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Abstract. In this study, phylogenetic relationships and evolutionary trends of morphological characters of Astragalus
sects. Acanthophace and Aegacantha were studied using nrDNA ITS and rpl32-trnLYA® datasets while Astragalus
stocksii was selected as the outgroup. The phylogenetic results indicated the non-monophyly of A. sect. Acanthophace
in its current circumscription due to the distant exclusion of A. ovigerus from the core group, and incongruence between
nuclear and plastid datasets on the basis of different position of latter species in the resulted phylogenetic trees.
Astragal us sect. Aegacantha was also found to not being monophyletic due to the distant position of A. montis-parrowii
from the other representatives of the section while accompanying with other spiny Astragalus species. The
Optimization of 32 morphological characters on the Bayesian combined tree indicated that some characters were most
useful for delimitation of taxa in sections Acanthophace and Aegacantha. The results obtained from the evolution of
characters showed that standard blade constriction, legume shape and possessing unilocular pods were of diagnostic
importance for the separation of A. ovigerus from other species. Thetraced characters werein accordance with the phyl ogenetic
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position of A. montis-parrowii, which was separated from other members of sect. Aegacantha, as the number of flowers in
inflorescences, the presence of peduncle, hairy petal, pandurate standard and constriction of standard that is differentiatiated
to claw, the presence of claw in standard and the length difference between keel and wing were different from those in

other members of the sect. Aegacantha.

Keywords. Character evolution, homoplasy, leguminosae, phylogenetic relationship, synapomoprphy
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Table 1. Taxaincluded in the Bayesian inference and morphological character evolution analyses.

b 455 & dlso O3 Sl (v pwd 0 ko 9 dxflian 3590 (SAIg05 053 5L B DMl
(nrDNA ITS/rpl32-trnLYA%)
Astragalus stocksii Benth. ex Bunge | Caraganella | Iran: Foroughi 10802 (TARI) (AB051966/L C426004)
A. echatanus Bunge Campylanthus | Iran: Hamzehee 1513 (TARI) (LC529244/L C529286)
A. lagopodioides Vahl Hymenostegis | Iran: Assadi & Olfat 68825 (TARI) (AB052013/ L C529288)
A. verus Olivier Platonychium | Iran: Mozaffarian & Maassoumi 47797 (TARI)
(AB052023/AB908473)
A. compactus Lam. Rhacophorus | Iran: Podlech et al. 55226 (M SB) (L C529252/L C529296)
A. keratensis Bunge Anthylloidei | Iran: Maassoumi & Zarre 71945 (TARI) (AB908454/AB908595)
A. piptocephalus Boiss. & Hausskn. Polystegis Iran: Maassoumi & Mozaffarian 76763 (TARI)
(AB052018/AB908522)
A. cryptocarpos DC. Acanthophace | Turkey: Engel 108a (MSB) (LC529217/L C529257)
A. cystosus Zarre & Podlech Acanthophace | Iran: Runemark & Sardabi 23785 (TARI)
(LC529218/L C529258)
A. hezarensis Zarre & Podlech Acanthophace | Iran: Mirtgjeddini 1383-7-3 (TMUH) (LC529219/L C529259)
A. horridus Boiss. Acanthophace | Iran: Runemark & Lazari 26188 (TARI) (LC529220/L C529260)
A. lycioides Boiss. Acanthophace | Iran: Wendelbo & Foroughi 11456 (TARI)
(LC529224/L. C529265)
A. ovigerus Boiss. Acanthophace | Iran: Sardari 3107 (TARI) (LC529229/L C529269)
A. sclerocladus Bunge Acanthophace | Iran: Zarre 69116 (TARI) (LC529231/L C529271)
A. stenostegius Boiss. & Hausskn. Acanthophace | Iran: Assadi & Mehregan 89036 (TARI) (LC529230/L C529270)
A. ajfreidii Aitch. & Baker Aegacantha | Afghanistan: Freitag 3623 (MSB) (L C529239/L C529281)
A. altimurensis |.Deml Aegacantha | Afghanistan: Podlech 18531 (MSB) (L C529238/L C529280)
A. bornmuelleranus B.Fedtsch. Aegacantha | Tadzhikistan: N. G. Kaletkina 1976/12950 (W)
(LC529240/L.C529282)
A. leiosemius (Lipsky) Popov Aegacantha | Iran: Amidi & Pariab 4812 (TARI) (LC529241/L C529283)
A. montis-parrowii Maassoumi & Aegacantha | Iran: Nemati et al. 6108 (TARI) (LC529242/L C529284)
Nemati
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Fig. 1. The 50% majority-rule consensus trees inferred from Bayesian analysis using, A. nfDNA ITS. B. rpl32-trnLYAC,

C. combined datasets. Posterior probability (PP)

values are depicted on the branches.
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Fig. 2. Ancestral state reconstructions of morphological characters discussed in the text. A. leaflets shape (character: 6).
B. the number of flowers in inflorescence (character: 12). C. inflorescence peduncle (character: 13). D. the color of
petal (character: 21). E. the shape of standard blade (character: 25). F. standard constriction (character: 26). G. standard
shape at base (character: 27). H. legume shape (character: 31). I. the number of legume loculs (character: 32) The

patterns of homoplasy are shown using various colors.
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Fig. 2. Continued.

237/YYY


http://dx.doi.org/10.52547/nbr.7.2.228
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.12.6
https://nbr.khu.ac.ir/article-1-3306-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24236330.1399.7.2.12.6 ]

[ DOI: 10.52547/nbr.7.2.228 ]

Nova Biologica Reperta 7(2): 228-241 (2020)

OFA) YYA-YFY 2Y o)led oV ol o s pole 53 oo slaaidly

£l o x> dlxi
C! 6'03\?:3
.J'aJ.’.u-\L';J

A. stocksii
. compactus
4. verus
4. montis-parrowii
4. ecbatanus
A. lagopoides
. keratensis
A. piprocephalus
1. ovigerus

A. hezarensis

| A. stenostegius
4. cryplocarpos
A CVSTOsSUs

. sclerocladus
) A. Ivcioides
4. ajfreidii

. altimurensis
A. leiosemius

{
{
{
{
i
{
{
{
{
{
) A. horridus
{
i
{
{
{
{
i
{
{

) A. bornmuelleranus

Laalsl Y fob
Fig. 2. Continued.

0 o> Sloss 5 (Y)Y a)Lo.\i} Cho) f’L"’ Jiw (VY o)Lo..i‘: Co)
S y9m0 i AbdS gl ganod, ;o (VY o)lels o) ol jo
Maassoumi, 2005, 2016; Podlech ) wslazs 5 1,3 oolazu!
YL e o)l sl j0 badisy dga s j0 ool
(Zarre-Mobarakeh, 2000) s_as o oylis |, oled,e>
olass Lyas a s ol lis aslllas ol o laosls Judox g 4y 300
S e Slao Slis asllas 0,50 Slao 5l s39020
—ills e y0 U gdate a5 054 Acanthophace ais
‘)_?‘9 )L> (R axdllas Sy94 05; 3o Slas ]A.«.w.) ] L‘!:u]
oS Lemws )5 5L als ) Olas ol (2 e il
5 531955 5l oYU s oaas las as (/=N FIVD) Wls
) uS)j Sg>g «(\ O)Lo_:é Cao) g_g‘i‘iﬁ) ra)_‘) 1| L.':"Léd)?
o ke i) S sl J o3lasl (Y o leds o) S lgieS
L‘bdf (A oY o)Lo.\i} scws) Q‘ﬁ? d.;cf).: 50 J; S92 «(f
3o U5 olass (Ve ojleds Cio) dudas g ol bglxe S5
o locds Cao) (3l S a0 Job d(VY o)lecs cin) (315
30 SE oy mg 1P o)leds Cao) a5 10 S S 0gzg (VY
(VY o)lods i) udyo Job (VY o lod Cias) anlS oocld
B L;o)_...s Sg—=>9 «(YY o)Lo_.C:: Cao) ui}_é)o @5]9.15 ng

rpl32-s NiDNA TS slassls ciolj)ls Judos 5 4325 ,0
L ol yan oM o asdy ol slael 51 590 aluls o trnLYAC
3 e A el a8 515 s 15 slaysS Ko gl
A, montis-parrowii 48 il ,ls Cumdge oo g 4y
&5lmib 55 rnSEVrNGUCD sl IS g Lulul
(Khalili et al., 2020) <ol suss
bibesy ) olus Jolss

o B 3 sy Oyge Cabo sl slass a5 bl
S anl oo 2alS Slaio i 5 C slajasls wunl 5900
Gl solel sla asli ool 6 5 ojluil oS olie s B ,b
Slao,s S350 51 lazjo saumslid pwlibcsy, wlas
Sanderson & Dounogue, 1989; ) el —wliscsy,
(Sanderson & Hufford, 1996
5905 loiygr b Slho JolS5 g, (5 AT S o ol 5|
o0 jlns (B0 ) 428 iy S i Slao o5 olows
5 SYlie ;o aS asleacs Glsasl Slho adllas cpl ) el
5 Obl (s Co B L e Slao lpie 4 caliee glia
S S Slins ez olodypz el e Sblad rias
S0 sla J5 slass «(V+ o lod Cas) it g ol bogle
SCBb 4 odigd ploite (28,0 (VY o,leds Cio) (31 S 50

238/YYA


http://dx.doi.org/10.52547/nbr.7.2.228
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.12.6
https://nbr.khu.ac.ir/article-1-3306-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24236330.1399.7.2.12.6 ]

[ DOI: 10.52547/nbr.7.2.228 ]

Khalili et a. Phylogeny and morphological evolution of some Astragalus

o3 S a5 J> o el Acanthophace acsy S e
i 9y 50 S e Sl plgie a S (e Blg U
&S e (A, montis-parrowii 458 3> 4 ) Aegacantha
EY JS) as

Sty oSS T 0 jlas Cudo) (050 Sy 50 (SO0 3929
ity S e Cho Sl leeay So, i gl
O99m S 9 (AL OVIgErUS 4sss o 5> 4») Acanthophace
A montis- 48 ;> 4) Aegacantha st o S,
FY JSo) cul sas (5,138 1S (arrowii

(Pt o Sy 0aclB (T o)l o) (s 0 ocueld ISl
K SVICHIION PR SHINE CXJONICS R
S,k Sy oacls a5 > o 054 Acanthophace acs s,
Sl S e Cio il ey S owig—b
S slaysS S o .l a8 5 s o Aegacantha sy
P B hd)d S Ay Sio Sl (o 09 )0
adly JalSS )L cpomzr 2850 (Vb S Sl 5 e b S0k
GY ) conl

2 Pl Sgmdn = i JSU5 1Y 0 )loid o) ol JSC
10 2 40) S e e Sl lgie 4 Acanthophace acsy
Aegacantha a_zsy a4 slae slaaiss 10 5 (A OVIQErUS g5
A e s a) Site cdo ol (f eSS0
9 WA (5,055 (A, montis-parrowii 445 4 leiosemius
b iy S50 I3, sLasS 0 aS cul Jis s oyl
ol )L cppiir (et sy plis JSC5) b iy
HY Sy ol aidly

Sloyze 90 ol o Il d(FY o0lods o) plis 6y Slass
A 5 A ovigerus slaasss > o Acanthophace «_:sw o
(A. gjfreidii 45 ;> 4) Aegacantha a:sw o 4 hezarenss
S )2 9550 0B (55 slaaisS andy jo Cal il JolSS
(Y JS8) col oy (6 35 S0 (glo o S5l o

ol —wliicsy, cho pasz (b)) pols addlas o

= UL.\MJ ‘) LS"LQ")P L;B]b u‘j..uo ‘mlu; )‘).9 oolaw! Sy90
JolSS amd ISl aiile Cio iz i opl 0 aiee
Sy o S8 K, ;wﬂﬁ 4o 5 olaws ‘w\S]Jf pS
plos JSi g oaeld jo yudyo Ui idy0 jo (S pid (8o
Acanthophace slaa_isu ,o Laas!)l sgo> s sl
i b olio opl g5kl .asl e aeis; | Aegacantha

OF oS (Fp (lid S5y, Sl LSS 5 Gl oiSen 5 LI

Sino) icdy 9 JU ik amlie (YF oled Cao) (235
(¥ oyleds o) Jb s ob Job anslie 5 (VR 6,les
e (oo plis ) 5568 (ool o8 Slae eSS sy,
el 485 18 Com )90
S50 50 9o SzgS DS 93 :(F 0)loid o) Ay S
ol J=alSs 6,156 L Lids Acanthophace azsy ooul; s
A sloases Jali Jol OIS aS Lixe oyl dy ol 85l o
A s 5 A hezarensis 4 A. horridus stenostegius
Sk JSB (G i S e b Sl CTYPLOCArPOS
= DL V5l it (B5e 4 Jsb S (S1)10) WoanS y oigd
sloases sads Jo 2auly L Laly, b pgs oIS a5 Il o ansly
> 5l Sl A lycioides 4 A. cystosus (A. sclerocladus
S L) loanS y 0digds Sk é S8 i (2l S e
Sy el 4y o o sl (V51 S o 0 s
A S o i 5050 7ol Aegacantha acsy o oais i
AY JSo) el asly LS5 bornmuellerianus
J5 slaws b 315 10 olesis o) (3T US 50 S olass
slacl ;251 o ol che b Glgie 4 5 4w 5l ey
A. 5 A hezarensis slaassS ;> 4) Acanthophace ais,
P S e b sadl S5 shs céo > L ovigerus
O IS5 b Sl 5 olows b 3T JS g 800 099 (315
5> ) Aegacantha assy ;o S pie Cho cdl SO g
B Y Ju) cusl (A montis-parrowii 45
a0 w31 0 0929 :(IY 0 lomid o) (33T S 00 JolSS
Aidu 9y P S Fde b0 b S g
Ols=e 4y (318 p5 ey e (315 5 Acanthophace
A 455 5> ) Aegacantha acsy sl p S jiie Cde >

LCY i) ol ooy (5,135 IS (MONtiS-parrowii

G J=d Slallas jo Cas (] (VY o)lods o) S pulS K
S,y Sl Cto ol (6 108 il @18 5 18 Az g3 050
o —atid (S hy S Oy a0, S8
S, b lsi Aegacantha § Acanthophace  slea_is
S Srite tdo S glyean s a5
b (5 503 U 5o S 0I5 S, 5 Aegacantha ais,
a5 3> a) Acanthophace acsu sladiss o S jin Cho
DY JSo) ol oo slgiin (0sbw S ,05 LA hezarensis
S by e Slao (YD o jlomis o) giud 50 S, S
Sl azdF 58 canln)p 0 i b8 clalllas o 280
,» (Maassoumi, 2005, 2016; Podlech & Zarre, 2016)
oo Sl S s9man U (e Jly JSb aalllas o

239/vy4


http://dx.doi.org/10.52547/nbr.7.2.228
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.12.6
https://nbr.khu.ac.ir/article-1-3306-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24236330.1399.7.2.12.6 ]

[ DOI: 10.52547/nbr.7.2.228 ]

Nova Biologica Reperta 7(2): 228-241 (2020)

REFERENCES

Amini, E., Kazempour-Osaloo, Sh., Maassoumi, A.A.
& Zare-Maivan, H. 2019. Phylogeny, biogeography
and divergence times of Astragalus section Incani
DC. (Fabaceae) inferred from nrDNA ITS and plastid
rpl32-trnL (VA9 sequences. Nordic Journal of Botany,
37.

Farri, J.S., Kallersjo, M., Kluge, A.G. & Bult, C. 1994.
Testing significance of incongruence. Cladistics 10:
315-319.

Ghahremaninejad, F. & Joharchi, M.R. 2020. 840" species
of genus Astragalus (Fabacese) for the flora of Iran from
Khorassan Province as a new record: A. globiceps Bunge.
J. Plant Res. 32: 906-910.

Khalili, Z., Ghalenoyi, S., Maassoumi, A.A. & Kazempour
-Osaloo, Sh. 2020. Phylogenetic relationships, biogeo-
graphy and taxonomic delimitation of Adragalus sect.
Acanthophace (Fabaceae) using cpDNA and nrDNA ITS
sequences andyses. Plant Biosyst. Published online,
[DOI: 10.1080/11263504.2020.1739162]

Lock, J.M. & Simpson, K. 1991. Legumes of west Asia, a
checklist. Royal Botanical Gardens Press. Kew. 263 pp.

Maassoumi, A.A. 1995. The genus Astragalus in Iran,
perennials, Vol. 3. Research Ingtitute of Forests and
Rangeland, Tehran, 502 pp.

Maassoumi, A.A. 1998. Astragalus in the Old World, a
checklist. Research Ingtitute of Forests and
Rangeland, Tehran, 617 pp.

Maassoumi, A.A. 2005. The genus Astragalus in Iran,
Vol. 5. Research Institute of Forests and Rangeland,
Tehran, 551 pp.

Maassoumi, A.A. 2016. Flora of Iran, Fabaceae
(Astragalus 1), Vol. 85. Research Ingtitute of Forests
and Rangeland, Tehran, 506 pp.

Maddison, W.P. & Maddison, D.R. 2015. Mesquite: a
modular system for evolutionary anadysis. Version
3.04. Avaiable from: http://www.mesquiteproject.org.
[Accessed: 30 November 2019]

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

Miller, M.A., Pfeiffer, W. & Schwartz, T. 2010. Creating
the CIPRES stience gateway for inference of large
phylogenetic trees. In Proceedings of the Gateway
Computing Environments Workshop (GCE). New
Orleans, LA. 8 pp.

Podlech, D., Zarre Sh. & Maassoumi, A.A. 2001.
Papilionaceae 1V: Astragalus Il. In Rechinger, K.H.
(ed.), Flora Iranica, no. 175. Akademische Druck-
u.Verlagsanstalt, Graz, Austria, 197 pp.

Podlech, D. 1999. Papilionaceae IlI: Astragalus. In
Rechinger, K.H. (ed.), Flora Iranica, no. 174.
Akademische Druck-u.Verlagsanstalt, Graz, Austria,
350 pp.

Podlech, D. & Zarre, Sh. (with collaboration of Ekici,
M., Maassoumi, A.A. & Sytin, A). 2013. A
taxonomic revision of the genus Astragalus L.
(Leguminosae) in the Old World, vols. 1-3. Naturhist.
Mus. Vienna, Austria, 2439 pp.

Posada, D. 2008. JModelTest: phylogenetic model
averaging. Mol. Biol. Evol. 25; 1253-1256.

OTAR) YYATFY Y o )leds oY il o i) psle 1o css sloasily

sl Jdow g an o0 cowl sBan oilj Lo slrosls 5 Lol
A, OVIgErUS 455 (55luloz a4 mite Slas JulSS  iuly)ls
s 550 B, b 5l sui Acanthophace a_:s |
Chio cdly) (S8 et Sigy Slio SVl (6,105 45
(M O)L‘)_:A S ) f’l—"" b_c,op;u JSV» 9 (A1 o)Lo..'l';
L ST OY oleds o SUl) 0y ST pls (8l Cpiores
o=l sasss sl 5l A ovigerus silulas sl cansis
5 Y 51 Same g 318 (g il oo S ass
Sl 55 5 (VY 6)lecd Chio ) 5 G bdes b il
— (2016) Maassoumi 4_S" slosgs Slaw oy S5 als
SS olse & Al hezarensis 3 A oVigerus slaaiss olo>
Sl anils 0S5 Lamprocarpa Jiiwe aise
A mONtis-asgs Comdae L aS sas 5,056 Slao
G—bie Aegacantha a_isy aolj,ls oo ,o parrowii
Al WS e a1y asy (pl 5l a5 0 digS sl g cul
SISm0 JulS (VY o,les o) (3T S (sla IS olaws o5l
&(Y’ e)Lo_».u Coo L_/—!l}) )‘0&5; S)Jf 5(\‘M O)Lo.m) W)
A 80 5led (VY o,leds o &dl>) S Solang (2850
Oy 5 (S0,mid 0425 (VF o)l Cio cdl> ) SUSU
oyl o) b Sl JSE (YF ol cde )
(V' o)l.o..:.v Cao) Jl) 9 5[.1 Jjjo MLMj (\’A

Sl Sl

oo plol ujyoe Cany olRisls Jbo colos b aslllas o]
oY ollsel as W g MSB [TARI slaps ,Lya 5l .l
JLeS waslosges pal 3 1) 2L sladigel ags g aslllas cyo
o |y s

240/Y¥ -


http://dx.doi.org/10.52547/nbr.7.2.228
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.12.6
https://nbr.khu.ac.ir/article-1-3306-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24236330.1399.7.2.12.6 ]

[ DOI: 10.52547/nbr.7.2.228 ]

Khalili et a. Phylogeny and morphological evolution of some Astragalus

Ronquist, F., Teslenko, M., Mark, P., Ayres, D.,
Darling, D., Hohna, S., Larget, B., Liu, L.
Suchard, M.A. & Huelsenbeck, J. 2012. MrBayes
3.2: efficient bayesian phylogenetic inference and
model choice across a large model space. Syst Biol.
61: 539-542.

Sanderson, M.J. & Hufford, L. 1996. Homoplasy and
the evolutionary process: An afterword. In Sanderson,
M.J. & Hufford, L. (eds.), Homoplasy: the recurrence
of similarity in evolution. Academic Press, San
Diego, Cdlif. London, pp: 271-301.

OF oS (Fp (lid S5y, Sl LSS 5 Gl oiSen 5 LI

Sanderson, M.J. & Dounogue. M.J. 1989. Patterns of
variation in levels of homoplasy. Evolution 43: 1781-
95.

Swofford, D.L. 2002. PAUP*: Phylogenetic Analysis
Using Parsimony (*and Other Methods), Version
4.0b10. Sunderland, Sinauer Associates. [Accessed 11
August 2019].

Zarre, Sh. & Podlech, D. 2001. Taxonomic revision of
Astragalus sect. Acanthophace (Fabaceae). Sendtnera
7. 233-255.

Zarre-Mobarakeh, Sh. 2000. Systematic revison of
Adragalus sect. Adiaspastus, sect. Macrophyllium and
sect. Pterophorus (Fabaceae). Englera 18: 219.

*kkkxk

How to cite this article:

Khalili, Z., Kazempour-Osaloo, Sh. & Maassoumi, A.A. 2020. Phylogeny and morphological traits evolution of
Astragalus sects. Acanthophace and Aegacantha in Iran on the basis of nrDNA ITS and rpl32-trnLYA® sequences. Nova

Biologica Reperta 7: 228-241. (In Persian)

(Ol 0,.3) 495 03y 5l LT 4 4.....155.‘;4‘[5-‘ sbaisy cwliicsy, olie JolSS 5 oL VA9 g (ogare g . gllogl jo9 Wb @) (S
FYAYEV Y o) pole jo g sloasdl 1l jo (cdg IS g slaa sl Jlgi ulul 5

2417


http://dx.doi.org/10.52547/nbr.7.2.228
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.12.6
https://nbr.khu.ac.ir/article-1-3306-fa.html
http://www.tcpdf.org

