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Abstract

Phylogenetic analysis and estimating divergence time of O. sect. Onobrychis were conducted using nrDNA
ITS sequence data. A total of 60 species from the section Onobrychis, seven species of the five sister sections
belonging to O. subgen. Sisyrosema and eight species of other genera of the tribe Hedysareae (Eversmannia
subspinosa  «Greuteria argyreum <Corethrodendron multijugum <Taverniera cuneifolia <Hedysarum
polybotrys <Sulla spinosissima s Alhagi maurorum) as outgroups were chosen. Phylogenetic analyses were
performed by maximum likelihood and Bayesian methods. The results showed that O. sect. Onobrychis is
monophyletic and composed of two main well-supported clades. The first clade includes annual and perennial
species with long wings, often with the basic chromosome number x= 8. The second clade comprises perennial
species with short wings and two annuals with long wings, having the basic chromosome number x= 7. Sect.
The divergence time estimation of this section was analyzed with BEAST. The section was originated at 11.96
Mya in middle Miocene and subsequently diverged into two linages at 9.29-9.58 Mya.
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Introduction

The genus Onobrychis Mill. comprises ca. 170 annual or perennial herbs divided into two subgenera and nine
sections. At the current status, O. sect. Onobrychis with merging sects. Lophobrychis and Dendrobrychis is
the largest section of the genus.

Materials and Methods

In this study, phylogenetic analysis and estimating divergence time of O. sect. Onobrychis were conducted
using nrDNA ITS. A total of 60 species from the section Onobrychis, seven species of the five sister sections
belonging to O. subgen. Sisyrosema and eight species of other genera of the tribe Hedysareae (Eversmannia
subspinosa, Greuteria argyreum, Corethrodendron multijugum, Taverniera cuneifolia, Hedysarum
polybotrys, Sulla spinosissima, and Alhagi maurorum) as out-groups were chosen. Phylogenetic analyses were
performed by maximum likelihood and Bayesian methods. The divergence times estimation of this section
was analyzed with BEAST.

Findings
The results showed that O. sect. Onobrychis is monophyletic and composed of two main well-supported clades
including clade “A” and clade “B”. Each clad was divided into several subclades.

Results and Conclusions

The first clade includes annual and perennial species with long wings, often with the basic chromosome
number x= 8, and the second one composes species with the basic chromosome number x= 7. It was also found
that the annual species that were previously classified in the sect. Lophobrychis were not monophyletic, and
three long-winged annual species were placed in clade “A”, and two annual long-winged species were related
to short-winged perennial species, are placed in clade “B”. But the two long-winged species O. cornuta and
O. elymaitica, were previously classified in the sect. Dendrobrychis, are placed in the clade “A”. Sect.
Onobrychis originated at 11.96 Mya in the middle Miocene and was subsequently diverged into two lineages
at 9.29-9.58 Mya.
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BASU: Buali sina University Herbarium, Hamedan, Iran, FUMH: Ferdowsi University of Mashhad Herbarium, Mashhad,
Iran, GAZI: Herbarium of Gazi University, HINRRC: Herbarium of Isfahan Natural Resources Research Center, HQNRRC:
Herbarium of Qazvin Natural Resource Research Center, MRCH: Mashhad Research Center Herbarium, MSB: Herbarium of
Ludwig-Maximilians-Universitat, Minchen, Germany, TARI: Herbarium of the Research Institute of, Tehran, Iran, TMUH:

Tarbiat Modares University Herbarium, Tehran, Iran, TUH: Tehran University Herbarium,W: Natural History Musem of
vienna, WUK: Northwestern Institute of Botany.

A gbsLGenBank i 4 azws oT (g1, NIDNA ITS(+)

Al oslul andllae ol ys i ST Sls g

Taxa Source, voucher GenBank Accession Number
nrDNA ITS
Alhagi maurorum Medik. From GenBank AB854477*
Corethrodendron scoparium (Fisch. & ]
. . China: Xu et al., 86862 (MSB) AB854478*
C.A. Me) Fisch. & Basiner
Corethrodendron multijugum (Maxim.)
. : Chang et al., 2012109 (WUK) KP338137*
B.H. Choi & H. Ohashi
Ebenus barbigera Boiss. From GenBank AB854481*
Eversmannia subspinosa (Fisch. Ex DC.) Iran: Freitag & Mozaffarian, 28397
AB329692*
B.Fedtsch. (TARI)
Greuteria argyrea (Greuter&Burdet)
) Podlech 48626 (MSB) ABB854487*
Amirahm. & Kaz.Osaloo (= H. argyreum)
Hedysarum polybotrys Hand. -Mazz. Chang et al., QZ-042 (WUK) KP338182*
Sulla spinosissima (L.) B.H.Choi &
From GenBank AB854515*
H.Ohashi
Taverniera cuneifolia Arn. From GenBank JX 455141*
Onobrychis aequidentata (Sam.) d’Urv. France: Auriault 16177 (MSB) LC137020*
0. afghanica Sirj. & Rech.f. Afghanistan: Podlech 15931 (MSB) AB854501*
O. alamutensis Amirahm., Kaz.Osaloo & Iran: Kazempour Osaloo & Bahadori
AB911415*
Charkhch. 98194 (TARI)
Yugoslavia: Mazedonien Podlech
O. alba (Waldt. & Kit) Desv. AB911416*
9654
O. altissima Grossh. Iran: Zarre et al., s.n. (TUH) LC137021*
Armenia: Tamanian et al, 2009-
O. aragatzi Arevsch. *
0020580 (W)
) ] ) Azerbaijan: Toluei & Ranjbar 23157
O. araxina Schischkin JQ780470*
(BASU)
o Austria: Handel-Mazzetti s.n.,1932-
O. arenaria (Kit.) DC. *
0005259 (W)
O. argaea Boiss & Balansa Turkey: Sorger 1992-0012458 (W) *

O. argentea Boiss. Algeria: Podlech, 96963 (MSB) LC137023*



https://www.ncbi.nlm.nih.gov/nucleotide/AB911416.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TA2PWAM7013
https://www.google.com/search?q=yugoslavia&sa=X&ved=2ahUKEwi07qD37t_xAhWGvaQKHT0GChYQ7xYoAHoECAEQLQ
https://www.ipni.org/a/416-1
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Iran: Kazempour-Osaloo et al. 2012-6

(BASU)

. argyrea Boiss. LC388073*
(TMUH)
. armena Boiss. Greece: Buttler 18336 (MSB) *
. Iran: Faghihnia and Zangooii 26074
. arnacantha Bunge ex Boiss. LC137024*
(FUMH)
. avanakensis Amirahm. Iran: Charkhchian 1793 (HQNRRC) *
. o Georgia: Staudinger 2006-0011273
. biebersteinii Sirj. *
W)
. bungei Boiss. Iran: Rechinger 43484 (MSB) LC137026*
. cadevallii Jahand., Maire & Pau Morocco: Podlech 68979 (MSB) *
. cadmea Boiss. Transcaucasia: Vasak s.n. (?) *
. Iran: Kazempour Osaloo et al. 2012-4
. caput-galli Lam. LC137027*
(TMUH)
. caput-galli Lam. Greece: Raidel 97479 (MSB) *
Iran: Kazempour Osaloo et al. 2012-
. carduchorum C.C.Towns AB911418*
1(TMUH)
Iran: Sanandaj, Abidar, fattahi 1273
. carduchorum C.C. Towns JX412244*
(TARI)
Iran: Kazempour Osaloo et al. s.n.
. carduchorum C.C. Towns *
(TMUH)
Iran: Kazempour Osaloo et al 2012-2
. cornuta (L.) Desv. LC137028*
(TMUH)
. . Iran: Kazempour Osaloo et al. 2012-3
. crista-galli Lam. LC137029*
(TMUH)
. cyri Grossh. Iran: Assadi & Vosugi 24673 (TARI) *
. Turkey: Ehrendorfer 1991-0004254
. densijuga Hedge & Hub.-Mor. *
W)
. ebenoides Boiss & Spruner Greece: Rechinger 1959-0003104 (W) *
. echinata (Guss.) G.Don
Italy: Podlech 96960 (MSB) *
. elata Boiss. & Balansa Turkey: Zarre 32 (TARI) *
. elymaitica Boiss. & Hausskn. ex Boiss.  Iran: Mozaffarian 71259 (TARI) LC137032*
. Iraq: Bornmiiller 1895-0001717 (W)
. fallax Freyn & Sint. *
o Kyrgyzstan: Khokhryakov s.n. 1963-
. ferganica (Sirj.) Grossh. *
0014392 (W)
Iran: Kazempour-Osaloo et al. 2012-
. gaubae Bornm. LC388084*
12(TMUH)
. . Iran: Toluei & Ranjbar 23119
. gontscharowii Vassilcz. JQ780471*



https://www.ipni.org/n/77215884-1
https://www.ipni.org/a/9702-1
https://www.ipni.org/a/4398-1
https://www.ipni.org/a/6001-1
https://www.ipni.org/a/7401-1
https://www.ncbi.nlm.nih.gov/nucleotide/AB911418.1?report=genbank&log$=nucltop&blast_rank=1&RID=T98HBWRD013
https://www.ipni.org/a/10772-1
https://www.ncbi.nlm.nih.gov/nucleotide/JX412244.1?report=genbank&log$=nucltop&blast_rank=2&RID=T98N0X43016
https://www.ncbi.nlm.nih.gov/nucleotide/LC137028.1?report=genbank&log$=nuclalign&blast_rank=1&RID=T9CHYG9E013
https://www.ipni.org/a/9702-1
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O. gracilis Besser.

Turkey: Sorger 1992-0012580 (W)

0. hajastana Grossh.

Armenia: Geghark'unik' Vlasov s.n.
1972-0007899 (W)

0. hamata Vass.

Russia: Vlasov s.n.,1972-0007880
(W)

O. humilis (Loefl.) G.Lépez

Spain: Lainz .s.n. 1958-0002286 (W)

o

. iberica Grossh.

Russia: Vlasov s.n. 1985-0007286
(W)

O. inermis Steven. Grimus: Ritter s.n. 1966-0005645 (W) *
O. lunata Boiss. Iran: Rechinger 42530 (MSB) LC137039*
O. luristanica Rech.f. Iran: Mozaffarian 46064 (TARI) *
O. luristanica Rech.f. Iran: Eftekhari 6856 (HINRRC) *
) ) ) Iran: Kazempour-Osaloo et al 2012-6-
O. major Boiss. & Kotschy ex Boiss. *
15 (TMUH)
) Iran: Kazempour Osaloo et al. 2008-
O. megataphros Boiss. *
01 (TMUH)
) Iran: Ayatollahi & Joharchii 13063
O. micrantha Schrenk LC137042*
(TARI)
O. microptera Baker ex Aitch. Afghanistan: Podlech 288872 (MSB) LC137044*
O. miniata Steven ex Boiss. Ukraine: Vlasov 11971-0004137 (W) *
Italy: Burri & Krendl s.n. 1994-
O. montana DC. *
0006105 (W)
O. paucijuga Bornm. Turkey: Vural 4897 (GAZI) *
o Iran: Azarbaijan Kazempour Osaloo
O. persica Sirj. & Rech.f. *
et al. 2008 (TMUH)
O. petraea (M.Bieb. ex Willd.) Fisch. From GenBank KF015315*
O. pindicola Hausskn. Greece: Rechinger 1970-0007198 (W) *
o ] Iran: Kazempour Osaloo et al. 2011-
O. ptychophylla Sirjaev K.H.Rechinger *
05 (TMUH)
O. ptychophylla Sirjaev K.H.Rechinger . From GenBank JQ780472*
O. ptychophylla Sirjaev K.H.Rechinger From GenBank JQ780473*
O. ptychophylla Sirjaev K.H.Rechinger From GenBank JQ780474*
O. ptychophylla Sirjaev K.H.Rechinger Iran( From GenBank) JX455137*
O. pulchella Schrenk Iran: Ghahraman et al. 27318 (TUH) ABB854508*
O. pyrenaica Sennen ex Sirj. Spain( From GenBank) KF015361*
O. radiata Fisch. Iran: Kuorkoba 374 (TARI) LC137046*
O. reuteri Leresche Spain: Segura 68918 (MSB) *
O. saxatilis Lam. France: Podlech 57840 (MSB) *
. Iran: Rechinger & Renz 49668
O. shahpurensis Rech.f. LC137049*
(TARI)
O. shahpurensis Rech.f. Iran: Kazempour-Osaloo et al., 2012- AB911419*



https://www.ipni.org/a/5696-1
https://www.ipni.org/a/14799-1
https://www.ipni.org/a/3417-1
https://www.ipni.org/a/16284-1
https://www.ipni.org/a/4989-1
https://www.ipni.org/a/16284-1
https://www.ipni.org/a/407-1
https://www.ipni.org/a/108-1
https://www.ipni.org/a/2744-1
https://www.ipni.org/a/5227-1
https://www.ncbi.nlm.nih.gov/nucleotide/AB911419.1?report=genbank&log$=nucltop&blast_rank=1&RID=T983ZMZ4016
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2 (TMUH)

Iran: Kazempour- Osaloo s.n.

O. shahpurensis Rech.f. *
(TMUH)

O. sosnwskyi Grossh. Iran: Mozaffarian 93762 (TARI) LC137051*

) Iran: Toluei & Ranjbar 23156

O. sosnowskyi Grossh. JQ780469*
(BASU)
Iran: Amirabadi Zadeh & Ghanavati

0. sosnowskyi Grossh. 6065 (MRCH) JX455132*

O. stenorhiza DC. Spain: Riera 60805 (MSB) *

O. stenostachya Freyn Turkey: Gunes s.n. () *

O. supina DC. France: Podlech 57824 (MSB) LC137055*

O. supina DC. France: Sellmair 218a (MSB) *

O. takhtajanii Sytin From GenBank KF015336*

O. tanaitica Spreng. China: Xu et al., 87212 (MSB) LC137056*

O. tavernieraefolia Stocks ex Boiss. Afghanistan: Podlech 97568 (MSB) AB854510*

) o Iran: Ghahraman & Mozaffarian 5859

O. transcaspica V.Nikitin AB911421*
(TUH)

O. transcaucasica Grossh. Turkey: Zarre 58994 (MSB) *

. Iran: Kazempour -Osaloo 2011-1

O. verae Sirj. AB854511*
(TMUH)

0. verae Sirj. From GenBank JX426802*

O. viciifolia Scop. Spain: Podlech 68902 (MSB) AB854512*



https://www.ncbi.nlm.nih.gov/nucleotide/KF015336.1?report=genbank&log$=nuclalign&blast_rank=1&RID=U67T3G75013
https://www.ipni.org/a/9702-1
https://www.ipni.org/a/9702-1
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Mean
o . Mean rate 95% HPD
Node Node definition age Min (Mya) Max (Mya)
(s/s/Ma) (Mya)
(Mya)
1 Alhagi 21.44 13.50 30.88 0.000
Ebenus
Taverniera
Sulla
Hedysarum
2 . 195 12.84 25.13 0.0001
Everesmania,
Coreterdenderon and
Greuteria
Onobrychis
3 GECO 15.69 9.99 21.53 0.001
Ebenus
Taverniera
4 14.20 7.24 21.99 0.000
Sulla
Hedysarum
5 Genus Onobrychis 14.14 8.84 19.73 0.003
6 Section Onobrychis 11.95 7.60 17.09 0.001
7 Clade A 9.58 5.45 14.09 0.000
8 Clade B 9.29 5.44 13.73 0.000
Heliobrychis and
9 . 9.07 4.89 14.17 0.001
Hymenobrychis
10 Perennial Long wings 7.45 4.04 1143 0.000
11 O.caputgalli N=7 7.41 413 11.14 0.000
O. micrantha
12 6.37 2.70 10.80 0.000
O. pulchella
13 O. alamutensis 6 2.97 9.54 0.000
14 Short wings 5.84 4.13 11.14 0.000
15 O. crista-galli 54 2.58 9.05 0.000
O. cornuta
16 » 5.15 2.97 9.54 0.000
O. elymaitica
17 Northwest long wings 2.88 1.04 5.45 0.000
18 Northeast long wings 2.69 2.52 8.47 0.000
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