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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.
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JlS 05y, ()2 9 SN Eg8 slaaisy ladsuyg,s kg,
Sge (bt )5 szl 5o Ll yo wlidesy, olio

o g, g Slge
S10 praiged

z— Acanthophace aisy jl 4 cuiin ol> adlhs o
oS plw lasss s g Aegacantha acsy 5l ases
ol 45,5 )5 aalllae 3,50 il slaaisy 4 sl o5
el » Caraganella «:s 51 A. stocksii Bunge 45
09,5 0o Olo—ie 4 (AMini et a., 2019) L5 adJlas
O Jguz) ol o oolazwl
al3 )l sWosls Jolos

rpl32-trnLYA% s nrDNA  1TS sl Jlgs oLl
5 Slawn slaosls ily L5 Llg, «(Khdlili et al., 2020)
Rl 5 Gage Blactul (hgy 4 0ols 99 oS 5 5 (g 1S
5l ookl L (RONquist et al., 2012) MrBayes 3.2.6
https.//www.phylo.org, Miller) CIPRES _ ol oL
O Sy 9 28,5 )18 Ll g 43 0500 (€L AL, 2010
dw yo 5l Jols L sl ol esls S 5l ol
Ll oo ool Lz C g B A Y Gla S o 00ls dcgezae
jModelTest 4ol 5l solii ol b TVM+G  _LLSS Jos
(AIC) Akaike sLedb! \Las oLl 5 (Posada, 2008)
el oo Sl oS 5 slaosls (sl

ookl L« amwdlyg, IS ¢ sl glaosls s pdycnS 5
(Faris et a., 1994) (ILD) ,I55Lub Jobo s o))
3,9 (Swofford, 2002) PAUP* ;31 o, 5 )8 oo aas
% 0l gy Slrasged ay bgyye DMLl 285 )15 L)
odls sl V Jgaz 10 oS 5 slaosls 1 Jols g 550
Ll 00
iy ooty b

ooy alllas l ey Dlio JolSS g @55 yie S0 sl
L obidodn) Cio TV 5l (o ile ((ulitiodn; cio
ooliiul 590 (L2al3)l5 (Jege addllas o a5 plaall las
T Jsao) 0 ol i 5 )13

doddo

(Fabaceae) LML o,5 4 3l Astragalus L. oo
sLoos s oo 5egiie g (03 S ) 5l (o AS Ve 5l i b
Lock & Simpson, 1991; Maassoumi, ) ,lu 5 -Lals
oS,y ieS AT L 4 (1998; Podlech & Zarre, 2013
Ghahremaningjad & Joharchi ) el ol =l ;0 03,
39 ol (Gadid 4565 Y v 5l i bl 13 slaysS (2020
I, Astragalus oo, Lol slacs,3 5l S disy paiz
Maassoumi, Podlech & Zarre, 2013) w_as o JSis
Podlech & Zarre, ) govail oy, 51 bl o (1998;
o S 4365 4 5| Acanthophace Bunge a:s (2013
Slaise ool aiiws ool segs Lesl asgS coan a S cul
shls as el oas JSas U6 Sl ol sl aseisyo
Slacs S L bglse iug, sl ise ;8 duiw baes slas S
Sl Lo ol sla aigs coul 3318 55 ol 5 (5 5S>
Ul a bbb bipe Sy J5 plr 15 ) - b Sl slass
Maassoumi, 1998; ) ceul slo,o>g5 bass pls 5 ris
(Zarre & Podlech, 2001; Podlech & Zarre, 2013

Ol Gaie slaasss )0 S pde o) Che (pais
ples wsile plog; Blo slocs S 929 aiile 5 )ls 3525 4ty
Sl g S (et pobas a5 L2350 5 Blo S
(Zarre-Mobarakeh, 2000) ¢l abls 5ls

A. hezarensis Zarre & 4 A. ovigerus Boiss. slaass
slael  glgeas oldllas 51 g,lew 4o Podlech
Zarre & ) oo 4 S,k o Acanthophace a:s

Podlech, 2001; Podlech et a., 2001; Podlech &
4 |, Ll Maassoumi (2016) «5 Jl>,s «(Zarre, 2013

Lamprocarpa aisy ;0 o> S pls xals Jdo
Ll 03,5 1 leze Maassoumi

Gl sals JuSis 4355 0F 51 Aegacantha Bunge aczy
cmwoacls slas 5L syl JSs Sall sladig Jolis a5
o L5 S Ly adigs 31U i 5 ol bgline b i
el slo g e als 5 550,55 1,381 S als o J5 Sl
3,18 a5sS g0 oyl pl yo aise ol (Podlech & Zarre, 2013)
5 LSS S, addllas ol Slaal (Maassoumi, 2016)

229/Yv4


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://system.khu.ac.ir/nbr/article-1-3306-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ 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)

sloosls S 5 jgdate an ILD (g3l aoeis cl 039
4 (P=-0.11) o Ly rpl32-trnL¥A® s nrDNA ITS
Ol ceils coillas Laosls S 5 oy 6,500 (sl
a3 IPI32-trnL YA g NIDNA ITS (slaosls oS 5 el
VPYQ aieS Vo L (oS 5 (slosls dcgomme Judod 5 450 0l
VYV 5 SLodlbl s 55ilS's oL Kol AS (5l 0355 5 ol
ST Jobo b o550 G jolisS a0 e poiite g stlS 'y oSl
S0 8 AV (g pdieg S el 5 VYD 5,55l Lasle
Clom Ly IS 90 (C ) US8) G b9 b oSl (oS 5
o558 00 5,5 o DS Jol s a S ol oL 1, (PP YL
el pgo LS 3 (PP=0.99) s le> L Aegacantha a_cs
O3S sleasl)] Koo ol e 4 Acanthophace assy slaaiss
A cryptocarpos aiss sge LS o .ewl (PP=1.00) ,ls 1>
A sleass Juls PP=0.92) cola> b oo ;5 LS .0 DC.
A. cystosus 4 A. sclerocladus Bunge dycioides Boiss.

oaid > ialy )l Loy, e 90,05 3 Zarre & Podlech
A horridus A. stenostegius Boiss. & Hausskn sleasss
a5y jlAovigerusa S A. hezarenssBoiss
LS 5 Slooels Coadge yo ol a5l S L Acanthophace
055 sleassy ple Busle Jols (PP=0.96) colom b som
Syl g sl

Aegacantha «_:su 4 sl A, monNtis-parrowii 45
703 sleaigs LS o adsy (nl Glaaiss plo i a0 alols o
O JS8) conl 428 5118 ag0 OIS yo lo, 1>
ewbedesy ; gosls

5 ol slaools 5l sslaul Ly cs o 5 sl (slmosls
VOV Job am (=)0 5l ais e puliticsy ) Dlas e Sle
TV G pdmeg S pasld o IV 5w st plS
Y 5 (€i=1.00) YO lio 4 by e 5,550 jasls 5V
5C=05L YA 5 OY A o, Slao s 4 (CI=0.66)
FY 5T) YO O 0 oles Slas g e s> e
ol 5o as asols s Glie ple 4 s S 5,5
0SS oS5 Cdio an bgpe e (o peS 09 €1=0.33
Slio g b o e s OF 5 Y 0, Slas) Hle
Gl sl L¥e g YAY AV A8 OF £ o)l
SV A A0V B oo las Jold Cuito cin 09y <5
o g oleiyy> YL gl Gho 30y S aSlo LYY
Ohbyd Sigy S5 5 OF o)lads Cio) (31 S 2 0525
Mo g Ih cody & G ndyog,S Lasls b (Y0 o)led ciw)
sl s andllas 8590 sladis o 1) bl (sled 9> prlan

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

5 i it agy o (slodigos soalive s o Ylis anlllas b
adlan 550 glaasss sslosall a5 s 4 clis SVl
WA=l (6 NSNS g (e B |y (s (5] S e
Maassoumi, 1995; Podlech, 1999; Zarre-Mobarakeh, )
(2000; Maassoumi, 2005, 2016; Podlech & Zarre, 2013
e ol Dygmo dny (goae (NS 55l b wlas sl
AE G Ko s 4 clls Sl s ) ol (6,l050S
G5zt «Dlao iz lacdl> 4y 0uls ool sl )l (Can!
o 8 gl 0 iyt b ol 5 il [0S0 4 g
b olao caedad s aseie 25,5 B s 6,138 S 5
Maddison et al., ) o ot iw 05,59, Lo, 4o 4o
ol i 09,5 g 4o (sio > ST s, ol o (1984
5 S0 sae Jlite b (6l 5 yho sas o] (6l gl
GNFS slicsn, slaesls e 5le Ll cad a5
o9y b i blaul ol &30 59, = RS s
el o Jas) MKL Jae el 5 5 Likelihood
Maddison & ) Mesquite v. 3.04 1,51 s,5 15 (555,
oS5 e sy, o8 Olho ab 5,135 S (Maddison, 2015
Stz olasd o5 laieT 15 5T ez g 0l cacld o o asll
Wlyz Sloas p ,0 S5 (SuiSly @S p K8 ds a5y
S92y S oly JS8 an y SBgh o ;3 S 052
23 05 o515 i g ol by Lne sLacs 5 Ly s JS
(S 2o JalSS (31U )0 09340 slaJ5 slaws (o315
(ST o5 53 S5 (SasSly d(eile) (31 po Job
JSb (S JSb alS oaeld ) (JomST) S5 352
S IE Sy S FE 0 IS aemg canlS sle ailass
STEL iy e (0 5 s JSE iy Jsb
Sl )0 Sy )0 (5038 v92g 8y Soge S5
L aslio o JUo Job (28,0 SGSb S8 woacls 0 (230
Sl g plos IS e b Jsb b anslie ;o o6 Job (23,0 Jsb
lico Cul 48,5 )15 cwy 9550 SiRg Ol )0 pls 0y
Flacsy, sbesls L pile 4y byyye slaaS 5 Slas >

w‘oMWYeY 6[.% J9.x>)o

il gesls
NIDNA - gla s o 0 5,5 5Lub (6 pa onnline o) e
rpl32-trnLYA% g l5 e s o Ls (A ) JS—) ITS
A, OVIgErUS 4565 gliie Cadgo o aaS (B Y JSi)

230/YY -


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://system.khu.ac.ir/nbr/article-1-3306-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ 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

B0 50 SoeS GleodlS Cosdas L (VF o led Cs) (280
3, cillae Acanthophace acsy ;s
5 Ay e & s Samd oSS S 588 Slio SV
3@ o)l o cle) Joa il b axjite ol b oloasS
A lycioides sleasss el Acanthophace assy S¢S oIS
PSS K, a b esalie A Cystosus s A sclerocladus
s 5 dgins Ly o ACANNOPNACE 4ok ay 3l slowisS
[mame a5 A SClErodadus aiss o sezge oS S 52 & ol
YV Lacigs p3l 5 00 ojleds o ) auisly o dnban
A A 0VgEaUS slea S ol 8 (VY oyl b i)

a_idy slad 3% plai 0 09 o canl i hezarensis
S5 b S g e 4 alS slaaslass S Acanthophace
VY o 280 Jabo 5 (08 oyl o cll>) ke aly L
A slaasss bl any oo (VY o)locs Cio Sl o Lie
als glaaslass JSi )] o 45 A stenostegius 4 horridus
At e e VONF b ST 2808 Jobo b Lo b glacs,

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

T SIS s caddllan 950 owlididn ;) b YY)
iy gloasisS i ls by, Ly sllae Lids ca o
o=l el Lyl S 5 J3Sge o0 ,0 Acanthophace
Soigy JS5 o o)lad o) laasS y S5 5 e lis
Cdo) by0 50 (59 ,id 0529 (VO o)led o) (280
IS g (VY o)lecs Can) oaels jo 28,0 Ko o(YF ol
i Olis JolSs Jdos g 4558 bt (1) o)led o) als
T i )s Sy JSE 3T e vy Slas ld
ez ole pls K8 g 0ael o (23,0 JK&b (230 5
=S 5 sl5,ls os s 4o Aegacantha 3 Acanthophace
w5 (5,55 a3 li) G polbe 0SS ool
Cio o gl Ol s sl g Cas cls (Sl (g pdseg,S
Ll 00l ools HLzd ¥ Jaaz 4o
Acanthophace ais

S lyigS S S ot lisesn ) Slis (5 ,JiS IS
Sagy JS& 5 (F o)l o) banS yy IS0 oY et ciis)

L;"L":‘:"”‘:J Sl Jﬂ&: J.:J.’J_j %;’r_"’}dﬂ) ‘bL»:.-N‘ ui))).) axdlas S L_;LAMJJT—‘ JSV\?
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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Table 3. Morphological character binary matrix used in the ancestral reconstruction. N: unknown character ate.
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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.
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