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Abstract. In this study, the phylogeny and morphological variation of 6 species of the genus Cousinia sect.
Stenocephalae, i.e., C. hypopolia, C. decipiens, C. esfandiarii, C. renominata, C. stahliana and C. daryoushiana,
distributed in NE regions of Iran, were investigated. ITS, ETS and rp/32-trnL. (VA9 sequences for 12 species (17
specimens) were generated. Phylogenetic interspecies relationships were constructed by Bayesian method and
likelihood analysis. The specimens were also investigated in terms of morphological characters. Despite very similar
morphological characters and geographical distributions, the separation of these species was confirmed by the obtained
results of the molecular data (combined data of plastid and nuclear sequences). On the basis of the present study, the
above-mentioned species were almost separated from each other by morphological characters and molecular data. A
diagnostic key and the description of these species were also presented. These results did not conform with the previous
palynological and anatomical studies of the species.

Keywords. Bayesian analysis, chloroplast sequences, geographical distribution, morphological characters, nuclear sequences

Received 06.10.2019/ Revised 22.11.2019/ Accepted 29.11.2019/ Published 10.06.2021 VE YT Ll NYAN -V A o3y NYAN A7) DLl YN VNV F il o

56/0%


http://dx.doi.org/10.52547/nbr.8.1.56
https://dorl.net/dor/20.1001.1.24236330.1400.8.1.9.8
https://system.khu.ac.ir/nbr/article-1-3312-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.1.9.8 ]

[ DOI: 10.52547/nbr.8.1.56 ]

Kalouti ef al. Molecular phylogeny of species of section Stenocephalae

3o Leaiss zaSTy, als (1933; Rechinger, 1972, 1979
o 0 055 Ay 55 0 5 By slatian o
Zare) ool Jlok Lol 3 sloosS 5 (515 055 4l (555 50
E95 35 po g ol wls oyl a5 sy o Llaias (et al., 2013
(Ghaffari & Djavadi, 1998) el aisu oyl
ooz b il oS 5l s le aisy ol oanS plate law
gl (S s8 barS wly glaaldl azly 5 adles  onniS
S ol S sleassly doae Ve iSTas) o8 b 5 slaws oS5 ,b
L aal il s pnf el 4 a1, ol 5 (Y20 -1 0@ -
99 D )A5hn 935 ¢S y9m0 i J5 plr S5, LS S
(Saber, 2005; Djavadi & Attar, 2006) G,
Ghaffari et al., 1985; ) egj504,5 Slalllae oy:SLs

Ghaffari & Djavadi 1998; Ghaffari et al., 2006;
Djavadi, 2007; Djavadi & Attar 2010; Djavadi,
Saber, ) —wbicosy, (2012; Bordbar et al., 2017

o5 g (Saber et al.,, 2009) _—wlis o5, 5 (2005
el 085 O jg0 aiSu ol sbaSsS (55, » (Saber, 2005)
|, e ol slaassS JelS )sbas aitusly Slalllae ol Ll
st agiens,S Sl 3 ol mls 4 uls S_Si
asly i acisy (ol slaasss sl 1) XAV (cagi9e9,S
K0S 51 1o 5| 5 alys a5 i 00,5 anllae
ol s 5l ool b loaisS ales iz Lol wles K8
Sl addllas )0 ool Cawdds (ou a5 Slas g8 pdy IS
d yo |y aidy ol laaiss @lle Sl Glosy (o 485
el aY 90 L (o2 SalS oS 1 Jgl 09,5008 )18 09,8
hls (oyz —(ile LaS pipgd 09,5 o junl lans 93 50 )0
ipg— 095 p il (GG gl 50 (Sbp el Y S
Oeizap il (JBsd mhaw 0 (Gboy petdb b (e oS,
SR () 255 s 095 30 411, i ool it 5o
(30 VO U Slas) o5 J5 slass g (ol ailgiwl sloas ollo
loaiST, o Lo IS oliss 5 e 056 sloaS (slls (sladisS (¥
loo S Slao ulul p o 09,5 sl 09,5 slaaiss 5l o
=2, Slao ulwl 1 ol caiSapl gogu> U
5 J9SJge Slslllas 55,0l 4 b .(Saber et al., 2009) wil
O ygme aidn ml sleassS edgasme el sl (sl
03y (rl b b3l yo (JsSge Dlalllas o ovan Cunl 428,55
Arctium- o SLoS 03, 5 50330 Glojr0 uati jolaieas
s IrDNA ITS) slava sla SSLis 5l eolazwl b Cousinia
& 90 pSA-trnT-trnL 4D, rpl32-trn LAY s IS
ity sladisS 5| Sl olaws Lol Slilllae ol sl a2 5

Stenocephalae aizy gloaiss JoSse o155 o) Sar 5 S5

oo
a>b o oo, 3l S (Cousinia Cass.) =)l
Rechinger, 1986; Djamali et al., ) el Jl,55-551,!
o, o Fodazma 5 525 )5 5l (S 0o (0] (2012
03 ;s (yogd g 034 Asteraceae Martinov ;Lo_wlS o5
Sl ol yo dsteragalus L.os, v 5l o « 5,5
Rechinger, 1972,1979; Tscherneva et al.; 2005; )
= e iils U Cousinia (Djavadi & Attar, 2006
Cass. aaylb an gleo aigS £ov 5l i g disn Vo 00w
¢ Carduinae(Cass.) Dumort &L ,,; Cardueae
Rechinger ) c_ulArctium-Cousinia S5
1972,1979; Tscherneva, 1962; Susanna & Garcia-
.(Jacas, 2007; Lopez-Viyallonga et al., 2009, 2011
Oiers) 4be 5 sl 50 005w al 1S Fee ) ey
Rechinger, 1986;) coul ais3 Y¥+ Lo a5 glyls o))l 5 05,00
Knapp, 1987; Djavadi & Attar, 2010; Zare et al.,
(SsS (Slagran s 03, (il €535 35 0 G ietes (2013
Knapp, ) cul 4565 VY g0 b ailoo slw! (VT - yals 089000
Al oo liwiaS 5wy g ol (Bps el bl (1987
L) g a3 5 5 i 53 035 ol (6l €95 35 0 Cegs (lgies
Zare etal., ) azwn glasslaseS Ve a S aieS Ve e Lo ,a
Ol 0 00 s cpl (2STh g9y S Sl adllas 3 5 (2013
5T L YL sl a8 ol 5o bl caul a8 F & e
Jle—is s 5l awle gblio ol ol olulid Widg 00 oyl (sl
Jlo— (b I il 555 50 5l s (loogS” ¢lioms sl

(Zare etal., 2013) gls a5 slaosS 5 oyl o6
ool 48§ A )0 ads 0% 00, pl (6l WGSlRT )58 5o
a_idu Y Lyl L 5l as” (Rechinger, 1972, 1979) el
a_izy . (Attar, 2011a) ol oos 5,155 ool l—

, Stenocephalae  Bunge

)'I I\ % C 555 4
g Alpinae Bunge g Cynaroidae Bunge slaaiz
Ghaffari & ) el LSClpl e 18 )8 00w § )5 aisn
Lo, o5 ao o)l g Los jo ey ol (Djavadi, 1998
Attar et al., 2005; Djavadi & Attar, 2006; Attar, ) s,ls
g 4o aidu pl sleaisS (2011b; Saber et al., 2009
o33 (Rechinger, 1972, 1979) as)ls 281 Lwl oye
G 3l o A g odg QL U liwiaS 5 5l laaisS 28T
5 3le 455 b 99 oo ALulS aeigS slasl g £9i5 5l )8 &
Post, ) aiiws a iz ol 51 asss SOl plas ol

57/6Y


http://dx.doi.org/10.52547/nbr.8.1.56
https://dorl.net/dor/20.1001.1.24236330.1400.8.1.9.8
https://system.khu.ac.ir/nbr/article-1-3312-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.1.9.8 ]

[ DOI: 10.52547/nbr.8.1.56 ]

Nova Biologica Reperta 8(1): 56-67 (2021)

sy ool 5l obaisS gl olelis alS g beaiss & 5 sl
Ayl STy ol Brodled jo a8

o gy 9 olge

5 (TUH) gl,¢5 o5ty slapg b yp ladiges aslllas ol 5
3 ooz 9,90 (TARD) ;925 gy g b Ji Slasiod dnansge
S 5 LSl pl )9k 5l laasses () p g (ololidh Sz a3 S
o=l 5l asges VY ggeme jo ol ool 4y jem g (ulandd (55,00
502 50 (09,5 92 4555 das 9 09,5 (193 S &) g5 Y
el 00 03,91V 0)lads Jgaz ;0 adiged lasxine a3 13
DNA !y

sl Glatsei oads Sis Sy 5l pgis JS DNA
Doyle & ) CTAB g, slive s gl il s, o gl e
LS DNA #l 5ol e s 5l eslawl Ly g (Doyle, 1987
& plol (Exgene ™ Plant SV mini)
3yoals (slo iy STy

nrDNA ITS gl sla Jlgi PCR 2Ty aloxil jslacs oy
ITS5m 5 (White et al., 1990) ITS4 oL 55T 51 aslicl Ly
S) ¥E-f. AF °C 0S| asliyy Lolul ,» (Sang et al., 1995)
S5 [YY °C ¥+ - S «YY °C b+ S 0F °C . F+ S AF°C -
Linder ) ETSIF sl 551 L ETS ntDNA (gla Jlgs wios
Marcos) ASTIF .(Lee et al., 2002) L-ETS «(et al., 2000
o) o eai >, b) ETS-COUF 4 (& Baldwin 2001
5o, sl (5 TGAAGGTCTGCCGATTTG 3" :aalllas
18S- (Linder et al., 2000) 18S-2L ETSR lLa 5;kl
Baldwin ) ASTIR 4 (Marcos & Baldwin, 2001)ETSR
A0 °C -+ Sl adby 3l g ceiS 6l (& Marcos, 1998
Y-S «vy °C £-S 00-FA °C Y- -F0 S 40°C #+ SH-
sy g IS lalalsls iS5 (6l imren a5 [VY °C
Shaw et )trnLVA9 ¢ rpI32-F sla 55kl rpl32-trnL VA9
SA8°C &+ S)¥Y A+ °C 10+ Sl asly b sl @l, 2007
A a3 5 Sa L [#0 °C Y-S «#0 °C #-S Y °C -
5 Pty 5,5 ko §) (o I pg-late & PCR o¥pams
5 Jl szl 50,5 4 i 4 sl (olialS s
208 gy s Macrogen &S i lawgs
DNA glaJlgi g5lw &0)02

Lépez-Viyallonga et al., 2009, 2011 olslas ol
A lappa yA. amplissimum A. umbrosum slaassS

5l ookl b sdel Cewdas sla JIg5 .oy Sl 09,5 fy50 (lgie

OF ) BFFY ) o )lods A alar o ) pole 1 o5 sloazily

Lopez-Viyallonga et al., 2009, ) .l Stenocephalae
Lid G Judo s aS 0l las i)y ,ls sla s L2011
4 Slao slass Cousinia os yuw slaaiss YU slass 9 olg>
WDlao Vb slaws e, e g 009 (b o il ;o ool s
Lopez-Viyallonga ) s,ls 0525 slei ez ools olas Sl
(et al. 2009
o) JSie b aisn Gl slaaiss alulid S)lse St )0
ol sbaisS o swliscsy, Slis Sy a5 ] s 4 el
Sty Olyuss S g 009 (srmwg Dl pass ails gl aisy
S 0 A5 6 b 00g YU 5T S alie of 3l o i
S n WNehee a3 I 0 soux SladisS (lyed 3)lee
Sy i Sl AigS S a0 a5 Wl 092 g e Dlas
C. .C. hypopolia Bornm. & Sint , 15 La 4555

C. esfandiarii Rech.f. & decipiens Boiss. & Buhse
C. stahliana Bornm. .C. renominota Rech.f. Aellen

Slaw S bl & C. daryoushiana Parsa 4 & Gauba
9039 o8 4 i jlows bl STy 5y wlidosy,
=,y Olao gl STy ol (BraJled laceend o
Jlie yebay ool e T calisee glacaran 4o b wisS
olas bl & C. esfandiarii 445 ks glacores ol 3l
0dd o] Slamezr )0 (S5, £505 5 005 Dglite S5,
Lyl lowgs o)yl j5 18 0 C. daryoushiana 65 e o
OFFed (=) Slie 438 ol sl g Sl oad (B
LSl-‘b‘j):’ ‘@5—‘5“"' )U L5L°‘5)5 )'| i l‘)""‘J L5L°‘5ﬁ
@ bl S L basSTy o Llitis 5 as sy ooy (! adlos
TV s a8 il )5 s gt 5 st
JERPINC XUV SRS SIS 0
ls18 ,o .(Parsa, 1945) o83 , Lai o olg5 o) SsaSie
ol e C. daryoushiana 4 C. decipiens 4545 g5 |l )
5 4l loe S, i Slidllae wlonds a3 5 L
ey, Sl 5l Jols mbs eans anl cwlies 5
e I5Sl50 el 5 5 aalllan 3555 5055 455 he (slaeisS
ol Bus el 48,55 &g YU 4o 0l LSS slaaisT s,
Co Glasyd —alj)ls by, w)p (V iy
C. .C. esfandiarii C. decipiens hypopolia
- C. daryoushiana 4 C. stahliana renominota
Mg IS o ETS, ITS) slaius sl ,Slas 5 oolazal
go0d 53 slaaiss slwosgase cyuuxs (Y 1pI32-trn LUAD

(¥ 5 C. esfandiarii 4565 slacarex 1o S5u, £45 o)y

58/06A


http://dx.doi.org/10.52547/nbr.8.1.56
https://dorl.net/dor/20.1001.1.24236330.1400.8.1.9.8
https://system.khu.ac.ir/nbr/article-1-3312-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.24236330.1400.8.1.9.8 ]

[ DOI: 10.52547/nbr.8.1.56 ]

Kalouti et al. Molecular phylogeny of species of section Stenocephalae

Stenocephalae aizy gloaiss JoSse o155 o) Sar 5 S5

Alllas 3550 glaarlyl o)l oyl 5 (o dodigei =) Jgur

Table 1. Accessions, locations and herbarium numbers of studied taxa.

Accessions

Voucher Specimen

GenBank accession No:
ITS/ETS/rpl32-trnLVA%/

Cousinia esfandiarii (1) Rech.f. & Aellen

km to Azadshahr, Saber & Moazzeni 34367 (TUH)

Iran: Semnan: Shahrud, Gardaneh-ye Khosh Yeylagh, 65-68

LC530282/LC530299/LC530316

C. esfandiarii (2) Rech.f. & Aellen

& Attar 21896 (TUH)

Iran: Golestan: Golestan pass, 65 km to Bojnurd: Ghahreman

LC530283/LC530300/LC530317

C. esfandiarii (3) Rech.f. & Aellen

27674 (TUH)

Iran: Semnan: Shahrud, Tash, Ghahreman, Attar & Mehdigholi

LC530284/LC530301/LC530318

C. esfandiarii (4) Rech.f. & Aellen

Molla-Deh to Hikoo Village, Attar & Zamani 38719 (TUH)

Iran: Semnan: Shahmirzad to Fulad-Mahalleh, Ca. 10km after

LC530285/LC530302/LC530319

C. esfandiarii (5) Rech.f. & Aellen

Rastegar 45830 (TUH)

Iran: Semnan: 20 km after Meyqan, Attar, Miratadzadinii &

LC530286/LC530303/LC530320

C. esfandiarii (6) Rech.f. & Aellen

Assadi & Azadi 76128 (TARI)

Iran: Gorgan: Between Azadshahr and Shahrud, after Farsian,

LC530287/LC530304/LC530321

C. decipiens Boiss. & Buhse

Ghahreman, Attar & Mehdigholi 25437 (TUH)

Iran: Golestan: Park Golesten, after Tang-e Rah to Bojnurd,

LC530281/LC530298/LC530315

C. renominata Rech.f.

Chenaran prope: Saber & Moazzeni 34368 (TUH)

Iran: Khorassan: Kalaleh to Maraveh Tappeh, Gardaneh-ye

LC530288/LC530305/LC530322

C. stahliana Bornm. & Gauba

Zamani 43027 (TUH)

Iran: Khorassan: 30 km to Bojnurd from Shirvan, Attar &

LC530289/LC530306/LC530323

C. hypopolia Bornm. & Sint

Ghahreman & Attar 21904 (TUH)

Iran: Khorassan: Between Bojnurd and Chaman Bid,

LC530290/LC530307/LC530324

C. daryoushiana Parsa

Chaman-Bid: Assadi & Maassoumi 21447 (TARI)

Iran: Gorgan: On the road from Bojnurd to Shahpasand,

LC530291/ LC530308/LC530325

C. stenocephala Boiss.

Attar & Hamzehee 45544 (TUH)

Iran: Kermanshah: 35 km to Gilane Gharb from Ghasreshirin,

LC530292/LC530309/LC530326

C. cylindracea var. patula Heimer

Iran: Zanjan: 33 km to Qaidar from Soltanieh, Zarre & Saber
34392 (TUH)

LC530294/LC530311/LC530328

C. alexeenkoana Bornm.

Kharaghan, Djavadi & Ghanbari 20376/3 (IRAN)

Iran: Hamedan: Soltan Bolagh, between Avaj and Razan,

LC530293/LC530310/LC530327

A. umbrosum (Bunge) Kuntze

Attar 21914 (TUH)

Iran: Khorassan: road of Neyshabour, Binaloud, Ghahreman &

LC530280/LC530297/LC530314

A. amplissimum (Boiss.) Kuntze

43023 (TUH)

Iran: Khorassan: Hezar Masjed, Arab Chah, Attar& Zaman

LC530279/LC530296/LC530313

Arctium lappa L.

the river, Nazarian 33071 (TUH)

Iran: Mazandaran: Karaj-Chalus road. Pol-e Zanganeh, near

LC530278/LC530295 /LC530312
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Table 2. Summary statistics of the molecular data sets analysis.

Combined
nrDNA nrDNA cpDNA ETS-ITS- rpl32-trnL
ITS ETS rpl32-trnL, VA© (UAG)
Number of samples 17 17 17 17
Number of characters 645 1026 978 2649
GC contents mean (%) 30.35 25.4 13.65 21.95
Parsimony-Informative Characters, included /not
included outgroups (PIC) 59/19 55/18 21/7 135/44
Conserved Characters included /not included
outgroups(McCauley) 558/595 753/781 948/964 2259/2340
X?éi;ible Characters included /not included outgroups 85/46 93/58 20/12 2077116
CI of MPTs (excluding uninformative characters) 0.887 0.800 1,000 0.838
RI of MPT Tudi inf tive charact
o s (excluding uninformative characters) 0921 0.868 1,000 0.889
Overall Mean p-distance 0.028 0.026 0.008 0.018
Best fitting model of evolution (BI analyze) GTRAI GTRET GTR GTR +1
Best fitting model of evolution (ML analyze)
- - - TIM2+F+1
Cesfimdiarid3530
in
Cesfmdiarii75128
1/82 :
0578 Calereenkouna
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1/68 !
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Figure 1. 50% rule consensus tree resulting from Bayesian analysis of the combined dataset (ETS+ITS+rp/32- trn L
(UAG) Numbers above branches are posterior probability (PP) and bootstrap values from maximum likelihood,

respectively.
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Figure. 2. Photos of the bracts (outer, median, and inner from right to left, respectively) of the studied species. A, B, C,
D, E. 1-5 individuals from C. esfandiarii. F. C. decipiens. G. C. renominata. H. C. stahliana. 1. C. hypopolia.
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C. esfandiarii <55 51 \-% ol 3l by =¥ JSCi
Figure. 3. Photos of 1-6 individuals from C. esfandiarii.

.C. daryoushiana E .C. stahliana :D .C. renominata C .C. hypopolia B .C. decipiens :A slaaisS pglas - S

Figure. 4. Photos of the species: A: C. decipiens, B: C. hypopolia, C: C. renominata, D: C. stahliana, E: C.
daryoushiana
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