulting from the successive
reweighting is almost the same as that of unweighting
analysis except that the resolution and bootstrap
support is higher (Fig. 1). Based on the reweighting
analysis of morphological data, Astragalus husseinovii
Rzazade positioned at the base of the tree followed by a
clade of six species from A. saadatabadensis Podl.
through 4. argyroides G. Beck., sister to a larger clade
of the remaining species.

nrDNA ITS sequence data

The length of the aligned ntDNA ITS dataset was 600
nucleotide sites, of which 26 sites were parsimony
informative characters. The Bayesian tree with
posterior probabilities (PP) and bootstrap values is
presented in Fig. 2. This tree was the same as the MP
tree. Based on these analyses, A. juladakensis Maass.
was placed at the base of tree as a sister group to a
large assemblage of three subclades. Relationships
among these three subclades not resolved but each is
supported moderately to high bootstrap or PP values.

The combined nrDNA ITS and
Morphological data
ILD test suggested that the nrDNA ITS and

morphological datasets were incongruent (p=0.01).
Following the suggestions of several authors (Seelanan
& al. 1997, Wiens 1998, Yoder & al. 2001) that the
ILD test may be unreliable, we decided to combine
these datasets directly. The topology of the resulting
tree (Fig. 3) was roughly the same as that of nrDNA
ITS tree than to morphology-based tree, with the
exceptions that the resolution, bootstrap and PP values
are higher. Again, A. juladakensis formed the most
basal branch sister to the remainder species.

DISCUSSION

Phylogenetic analysis of the present data revealed that
the members of sections Corethrum, Erioceras and
Cytisodes were well nested within section Dissitiflori
(Fig. 3). Since 4. virgatus Pallas as the lectotype of the
sect. Dissitiflori was not included in the present study;
it is difficult to evaluate the monophyly of the section
and to delimit it explicitly. However, bulk members of
the section Dissitiflori constitute a paraphyletic group
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and are distributed among three main subclades (Fig.
2). Hence, with keeping these in mind, section
Dissitiflori with the inclusion of those three sections
considered to be a monophyletic group (Fig. 3). On the
other hand, A. juladakensis, which was recently
established as a new species belonging to the section,
from the alpine area of Qazvin city, northern Iran
(Maassoumi 2007), was positioned at the base of the
nrDNA ITS and the combined ntDNA ITS-morphology
trees, as a sister to the remaining species (see Figs 2, 3).
However, on the morphology-based tree, A.
Jjuladakensis has a derived position within the tree as
weakly allied with A. zoshkensis F. Ghahrem. and in
turn, sister to a clade of six species (Fig. 1). This taxon
was morphologically considered to be similar to 4.
aestimabilis  Podl., 4. viridis Bge. and A.
dendroproselius Rech. f., but differs from them by
having linear leaflets and lacking black hair on the pod
(Maassoumi 2007). According to the present data and
Kazempour Osaloo & al. study (unpub. data), the
affinity of this species to the section appeared to be
questionable. Hence, to assess the exact position of this
enigmatic species, additional molecular markers and
more taxon sampling are absolutely needed. A recent
classical taxonomic work assumed that A. viridis and A.
dendroproselius (plus A. kharvanensis Ranjbar, not
analyzed here) are closely related to each other, so
called the viridis group, within the section Dissitiflori
(Ranjbar, 2004). This is consistent with our
morphology-based cladistic analysis that the first two
species plus A. aestimabilis are closely related (see Fig.
1). On the other hand, these three species were
separated from the section and moved to the section
Corethrum, based on having ovate-elliptic pods and
asymmetrical standing indumentum on calyx
(Maassoumi 2005). However, our ntDNA ITS and
combined dataset revealed that these taxa neither
closely related to each other nor nested in a single
clade, indicating these features were evolved
independently between the pair species A. viridis and A.
dendroproselius, and A.aestimabilis. Therefore, these
taxa are best to be treated as the members of
Dissitiflori. Indeed, Podlech (2010), in Flora Iranica,
treated them within the section.

The section Cytisodes is distinguished among
bifurcate hairy sections with having the stem of short
internodes, calyx with standing hairs and long beak on
the pod (Bunge 1868-69). Maassoumi (2005) moved
the newly established species A. zoshkensis by
Ghahremani-nejad (2003), from the section Dissitiflori
to the Cytisodes based on calyx hairs and pod features.
Ghahremani-nejad (2003) noted this species is closely
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Fig. 1. The single most parsimonious tree obtained from morphological cladistic analysis after successive
reweighting with RC (Length = 23.072 steps, CI= 0.553, RI= 0.802). Bootstrap values are given above branches

(Values below 50% were not shown).

related to A. sumbari M. Pop (= A. tolgorensis, see
Podlech 2010). This is well corroborated with our nr
DNA tree, on which the two species are sister taxa
nested in a clade with the other Dissitiflori species (Fig.
2). It is noteworthy that the other species of the
Cytisodes (A. gigantirostratus Maassoumi & al.)
studied here was placed beside the members of the
Dissitiflori (Fig. 3).

The two morphologically similar species A. pravitzii
Podl. and A. saadatabadensis are sister taxa based on
the present analyses (see Fig. 1-3). A. pravitzii was
established as a new species from the sect. Dissitiflori
by Podlech (2001). Later on, Podlech and Sytin (2010)
transferred it to the sect. Ornithopodium Bunge. Our
results revealed that 4. pravitzii belongs to the sect.
Dissitiflori. Although A. husseinovii placed as a sister
group to the other studied species based on morphology
analysis (Fig. 1), our ntDNA ITS and combined dataset
trees showed that this species is allied to 4. xiphidium

Bge. (a typical species of the sect. Dissitiflori), with
high BP & PP values (see Figs 2, 3). In addition, two
widespread species of the Dissitiflori (A. ruscifolius
Boiss. and 4. argyroides), revealed a high affinity
based on nrDNA ITS sequence and placed beside two
species sampled from the sect. Erioceras (Fig. 2).
These results showed that delimitation of sect.
Dissitiflori needs to be revised using other fast evolving
genic regions including non-coding cpDNA fragments

and single copy nuclear genes.
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Numbers above branches are posterior probabilities (PP) and the numbers below them indicate MP bootstrap (BP)
values.

REFERENCES

Bunge, A. 1868-69: Generis Astragali species
Gerontogeae. Pars prior, claves diagnosticae. -
Mém. Acad. Imp. Sci. St. Pétersb., ser. 7, 11 (16):
1-140. Pars altera, Specierum enumeratio., ser. 7, 15
(1): 1-245.

Cai, Z. H., Li, P., Dong, T. T. X. & Tsim, K. W. K.
1999: Molecular diversity of 5S-rRNA spacer
domain in Fritillaria species revealed by PCR
analysis. -Planta Medica 65: 360-364.

Doyle, J. J. & Doyle, J. L. 1987: A rapid DNA isolation
procedure for small quantities of fresh leaf tissue. -
Phytochem. Bull. 19: 11-15.

Farris, J. S. 1989: The Retention index and the rescaled
consistency index. -Cladistics 5: 417-419.

Farris J. S., Kallersjo M., Kluge A. G. & Bult C. 1995:
Testing significance of incongruence. -Cladistics
10: 315-319.

Felsenstein, J. 1985: Confidence limits on phylogenies:
an approach using the bootstrap. -Evolution 39:
783-791.

Ghahremani-nejad, F. 2003: Astragalus zoshkensis
(Fabaceae), a new species from Iran. -Ann. Bot.
Fennici 40: 117-121.

Ghahremani-nejad, F. 2004: The sections of Astragalus
L. with bifurcating hairs in Iran. -Turkish Journal of
Botany 28: 101-117.



IRAN. J. BOT. 18 (1), 2012 Sheikh Akbari Mehr & al. 8

A. gigantirostratis

a8

A. viridis
55

287
56

——A. dendroproselivs
ﬂ'j‘q' anacamplus
a5 . .
0.98 A, dienarensis
P & _— A. ruscifolius
o4 I:A. argyroides

A, zoshkensis

A, sumbari

A, nigrofineatus
076

A, juratzkanus

A, ebumeus

A, sitiens
092

089 A. saadatabadensis

a4

ars
72

A. pravitzii

cid A. baraftabensis
ﬂiﬂ . aestimabils
a7 .
o0 A, aucher

o A, xiphidivm

297
7 A. Husseinovii

o487
a2

100
a2

A. filacakensis 0.02

{ A. supervisus
A, stocksii

Fig. 3. Fifty percent majority rule consensus tree resulting from Bayesian analyses of the combined dataset (nrDNA
ITS and morphology). Posterior probabilities are above branches and MP bootstrap values are presented below
them.

and Clustal X version 2.0. -Bioinformatics 23:2947-
2948.

Lock, J. M. & Simpson, K. 1991: Legumes of West
Asia, a Check-List. -Royal Botanical Gardens,
Kew, London.

Maassoumi, A. A. 1998: New findings on the genus
Astragalus in Iran. -Iranian Journal of Botany 7:

Kazempour Osaloo, S., Maassoumi, A. A. &
Murakami, N. 2003: Molecular systematics of the
genus Astragalus L. (Fabaceae): Phylogenetic
analyses of nuclear ribosomal DNA internal
transcribed spacers and chloroplast gene ndhF
sequences. -P1. Syst. Evol. 242: 1-32.

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

Murakami, N. 2005: Molecular systematics of the
Old World Astragalus (Fabaceae) as inferred from
nrDNA ITS sequence data. -Brittonia 57: 367-381.
Larkin, M. A., Blackshields, G., Brown, N. P., Chenna,
R., McGettigan, P. A., McWilliam, H., Valentin, F.,
Wallace, 1. M., Wilm, A., Lopez, R., Thompson, J.
D., Gibson, T. J. & Higgins, D.G. 2007: Clustal W

221-226.

Maassoumi, A. A. 2005: The Genus Astragalus in Iran
(in Persian). -Research Institute of Forests and

Rangelands Publications, Tehran, Iran.

Maassoumi, A. A. 2007: Two new species of the genus
Astragalus L. (Fabaceae) from Iran. -Iranian Journal

of Botany 13 (2): 78-81.



9 Phylogeny of Astragalus sect. Dissitiflori

Maassoumi, A. A., Ghahreman, A., Ghahremani-nejad,
F. & Matin, F. 1999: Astragalus gigantirostratus
(Fabaceae), a remarkable new species from N Iran,
and supplementary notes on A. Section Cytisodes
Bunge. -Willdenowia 29: 221-225.

Maddison, W. P., Donoghue, M. J. & Maddison, D. R.
1984: Outgroup analysis and parsimony. -Syst.
Zool. 33: 83-103.

Nylander, J. A. A. 2004: MrModeltest, ver. 2. Program
distributed by the author. -Evol. Biol. Centre,
Uppsala Univ.

Page, R. D. M. 1996: Treeview: an application to
display phylogenetic trees on personal computers. -
Computer Appl. Biosci. 12: 357-358.

Podlech, D. 1990: Die Typifizierung der altweltlichen
Sektionender Gattung Astragalus L. (Leguminosae).
-Mitteil. Bot. Staatsamm. Miinchen 29: 461-494.

Podlech, D. 1999: New Astragali and Oxytropis from
North Africa and Asia, including some new
combinations and remarks on some species. -
Sentnera 6: 135-174.

Podlech, D. 2001: Contributions to the knowledge of
the genus Astragalus L. (Leguminosae). -Sendtnera
7:163-201.

Podlech, D. 2010: Papilionaceae VI: Astragalus section
Dissitiflori. In: Rechinger, K. H. Flora Iranica no.
178. -Akademische druck-u. verlagsanstalt, Gruz-
Austria.

Podlech, D. & Sytin, A. 2010: Papilionaceae VI:
Astragalus section Ornithopodium. In: Rechinger,
K. H. Flora Iranica no. 178. -Akademische druck-u.
verlagsanstalt, Gruz-Austria.

Posada, D. & Buckley, T. 2004: Model selection and
model averaging in phylognetics: advantages of

IRAN. J. BOT. 18 (1), 2012

Akaike information criterion and Bayesian
approaches over likelihood ratio tests. -Syst. Biol.
53:793-808.

Ranjbar, M. 2004: Astragalus sect. Dissitiflori
(Fabaceae) in Iran. -Nordic J. Bot. 24(5): 523-531.

Ronquist, F. & Huelsenbeck, J. P. 2003: MrBayes 3,
Bayesian phylogenetic inference under mixed
models. -Bioinformatics 19: 1572-1574.

Sang, T., Crawford, D. J. & Stuessy, T. F. 1995:
Documentation of reticulate evolution in peonies
(Paconia) using internal transcribed spacer
sequences of nuclear ribosomal DNA: implications
for biogeography and concerted evolution. -Proc.
Natl. Acad. Sci. USA 92:6813-6817.

Seelanan, T., Schnabel, A. & Wendel, J. F. 1997:
Congruence and consensus in the cotton tribe
(Malvaceae). -Syst. Bot. 22: 259-290.

Swofford, D. L. 2002: PAUP*: Phylogenetic analysis
using parsimony (and other methods), ver. 4.0b10. -
Sinauer associates, Inc.

Wiens, J. J. 1998: Combining data sets with different
phylogenetic histories. -Syst. Biol. 47: 568-581.
White, T. J., Bruns, T., Lee, S. & Taylor, J. 1990:
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis,
M., Gelfand, D., Sninsky, J., White, T. (eds.) PCR
protocols: A guide to methods and applications. -

Academic Press, San Diego, pp. 315-322.

Yakovlev, G. P., Sytin, A. K. & Roskov, Y. R. 1996:
Legumes of Northern Eurasia, a check-list. -Royal
Botanic Gardens, Kew.

Yoder, A. D., Irwin, J. A. & Payseur, B. A. 2001:
Failure of the ILD to determine data combinability
for slow loris phylogeny. -Syst. Biol. 50: 408-424.



