CARYOLOGIA

Vol. 64, no. 3: 302-308, 2011

Chromosome number variation in Tanacetum polycephalum Schultz
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Abstract — Mitotic chromosome numbers are reported for fourteen populations of Tanactum polycephalum
Schultz Bip. (L.) collected from west of Iran. In T. polycephalum, chromosome numbers were varied from 2n=
2x=18 to 2n=6x= 54. One diploid population (2n=2x=18) and two populations with both diploid and tetra-
ploid chromosome numbers (2n=2x=18 and 36) were identified. Five populations with chromosome number
(2n=4x=36) and a population with two different chromosome numbers (2n=4x=36 and 54) were found for the
first time. In this species, four populations with hexaploidy (2n=6x=54) were detected for the first time. Results
indicate that polyploidy is confirmed as the most significant evolutionary trend in chromosome number within
this species. This species is also a problemic and polymorph taxnon and our results indicate that its polyploidy

can be regarded as the reason.
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INTRODUCTION

The Asteraceae is the largest plant family.
The family comprises more than 1600 genera
and 23000 species (KADEREIT AND JEFFREY 2007;
FuNK et al. 2009). Its many genera and species,
its worldwide distribution and the fact that it
comprises many useful plants have made it the
subject of many karyological studies (WATANABE
2002). Many karyological and cytological stud-
ies have been performed in the Asteraceae (CARR
et al. 1999; VALLES et al. 2005; CHEHREGANI AND
MEHANFAR 2008; CHEHREGANI AND HAJISADEGHI-
AN 2009). The most common basic chromosome
number in the Anthemideae is x=9, although
x=8 and x=10 have also been reported by some
researchers (CARR et al. 1999; VALLES et al. 2005;
CHEHREGANI AND HAJISADEGHIAN 2009). Nev-
ertheless; it seems that chromosome numbers
are currently known for less than 40% of spe-
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cies of the family; so new studies are still neces-
sary to improve the knowledge of these plants
(VoLkova AND Bovko 1986; VALLES et al. 2005).
The native flora of Iran comprises about 8000
angiosperm species. Chromosome counts on
Iranian material have so far been carried out for
about 1500 species, but in many cases only a sin-
gle chromosome count has been studied (GHAF-
FART AND KELICH 2006).

Polyploidy is currently considered a promi-
nent force in plant evolution and represents the
most common mode of sympatric speciation in
plants (WENDEL and DOYLE 2005 and references
cited therein; CHEHREGANT et al. 2010). Poly-
ploids, moreover, may have superior levels of
adaptability and higher probabilities of survival
than their diploid relatives (LEVIN 1983; THOMP-
soN and LUMARET 1992; Sorris and Sorris 2000).
Chromosome data currently available show
polyploidy is the most significant evolutionary
trend in chromosome number within Asteraceae
(CARR et al. 1999; VALLES et al. 2005; CHEHRE-
GANI et al. 2010).

The genus Tanacetum (L.), formerly Pyre-
thrum (Zinn.), is a large, poorly defined classi-
fication group in the Asteraceae (Compositae)
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containing polymorph species, many of which
have applications as herbal medicines (BRowN ez
al. 1999). Tanacetum is one of the largest gen-
era of the family Asteraceae, containing 250-500
taxa depending on the opinions of the authors
who have studied the genus (Mc ARTHUR and
PLumMER 1978; MABBERLEY 1990; LING 1991a;
b; 1995a; b; BREMER and HumpHRIES 1993; Ka-
DEREIT and JEFFREY 2007; FUNK ez al. 2009). It
is distributed throughout the Northern Hemi-
sphere, with very few representatives (not more
than 10 species) in the Southern Hemisphere.
Many species of the genus are very abundant
and significant in a range of habitats and are
used as sources of medicines, food, forage or
other useful products. West and central Asia are
two important speciation centers of the genus
(VALLES et al. 2005). Tanacetum polycephalum is
an unknown and problemic species in the genus.
It seems that the genus is a polyphyletic complex
and should be revised carefully regarding its spe-
cies and subgenus (JupD ef al. 1999; WATSON et
al. 2000; Valles et al. 2003).

There are only three chromosome number
reports for T. polycephalum. Diploid chromo-
some number 27=2x=18 was reported for an
Armenian population of this species (KHANDJAN
1992). Our prior reports showed also 27=8x=72
for a population collected from Hamedan, Iran
(CHEHREGANT and HaJSADEGHIAN 2009) and

21n=10x=90 for a population from Zanjan, Iran
(CHEHREGANI and MEHANFAR 2008). Neverthe-
less, T. Polycephalum, particularly the Iranian
populations, are poorly known in terms of kary-
ology and there are few chromosome counts that
were report different chromosome numbers for
a species. Our aims in this paper are to study
chromosome number and polyploidy in differ-
ent populations of Tanacetum polycephalum in
the west of Iran, to provide more information
about ploidy level variation in this poorly known
species.

MATERIAL AND METHODS

Plant materials - Studied plant samples were
collected from the west of Iran, mainly Hamedan
province (Fig. 1). Herbarium vouchers of all spe-
cies studied are deposited in the herbarium of
Department of Biology; Faculty of Science; Bu-
Ali Sina University; Iran (BHU). The locations,
collectors and dates are shown in the Table 1.

Karyological studies - Chromosome counts
were made on somatic metaphases using stand-
ard squash techniques. Seeds collected in the
wild were used in the present study. Root-tip
meristems were obtained by germinating seeds
on wet filter paper in Petri dishes at approxi-
mately 20°C. Samples were pretreated with

Turkmenistan ",

Fig. 1 — A map of Iran (left) that shows Hamedan province in the west of Iran and a map of Hamedan province

(right) that plant collection areas were indicated (*).
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0.05% colchicine for 2h 30min at room

3:1 v/v absolute ethanol:glacial acetic
acid for a minimum of 24h at 4°C. Mer-
istems were hydrolysed in 1M hydrogen

temperature. The material was fixed in
chloride (HCI) for 30min at room tem-

acetic orcein for a minimum of 3h at

perature. They were then stained in 2%
4°C (CHEHREGANI et al. 2010). Squashes

were made in 45% acetic acid. Pho-

Axiostra microscope with a Canon G10

tographs were taken through a Zeiss
digital camera.

To access the existence of published

chromosome counts in the studied spe-

9, but

cies, we used the most recent reports
RESULTS AND DISCUSSION
Fourteen Iranian populations be-

longing to species of Tanacetum polyc-

ephalum Schultz Bip. (L.) were studied

of chromosome numbers for this spe-
cies (CHEHREGANI and MEHANFAR 2008;

CHEHREGANI and HAJISADEGHIAN 2009),
as well as the chromosome number da-
tabases, Index to Plant Chromosome

Numbers (M1ssourt BOTANICAL GARDEN;
http://mobot.mobot.org/\W3T/Search/

ipcn.html) and Index to Chromosome
Numbers in the Asteraceae (WATANABE

2002, http://www-asteraceae.cla.kobe-

u.ac.jp/index.html).
sults the basic chromosome number in

in this research work. Based on our re-
the all studied populations is x

they are different regarding poloidy
level. We present the data and chromo-

some number of different studied popu-
lations grouped by increasing chromo-

some number.

18 was detected

(Fig. 2A). This popula_tion was collected

Only a population with chromo-

some number 2n=2x

of Iran near to Iraq boundary (Table

from Kermanshah province in the west
1). This finding is in accordance with

a previously reported data (KHANDJIAN

1992) and is different from our prior

reports for two different populations
collected from Hamedan and Zanjan
provinces (CHEHREGANI and MEHANFAR
2008; CHEHREGANI and HAJISADEGHIAN
2009). It seems that this difference is
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due to adaptation for different ecological and
geographical conditions in each population that
is accompanied with polyploidy. Similar data
were reported in the some species of Artenzisia
(CHEHREGANI, et al. 2010). In six populations
tetraploidy (27=4x=36) was detected (Figs. 2B-
G). Five populations were collected from dif-
ferent regions of Hamedan province (Figs. 2B-F
and H); and a population was collected from
Zanjan province in north of Hamedan (Table
1 and Fig. 2G). In the populations studied in
Hamedan, a population was collected from a

natural protective area namely Khangormaz (Fig.
1D) and two populations were collected from
Razan at the east of Hamedan province (Figs.
2 E-F). Although the previously published lit-
eratures showed a high degree of polyploidy for
this species (CHEHREGANT and MEHANFAR 2008;
CHEHREGANI and HAJISADEGHIAN 2009), but this
is the first report of tetraploidy for this species.
In two populations both diploid (272=2x=18)
and tetraploid (2#=4x=36) chromosome num-
bers were observed. One of them is collected
from the capital city of Hamedan (Figs. 2 H, )

Fig. 2 (A-I) — Light micrographs of mitotic metaphase chromosomes of T. polycephalum: (A) T. polycephalum somatic
count (2#=18). B) T. polycephalum (2n=4x=36). (C) T. polycephalum (2n=4x=36). (D) T polycephalum (2n=4x=36).
(E) T. polycephalum (2n=4x=36). (F) T. polycephalum (2n=4x=36). (G) T. polycephalum (2n=4x=36). (H) T. polycepha-
lum (2n=2x=18). (1) T. polycephalum (2n=4x=36). Scale bars = 5pm.
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and the other one collected from Zanjan prov-
ince at the north of Hamedan (Figs. 2 J, K).
Presence of two or more different chromosome
numbers and ploidy levels in the same popula-
tion was also reported previously in Artemisia
species (CHEHREGANI et al. 2010).

In the four populations chromosome number
was evaluated as hexaploid (2#=6x=54). Two
populations were located in Assadabad, be-
tween the Kermanshah and Hamedan provinces
(Figs. 2 L, M), and two others were collected
from Kabotarahang at the north of Hamedan

(Figs. 2 N, O). This is also the first report as
2n=6x=54 for Tanacetum polycephalum. Finally,
in a population that was collected from a moun-
tain in Assadabad region, two different chromo-
some numbers (2#=4x=36 and 2n=6x=54) were
determined (Figs. 2 P, Q).

Our results indicated that the chromosome
number and also ploidy variation is common in
the species Thanacetum polycephalum. It seems
that polyploidy is confirmed as the most signifi-
cant evolutionary trend in chromosome number
within the species. Expansion and diversifica-

Fig. 2 (J-Q) — Light micrographs of mitotic metaphase chromosomes of T. polycephalum: (J) T. polycephalum
(2n=2x=18). (K) T. polycephalum (2n=4x=36). (L) T. polycephalum (2n=6x=54). (M) T. polycephalun: (2n=6x=54). (N)
T polycephalum (2n=6x=54). (O) T. polycephalum (2n=6x=54). (P) T polycephalum (2n=4x=36). (Q) I polycephalum
(2n=6x=54). Scale bars = 5pm.



CHROMOSOME NUMBER IN TANACETUM IN IRAN

307

tion of the genus have been accompanied by
several genome duplications which have led to
acquisition of the tetraploid, hexaploid, octa-
ploid and decaploid levels. On the other hand,
Tanacetum polycephalum is a polyphyletic com-
plex that has very variable characters (JupD et
al. 1999; WATSON et al. 2000; VALLES et al. 2003;
CHEHREGANI and MEHANFAR 2007). Watson e al.
(2002), with molecular data, showed that Tazn-
acetum is a problemic genus. We can conclude
that the reason of its variation and instability is
chromosome number variations that is resulted
in problems regarding its taxonomical situation
and definition of its species.

In conclusion the most common basic number
in the Anthemideae is x=9, although x=8 have
been also reported (VALLES ez al. 2005; CHEHRE-
GANI and HAJISADEGHIAN 2009). In this research
work, in Tanacetum polycephalum, chromo-
some numbers were determined as 27=2x=18,
2n=4x=36 and 2n=6x=>54. We are reporting
the first tetraploidy and hexaploidy level for T.
polycephalum. Prior reports showed diploidy
(KHANDIAN 1992), octaploidy and decaploidy
(CHEHREGANI and MEHANFAR 2009; CHEHREGANI
and HajisADDEGHIAN 2009). Our results indicate
that the chromosome number variation and also
ploidy variation is common in the species Tazn-
acetum polycephalum. It seems that polyploidy
is the reason of the polymorphism in this spe-
cies. Expansion and diversification of the spe-
cies have been accompanied by several genome
duplications which have led to acquisition of the
tetraploid, hexaploid and decaploid levels.
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