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In this study original mitotic chromosome counts are presented for 4 Oxytropis species from 4 sections of the genus
Oxytropis in Iran including: O. bicornis (O. sect. Oxytropis) (2n =2x = 16), O. suavis (O. sect. Ortholoma) (2n = 2x
= 16), O. aucheri (O. sect. Eumorpha) (2n = 2x = 16) and O. karjaginii (O. sect. Janthina) (2n = 4x = 32). This
report is the first cytogenetic analysis of these taxa. All taxa (with exception of O. karjaginii) are diploid and
possess 2n = 2x = 16 chromosome number, consistent with the proposed base number of x = 8. In addition, meiotic
chromosome count and behavior are presented for O. masanderanensis (O. sect. Ortholoma) (2n = 2x = 16).
Although this taxon displayed regular bivalent pairing and chromosome segregation at meiosis, but some
abnormalities were observed.
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INTRODUCTION Vasil chenko (1984) in Flora Iranica placed 40 species
Oxytropis DC. is a genus belonging to the tribe  into two subgenera, Oxytropis and ptiloxytropis.
Astragaleae (Ranjbar & Karamian 2003) of family ~ Originally, the genus Oxyrropis DC. was included in
Fabaceae. 1t comprises about 300 species occurring in ~ 4sfragalus L. in the Linnaean circumscription of the
cold mountainous regions of Europe, Asia, and North genus. Although Oxytropis is considered one of the
America, and is the most numerous in Central Asia closest relatives of Astragalus L., it was never
(Polhill 1981). Bunge (1874) classified 181 species of considered in Astragalus after its separation made by
Oxytropis into 4 subgenera and 19 sections. Boissier De Candolle (1802). It differs from Astragalus only in
(1872) in Flora Oriantalis placed 8 species into two keel petal (pointed vs. obtuse) and pod septum (arising

sections, namely Phcoxytropis and Euoxytropis, while from adaxial suture vs. abaxial). The recent molecular
studies based on nrDNA ITS and chloroplast trnL
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Intron data (Wojciechowski & al. 1999, Wojciechowski
2005), have clearly demonstrated that Oxytropis is
monophyletic and not nested within Astragalus s. str.,
but form a separate clade within the large Astragalean
clade. It has also been shown that Oxytropis is a sister
group of Astragalus which has Eurasian origin.
Linneaus (1753) segregated the genus Phaca based on
inflated unilocular pods. Bunge (1868, 1869) retained
Phaca as a subgenus of Astragalus. Barneby (1964)
also treated it as Phalanx. The molecular data
(Wojciechowski et al. 1999) do not support the
Linneaus's concept of the genus Phaca and have
proved that the unilocular pod has evolved many times
in the genus. The genus Oxytropis is one of the most
complex genera of this tribe and identification of the
species of is very difficult and confusing. Even after the
work by Vasil chenko (1988) in Flora Iranica the
Iranian taxa are still in need of a new revision (Ranjbar
1999; Ranjbar 2000; Ranjbar et al. 2009). Due to their
economic importance, legumes have attracted the
attention of cytologists and more than 50% of their
total genera are cytologically known. Most of the
cytological studies in the family have been
concentrated on the chromosome count and meiotic
behavior in some genera (Aryavand 1983; Maassoumi
1987; Maassoumi 1989; Sheidai et al. 1996; Sheidai et
al. 2000; Ghaffari 2005; Bader & Sherif 2007; Sheidai
& Jalilian 2008; Sheidai et al. 2008; Ranjbar et al.
2009; Ranjbar et al. 2010), while less work have been
focused on the genus Oxytropis (e.g. Mési ek & Sojak
1969; Jurtzev 1978; Vassilczenko 1988; Jurtzev 1988;
Pavlova 1989; Takhtajan 1990; Polozhij 1994). The
basic chromosome number (x = 8) and four ploidy
levels 2n =2x=16,2n=4x=32,2n=6x=48, 2n =
8x = 64 and 2n = 12x = 96) are present in the genus.
Studies on the impact of karyotypic data on the
interspecific and phylogenetic relationships and also on
meiotic behavior in the genus are still limited. Also,
little is known, on the genus Oxytropis, about the
nature of genetic variability in diploid species and the
taxonomic relationships of the different taxa.

MATERIALS AND METHODS

For mitosis, materials of 4 species of the Iranian
Oxytropis species were collected, from 2000 to 2008, in
different localities of Iran (Fig. 1) and pods were
collected from healthy plants. Voucher specimens were
deposited at the Herbarium of the Bu-Ali Sina
University (BASU), Hamedan, Iran. Then, pods were
left to dry at room temperature, and seeds obtained
from dry pods and kept at 4 °C until used. Young root
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tips were obtained from seeds germinated in Petri
dishes pretreated with 0.05% colchicine for 3 h and
fixed in 3: 1 ethanol: glacial acetic acid for 24 h. Root
tips were hydrolyzed for 6 min in 1M HCI at 60 °C,
washed briefly in dd H,O and stained in Feulgen's
solution for 1-2 h. All permanent slides were made
using Venetian turpentine (Wilson 1945). The slides
were examined under an Olympus BX-41
photomicroscope.

Also chromosome number and meiotic behavior
were analyzed in a single population of O.
masanderanensis. 15 flower buds from at least 5 plants
at an appropriate stage of development were fixed in
Piennr's fluid containing ethanol (96%), chloroform
and propionic acid, 6 : 3 : 2 (v/v/v), for 24 h at room
temperature and then stored in 70% alcohol at 4 °C
until used. Anthers were squashed and stained with 2%
acetocarmine. All permanent slides were made using
Venetian turpentine (Wilson 1945). Photographs of
chromosomes were taken by Olympus BX-41
photomicroscope at initial magnification of 1000X.
Chromosome counts were made from well-spread
metaphases in intact cells, by direct observation and
from photomicrographs.

RESULTS AND DISCUSSION

Oxytropis sect. Ortholoma Bunge

O. suavis Boriss., Not. Syst. Leningrad 10: 80 (1947).
Iran: Khorasan, Kuchan to Sabzevar, 97 km to
Sabzevar, 1492-1527 m, Ranjbar and Bayat 14186
(BASU).

According to our literature review, this is the first
chromosome count for O. suavis. This species is close
to O. bicornis Vassilcz.,, both share a basic
chromosome number of 21 = 2x = 16 (Figs. 2A C) and
have similar shape and size of flowers, and also similar
shape and structure of pods. However O. suavis differs
from O. bicornis in possessing smaller habit, and
stipule and pod indumentum.

Oxytropis sect. Oxytropis

O. bicornis Vassilcz., F1. Ir. 157: 123 (1984).

Iran: Khorasan, Sabzevar to Esfarayen, Afchang
village, 1492-1527 m, Ranjbar and Bayat 12871
(BASU).

This species is a herbaceous perennial. Stems have 2-4
cm length; the inflorescences bear 12 to 17 dark violet
flowers and pods densely covered with short appressed
hairs. This species is a semi rosette perennial and grows
in clay places or clay stony zones of the sub
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Fig. 1. Distribution map of ( Y ) Oxytropis masanderanensis, (®) O. suavis, (m) O.
aucheri, (A) O. bicornis and (==) O. karjaginii in Iran.

mountainous regions in northeastern Iran. Chromosome
count of 2n = 2x = 16 (Figs. 2D & E) for this species is
the first report.

Oxytropis sect. Eumorpha Bunge

O. aucheri Boiss., Diagn. Pl. Or. Nov. Ser. 1, 2: 44
(1842).

Iran: Ardebil: Nir to Ardebil, Yamchi, 1540 m,
Ranjbar, Karamian and Bayat 14187 (BASU).

This species is a small perennial. Stems are thin and
reach to 10 cm. The inflorescences bear 5 to 15 small
bluish flowers. It is a morphologically variable species,
normally found in open fields and along roadsides, and
flourishes in spring. Chromosome count of 2n = 2x =
16 (Figs. 2F H) for this species is the first report.

Oxytropis sect. Janthina Bunge

O. karjaginii Grossh., Trudy Azerb. Fil. Akad. Nauk
URSS 1: 54 (1933).

Iran: Azerbaijan Sharqi: Kharvanq, 1475 m, Ranjbar,
Karamian and Bayat 14182 (BASU).

O. karjaginii is very common and widely distributed in
Iran. This tetraploid plant is characterized by calyx
teeth longer than tube, standard 12 13 mm long and
leaflets in 5 7 pairs. One polyploidy level is normally
found along roadsides in Kharvanq of Azarbaijan
Sharqi province. It flourishes in spring and summer.
Chromosome count of 2n = 4x =32 (Figs. 21 K) for this
species is the first report.

O. sect. Ortholoma Bunge

O. masanderanensis Vassilcz., Nov. Syst. Pl. Vasc.
Leningrad 17: 197 (1980).

Iran: Tehran, Tehran to Firuzkuh, 10 km after
Firuzkuh, 2280 m, Ranjbar and Bayat 14182.

We collected this taxon from Tehran province. Meiosis
in the species studied was regular and showed eight
bivalents at first metaphase. The meiotic irregularities
observed in  Firuzkuh  population of O.
masanderanensis included: cytoplasmic connections,
fragmented chromosomes, precocious division of
centromeres and asynchronous nucleus (Figs. 3A I).
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Fig. 2. Mitosis in Oxytropis species studied. A-C) Early prophase, prometaphase and anaphase in O.
suavis, respectively; D & E) Metaphase and anaphase in O. bicornis, respectively; F-H) Metaphase,
anaphase and telophase in O. aucheri, respectively; 1-K) Late prophase, metaphase and anaphase in O.
karjagini, respectively. Scale bars =3 um.
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Fig. 3. Representative meiotic cells in Oxytropis masanderanensis. A) Diplotene; B) Diakinesis and
metaphase [; C) Metaphase I with fragmented chromosomes (arrow); D) Cytoplasmic connections in
metaphase [; E) Late anaphase [; F) Telophase I[; G) Metaphase II (asynchronous nucleus); H) Anaphase
IL; I) Telophase 11 (n = 8). Scale bars =3 um.

ane

Fig. 4. Distribution map of Oxytropis species in Siberia, Far East, SW, C and Middle Asia.
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Chromosome count of 2n = 2x = 16 for this species is
the first report.

Polyploidy, geographical distribution and mode of
evolution in Oxytropis

The observations from the present study as well as the
available data on chromosome number in the genus
Oxytropis indicate that, among the approximately 100
species with known chromosome counts, the diploid
species represent 50% of the whole and the polyploids
represent 50%. Polyploids are encountered mainly in
North and Middle Asia, especially in Russia,
Kazakhstan, Kirgizstan, Russia-Far East and Mongolia.
From this statistic it is evident that North, Middle and
Southwest Asia (Fig. 4) represent the main centers of
genetic diversity of Oxytropis. It seems that the primary
centers of diversity are probably in Iran and
Afghanistan with more than 100 species in low
latitudes. Also a clear correlation was found between
the frequency of polyploids and latitude. So the
frequency of polyploids increases from the equator
towards the North Pole. Polyploidy jumps dramatically
from subtropical and temperate zones to cold climatic
zones. The results obtained here as well as the available
data on chromosome number in Oxytropis DC., showed
an equal basic chromosome number, x = 8, in all
species of the sections. All members of the genus
Oxytropis are diploid with 2n = 2x = 16 and ploidy
levels of 2n = 4x = 32, 6x = 48, 8x = 64, 12x = 96 (see
Jurtzev 1978; Vassilczenko 1987; Jurtzev 1988;
Pavlova 1989; Takhtajan 1990; Polozhij 1994). This
data indicate the important role of polyploidy in
evolution and speciation. Geographic isolation has
resulted in allopatric speciation, which in some groups
has been complicated by polyploidy, sometimes within
a single race (e.g. O. leucantha Jurtzev subsp.
tschukotcensis Jurtzev with 2n = 48, 64, 96, even
within the same local population). In the O. campestris
(L.) DC. superaggregate the lowest ploidy level in
Eurasian species and races is 2n = 48, whereas there are
taxa with 2n = 16 and 32 in the western North America.
Sometimes was found the case of autopolyploidy
without any visible morphological distinctions between
diploid and tetraploid plants within a local population
(e.g. in O. gorodkovii Jurtzev in the easternmost
Chukotka Peninsula, 2n = 16 and 32). In other cases
polyploidy has accompanied and consolidated
evolutionary adaptation to contrasting cold treeless
environments (as, e.g., in the sequence: O. sverdrupii
Lynge 2n = 48, O. wrangelii Jurtzev 2n = 64, or O.
viscida Torr. & A. Gray aggregate (agg.) 2n = 16 and
32, O. middendorffii Trautv. agg. 2n = 48). But there
are cases of pseudo-vicarism i.e. allopatric situations,
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where vicariant taxa are good species: e.g. O.
nigrescens (Pall.) Fisch. ex DC. 2n = 16, O. czukotica
Jurtzev 2n = 32 of the O. nigrescens (Pall.) Fisch. ex
DC. agg. In general, speciation within the subsection of
Arctobia (O. nigrescens (Pall.) Fisch. ex DC. agg.) has
occurred on the diploid level (Yurtsev 1997). This wide
geographic distribution supports the previous reports of
Reese (1958), Stebbins (1972) and Ehrendorfer (1980).
They have considered that polyploids have greater
ability to colonize in new and wider geographic
distributions than their diploid ancestors.
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