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A B S T R A C T
In this study, we report the somatic chromosome numbers (2n) of  31 taxa be-
longing to Asteraceae, Brassicaceae, Poaceae, Lamiaceae, Fabaceae, Hypericaceae 
and Plantaginaceae families from wetlands of  Hamadan region in Iran. The chro-
mosome numbers of  about half  of  these species have not been reported in the 
previous literature. Chromosome number of  Ononis spinosa counted chromosom-
ally for the first time at the world level and the chromosome numbers of  Erigeron 
acer, Pulicaria dysenterica, Arctium lappa, Xanthium strumarium, X. spinosum, Barbarea 
plantaginea, Brachypodium sylvaticum, Polypogon fugax, Prunella vulgaris and Lathyrus 
chloranthus, are here reported for the first time from Iran. In all taxa 2n was 12, 
14, 16, 18, 20, 24, 28, 30, 32 and 42, as a diploid, tetraploid and hexaploid levels. 
These newly available data are further compared with those previously published 
for the same or related species.
Keywords: chromosome number, cytogenetics, Hamadan, Iran, wetland plant

Р Е З Ю М Е
Джавади Х., Сафихани К. Профиль хромосомных чисел в 31 таксоне 
Asteraceae, Brassicaceae, Poaceae, Hypericaceae, Lamiaceae, Fabaceae и 
Plantaginaceae из водно-болотных угодий региона Хамадан в Иране. 
В данном исследовании мы сообщаем о соматических хромосом ных числах 
(2n) 40 видов, принадлежащих к семействам Asteraceae, Brassicaceae, Poaceae, 
Lamiaceae, Fabaceae, Hypericaceae и Plan taginaceae из водно-болотных уго-
дий региона Хамадан в Иране. Хромо сомные числа примерно половины 
этих видов не были представлены в пре дыдущей литературе. Хромосом-
ное число Ononis spinosa подсчитано впервые, а хромосомные числа Erigeron 
acer, Pulicaria dysenterica, Arctium lappa, Xanthium strumarium, X. spinosum, Barbarea 
plantaginea, Brachypodium sylvaticum, Polypogon fugax, Prunella vulgaris и Lathyrus 
chloranthus впервые сообщаются из Ирана. Во всех таксонах 2n было 12, 14, 
16, 18, 20, 24, 28, 30, 32 и 42, как диплоидный, так тетраплоидный и гексапло-
идный уровни. Эти вновь полученные данные далее сравниваются с ранее 
опубликованными для тех же или родственных видов.
Ключевые слова: число хромосом, цитогенетика, Хамадан, Иран, водно-болот-
ное растение
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Approaches to pasture ecosystem reproduction need to 
be developed for proper exploitation of  the country's pas-
tures and planning. Breeding plays a great role to increase 
pas ture productivity. Cytogenetic studies are one of  the first 
steps in the breeding process because the features of  the 
chromosomes determine the choice of  selection me thod 
(Arshi 2000). Cytogenetics also helps to understand the 
evolutionary history of  plant species and to use this in for-
mation in plant identification and classification. By com-
paring different chromosomes, we can gain useful infor-
ma tion about the patterns and mechanisms of  karyotype 
evolution and its importance in understanding diversity and 
speciation (Jang et al. 2013).

Determining the number of  chromosomes is a laborious 
process, especially when studying a large set of  samples. 
Since plants differing in ploidy can differ in growth patterns, 
attempts have been made to determine the ploidy level. 
The main aim of  this work is to provide information on 
CN within Compositae, Cruciferae, Gramineae, Labiatae, 
Fabaceae, Hypericaceae and Plantaginaceae from wetlands of  

Hamadan region in Iran. For this purpose, 40 samples of  31 
taxa from seven families were collected and the numbers of  
chromosomes in mitophase plates were determined.

M A T E R I A L  A N D  M E T H O D S
Plant material. Seeds and clones of  plants were 

collected from various locations of  Hamadan, Iran. The 
plants were identified by Flora Iranica (Rechinger 1977). 
Vouchers are deposited in gene bank RIFR (Research 
Institute of  Forest and Rangelands) from Iran.

Chromosome analyses. Mitotic chromosomes were 
studied in meristematic cells of  root tips (1–2 cm in 
length) obtained from seeds and rooted cuttings at 20°C. 
Root tip meristems were pretreated with 0.5 % saturated 
Alphabromo-Naphthalene for 4 h at 4°C, fixed in Chromic 
acid 1 %, Formaldehyde 10 % (1:1) for 24 h at 25°C, then 
the root tips were rinsed in distilled water for 3 h, and were 
hydrolyzed in 1 M NaOH at 60°C for 5 min, and then 
rinsed in distilled water for 2-3 min. Finally, staining was 
carried out using Aceto-Iron-Hematoxylin for 5 h. at room 
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temperature. After staining, the root tips were washed in 
distilled water for 2 h. (Javadi 2006, Javadi et al. 2009, 2019). 
Then slides were prepared by squashing in a droplet of  
45 % acetic acid, metaphases were captured using an optical 
microscope (BX41 Olympus supplemented Digital color 
video camera) at a magnification of  about 2000x.

R E S U L T S

ASTERACEAE
Tripelurospemum disciforme (C.A. Mey) Schultz-Bip 
2n=2x=18 (Fig. 1:1). IRN010_7431: Imamzadeh Mohsen 
to Al vand heights, Hamadan, at 2297 m a.s.l. (34°47'16.4"N 
48°23'19.9"E).

— 2n=2x=18 (Fig. 1:2). IRN010_4511: From Ganjnameh 
to Shahrestaneh, Hamadan, at 2633 m a.s.l. (34°43'33"N 
48°24'45.8"E).

Taxonomy and cytology studies is confused in Anthe mi deae, 
due to close morphology in the species (Inceer & Hayır lı-
oğ  lu-Ayaz 2010, 2014, Oberprieler & Voght 2006). Species 
of  Tripleurospermum have the same basic CN, x=9, with dif fe-
rent ploidy levels. In certain Tripleurospermum species, tri ploid, 
tetraploid and pentaploid populations also detected (Cheh-
regani & Hajisadeghian 2009, Cheh re ga ni & Me han far 2008, 
Garcia et al. 2005, Inceer & Hayır lıoğlu-Ayaz 2010, 2014). 
Our results (2n=18), for ac cessions of  T. disciforme confirm 
the previous records from Iran by Khayati et al. (2014).

Erigeron acer L. 2n=2x=18 (Fig. 1:3). IRN010_6543: From 
Gan jna meh to Shahrestaneh, Hamadan at 2719 m a.s.l. 
(34°43'34.9"N 48°25'25.1"E). This report for E. acer is a 
first time in Iran.

2n=2x=18 reported for E. acer and E. annuus from re-
gions of  Kashmir Himalayas (Tantray et al. 2021), for 
E. ca na densis and E. breviscapus (He et al. 2020), but Gupta 
et al. (2017) and Kour & Singhal (2019) reported 2n=27 
for E. annuus from Himachal Pradesh. 

Pulicaria dysenterica (L.) Bernh. 2n=2x=18 (Fig. 1:4). 
IRN010_5204: Ekbatan road, between Yelfan and Aliabad, 
Hama dan, at 2013 m a.s.l. (34°43'19.7"N 48°36'56.8"E). 
This report is the first time in Iran for this genus.

— 2n=2x=18 (Fig. 1:5). IRN010_5269: Bahadurbik village, 
af ter Salehabad, Hamadan to Sanandaj, at 1815 m a.s.l. 
(34°56'13.4"N 48°18'09.7"E).

— 2n=2x=18 (Fig. 1:6). IRN010_4127: Galleh-bar region, Asa-
da bad, Hamadan, at 2202 m a.s.l., (34°48'05"N 48°12'42.6"E). 

This findings confirm the finding of  Kamari et al. (1995). 

Arctium lappa L. 2n=2x=18 (Fig. 1:7). IRN010_2691: 
Between Yelfan and Aliabad, Ekbatan road, Hamadan, at 
2013 m a.s.l. 34°43'19.7"N; 48°36'56.8"E).

Our findings confirm reords by Yang et al. (2022) and 
Gupta et al. (2017) on A. lappa with 2n=18. Besides, 
Tantray et al. (2021) reported n=18 for A. lappa.

Centaurea iberica Trev.ex Speng. 2n=2x=16 (Fig. 1:8). 
IRN010_333: Imamzadeh Mohsen, Hamadan, at 2593 m 
a.s.l., (34°43'34.3"N 48°26'10.9"E). 

Tasar et al. (2018) showed that different species of  Cen ta u
rea from Turkey have different CN: 2n=16, 18, 20, 26 and 
36, and Inceer et al. (2007) mentioned also CN 2n=28, 30, 
32, 56 and 66. Different species of  Centaurea with different 
CN (2n=16, 18, 20, 32, 34 and 36 with x=8 and 9) were 
reported by Carev et al. (2017) and Shamouni et al. (2020). 

Xanthium strumarium L. 2n=2x=18 (Fig. 1:9). 
IRN010_5663: Ba had ur bik village, after Salehabad, Hamadan 
to Sanandaj, at 1815 m a.s.l., (34°56'13.4"N 48°18'09.7"E). 
This report is the first time in Iran for this genus.

Xanthium spinosum L. 2n=2x=18 (Fig. 1:10). IRN010_5852: 
Ba had urbik village, after Salehabad, Hamadan to Sanandaj, 
and 1815 m a.s.l., (34°56, 13.4 N; 48°18, 09.7 E). This report 
is the first time in Iran for this genus.

Alam et al. (2011) proved that two forms of  X. strumarium 
have 2n=36, but the results by Kar na (2017) showed that 
CN in somatic cells recorded to be 2n=32 in X. strumarium 
using aceto-orceine squash technique. Likewise haploid CN 
in reproductive cells recorded to be n=16 in X. strumarium. 

BRASSICACEAE
Barbarea plantaginea DC. 2n=2x=16 (Fig. 1:11). 
IRN010_6111: From Imam zadeh Mohsen to Alvand heights, 
Hamadan, at 2297 m a.s.l., (34°47'16.4"N 48°23'19.9"E).
— 2n=2x=16 (Fig. 1:12). IRN010_6111: From Ganjnameh 
to Shah restaneh, Hamadan, at 2200 m a.s.l. (34°45'24.7"N 
48°26'17.3"E). 

B. vulgaris showed 2n=16 & 18, B. stricta, B. verna and 
B. intermedia showed 2n=16 (Orgaard & Linde-Laursen 
2007). The studies on Barbarea taxa such as B. vulgaris, 
B. verna, B. sicula, B. trichopoda, B. auriculata, B. plantaginea 
and B. brachycarpa from Turkey reported 2n=16 for all 
taxa (Martin et al. 2009).

POACEAE
Brachypodium sylvaticum (Huds.) P. Beauv. 2n=2x=18 
(Fig. 1:13). IRN010_6072: Galleh-bar region, Asadabad, 
Hama dan, at 2202 m a.s.l. (34°48'05"N 48°12'42.6"E). This 
report is the first time in Iran for this genus.
— (Huds.) P. Beauv. 2n=2x=18 (Fig. 1:14). IRN010_476: 
Near the Ganjnameh River, Ganjnameh to Shahrestaneh, 
Hamadan, at 2200 m a.s.l. (34°45'24.7"N 48°26'17.3"E).

Lusinska et al. (2019) reported 2n=2x=18 and 10, res pec-
tively, for B. sylvaticum and B. distachyon. Also 2n=10, 18, 20 
and 30 were counted in different species of  Brachypodium 
by Lu sin ska et al. (2018), Wang et al. (2019) and Probatova 
et al. (2015).

Catabrosa aquatica Beauv. 2n=2x=20 (Fig. 1:15). 
IRN010_265: From Ganjnameh to Shahrestaneh, Hama-
dan, at 2719 m a.s.l. (34°43'34.9"N 48°25'25.1"E). 

The chromosomes of  the genus Catabrosa were counted 
among 10 accessions belonging to two putative species, 
only 2n=20 observed among the materials studied (Saeidi 
& Rahmati 2012), but in other work, Catabrosa aquatica 
and C. capusii showed 2n=4x=20 (Sheidai et al. 2009).

Dactylis glomerata L. 2n=2x=28 (Fig. 1:16). IRN010_1818: 
From Imam zadeh Mohsen to Alvand heights, Hamadan, at 
2297 m a.s.l. (34°47'16.4"N 48°23'19.9"E).

This finding confirms reports by Rezaei et al. (2020) and 
Kamari et al. (1995).

Lolium arundinaceum (Schreb.) Darbysh. 2n=2x=14 
(Fig. 1:17). IRN010_8341: From Imamzadeh Mohsen to 
Al vand heights, Ha ma dan, at 2297 m a.s.l. (34°47'16.4"N 
48°23'19.9"E).
— 2n=2x=14 (Fig. 1:18). IRN010_8342: Between Yelfan 
and Aliabad, Ek ba tan road, Hamadan, at 2013 m a.s.l. 
(34°43'19.7"N 48°36'56.8"E).

In 13 accessions of  Lolium multiflorum by using cyto ge ne-
tical traits, six accessions were diploid and seven acces-
sions were tetraploid, the basic chromosome number 
was x=7 (Abbaszadeh et al. 2017). Other studies showed 
all Lolium species were naturally diploid containing 
2n=2x=14 chromosomes but can be easily induced to 
tetra ploid 2n=4x=28 (Humphreys et al. 2010).

Poa pratensis L. 2n=2x=14 (Fig. 1:19). IRN010_8999: 
From Gan jna meh to Shahrestaneh, Hamadan, at 2264 m 
a.s.l. (34°45'34.1"N 48°26'36.3"E).
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Poa trivialis L. 2n=2x=14 (Fig. 1:20). IRN010_1165: 
From Imam zadeh Moh sen to Alvand heights, Hamadan, 
at 2297 m a.s.l. (34°47'16.4"N 48°23'19.9"E).

The basic CN for this genus was seven, with a few di ploid 
(2n=14), tetraploid (2n=4x=28) (Spinnler & Stock lin 

2018), and some species 2n=42, 56 and 2n=ca. 70 (Mog-
hi mi fam & Razban Haghighi 2012, Probatova et al. 2015).

Polypogon fugax Nees ex Steud. 2n=6x=42 (Fig. 1:21). 
IRN010_2695: Ba ha durbik village, after Salehabad, Ha ma-
dan to Sa nan daj, at 1815 m a.s.l. (34°56'13.4"N 48°18'09.7"E). 

Figure 1 Somatic metaphase chromosomes in 40 studied samples: 1 – Tripelurospemum disciforme (C.A. Mey) Schultz-Bip. [1] 2n=2x=18; 2 – 
T. disciforme [2] 2n=2x=18; 3 – Erigeron acer L. 2n=2x=18; 4 – Pulicaria dysenterica (L.) Bernh. [1] 2n=2x=18; 5 – P. dysenterica [2] 2n=2x=18; 
6 – P. dysenterica [3] 2n=2x=18; 7 – Arctium lappa L. 2n=2x=18; 8 – Centaurea iberica Trev.ex Speng. 2n=2x=16; 9 – Xanthium strumaium L. 
2n=2x=18; 10 – X. spinosum L. 2n=2x=18; 11 – Barbarea plantaginea DC. [1] 2n=2x=16; 12 – B. plantaginea [2] 2n=2x=16; 13 – Brachypodium 
sylvaticum P. Beauv. [1] 2n=2x=18; 14 – B. sylvaticum [2] 2n=2x=18; 15 – Catabrosa aquatica Beauv. 2n=2x=20; 16 – Dactylis glomerata L. 2n=4x=28; 
17 – Lolium arundinaceum (Schreb.) Darbysh. [1] 2n=2x=14; 18 – L. arundinaceum [2] 2n=2x=14; 19 – Poa pratensis L. 2n=2x=14; 20 – P. trivialis 
L. 2n=2x=14; 21 – Polypogon fugax Nees ex Steud. 2n=6x=42; 22 – Mentha longifolia (L.) Huds. 2n=2x=24; 23 – Prunella vulgaris L. [1] 2n=2x=24; 
24 – P. vulgaris [2] 2n=2x=28; 25 – Stachys setifera C.A. Mey. [1] 2n=2x=30; 26 – S. setifera [2] 2n=2x=30; 27 – Trifolium pratense L. 2n=2x=14; 28 
– T. campesture Schreb. 2n=2x=14; 29 – T. repens L. 2n=2x=16; 30 – T. tumens Stev. ex M. Bieb. 2n=4x=32; 31 – Lotus corniculatus L. 2n=2x=12; 
32 – Lathyrus chloranthus Boiss. 2n=2x=14; 33 – Ononis spinosa L. [1] 2n=2x=14; 34 – O. spinosa [2] 2n=2x=14; 35 – O. spinosa [3] 2n=2x=14; 
36 – O. spinosa [4] 2n=2x=14; 37 – Hypericum perforatum L. 2n=2x=16; 38 – Plantago lanceolata L. 2n=2x=12; 39 – Plantago major L. [1] 2n=2x=12; 
40 – P. major [2] 2n=2x=12
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This report is the first time in Iran for this genus.
Ghukasyan (2004) reported 2n=28 for P. monspeliensis and 
42 for P. fugax. Polypogon viridis and P. fugax were found at 
different ploidy levels (2n=14 and 21).

HYPERICACEAE
Hypericum perforatum L. 2n=2x=16 (Fig. 1:37). 
IRN010_702: Imam zadeh Mohsen, Hamadan, at 2593 m 
a.s.l. (34°43'34.3"N 48°26'10.9"E).

Brutovska et al. (2000) determined x=8 in H. perforatum 
with haploid, diploid, triploid and tetraploid combitations. 
H. perforatum is usually reported as tetraploid (2n=32), 
however diploid (2n=16) and hexaploid (2n=48) also 
occur. Some variery in basic CN (x=18, 16, 12, 10, 9, 8, 
7) appear in different sources (Kamari et al. 2001). Our 
results confirm report by Mehravi (2013).

LAMIACEAE
Mentha longifolia (L.) Huds. 2n=2x=24 (Fig. 1:22). 
IRN010_4129: Gal leh-bar region, Asadabad, Hamadan, at 
2202 m a.s.l. (34°48'05"N; 48°12'42.6"E). 

Several cytological investigations suggested that Mentha 
is a group of  polyploids, with different CN reported for 
each species. This may be due to taxonomic confusion 
among the species or due to species complexes having 
cyto types with different chromosome numbers. M. longi
fo lia consistently contained 24 chromosomes (De vi & 
Sharma 2022). Results showing the CN 24 in three geno-
type of  M. longifolia reported by Zeynali et al. (2008).

Prunella vulgars L. 2n=2x=24 (Fig. 1.23). IRN010_2713: 
From Gan jna meh to Shahrestaneh, Hamadan, at 2348 m a.s.l. 
(34°44'55.4N 48°26'25.8E). This report is the first time in Iran 
for this genus.

— 2n=2x=28 (Fig. 1.24). IRN010_4037: Imamzadeh Mohsen, 
Hamadan, at 2455 m a.s.l. (34°46'37.5"N 48°23'07.7"E).

2n=28 was proved in several reports (Saggoo & Bir 1986, 
Lovkvist & Hultgard 1999).

Stachys setifera C.A. Mey. 2n=2x=30 (Fig. 1.25). 
IRN010_7493: From Imam zadeh Mohsen to Alvand heights, 
Hamadan, at 2297 m a.s.l. (34°47'16.4"N 48°23'19.9"E).

— 2n=2x=30 (Fig. 1:26). IRN010_7715: Imamzadeh Moh-
sen, Ha ma dan, at 2593 m a.s.l. (34°43'34.3"N 48°26'10.9"E).

Rajabi Mazaher et al. (2021) proved two different CN 
x=15 and x=17 as a diploid level within the genus Stachys. 
Chromosome counts of  two species including S. ben tha
mia na and S. setifera (2n=34) reported for the first time, 
while the CN of  S. byzantina (2n=30) confirmed. Somatic 
CN of  26 Stachys taxa, collected from different localities 
in Turkey, showed 2n=30 (Martin et al. 2011).

FABACEAE 
Trifolium pratense L. 2n=2x=14 (Fig. 1:27). IRN010_5149: 
From Gan jnameh to Shahrestaneh, Hamadan, at 2264 m 
a.s.l. (34°45'34.1"N 48°26'36.3"E).

Trifolium campestre Schreb. 2n=2x=14 (Fig. 1.28). 
IRN010_4504: From Ganjnameh to Shahrestaneh, Hama-
dan, at 2633 m a.s.l. (34°43'33"N 48°24'45.8"E).

Trifolium repens L. 2n=2x=16 (Fig. 1:29). IRN010_2727: 
From Imam za deh Mohsen, Hamadan, at 2593 m a.s.l. 
(34°43'34.3"N 48°26'10.9"E).

T. repens with n=16 was also proved by Kaur & Singhal 
(2019). In study by Riasat & Sadeghian (2019), T. repens 
showed tetraploid levels (2n=4x=32).

Trifolium tumens Stev. ex M. Bieb. 2n=4x=32 (Fig. 1:30). 
IRN010_2328: From Ganjnameh to Shahrestaneh, Hama-
dan, at 2633 m a.s.l. (34°43'33"N 48°24'45.8"E).

Lotus cornicolatus L. 2n=2x=12 (Fig. 1:31). IRN010_7919: 
Galleh-bar region, Asadabad, Hamadan, at 2202 m a.s.l., 
(34°48'05"N 48°12'42.6"E).

All karyologically studied species of  the genus Lotus showed 
a basic CN x=6, as 2n=12, 14 and 24 (Tanaka et al. 2016). 
Kaur & Singhal (2019), and Mirzadeh Vaghefi & Jalili (2019) 
reported chro mosome count 2n=12 for Lotus corniculatus.

Lathyrus chloranthus Boiss. 2n=2x=14 (Fig. 1:32). 
IRN010_4443: Ekbatan Road, between Yelfan and Aliabad, 
Ha ma dan, at 2013 m a.s.l. (34°43'19.7"N 48°36'56.8"E). 
This re port is the first time in Iran for this species. 

CN 2n=14 (x=7) for this spesies is also reported by 
Barpete et al. (2012) and Sahin et al. (2000).

Ononis spinosa L. 2n=2x=14 (Fig. 1:33). IRN010_1972: 
From Zar rin bagh village to Balotzar, Nahavand 
(34°17'03.5"N 48°03'18.7"E). This report is the first time 
in Iran for this species.
— 2n=2x=14 (Fig. 1:34). IRN010_841: From Ganjnameh 
to Shah res taneh, Hamadan, at 2633 m a.s.l. (34°43'33"N 
48°24'45.8"E).
— 2n=2x=14 (Fig. 1:35). IRN010_1498: Ekbatan road, 
bet ween Yelfan and Aliabad, Hamadan, at 2013 m a.s.l. 
(34°43'19.7"N 48°36'56.8"E).
— 2n=2x=14 (Fig. 1:36). IRN010_5129: Imamzadeh Moh-
sen, Ha ma dan, at 2455 m.a.s.l. (34°46'37.5"N; 48°23'07.7"E).

CN 2n=14 for O. spinosa is a first record in the world. 
Ano ther studies found 2n=30 & 4x=60 for this species 
(Kloda et al. 2008)

PLANTAGINACEAE 
Plantago lanceolata L. 2n=2x=12 (Fig. 1:38). IRN010_5241: 
From Gan jnameh to Shahrestaneh, Hamadan, at 2348 m 
a.s.l. (34°44'55.4"N 48°26'25.8"E).
Plantago major L. 2n=2x=12 (Fig. 1:39). IRN010_5357: 
From Ganj nameh to Shahrestaneh, Hamedan, at 2348 m 
a.s.l. (34°44'55.4"N 48°26'25.8"E).
— 2n=2x=12 (Fig. 1:40). IRN010_5854: Bahadurbik village, 
after Salehabad, Hamadan to Sanandaj, at 1815 m a.s.l. 
(34°56'13.4"N 48°18'09.7"E).

CN of  15 species of  Plantago of  Iran varied between 
2n=8, 10, 20 and 2n=24. Our results confirms the pre-
vious records by Mohsenzadeh et al. (2008), Bala & 
Gupta (2011) and Pietro et al. (2020). 

C O N C L U S I O N
The results of  the present study for 31 taxa belonging 

to Compositae, Cruciferae, Gramineae, Labiatae, Fabaceae, 
Hypericaceae and Plantaginaceae families from wetlands of  
Hamadan, Iran, illustrated 2n=12, 14, 16, 18, 20, 24, 28, 30, 
32 and 42 with three ploidy levels (di-, tetra- & hexaploids).
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