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Abstract. Corms and herbarium vouchers of 23 accessions belonging to five autumn-
flowering Crocus species were gathered from nine Iranian provinces. For the materi-
als under investigation, chromosome numbers, karyotype formulas and idiograms
were documented. Chromosome number of 2n = 12 is reported for the first time in
C. archibaldiorum and in the studied accessions of C. speciosus aggregate. Also, 2n =
24 were found in C. caspius, 2n = 8 and 10 in C. damascenus, and 2n = 14 and 16 in C.
haussknechtii. In the latter two species, variation in chromosome number was correlat-
ed with karyotypic differences. Notably, C. archibaldiorum (2n = 12) had a longer total
haploid of chromosome length than C. caspius (2n = 24). On a distribution map, pos-
sible correlations between karyological data and geography were indicated. To quantify
variation in karyotypes, three inter- and intra-asymmetric karyotypic parameters were
estimated. Also, statistical analyses were performed on five karyotypic characters to
infer karyological relationships. The members of section Crocus (only C. haussknechtii)
and section Nudiscapus occupied distinct positions. Furthermore, at the species level,
all accessions of the same species tended to group together. The remarkable karyotypic
variation among the studied accessions of C. damascenus and C. haussknechtii sup-
ported the previous assumption that these taxa still include undescribed species. It is
underlined that changes in chromosome number and structure have played an impor-
tant role in the evolution of the genus Crocus.

Keywords: chromosome number, crocuses, cytotaxonomy, idiogram, Iridaceae, karyo-
type.

INTRODUCTION

The genus Crocus L. (Iridaceae) currently comprises more than 260 spe-
cies (Ruksans 2017a, 2023; Advay and Ruksans 2024; Dolatyari et al. 2024),
naturally distributed in the region extending approximately between 10°W to
80°E and 30°N to 50°N. The Balkan Peninsula and Asia Minor are the main
centers of diversity where more than half of the recognized species occur.
The majority of species occur within the Mediterranean and Irano-Turani-
an floristic regions, both of which are characterized by cool to cold winters,
autumn-winter-spring precipitation, and warm summers with very little rain-
fall (Saxena 2010). Crocuses are well adapted to such conditions by compact

Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 78(2): 29-43, 2025
ISSN 0008-7114 (print) | ISSN 2165-5391 (online) | DOI: 10.36253/caryologia-3356


https://riviste.fupress.net/index.php/caryologia
https://doi.org/10.36253/caryologia-3356
https://doi.org/10.36253/caryologia-3356
https://www.fupress.com
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
https://orcid.org/0009-0001-8395-3442
mailto:alirezadolatyari@yahoo.com
mailto:alireza.dolatyari@acecr.ir

30

underground corms. They flower either in spring, then
they develop leaves together with flowers, or in autumn,
then leaves often remain dormant till spring.

In the “Flora Iranica”, Wendelbo and Mathew (1975)
recognized only eight Crocus species for Iran. They
excluded C. sativus L. probably because it is a crop plant.
However, in more recent years, 15 additional taxa have
been newly described from Iran (Ruksans 2014a, b, 2015,
2017a, b; Kerndorff et al. 2017; Dolatyari and Ruksans
2022; Ruksans 2022, 2023). In a recent revision, Dola-
tyari et al. (2024) summarized all available taxonomic
knowledge for the Iranian Crocus species. Most recent-
ly, Advay and Ruksans (2024) added the new species C.
avromanicus Advay & Ruksans from West Iran. Hence, a
total of 25 species are currently known to occur in Iran,
19 of which are endemics, an exceptionally high percent-
age. Except C. michelsonii B. Fedtsch., which is found in
Kopet Dag Mountains, all other species occur along the
Zagros and Alborz Mountain ranges. All four Iranian
species of Crocus section Crocus, and four out of 21 spe-
cies of Crocus sect. Nudiscapus B. Mathew flower in
autumn (Advay and Ruksans 2024; Dolatyari et al. 2024).

Karyological data may provide valuable insights into
phylogenetic relations and help characterize taxonomic
entities. Although earlier chromosome counts by many
researchers showed various numbers, these data were
based largely on material from cultivated or unspeci-
fied origins (Mather 1932; Pathak 1940; Darlington and
Wylie 1955; Karasawa 1956; Bolkhovskikh et al. 1969).
However, Brighton et al. (1973) listed chromosome num-
bers for 88 Crocus species cultivated at Kew Garden,
originating from known localities across the entire dis-
tribution range of the genus. Additionally, karyological
data have been published for several taxonomically com-
plex aggregates (Brighton 1976, 1977a, b, 1980; Brighton
et al. 1983; Goldblatt and Takei 1997) and for material
collected from distinct countries (Baldini 1990; Candan
et al. 2009; Schneider et al. 2012; Karamplianis et al.
2013). The large number of earlier reported chromosome
counts shows that the genus is an example of extreme
karyological variation with 2n = 6, 8, 10, 11, 12, 14, 16,
18, 20, 22, 23, 24, 26, 27, 28, 30, 34, 44, 48, 64 chromo-
some numbers. Also, remarkable intraspecific variation
in karyotypic features has been documented, accompa-
nied by the presence of up to 11 B chromosomes in some
species (Mather 1932; Feinbrun 1957, 1958; Brighton et
al. 1973; Brighton 1977a, b; Brighton et al. 1983). This
huge karyological diversity highlights the role of dys-
ploidy and polyploidy in the infrageneric evolution of
the genus (Harpke et al. 2013; Raca et al. 2023).

In the literature, chromosome counts have been
reported for seven Iranian Crocus species and members of
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the C. biflorus Mill. and C. speciosus M. Bieb. aggregates
(see Table 3; detailed taxonomic information in Dolatyari
et al. 2024), representing chromosome numbers of 2n = 8,
10, 12, 14, 16, 20, 22 and 24 . Only a single B chromosome
has been reported in a population of C. damascenus Herb.
by Ghaffari and Djavadi (2007). Having in mind that 16
species have been described only during the last decade, it
is not surprising that around 70% of Iranian Crocus spe-
cies remain karyologically unknown.

In the frame of a larger karyological research pro-
ject on Iranian crocuses, here karyotypic variation in 20
accessions of C. archibaldiorum (Ruk$ans) Ruks$ans, C.
caspius Fisch. & C. A. Mey. ex Hohen., C. damascenus,
and C. haussknechtii (Boiss. & Reut. ex Maw) Boiss., as
well as three accessions of C. speciosus aggregate shall be
presented employing appropriate statistical analysis to
test the significance of karyotypic relationships among
these autumn-flowering taxa.

MATERIAL AND METHOD

Corms and herbarium vouchers were collected from
populations in natural habitats. The corms were planted
in a trial field, and the vouchers were deposited in the
Iranian biological resource center herbarium (IBRC).
Table 1 presents the collecting localities and herbarium
sheet numbers, and Figure 1 illustrates photos of all taxa
studied. A complete list of Iranian Crocus species, along
with previously reported chromosome numbers is pro-
vided in Table 3.

Randomly selected corms were planted in a moistened
mixture of coarse and fine perlite (1:1 ratio) and kept in
a refrigerator. Root tips measuring 2-3 c¢m in length were
pretreated in 0.029% aqueous solution of 8-hydroxiquino-
line for 3 h and fixed in Carnoy’s I solution (3: 1 v/v 95%
ethanol: glacial acetic acid) for 24 h at room temperature.
Then root tips were hydrolyzed in 1n HCI for 14 min at
60°C and stained with 2% aceto-orcein for 3 h. The com-
monly applied squash technique was carried out to pre-
pare slides. An Olympus BX51 light microscope equipped
with a DP25 digital camera was used to take photos of as
many good metaphase spreads as possible.

The Lengths of long (L) and short arms (S) of all
chromosomes of at least five mitotic metaphase plates
per accession were measured using IdeoKar software
(http://agri.uok.ac.ir/ideokar/index.html). The total
haploid length of chromosomes (THL), an approximate
equivalent for genome size (Peruzzi et al. 2009), was
assessed for all accessions. Mean centromeric asym-
metry (Mc,), coefficient of variation of chromosome
length (CV¢,), and coeflicient of variation of centromeric


http://agri.uok.ac.ir/ideokar/index.html

Karyological data of five autumn-flowering Crocus L. species from Iran 31

Table 1. Characterization of the studied taxa and accessions of the genus Crocus (in alphabetical order), Her. No. = number of herbarium

voucher.
Species IBRC No. Locality Her. No.
C. archibaldiorum P1015055 Guilan: Asalem to Khalkhal, 1 km after Larzaneh road station. 37° 36’ 1.7” N; 48° 43’ 2.3” E, 3490
2020m.
P1015056 Guilan: Asalem to Khalkhal, 2 km after Charasu village to Almas pass. 37° 35° 53.8” N; 48° 48’
2.2” E, 1080m. 3489
C. caspius P1015044 Mazandaran: Qaem Shahr to Sari, Arteh, railway signalling station. 36° 29" 42.5” N; 52° 55’ 26.8” 3497
E, 20m.
P1015045 Mazandaran: Sari to Semnan, Pahnehkolah, around cemetery. 36° 27’ 38.4” N; 53° 5" 19.3” E, 3495
140m.
P1015049 Mazandaran: Tonekabon, Sehezar to Alamut, Tuskakuti village, Emamzadeh Seyed Yahya. 36° 41’ 3492
14.2” N; 50° 50’ 48.8” E, 400m.
P1015058 Guilan: Sangar to Lahijan, ca. 100 m after Siahkal entrance. 37° 10" 19.1” N; 49° 52’ 26.3” E, 30m. ~ 3488
P1015059 Guilan: 2 km a Saravan to Sangar, Balamahaleh Shahrestan. 37° 06" 39.1” N; 49° 40’ 10” E, 55m. 3501
C. damascenus P1015062 Markazi: ca. 30 km before Golpayegan a Khomein. 33° 37° 50.5” N; 50° 11’ 19.6” E, 1855m. 3639
P1015063 Esfahan: 6 km before Khonsar a Golpayegan. 33° 20’ 7.4” N; 50° 20" 25” E, 2030m. 3709
P1015064 Esfahan: Khonsar-Boein-Miandasht road, just 1 km after the pass. 33° 13° 10.2” N; 50° 15* 29.7”
E, 2820m. 3640
P1015065 Esfahan: 25 km a Aligoudarz to Damaneh. 33° 15" 36.5” N; 49° 56’ 10.9” E, 2405m. 3641
P1015089 W Azerbaijan: N of Urumieh. 38° 00’ 53.8” N; 44° 56’ 37.6” E, 1875m. 3710
P1015091 W Azerbaijan: 15 km before Oshnavieh, a soil road towards West. 37° 10" 47.3” N; 45° 04’ 17.3” E, 3712
2170m.
P1015102 W Azerbaijan: W of Oshnaviyeh. 36° 57’ 21.1” N; 45° 00’ 30.7” E, 1775m. 3711
P1015119 Kurdestan: around Marivan dam. 35° 35° 51.1” N; 46° 18’ 50.5” E, 1420m. 3713
P1015128 Kurdestan: Marivan to Tizh Tizh. 35° 31’ 29.6” N; 46° 23’ 1.3” E, 1570m. 3638
P1015138 Kermanshah: between Songhor and Sahneh. 34° 38’ 39.8” N; 47° 35’ 21.7” E, 1980m. 3714
C. haussknechtii P1015067 Lorestan: 42 km before Khorramabad a Doroud. 33° 31’ 18” N; 48° 45’ 37” E, 1835m. 3716
P1015131 Kurdestan: Sanandaj, Salavat Abad pass. 35° 16’ 30.2” N; 47° 08’ 25.5” E, 2010m. 3718
P1015136 Kurdestan: Dehgolan to Ghorveh, on the road to Songhor. 34° 04’ 48” N; 47° 33’ 36” E, 2190m. 3715
C. speciosus s.l. (= C.P1015060 Guilan: Rostamabad, hills NE Shamam village, between jungle trees. 36° 55’ 48.1” N; 49° 28
archibaldiorum) 36.3” E, 880m. 3499
C. speciosus s.l. P1015042 Tehran: 3 km a Gaduk pass to Veresk. 35° 51’ 16” N; 52° 56’ 49.2” E, 2065m. 3498
P1015070 Guilan: Totekabon to Jirandeh. 36° 48 33.3” N; 49° 38 8.6” E, 1010m. 3719

index (CV;) were estimated to quantify the inter- and
intra-chromosomal asymmetries and heterogeneity in
centromere positions, respectively (Peruzzi and Alti-
nordu 2014). The chromosome terminology of Levan et
al. (1964) was applied. All additional details including
methods of statistical analysis (Principal Coordinate
Analysis, PCoA, and Discriminant Analysis, DA), and
the software employed, follow the procedures described
in Peruzzi and Altinordu (2014). ArcMap 10.7.1 software
was used to draw the distribution map.

RESULTS AND DISCUSSION

Mitotic spreads and idiograms for 23 accessions (125
individuals) belonging to four species and one aggregate
are shown in Figs. 2 & 3, and in Figs. 4-7, respectively.

Chromosome numbers, karyotype formulas, together with
the calculated karyotypic parameters are given in Table
2. A distribution map (Fig. 8) indicates possible correla-
tions between karyological data and geography. The result
of PCoA analysis based on five karyotypic parameters is
presented in Fig. 9. The idiograms underline that the basic
chromosome number for each accession equals half of the
total somatic number. In C. damascenus and C. hausskne-
chtii several chromosome numbers and karyotypes were
detected, while unique karyotypes were found in C.
archibaldiorum, C. caspius, and the C. speciosus group.

Section Crocus, C. haussknechtii

This section is represented by C. gilanicus B.Mathew,
C. hakkariensis (B.Mathew) Ruks$ans, C. haussknechtii and
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Figure 1. Photos of the studied taxa. a) C. archibaldiorum; b) C. caspius; ¢, d) C. damascenus; e, f) C. haussknechtii; g, h, 1) C. speciosus s.1.

(P1015042), j, k, 1) C. speciosus s.1. (= C. archibaldiorum, P1015060), m) C. speciosus s.l. (P1015070). Photos: a-e and m by Janis Ruksans,
the rest by the author.

C. sativus in Iran. Here, three accessions of C. haussknech-
tii were studied. Chromosome numbers of 2n = 14 in two
accessions (P1015131, P1015136) from Kurdistan province,
and 2n = 16 in P1015067 from Lorestan province were
recorded. These results confirm intraspecific variation in
chromosome numbers and also significant differences in
karyotype formulas among accessions with different chro-
mosome numbers (Brighton et al. 1973; Brighton 1977a;
Sanei et al. 2007). The karyotype of 2n = 16 consists of
ten subtelocentric plus six submetacentric chromosomes,
whereas in 2n = 14 karyotypes, solely metacentric and
submetacentric chromosomes occur. The Mg, and CV;
parameters also confirm that the karyotype in P1015067
is more asymmetric than in the other two investigated
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accessions. The coeflicient of variation of chromosome
length (CVy), giving a measure of interchromosomal
asymmetry (Peruzzi and Altinordu 2014), showed the
highest amounts for the three studied accessions of this
species among the examined taxa (Table 2).

Brighton (1977a) presented a karyotype in two col-
lections (as C. pallasii subsp. haussknechtii) from Iran
(Kazerun and Firouzabad) with 2n = 16 chromosomes,
to which the karyotypes of my samples from Lorestan
province completely coincide. Brighton et al. (1973) also
reported 2n = 14 chromosomes for a collection from
Zagros Mts., but without presenting its karyotype. How-
ever, Mathew et al. (1979) presented the karyotype for
an accession of this species with 2n = 14 from Sanandaj
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Table 2. Karyological data of the investigated accessions. No. inv. cor. = number of investigated corms; Fig. refer. = figure reference; SAT
chr. no. = number of satellited chromosomes; THL = total haploid length of chromosomes; MCA = mean centromeric asymmetry; CVCL
= coefficient of variation of chromosome length; CVCI = coefficient of variation of centromeric index.

No. _.
Species IBRC No. inw. Fig. 2n Karyotype formula SAT. Chr. THL Mg CVeo CVq
or. refer. No.
Section Crocus
C. haussknechtii P1015067 4 3e 16 6sm+10st, 6sm+8st+2stst 0,2 48.19 41.73 39.109 25.29
P1015131 4 3f 14 2m%®+6m+6sm 1,2 4739 22.78 44.59 15.81
P1015136 4 3g 14 2m+12sm, Im_1m*+12sm 0,1 42.71 30.32 4391 16.72
Section Nudiscapus Mathew
C. archibaldiorum  P1015055 8 2a 12 12m, 9m+3m™, 10m+2m* 0,2,3 7545 182 1484 4.74
P1015056 6 2b 12 10m+2m 1,2 70.29 20.18 11.75 3.25
C. caspius P1015044 9 2c¢ 24 18m+6sm, 16m+2m™+6sm 0,2 62.19 2202 13.65 8.14
P1015045 7 2d 24 18m+6sm, 17m+1m*+6sm 0,1 6543 1934 1246 7.11
P1015049 8 2e 24 18m+6sm,18m+5sm+1sm®, 18m+4sm+2sm® 0,1,2 60.74 20.89 11.24 9.46
P1015058 6 2f 24 16m+8sm, 0,1,2 7513 2263 12.08 8.53
P1015059 5 2g 24 16m+8sm, 14m+9sm+1sm™* 0,1 63.71 2261 14.73 833
C. damascenus P1015062 6 2h 8 8st 0 28.68 6297 2042 16.81
P1015063 4 2i 8st 0 32.64 66.13 1822 12.65
P1015064 2 2j 8  8st, 7st+1stst 0,1 46.59 68.47 18.12 19.63
P1015065 4 2k 8 8st, 7st+1sts 0,1 38.18 6596 17.13 18.45
P1015089 5 21 10 2m+2sm*'+ 6st 2 41.25 47.67 21.78 40.81
P1015091 6 2m 10 1m+2sm+1sm*+6st, 2sm+2sm*'+ 6st 1,2 3642 52.08 10.35 22.68
P1015102 7 2n,0 10 2sm+ 8st, Ism+1sm®48st, 2sm+7st+1st5t 0,1,2 4281 5443 11.74 359
P1015119 4 2p 8 8st 0 27.52  59.59 17.39 12.66
P1015128 3 3a,b 3 8st, 7st+1sts, 6st+2st%t, 5st+3stt 0,1,2,3 3521 6653 17.1 20.81
1 3c 1m+7st, Im+6st+ 1sts 0,1 33.54 56.84 2349 47.18
P1015138 5 3d 8  7st+1st% 6st+2st5, 5st+3stsat 1,2,3 285 6298 16.14 18.48
C.speciosus 1. (= C. 1015060 5 3j 12 12m, Lim+1m™, 10m+2m 0,1,2 7187 1697 1316 39
archibaldiorum)
C. speciosus s.1. P1015042 5 3h,i 12 12m, 1lm+1m*, 10m+2m®, 9m+3ms 0,1,2,3 4295 2194 121 528
P1015070 7 3k 12 12m, 11m+1ms 0,1 51.28 20.53 1393 4.46

(Kurdistan), which corresponds to the karyotype of
accession P1015136. Sanei et al. (2007) stated that their
karyotype of 2n = 12 (from Kermanshah province) was
very similar to the 2n = 14 cytotype of Mathew et al.
(1979) when the smallest pair was missing. Totally, three
cytotypes (2n = 12, 14 and 16) have been reported for C.
haussknechtii from Iran so far.

The reported karyotypic differences among the stud-
ied cytotypes are much greater than that could have
been simply overlooked earlier. Maybe, in the past such
substantial variation was considered as commonly pre-
sent (Feinbrun 1957; Brighton 1976; Rudall et al. 1984).
However, reflecting the currently accepted species con-
cept in the genus, such a peculiar chromosome polymor-
phism, especially at the infraspecific level, is anomalous.
Detailed molecular and morphological analyses seem
essential prior to making any taxonomic decisions.

Section Nudiscapus

Twenty-one species of this section are distributed
in Iran. Among them, only C. damascenus is widely dis-
tributed, the others are either steno-endemics or sub-
endemic elements. In the present study, detailed karyo-
typic data are provided for 15 accessions of C. caspius
and C. damascenus, and also five accessions of Crocus
speciosus aggregate (the series Speciosi).

Crocus caspius

All five investigated accessions from Mazandaran and
Guilan provinces (Table 1) showed 2n = 24, confirming
earlier chromosome counts (Brighton et al. 1973; Mathew
and Brighton 1977; Heywood 1983). The estimated karyo-
typic parameters (Table 2) showed little variation among
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Table 3. Crocus species currently occurring in Iran, and previous chromosome counts for them (in alphabetical order).

Section Species n 2n Origin Reference(s)
Nudiscapus ~ Crocus almehensis C.D.Brickell 20  Bojnurd Brighton et al. 1973
&B.Mathew
Crocus archibaldiorum (Ruksans)
Ruksan
Crocus azerbaijanicus Dolatyari &
Ruksans
Crocus caspius Fisch. & C.A.Mey. ex 24 Sari Brighton et al. 1973
Hohen. Rasht
24 Guilan Mathew and Brighton 1977
12 24 Rasht, Mt. Sefid rud, Amol Heywood CA 1983
Crocus chiaicus Dolatyari & Ruksans
Crocus chionophilus Dolatyari &
Ruksans
Crocus damascenus Herb. 8, 10, 12 Damaneh, Urumieh, Khoi Brighton et al. 1973
8 Golpayegan Ebrahimzadeh et al. 1998
4 8,8+1B Arak, Sefid-khani Ghaffari and Djavadi 2007
8 Golpayegan Sanei et al. 2006
8, 10, 12 Damaneh, Salmas, Khoi Brighton 1977b
Crocus dolatyarii Ruks$ans
Crocus Crocus gilanicus B.Mathew 24 W of Rustamabad Mathew and Brighton 1976
Siah Bisheh Ebrahimzadeh et al. 1998
Nudiscapus ~ Crocus gunae Ruksans
Crocus Crocus hakkariensis (B.Mathew) Ruksan
Crocus haussknechtii (Boiss. & Reut. ex 12 Islam Abad-e Qarb Sanei et al. 2007
Maw) Boiss. 14 Zagros Mts. Brighton et al. 1973
16  Kazerun, Firouzabad Brighton 1977a
Nudiscapus ~ Crocus inghamii Ruk$ans
Crocus iranicus Ruksans
Crocus kurdistanicus (Maroofi & Assadi)
Ruksans
Crocus marandicus Dolatyari & Ruksans
Crocus michelsonii B. Fedtsch. 20 W of Bojnurd, NW of Ghochan,  Brighton et al. 1973
N of Ghochan
Crocus pseudoiranicus Dolatyari &
Ruksans
Crocus reinhardii Ruksans
Crocus sanandajensis Kernd. & Pasche
Crocus Crocus sativus L. 24 Cultivated plant origin from Iran Agayev 2002, Ebrahimzadeh
et al. 1998, Estilai 1976, Estilai
and Aghamohammadi 1977,
Ghaffari 1986, Ghaffari and
Bagheri 2009
Nudiscapus ~ Crocus zagrosensis Kernd. & Pasche
Crocus zanjanensis Kernd. & Pasche
Crocus zubovii Ruksans
Crocus biflorus aggregate, C. aerius Herb. 22 Urumieh, Sanandaj, Brighton et al. 1973
Crocus biflorus aggregate, C. adamii J. 20  Bojnurd Brighton et al. 1973
Gay
Crocus speciosus M.Bieb. aggregate 12 Golestan forest Ebrahimzadeh et al. 1998

S Aliabad, S Sangdeh, E Chalus,
Ardabil, between Astara and
Ardabil

Brighton et al. 1983
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Figure 2. Mitotic metaphase plates of the investigated accessions. C. archibaldiorum: a) P1015055, b) P1015056; C. caspius: c) P1015044, d)
P1015045, ¢) P1015049, f) P1015058, g) P1015059; C. damascenus: h) P1015062, i) P1015063, j) P1015064, k) P1015065, 1) P1015089, m)
P1015091, n, o) P1015102, p) P1015119. All scale bars = 2 pm.

the studied accessions, reflected in their close positions taxa, the estimated total haploid length (THL) for most
occupied in the PCoA analysis (Fig. 9). Although 2n =24  studied accessions of C. caspius (except for P1015058) was
is the largest chromosome number among the examined  shorter than that was measured in C. archibaldiorum (2n
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Figure 3. Mitotic metaphase plates of the investigated accessions. C. damascenus: a, b, ¢) P1015128, d) P1015138; C. haussknechtii: e)
P1015067, f) P1015131, g) P1015136; C. speciosus s.l.: h, i) P1015042, j) P1015060, k) P1015070. All scale bars = 2 pm.

= 12). Schneider et al. (2012) found larger chromosomes
in taxa with lower chromosome numbers, and concluded
that the numerical diploidization events were caused by
chromosome fusions.

Crocus damascenus

Wendelbo and Mathew (1975) recognized this spe-
cies as C. cancellatus Herb. subsp. damascenus (Herb.)
B.Mathew. Phylogenetic studies strongly ruled out the
subspecies concept of Mathew (1982) in crocuses and
this subspecies, like many others, was raised to species
level (Harpke et al. 2013; Ruksans 2014a, b, 2015; Har-
pke et al. 2016).

Among 10 accessions analyzed from five Iranian
provinces, three accessions from province W Azerbai-
jan had 2n = 10 chromosomes, while the other seven
accessions showed 2n = 8 (Table 2). Identical counts
were earlier published for collections from W Azerbai-
jan (Brighton et al. 1973, 2n = 10), Markazi and Esfa-
han provinces (Brighton et al. 1973; Ebrahimzadeh et
al. 1998; Sanei et al. 2007; Ghaffari and Djavadi 2007,
2n = 8). Also, a chromosome number of 2n = 12 was
counted in plants from Khoi (W Azerbaijan province)
by Brighton et al. (1973) and Brighton (1977b). In addi-
tion, Ghaffari and Djavadi (2007) reported one B chro-
mosome in C. damascenus from an Arak population,
but no B chromosome was seen in the examined mate-
rials here.
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Figure 5. Idiograms of the investigated accessions of the genus Crocus.
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Figure 7. Idiograms of the investigated accessions of the genus Crocus.

Brighton (1977b) reported 2n = 8, 10, 12, 14 and 16
chromosomes in 90 investigated collections of C. cancel-
latus aggregate. Altogether, she found 1-9 B chromosomes
in the 2n = 10 and 2n = 16 cytotypes, and three distinct
karyotypes having 2n = 8, 10 and 12 chromosomes. Four
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of her collections were from Iran: one from Damaneh
(Esfahan province, 2n = 8, karyotype 1: only acrocentric
or subtelocentric chromosomes), two from Salmas and
Urumieh (2n = 10, karyotypes 1 and 3: like type 1 but
one acrocentric chromosome was replaced by one meta-



Karyological data of five autumn-flowering Crocus L.

species from Iran

39

45"o|‘o"|: 50“(:‘0’1: 55“*(:'0“: sn°<='o-|:
- i I rl
AN Armenla Azerbaijan ,/ - _? U\Z%TE =40°0'0"N
£ =
Wjﬂn - _,/ o '\) Turkmenistan
Tu‘fey Q’\‘( | (_,\j\
T
% n ‘\ ( // T
-» \La\\ \V_/, Bt
xii A 57
N
35°0'0"N= ~ * * // v P=35"0'0"N
L
e |
Y
> LT ?
\f\ \ Afghanistan
> Iran j
Irag LL
30°0'0" N ,—' V \ p=30"0'0"N
N The—
\\k_ /_ﬂwa‘k\
N
.
\ *
< \4\ L?
\——-'\ e r,//ﬁ—;\\ )
Saudi Arabia aﬁjai “\_) /Oﬁ L\'\‘r ﬁakisian
ahiGin {
Qatar S _— ]
25°0'0"N = V‘) / A e =25°0'0"N
Unitje//Arab Enﬁ‘ztes
A\Lwﬁfﬁf‘/ mar}\

I I
40°U0E SUUUE

1 1
29°0'UE BU*OUE

Figure 8. Distribution map of the studied accessions of Crocus species. C. archibaldiorum (blue pentagons), C. caspius (green dots), C.
damascenus (2n = 8 red squares, 2n = 10 purple squares), C. haussknechtii (2n = 14 blue asterisks, 2n = 16 yellow asterisk), C. speciosus s.1.
= C. archibaldiorum (2n = 12, blue triangle), C. speciosus s.l. (2n = 12, red triangles).

centric chromosome), and one collection from Khoi (2n =
12, karyotype 2: consisted of 1-3 pairs of submetacentric
or metacentric chromosomes besides a varied number of
acrocentric ones). I did not find 2n = 12, probably because
I did not study samples from Khoi. In accordance to her
results, karyotypes in my examined collections with 2n
= 8 were constant and consisted of only eight subtelocen-
tric chromosomes (karyotype 1, Figs. 5 & 6). However,
in one individual each of accessions P1015128 (2n = 8)
and P1015091 (2n = 10), karyotype 3 was found that was
reported by Brighton (1977b) only in 2n = 10 cytotypes
and not in 2n = 8 ones from Iran. However, Feinbrun
(1957, 1958) reported karyotype 2 for 2n = 8 cytotypes of
C. damascenus samples from Lebanon, Jordan and Syria.

West Azerbaijan accessions (2n = 10) possessed one or
two pairs of metacentric and/or submetacentric chro-
mosomes (karyotype 2) observed by Brighton (1977b) in
plants from Iran having 2n = 12 chromosomes.

The ten examined accessions showed substantial
intraspecific polymorphism in chromosome number and
structure. However, the estimated total haploid length
(THL) did not vary remarkably among these collections.
Like previous researchers (Brighton 1977b; Brighton et
al. 1983; Harpke et al. 2015), I attribute these karyologi-
cal alterations to Robertsonian translocation events hav-
ing occurred frequently during the generic evolution.
It seems also possible that, in this species with variable
karyotypes, the karyological diversity could have been
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Figure 9. PCoA analysis of the investigated accessions based on five quantitative karyological parameters. Four first letters of species name
plus three last numbers of IBRC codes were used to mark each accession, section names in red letters.

caused by infraspecific hybridization events in the con-
tact zone of various phytogeographical regions (Brighton
1977b; Harpke et al. 2015).

Keeping in mind all available data, I hesitate con-
sidering the occurrence of three different chromosome
numbers (2n = 8, 10 and 12) and three distinct karyo-
types as characteristic of the widely distributed C. dama-
scenus (Ruks$ans 2017a). In my opinion, the currently
accepted concept of this species needs substantial re-
evaluation.

Crocus speciosus aggregate

Crocus speciosus aggregate is one of the most com-
plicated taxonomic groups within the genus. Its mem-
bers are distributed from Greece, Turkey and Crimea
(Ukraine) to the southern coast of the Caspian Sea in N
Iran. Mathew (1982) accepted three subspecies within
C. speciosus, and subsumed under the typical subspe-
cies karyologically very dissimilar samples with 2n = 8,
10, 12, 14, and 18 chromosomes (Brighton et al. 1983).
Until now, C. archibaldiorum, C. zubovii Ruksans and
C. hyrcanus Ruk$ans & Zubov have been split from the
Iranian members of C. speciosus (Ruksans 2014a, 2017a,
Ruksans and Zubov 2025). For now, I apply the name C.
speciosus s.. for any other materials from this aggregate
not belonging to these three species.

Two accessions of C. archibaldiorum were karyologi-
cally investigated and showed 2n = 12 metacentric chro-
mosomes. These are the first chromosome counts for
this species.

In three collections of the C. speciosus aggregate
from N Iran (Tables 1 and 2), 2n = 12 metacentric chro-
mosomes were counted, and the karyological data for
accession P1015060 were identical to those of C. archiba-
Idiorum. Since this accession occupied a position close to
accessions of the latter species in PCoA analysis (Fig. 9),
I re-examined it morphologically and concluded that it
was another population of C. archibaldiorum (confirmed
by J. Ruksans, personal communication). Also the sepa-
rate position of two other accessions of the C. specio-
sus group may be considered as a good support for the
assumption of Dolatyari et al. (2024) that possibly sev-
eral undescribed species from this group occur in Iran.

Brighton et al. (1983) studied five collections of C.
speciosus subsp. speciosus from N Iran and reported 2n
= 12 with the karyotype formula of 6m + 6sm for them,
to which mine virtually correspond. Ebrahimzadeh et
al. (1998) also reported the same number and karyo-
type for this subspecies from Golestan province. Among
the studied accessions, the largest total haploid length
of chromosome set (THL) was measured in accession
P1015055 of C. archibaldiorum.
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Statistical analysis

To correctly highlight karyological relations among
the studied taxa, I analysed five karyological parameters
(2n, THL, Mc,, CVe, CV¢y) of all investigated acces-
sions using the principal coordinates (PCoA) method
(Fig. 9). The cumulative variance explained by the first
two axes was 81.07. Wherever I was going to test pre-
vious groupings, discriminate analysis (DA) was per-
formed (Peruzzi and Altinordu 2014). Remarkably, DA
correctly attributed the studied accessions to their two
corresponding sections. This clustering pattern at the
sectional level was in accordance with the findings of
recent palynological studies on Iranian Crocus spe-
cies, which similarly revealed clear distinctions between
sections based on pollen morphology (Dolatyari and
Dehghani 2025). This congruence between karyological
and palynological data supports the reliability of both
approaches in resolving taxonomic relationships within
the genus. The most important characterizing karyologi-
cal features were 2n, CV, and THL. However, it must
be noted that the heterogeneity of the investigated sam-
ples could have influenced the statistical results. In other
words, another result seems possible if more samples of
the sect. Crocus were analysed.

At the species level, all accessions of the same spe-
cies occupied close and distinct positions. The isolated
position of C. haussknechtii (sect. Crocus) far from the
other four species (sect. Nudiscapus) was particularly
striking. Crocus caspius (2n = 24) was positioned more
closely to C. archibaldiorum and C. speciosus aggre-
gate (both 2n = 12). These three taxa are distributed in
northern Iran (Fig. 8).

At the infra-specific level, close and isolated posi-
tions of the five studied accessions of C. caspius mirrored
its constant and distinct karyotypes. On the other hand,
in C. damascenus, the isolated position of accession
P1015089 (North of Urumieh) needs special attention.
This accession greatly differed from the other two 2n =
10 accessions in CV¢y and CV,; parameters, and hav-
ing one pair of long metacentric chromosomes that are
absent in the other accessions. These results shows that
this accession may represent a distinct taxon demanding
a future detailed taxonomic investigation.

CONCLUDING REMARKS

The findings of this paper are in line with previous
findings and confirm extreme karyological variation in
crocuses. The extremely wide range of reported chromo-
some numbers (2n = 6 to 64) makes it difficult to infer
ploidy levels directly from somatic chromosome com-

plements. However, substantial changes in chromosome
number and structure imply the pivotal role of karyolog-
ical events, particularly dysploidy and polyploidy, in the
genus evolution (Goldblatt and Takei 1997; Harpke et al.
2013; Raca et al. 2023).

The number and type of satellited chromosomes in
the genus seem to be good karyological markers, but it
remains unclear whether they are taxon-specific, since
comprehensive publications, like those available for Alli-
um (Dolatyari et al. 2018), are still missing to determine
the taxonomic importance of such variation in crocuses.
This issue is intended to be addressed in detail in the
next publication.

Currently, the subspecies concept is no longer
accepted in the genus Crocus, and all former infraspe-
cific entities are recognized as distinct species. This
attitude helped to resolve many long-standing karyo-
logically characterized complexes. Additionally, accurate
review of available chromosomal data suggests that most
Crocus species possess constant karyotypes, with little
intra-populational heterozygosity. In cases where differ-
ent cytotypes are observed within one species, e.g. in C.
damascenus and C. haussknechtii, it should be regarded
as a strong signal for a future taxonomic revision.
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