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Abstract. The studies were carried on accessions of the Andropogon gayanus-Andropo-
gon tectorum complex (Poaceae) in southwestern Nigeria to determine the chromo-
some numbers and meiotic dynamics in the species. This involves meiotic chromo-
some and pollen studies using standard procedures. Studies on the morphology and 
meiotic behaviour of collections of A. gayanus (2n = 40) and A. tectorum (2n = 20, 40) 
have been made. The cytogenetic studies show that the chromosome configuration of 
A. gayanus is a tetraploid (2n = 40) on a basic chromosome number of 10. A. tectorum 
occurs as a regular diploid on a chromosome number of 2n = 20 and it is the only spe-
cies found in Ekiti State. Accession “Kiwani” was found to be a polyploid. A. tectorum 
with a chromosome number of 2n = 40. This study has also established the stability of 
the genome of the Andropogon complex. In spite of the occurrence of univalent and 
multiple associations, meiosis ensures a high percentage of pollen grains. The pollens 
of accession “Kiwani” (> 35 µm) were generally larger than those of other accessions 
while the other accessions of both A. gayanus and A. tectorum have modal pollen sizes 
less than 35 µm, although the A. tectorum accessions were generally smaller. The study 
concluded that the occurrence of the tetraploid (2n = 40 in accession AT10, “Kiwani” 
can be attributed to apomixis occurring in a lonely plant.

Keywords: Andropogon gayanus, Andropogon tectorum, Apomixis, “Kiwani”, meiotic 
study.

INTRODUCTION

The genus Andropogon Linn., is a fairly large genus of the grass fam-
ily, Poaceae, belonging to the tribe Andropogoneae (Hutchinson and Dalziel 
1972; Olorode, 1984)). Andropogon is a pantropical genus of grasses of about 
29 species almost confined to the tropical and warm temperate regions of the 
world, frequently forming an important part of the savanna vegetation in the 
tropics. The genus is composed of annual and perennial species frequently 
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with tall culms, and leaf blades which can be linear to 
lanceolate or ovate. Andropogon is represented by about 
14 species in Nigeria (Lowe 1989), although Stanfield 
(1970) had reported about 12 species.

The spikelets occur in pairs at each node of the 
raceme, each pair consisting of a pedicellate and a sessile 
spikelets. The sessile spikelet is bisexual while the pedicel-
late is unisexual male (Hutchinson and Dalziel 1972). The 
spikelets are articulated in such a way that at maturity, 
their pedicel and internodes all break apart leaving no cen-
tral inflorescence stalk. The sessile spikelet bears a promi-
nent awn which is flexed at an angle to the vertical axis of 
the glumes. A distinct colour difference exists between the 
two arms of the awn (Clayton 1969; Stanfield 1970).

Andropogon gayanus Kunth is a tall, tufted peren-
nial grass that grows taller than 3 m. It has many tillers 
and abundant foliage especially during the rainy season 
(Chlleda and Crowder 1982). It forms a significant part 
of the vegetation of many savanna areas throughout 
Africa south of the Sahara, including South Africa. It is 
a polymorphic species. In Nigeria, four main varieties 
were recognized (Clayton, 1962). These are: var. gayanus 
(var. genius) Hack; var. bisquamulatus (Hochst) Hack 
var. squamulatus (Hochst) Stapf and var. tridentatus. 
Bowden (1963) considered var. tridentatus as split from 
var. bisquamulatus thus recognizing only three varieties. 

A. gayanus is widespread and abundant in the 
Northern and Southern Guinea Savanna as well as in the 
drier areas of the derived savanna whereas A. tectorum 
occupies vast areas in the derived savanna, preferring 
moderate shade (Stanfield, 1970). However, certain areas 
in the derived savanna support the growth of both spe-
cies equally well (Okoli and Olorode 1983). Andropogon 
gayanus is propagated by seeds, which are broadcasted or 
planted in rows and vegetatively by splitting the tufts. It 
is relatively free of major pests and diseases and is resist-
ant to grazing and burning. These make it a useful grass 
for supporting a large number of ruminant animals in 
Northern Nigeria. It is also one of the high-yielding 
grasses in West Africa (Bogdan. 1977; Pagot, 1993). The 
economic importance of Andropogon gayanus for live-
stock grazing is that it is very palatable when young and 
serves as basic materials for woven houses. Andropogon 
gayanus is a highly-productive grass, which increases 
fuel loads, produces intense, late dry season fires which 
seriously damage native woody species; it is also useful 
as forage in permanent pastures grazed by ruminants. 
The stems are used for thatching and, when flattened, for 
weaving coarse grass mats as well as sometimes being 
planted for erosion control and soil restoration. 

Andropogon tectorum Schum. & Thonn. is a peren-
nial grass; caespitose. Culms can be 200–300 cm long 

without nodal roots or with prop roots. Ligules are ecili-
ate membrane or a ciliolate membrane, 1–2 mm long. 
Leaf blade base tapers to the midrib and bears false 
petiole. Leaf-blades are lanceolate; 30–45 cm long; 10 
– 25 mm wide; flaccid; light-green, apex is acuminate. 
Andropogon gayanus and A. tectorum are important 
natural fodder grasses in Nigeria. They are also useful 
in crop rotation, thatching and mat-making (Bowden, 
1963) and offer an interesting opportunity for ecological, 
cytogenetic and evolutionary studies.

There is paucity of information about the genetic 
studies of the Andropogon gayanus-Andropogon tectorum 
complex aside from the first attempts by Okoli (1978). 
Further investigation of the precise nature and extent of 
the apomicitic phenomenon in these species would be 
both interesting and worthwhile.

MATERIALS AND METHODS

Field trips for plant collections covered agro-ecolog-
ical zones of the following states: Osun, Ondo, Ogun, 
Oyo and Ekiti as shown in Figure 1. Whole plants of 
Andropogon gayanus and Andropogon tectorum were 
collected from different locations in Southwest, Nigeria. 
Accession numbers were given to the specimens. Seeds 
were also collected for planting and preservation. Gar-
den populations were raised from the vegetative parts 
of some accessions and they were also maintained in 
the Botanical Garden of the Obafemi Awolowo Univer-
sity, Ile- Ife, Osun State. The accessions were nurtured to 
maturity and used for this study. Table 1 shows the loca-
tions, coordinates, descriptions of site and collectors of 
the accessions.

Footnote on Kiwani, this lone plant was discov-
ered on a road side in a gravelly location, the three 
colleagues on the trip agreed on its pronounced gigas 
attributes suggesting polyploidy. This was a surprise in 
a region dominated by diploid Andropogon tectorum. 
After the arguments that ensued, the leader of the trip 
named the accession KIWANI which translates into 
“what else can this be?’ It is denoted as AT10 too in part 
of the manuscript.

Meiotic chromosome studies

The young f lower buds for meiotic chromosome 
study were collected between 9:00 am and 12:00 noon 
when the cell activities are believed to be at the peak 
(Jackson 1962) and stored in 1:3 Acetic acid: Ethanol. 
The anthers were removed, squashed and stained in FLP 
Orcein by the squashing technique described by Laose-
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bikan and Olorode (1972). The Pollen Mother Cells were 
examined and scored for chromosome associations. 
Good meiotic chromosome spreads were photographed 
at X100 objective under BK Series (Phase Contrast 
Microscope (PW-BK 5000T) equipped with a DCM 510 
5 Megapixel Camera.

Pollen studies 

Pollen stainability studies were carried out to assess 
the fertility of the accessions as well as the pollen size.

Figure 1. Map showing collection site.
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Pollen stainability test 

Matured pollen grains from each of the acces-
sions were collected between 12:00 pm and 2:00 pm 
when the spikelets had opened. Pollens were dusted on 
microscope slides, stained with Cotton Blue in Lacto-
phenol covered with cover slip and left for about 5 to 
10 minutes for the pollen grains to properly take up 
the stain. Each prepared slide was viewed under a com-
pound light microscope at x40 magnification. The pol-
lens were scored as viable and non-viable using twenty 
fields for each of the accessions. Pollens that were well 
rounded, deeply-stained and moderately sized, were 
scored as viable. Those that were small–sized, irregu-
larly-shaped and poorly-stained were scored as non-
viable. Percentage pollen fertility were calculated using 
the formula below:

Pollen size distribution patterns

The diameter of one hundred (100) pollen grains 
were measured at random for each accession under the 
compound light microscope using graduated ocular 
micrometer at X40 objective magnification. Histograms 
were constructed to show the distribution pattern of the 
pollen sizes for all accessions.

RESULTS

Figures 4 to 6 show the main features of meiotic 
chromosomal studies in the accessions of Andropogon 
gayanus and Andropogon tectorum studied. In both A. 
gayanus and A. tectorum accessions studied, chromo-
some pairing was perfect in some of the Pollen Mother 
Cells. Some of the chromosome associations encoun-

Table 1. Accessions of Andropogon gayanus (Kunth) - Andropogon tectorum (Schum & Thonns) studied and their sources.

Accn Locations Coordinates Descriptions of site Collectors

AG 1 Asawo, Oyo State N 08° 59.848` E 04° 17.836` Ruderal location, regular regrowth forest Ojo, Faluyi, Azeez and 
Abraham

AG 2 Budo-Ode, Oyo State N 08° 20.420` E 04° 14.039` Derived Savanna ’’

AG 3 Between Ogbomosho and Oko, 
Oyo State N 08° 59.854` E 04° 17.835` Ruderal location, regular regrowth forest ’’

AG 4 Igbeti 1, Oyo State N 08° 24.722`E 04° 15.467` Dry water course, populated by heavy mat of 
grasses and sedges; chimeric lawn ’’

AG 5 Igbeti 2, Oyo State N 080 24.723` E 040 15.467` Dry water course, populated by heavy mat of 
grasses and sedges; chimeric lawn ’’

AG 6 Ogbomosho, Oyo State N 08° 34.794` E 04° 14.669` Regular regrowth forest with the presence of 
multiple grass species ’’

AT 1 OAUTHC Road, Osun State N 07° 30.870` E 04° 33.065` Ruderal location with dwarf morphotypes 
propagating from crevices

Ojo, Faluyi and 
Nwokeocha

AT 2 O.A.U. Religious Centre, Osun 
State N 07° 30.703` E 04° 33.065` Ruderal on lateritic soil in company of other 

grasses, Asteraceae ’’

AT 3 O.A.U. International School, 
Osun State N 07° 31.793` E 04° 33.261` Expanse of lateritic soil with close communities 

of Andropogon tectorum ’’

AT 4 Ife-Ibadan road, Osun State N 07° 22.774` E 04° 01.497` At the fringe of road divider, surrounded by 
other grasses Ojo and Faluyi

AT 5 Ondo road, Along Ore, Ondo 
State N 07° 49.468` E 04° 52.444` Ruderal on lateritic soil Ojo

AT 6 Aladura, Ogun State N 07° 30.068` E 04° 27.885` Ruderal on lateritic soil Ojo and Faluyi

AT 7 Omu-Ayede road, Ekiti State N 07° 54.374`E 05° 20.167` Ruderal location with a cluster of Panicum 
maximum and stands of Chromolaena odorata

Ojo, Faluyi, Matthew 
and Abraham

AT 8 Itaji-Oye Road, Ekiti State N 07° 50.833` E 05° 20.661` Ruderal location under a tree of Parkia biglobosa 
and Alchornea laxiflora

Ojo, Faluyi, Matthew 
and Abraham

AT 9 Ayede-Oye Road, Ekiti State N 07° 50.438` E 05° 20.733` Solitary plant, leaves are broad and usually 
short; in mesic location ’’

AT 10 Erinmo Road, Ekiti State N 07° 38.203` E 04° 51.755` Ruderal location on lateritic soil in company of 
other grasses, Asteraceae ’’

Accn: Accession, AG: Andropogon gayanus, AT: Andropogon tectorum.
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tered were the formation of multivalents (especially in 
the polyploid accessions) for example formation of quad-
rivalents as chain of IV (Plates 4A and F), bivalents (fre-
quently encountered) as ring II and rod II (Plates 5E and 
F) and occasionally occurrence of univalents in Plate 5E. 

The following chromosomal configurations and 
aberrations were encountered in the meiotic chromo-
somes of the accessions studied: the formation of mul-
tivalents occurring especially in the polyploid accession, 
for instance, formation of quadrivalents resulting in a 
5IV + 10II configuration as shown in Plate 4F, univa-
lent resulting in 20I (Plate 5E), precocious movements 
at Anaphase I (Figure 4C). Normal bivalent pairing and 
regular segregation to the poles was also observed (Plate 

4A and B). Table 3 shows the meiotic chromosome con-
figuration of the accessions studied.

Pollen studies 

Pollen stainability test

Generally, the pollen fertility in the accessions studied 
was high; it ranged from 83.47% to 97.20%. AT10, sample 
of the accession “Kiwani” collected on the Itawure-Erinmo 
Road (N 07°38.203` E04°51.755 )̀ Ekiti State has the lowest 
value of 83.47% while accession AT1, collected along OAU-
THC road (N 07°30.870` E 04°33.065 )̀, Ile-Ife, Osun State 
has the highest value of 97.20% as shown in Table 4.

Table 2. Morphological Features of the Accessions of Andropogon gayanus-Andropogon tectorum Studied.

Accn Plant form No. of leaves/ 
tiller

No. of tillers/
plant stand Culm characteristics Petiole

AG1 Broad leaves, heavy tillering, culm 
diameter fairly big. Plant type robust 

6.45±0.15
 (6 - 9)

32.85±6.09 
(23–44)

Glabrous, green in colour covered 
with hairy leaf sheath.

Pubescent, grow up to 
20 cm

AG2 Narrow leaves, heavy tillering, culm 
diameter thin. Plant type not so robust

6.33±0.14 
(5 – 9)

34.50±5.79  
(25-49) “ Pubescent, grow up to 

22 cm

AG3 Broad leaves, intermediate tillering, culm 
diameter fairly big. Plant type robust

6.20±0.23
 (5 – 8)

 25.45±8.50  
(24-45) “ Pubescent, grow up to 

20 cm

AG4 Broad leaves, heavy tillering, culm 
diameter big. Plant type not so robust

6.35±0.16 
(5–9)

31.23±6.09  
(29-43) “ Pubescent, grow up to 

23 cm

AG5 Broad leaves, heavy tillering, culm 
diameter fairly big. Plant type robust

6.57±0.13 
(5 – 9)

32.65±6.79  
(27-47) “ Pubescent, grow up to 

22 cm

AG6 Broad leaves, heavy tillering, culm 
diameter big. Plant type robust

6.32±0.16 
(5 – 8)

34.35±7.80  
(23-51) “ Pubescent, grow up to 

28 cm

AT1 Narrow leaves intermediate tillering, 
culm diameter thin. Plant type stout

7.20±0.13 
(5 – 9)

23.67±4.21  
(26-43)

Glabrous, green in colour covered 
with hairless leaf sheath

Glabrous, grow up to 58 
cm

AT2 Narrow leaves heavy tillering, culm 
diameter big. Plant type not so robust

7.31±0.21 
(6 – 9)

31.33±7.88 
(28-41)

Glabrous, green in colour covered 
with hairy leaf sheath

Glabrous grow up to 38 
cm 

AT3 Broad leaves, heavy tillering, culm 
diameter fairly big. Plant type robust

7.15±0.16 
(5 – 8)

33.65±7.50
(27-40) “ Glabrous grow up to 36 

cm

AT4 Broad leaves, heavy tillering, culm 
diameter fairly big. Plant type robust

7.23± 0.13 
(5 - 9)

31.75±6.85
(23-41)

Glabrous, purple in colour covered 
with hairy leaf sheath

Pubescent, grow up to 
28 cm

AT5 Narrow leaves heavy tillering, culm 
diameter fairly big. Plant type robust

7.09±0.16 
(6 – 9)

31.67± 3.72
(27-42)

Glabrous, purple in colour covered 
with hairless leaf sheath

Pubescent, grow up to 
30 cm

AT6
Narrow leaves intermediate tillering, 

culm diameter fairly big. Plant type not 
so robust

7.12±0.15 
(5 – 8)

29.50±5.65 
(27-44)

Glabrous, green in colour covered 
with hairless leaf sheath

Glabrous, grow up to 30 
cm

AT7 Broad leaves, heavy tillering, culm 
diameter big. Plant type robust

7.27±0.16      
(6 – 9)

  30.05±6.10   
(21-45) “ Glabrous, grow up to 28 

cm

AT8 Broad leaves, heavy tillering, culm 
diameter fairly big. Plant type robust

7.40±0.16 
(5 – 8)

32.54±5.08 
(23-43)

Glabrous, green in colour covered 
with hairy leaf sheath

Glabrous, grow up to 22 
cm

AT9 Broad leaves, heavy tillering, culm 
diameter big. Plant type robust

7.16±0.19 
(5 – 9)

31.45±6.18 
(21-42) “ Glabrous, grow up to 26 

cm

AT10
Broad, short leaves, very heavy tillering, 

culm diameter fairly big. Plant type 
robust

7.35±0.12 
(6 - 8)

49.56±4.75 
(39-69)

Glabrous, green in colour covered 
with hairless leaf sheath 

Glabrous, grow up to 45 
cm

Accn: Accession, AG: Andropogon gayanus, AT: Andropogon tectorum, No: Number.
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Pollen size distribution patterns

The pollens of AT10 “Kiwani”, collected on the 
Itawure-Erinmo Road (N 07°38.203` E 04°51.755 )̀ in 
Ekiti State had a majority falling in the large pollen size 
range while the other accessions of both AT and AG 
have modal pollen size having the highest frequency; 
although the AT accessions are generally smaller i.e. < 
35 µm and the AG accessions are >35 µm as shown in 
Figures 7 and 8. 

DISCUSSIONS

The key issues involved in occurrence of ploidy lev-
els, meiotic studies within and among the two species of 
Andropogon studied can be summarized as follows:

1. two chromosome numbers were established: 
2n = 40 in all accessions of Andropogon gayanus which 
paired as 20 II or at low levels of quadrivalents and uni-
valents e.g. 2 IV + 16 II and 5 IV + 10 II. Segregation 
problems were very rare at Anaphase.

2. the dominant chromosome number in 
Andropogon tectorum is 2n = 20 which paired usually 
as 10 II, and occasionally, as 1 IV + 8II as in a AT4 col-
lection from the Ife-Ibadan Road (N 07° 22.774` E 04° 

01.497 )̀, 20 I in AT9 accession from a location on the 
Ayede-Oye Road (N 07° 50.833` E 05° 20.661̀ ) and 18 
II + 4 I (2n = 40) in locality Kiwani, AT10 collected on 
a gravelly location on the Itawure-Erinmo Road (N 07° 
38.203` E 04° 51.755 )̀ both in Ekiti State, Nigeria.

The pairing patterns at diakinesis in A. gayanus sug-
gests a diploid on a basic chromosome number of x = 
20 paired as 20 II or an amphidiploid on a basic chro-
mosome number of 10, while the regular occurrence 
of quadrivalent associations at low levels (2 IV+16 II, 5 
IV + 10 II) suggest a tetraploid as a basic number of x 
= 10 with the four genomes still exercising considerable 
homology.

Okoli (1983) reported a chromosome number 2n = 
40 for Andropogon gayanus, 2n = 20, 30 for Andropo-
gon tectorum and their hybrids obtained by open and 
controlled crosses. The 2n = 20 chromosome in A. tec-
torum paired dominantly as 10 II and occasionally as 
1 IV + 8 II which only occurred in a AT4 collection on 

Figure 2. Morphological features of Andropogon gayanus. a: Plant 
form and adaptation; b: Internode; c: Hairy leaf sheath; d: Raceme 
pairs; e: Seeds; f: Spikelet.

Figure 3. Morphological Features of Andropogon tectorum. a: Plant 
form and adaptation (Insect- Rooting at the node); b: Flowering 
Scape; c: Spikelet; d: The leaf showing sheath, keel and ligule; lg: 
Lower glume.
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Table 3. Meiotic chromosome configurations (Diakinesis) in 
Andropogon gayanus-Andropogon tectorum accessions studied.

Serial 
No Accn Modal chromosome configuration Diakinesis 

number

1 AG 1 5.05 ring II + 13.50 rod II 2n = 40
2 AG 2 4.10 ring II + 14.40 rod II + 1.45 Chain IV “
3 AG 3 3.05 ring II + 14.20 rod II + 0.90 Chain IV “
4 AG 4 4.55 ring II + 13.70 rod II “
5 AG 5 3.05 ring II + 14.90 rod II + 1.15 Chain IV “
6 AG 6 2.45 ring II + 11.90 rod II + 5.05 Chain IV “
7 AT 1 4.95 ring II + 4.85 rod II 2n = 20
8 AT 2 4.85 ring II + 4.90 rod II “
9 AT 3 4.95 ring II + 4.35 rod II + 0.45 Chain IV “
10 AT 4 5.25 ring II + 4.25 rod II + 0.35 Chain IV “
11 AT 5 4.80 ring II + 4.95 rod II “
12 AT 6 7.05 ring II + 2.35 rod II “
13 AT 7 6.85 ring II + 3.05 rod II 2n = 20
14 AT 8 4.05 ring II + 14.50 rod II 2n = 40
15 AT 9 0.95 ring II + 2.40 rod II + 6.45 I 2n = 20

16 AT 
10

4.85 ring II + 7.05 rod II + 3.90 Chain IV + 
1.90 I 2n = 40

Scores are based on 20 cells per accession.
Accn: Accession, AG: Andropogon gayanus, AT: Andropogon tec-
torum.

Figure 4. Chromosome Configurations in A. gayanus (2n = 40). 
A:  AG 1, Metaphase I showing normal bivalent pairing as 20 II. B: 
AG 1, Telophase I showing clear segregations to the poles. C: AG 4, 
Late Metaphase I (white arrow, bottom cell) and Early Anaphase I 
(black arrow, top cell), showing precocious movements to the poles. 
D: AG 4, Tetrads of Telophase II. No laggard on restitution nuclei 
seen. E: AG 2, Diakinesis showing 2 IV + 16 II. White arrows show 
quadrivalents. F: AG 6, Diakinesis showing 5 IV + 10 II. White 
arrows show quadrivalents.

Figure 5. Chromosome configuration in the A. tectorum acces-
sions (A-G: 2n = 20, H-I: 2n = 40). A: AT 1, Metaphase I showing 
normal bivalent pairing as 10 II. B: AT 2, Pachynema-Diplonema 
showing 10 II. C: AT 4, Diakinesis-Early Metaphase I showing 1 IV 
+ 8 II. The white arrow shows a quadrivalent. D: AT 6, Anaphase I 
showing normal segregation to the poles. E: AT 9, Diakinesis show-
ing 20 I. F: AT 7, Metaphase I showing three bivalents chromo-
somes around the nucleolus. G: AT 7, Late Diakinesis/Metaphase I 
showing 10 II. The white arrow probably shows the satellited pair. 
H: AT 10, Diakinesis showing 18 II + 4I. The white arrows indicate 
the four univalents. I: AT 10, Diakinesis showing 16 II + 2 IV. The 
white arrows indicate the two quadrivalents.

Figure 6. Chromosome Configurations for other accessions (A, B 
and E: 2n = 40, C and D: 2n = 20). A: AG 3, Diakinesis showing 5 
IV + 10 II. White arrows show quadrivalents. B: AG 5, Diakinesis 
showing 2 IV + 16 II. White arrows show quadrivalents. C: AT 3, 
Diakinesis I showing 1 IV + 8 II. The white arrow shows a quad-
rivalent. D: AT 5, Diakinesis I showing fig. 8 and 9 II. White arrow 
showing fig. 8. E: AT 8, Diakinesis showing 20 II. 
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the Ife-Ibadan Road (N 07° 22.774` E 04° 01.497 )̀. The 
occurrence of univalent, as 20 I in AT9 accession on the 
Ayede-Oye Road (N 07° 50.833` E 05° 20.661̀ ) and 18 II 
+ 4 I in locality Kiwani, AT10 collected on the Itawure-
Erinmo Road (N 07° 38.203` E 04° 51.755 )̀ suggests that 
while these species generally has a chromosome number 
2n = 20, there is an isolated instance of the occurrence 
of 2n = 40 in the Ekiti populations. Accession “Kiwani” 
featured large biomass typified by a very high number 
of tillers, broad but short leaves, and dense expression 
of hairiness and large pollen grains which are typical of 
polyploidy. 

The occurrence of univalent in the AT9 accession on 
the Ayede-Oye Road (N 07° 50.833` E 05° 20.661̀ ) may 
be attributed to environmental stress occasioned by the 
cluster of regrowth forest species that choked the plant. 
Accession “Kiwani” occurred in an open gravelly rud-
eral location which had been dug up during road con-
structions. The plant probably occurred from seed that 
resulted from the apomictic process. 

The cytological evidence from the accessions of A. 
gayanus (2n = 40) studied indicate a regular occurrence 
of quadrivalent and bivalent associations which suggests 
that there are four genomes on a basic chromosome 
number of 10 in A. gayanus. The genome can therefore 
be an allopolyploid (amphidiploid). The configurations 
20 II, 2 IV + 16 II and 5 IV + 10 II were recorded in the 
A. gayanus accessions studied. 

Okoli (1978) concluded that A. gayanus is an 
allopolyploid based on the karyotypic studies he did. 
It is significant that Okoli (1978) reported the recov-
ery of a fertile interspecific triploid hybrid between A. 
gayanus and A. tectorum in the garden suggesting that 
such hybrids were through introgression in the wild. No 
interspecific crosses were formed during the field survey 
of this study. This does not mean that such hybrids were 
not occurring; they may be morphologically identical to 
A. gayanus as Okoli (1978) had observed in the artificial 
triploid hybrids in the garden. 

It was observed that the major features of the chro-
mosomes of the accessions studied are regular occur-
rence of multivalent associations i.e. formation of quad-
rivalents as chain IV, occurrence of bivalents as ring II 
and rod II in more frequencies and occasional occur-
rence of univalents. All the accessions studied conform 
to the chromosome number of 2n = 40 for A. gayanus 
and 2n = 20 and 2n = 40 for A. tectorum. According to 
Faluyi and Olorode (1987), the occurrence of multiva-
lents and univalent indicate potential for the evolution of 
aneuploidy and possibilities for change of chromosome 
number and chromosome repatterning which might lead 
to genic imbalance and probably viable genetic variabil-
ity in the species.

The morphological and ecological continuity 
between A. gayanus and A. tectorum (Forster, 1962) has 
led Singh and Godward (1961) to hypothesize that A. 

Table 4. Pollen size and fertility in the Andropogon gayanus-Andropogon tectorum accessions studied.

Characters Pollen fertility

Serial No Accessions Chromosome No Mean ± S.Da (µm) C.V. (%) Nb %

1 AG1 2n = 40 43.24±4.75 11 1240 83.47
2 AG2 2n = 40 38.58±4.14 18 1892 87.53
3 AG3 2n = 40 41.25±4.91 12 1089 85.57
4 AG4 2n = 40 37.51±4.17 11 1068 96.34
5 AG5 2n = 40 36.95±4.09 11 1034 95.45
6 AG6 2n = 40 39.38±5.01 15 957 97.04
7 AT1 2n = 20 37.45±2.70 7 1098 96.45
8 AT2 2n = 20 36.52±2.82 7 1152 95.65
9 AT3 2n = 20 36.22±2.79 7 1068 95.77

10 AT4 2n = 20 36.38±2.57 7 1084 94.55
11 AT5 2n = 20 37.98±3.39 8 1194 93.13
12 AT6 2n = 20 37.75±3.23 9 1106 97.20
13 AT7 2n = 20 40.47±4.67 11 1278 95.85
14 AT8 2n = 40 41.95±4.43 12 1327 96.31
15 AT9 2n = 20 40.35±4.25 11 1285 93.54
16 AT10 2n = 40 41.59±4.57 12 1478 96.68

a: based on 100 measurements; b: number on which estimate was based; AG: Andropogon gayanus; AT: Andropogon tectorum; No: Number; 
CV: Coefficient of variation; S.D.: Standard Deviation; %: Percentage.
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gayanus (2n =40) resulted from polyploidization of the 
diploid hybrid between a southern A. tectorum and a 
northern A. gayanus. This study pointed to the fact that 
in A. tectorum, the diploid (2n = 20) is ancestral while 
the higher chromosome numbers are derived. The high 
incidence of multivalents is suggestive of autoploidy 
(Stebbins 1950, 1970; Swanson 1968), which means pol-
len size is high at high ploidy levels. It would be expect-
ed that multivalent associations should lead to loss of 
fertility. The diploid hybrids showed no evidence that the 
presence of univalent or multivalents were necessarily 
associated with loss of fertility because all the accessions 
studied show high pollen viability test and relatively low 
variability in pollen size. The occurrence of bivalents in 
the meiotic cells of the species studied suggest that they 
are allopolyploidy. Also available cytological evidence 
showed that A. gayanus is an allopolyploid while the 
multivalent associations featuring in diakinesis points to 
its polyploid (Olorode, 1972).

This study established the occurrence of a tetraploid 
with a chromosome number of 2n = 40 in one collec-

tion of A. tectorum from Ekiti State where the chromo-
some number is predominantly 2n = 20. The details of 
the cytological studies revealed multiple associations as 
quadrivalents, bivalents and univalents in the collections 
of the two species. These events must play major roles 
in the reproductive and population dynamics of the 
Andropogon complex.

The occurrence of a tetraploid A. tectorum is one of 
the most significant events given the role that this phe-
nomenon and apomixis have been reported to play in 
the colonization of plants. Hojsgaard (2018) identified 
the steps involved in the process of polyploidy among 
which the formation of a triploid arising from a reduced-
unreduced gamete fusion is the foundation. This triploid 
serves as a bridge between parental diploids to produce 
a derivative tetraploid. The derivative tetraploid pro-
duces a new generation of homoploids through a variety 
of pathways to establish a series of mating partners. The 
establishment of new polyploids depends on the rate of 
formation of unreduced (2n) gametes through the apom-
ictic process, frequency-dependent processes that define 

Figure 8. Histogram showing pollen size distribution patterns in 
the accessions of Andropogon tectorum studied. AG: Andropogon 
gayanus, AT: Andropogon tectorum.

Figure 7. Histogram showing pollen size distribution patterns in 
the accessions of Andropogon gayanus-Andropogon tectorum stud-
ied. AG: Andropogon gayanus, AT: Andropogon tectorum.
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minority cytotype disadvantages, small effective popula-
tion sizes and environmental changes that may increase 
polyploid establishment rates.

Apomixis is the key process that results in the unre-
duced gamete which is not a product of the regular mei-
otic process. The unreduced gamete can lead to a poly-
ploid in one step so that apomicts have an advantage 
in range expansions on account of fitness, vigour and 
resistance to adverse environmental conditions. Schin-
kel et al (2016) monitored the correlations of polyploidy 
and apomixis with elevation and associated environ-
mental gradients in an alpine plant, Ranunculus kuepferi 
using flow cytometry to quantify apomictic and sexual 
seed formation while seed set and vegetative growth 
indices were used as fitness parameters. All parameters 
were correlated to geographical distribution, eleva-
tion, temperature and precipitation. Flow Cytometry in 
their experiment revealed obligate sexuality and facul-
tative apomixis in diploid populations while tetraploid 
populations were predominantly facultative to obligate 
apomicts. Apomictic seed formation correlated signifi-
cantly to higher elevations where niches were at lower 
temperatures. Diploid apomixis was not successful in 
range expansion and obligate sexual polyploids were 
not observed. Facultative apomixis may have aided the 
colonization of higher elevations but did not necessarily 
involve long-distance dispersal.

The prospects for the ecological success of the 
Andropogon complex in its spread down-south looks 
very bright from the perspectives of its reproductive 
biology: production of regular seeds by fertilization, 
haploid and diploid seeds through apomixis; occurrence 
of plants as facultative or obligate apomicts, production 
of propagules by rooting at the nodes, preservation of 
plants as underground rootstocks during the dry season, 
even in heavily-grazed locations, induction of flushing 
by fire and the occurrence of tetraploids and aneuploids 
through natural processes. Apomixis will help the plants 
to be able to colonize space because it confers self-com-
patibility as opposed to sexual reproduction where self-
incompatibility might be a hindrance according to Bak-
er’s Law (Baker 1967)

The incidence of polyploids in the Ekiti populations 
of Andropogon tectorum and their occurrence in restrict-
ed gravelly locations sometimes as large populations as 
on the Ifaki-Ado Road and the occurrence of collections 
with marked meiotic disturbances also in some Ekiti 
accessions have been documented. The establishment of 
the Andropogon complex in the Derived Savanna of the 
South West is certainly going to involve many polyploids 
which will get stable as the new habitats and niches 
get colonized. There will also be intermediate triploids 

and aneuploids which will arise from the interbreeding 
between Andropogon gayanus and Andropogon tectorum 
some of which will probably be maintained by apomixis 
and vegetative propagules. This complex will probably 
be a major part of the vegetation of the Derived Savan-
na in the near future based on the resilient reproductive 
strategies that this study and that of Okoli (1978) have 
revealed.

CONCLUSIONS

The chromosome numbers reported in this study 
are based on five consistent counts for all accessions. The 
collections made reflect a substantial endemicity of A. 
gayanus-A. tectorum and accession “Kiwani” is distinct 
in every regard. From the meiotic studies, a chromosome 
number of 2n = 20 and 2n = 40 have been established for 
the species. The occurrence of the tetraploid, chromo-
some number of 2n = 40 in accession “Kiwani” has been 
attributed to apomixis occurring in a lonely plant.
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Abstract. Eremurus persicus (Jaub. & Spach) Boiss. (Asphodelaceae); a little known 
species of genus Eremurus grows in arid and semi-arid regions, on rocky mountains 
in Central Asia and Middle East. The species is native and an important medicinal 
plant used to treat various diseases. In the current study, we examined male meiosis, 
karyotypic variability, pollen viability and reproductive output of three populations of 
the target species. All the studied populations have diploid chromosome count of 2n = 
2x =14. Meiotic course in majority of the pollen mother cells (PMCs) in all the three 
populations is not normal due to the presence of desynapsis at diplotene and meta-
phase-I. Instead of 7IIs most of the PMCs examined reveal varying number of biva-
lents and univalents. Anaphasic segregation is also affected in few PMCs. Present study 
also revealed that the species has asymmetric karyotype of 10 long and 4 short chro-
mosomes. Species exhibits fruit abortion that results in extremely low fruit/seed set. 
The meiotic abnormalities and low fruit/seed set may be attributed to restricted distri-
bution of this important plant species. Present study may prove helpful in devising the 
conservation and management strategies for this prized plant species.

Keywords: desynapsis, native, diplotene, metaphase, karyotype, fruit abortion, conser-
vation.

INTRODUCTION

Pairing of chromosomes is the first step that leads to the organized seg-
regation of chromosomes during meiosis and is the basis of continuity of life 
(Fabig et al., 2020). In addition being the first step of reduction division; this 
is also important as it leads to crossing over and reshuffling of alleles and 
contributes to the generation of genetic variations (Cai & Xu, 2007). Though 
it is religiously followed in stable diploid species during zygotene, instances 
where the deviation from norms occurs are not rare. Chromosomes in some 
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taxa fail to pair (asynapsis) (Jakson et al., 2002; Ansari 
et al., 2022) or their pairing breaks precociously (desyn-
apsis) (Golubovskaya,1979; Wani & Bhat, 2017). These 
anomalies arerecognized when most or all the chro-
mosomes remain as univalents at diakinesis and meta-
phase-I (Visser et al.,1999). Although theoretically the 
phenomenon of asynapsis & desynapsis are distinct from 
each other, it is difficult to distinguish them in practice. 
This is true for those plants where chromosomes are 
long and pairing cannot be followed during earlier stag-
es (Koul, 1962; Wani & Bhat, 2017). 

As a characteristic of a particular variety or ecotype, 
desynapsis has been reported in several plant genera viz 
Zea (Beadle, 1933); Nicotiana (Clausen, 1931); Datura 
(Bergner et al., 1934); Gossypium (Beasely and Brown, 
1942); Triticum (Li et al.,1945), Alopecurus (Jhonson, 
1944) etc. But as an inherent feature of a taxa as a whole; 
it is a rare occurrence. Here we report this phenomenon 
in Eremurus persicus (Jaub. & Spach) Boiss. Described as 
a feature of meiosis in few plants of this species by Ver-
ma (2001) as well, it was found to be a regular feature of 
this plant species across all the plants in all populations 
scanned in present study.

Genus Eremurus M. Bieb. is commonly known as 
Foxtail lilies/ Desert candles of family Asphodelaceae 
comprises of more than 60 species that are native to 
Central Asia and Caucasia (Kamenetsky & Akhmetova, 
1994). The species of the genus can be easily recognized 
by their long scapes bearing numerous colourful flow-
ers along with rosette of leaves. Most of the species of 
this genus are important commercially as ornamental 
plants for landscaping and cut flower markets (Schi-
appacasse et al., 2013). In addition to their ornamental 
value, Eremurus sp. have been used in traditional medi-
cine and are potential sources for anti-inflammatory, 
anti-bacterial and anti protozoal drugs (Hashemi et al., 
2014 ; Mati et al., 2011). Also bio-oil and adhesives pre-
pared from this genus play an important role in indus-
trial applications (Vala et al., 2011). In India Genus 
Eremurus is represented by only two species viz Eremu-
rus himalaicus Baker and Eremurus persicus (Jaub. & 
Spach) Boiss. 

Eremurus persicus is a perennial herb which peren-
nates through underground fleshy tuberous rootstocks 
that sprout every year in the month of February- March 
in the sub-tropical areas of Jammu, UT of J&K, India. 
The above ground portion of the plant appears in the 
form of rosettes of leaves which are light to dark green 
in colour, radical, thick and lanceolate. The inflorescence 
is raceme which bears f lowers in an acropetal man-
ner. Flowers are creamish to light pink in colour, pedi-
cellate, bracteate, bisexual and glabrous. Species holds 

immense value for its medicinal attributes in addition to 
being used as a vegetable for its edible leaves. The spe-
cies is widely distributed in South, East and West of Iran 
where it is locally known as Sarish (Karl, 1982; Safar et 
al., 2009; Vala et al., 2011). It is also reported from Kibri 
Kuch Ziarat of Pakistan (Khan et al., 2011). 

In India there are scanty reports of the distribution 
of the species, however; the species is growing in hilly 
terrains of Jammu province (Hamal & Karihaloo, 1983). 
Extensive field surveys, perusal of relevant literature and 
herbarium studies revealed that the plant species has a 
restricted distribution in the study area. Only few popu-
lations (7 populations) of the species have been located 
from district Reasi of J&K. Keeping in view the rare dis-
tribution and medicinal importance of the target plant 
species the present study was carried out to provide 
detailed meiotic, mitotic account, pollen viability and 
fruit/seed set of E. persicus. The knowledge generated in 
present study may prove helpful in devising conserva-
tion strategies for this prized plant species.

MATERIAL AND METHODS

A total of 7 populations of E. persicus were located 
during present investigation, which include: Slal, Khar-
jala, Slal Kotli, Sarmega I, Sarmega II, Ponsli I and Pon-
sli II (Figure 1 and 2). Of these three populations viz. 
Slal (Population-I), Sarmega I (Population-II) and Pon-
sli I (Population-III) were selected for detailed meiotic, 
mitotic investigation, pollen viability and seed set in the 
present study. Materials for male meiotic studies were 
collected from wild plants growing on rocky slopes of 
hilly areas of Trikuta hills of Reasi. Young unopened 
flower buds of suitable sizes were collected randomly 
from different plants of each population during the peak 
flowering period, i.e., March-April, when minimum and 
maximum temperature of this area averages 13-25°C. 
The floral buds were fixed in Carnoy’s fixative for 24 
h. Subsequently, the materials were transferred in 70% 
ethanol and stored under refrigerator at about 4°C until 
analysis. For meiotic preparations, smears of the fixed 
anthers were made in 1% propiocarmine. Photomicro-
graphs of Pollen Mother Cells (PMCs) for chromosomal 
counts at different stages and meiotic irregularities were 
made from the freshly prepared slides using EVOS XL 
microscope. Chiasmata number was counted for cells 
at diplotene. Data was used to calculate Recombination 
Index using the following formulae

RI= Chiasmata frequency per cell + haploid chromo-
some number of the species 
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For Karyological studies, healthy root tips from 
seedlings were collected and washed with distilled water. 
These were pre-treated with 0.3% colchicines solution for 
4 hours and fixed in acetic acid: ethanol (1:3) for 24 hours. 
Thereafter, the root tips were transferred to 70% ethanol 
for further use. For mitotic chromosomal preparations, 

preserved root tips were washed with water and hydro-
lyzed in 1 drop of 1N HCL and 9 drops of 1% aceto-orce-
in at 60°C for 12-15 min. Thereafter these root tips were 
squashed in 1% acetocarmine. Karyotype formula was 
determined according to Levan et al., 1964. Karyotypes 
were compared using Stebbins classification, karyotype 
asymmetry index (As.K %) (Arano, 1963), total form per-
cent (TF %) (Huziwara,1962), Rec and Syi indices (Venora 
et al., 2002), intrachromosomal symmetry index (A1) and 
interchromosomal asymmetry index (A2) (Romeo-Zarco, 
1986), dispersion index (DI) (Lavania & Srivastava, 1999), 
degree of asymmetry of karyotype ( A index) (Watanabe 
et al.,1999), asymmetry index (AI) (Paszko, 2006), the 
coefficient of variation of chromosome length (CVCL) and 
the coefficient of variation of centromeric index (CVCI) 
(Paszko, 2006) and mean centromeric asymmetry (MCA) 
(Peruzzi et al., 2009). The strength of the association 
between karyotype asymmetry indices was tested using 
Pearson correlation analysis using PAST software.

To calculate number of pollen grains per anther 
and/ flower, 30 flowers ready to open with intact anthers 
were selected. Pollen quantity was estimated by squash-
ing one anther (several times) in 10 drops of distilled 
water in a cavity block and shaken with a glass rod.

The following equations were used to calculate the 
number of pollen per flower:

r = p × q and t = r × s,

where p is the mean pollen count per drop of water; q is 
the number of water drops taken initially in which one 
anther was squashed; r is the mean number of pollen per 

Figure 2. Map showing sampling sites of E. persicus.

Figure 1. Eremurus persicus(a) Habitat, (b&c) A mature flowering 
plant, (d) Ripen globular fruits.
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anther; s is the mean number of anthers per flower; t is 
the total count per flower (Ganie et al., 2021).

For calculation of pollen count per flower the aver-
age pollen number in one anther was multiplied by total 
number of anther per flower 

Average ovule number per pistil was counted using 
dissection microscope (Ganie et al., 2021).

Pollen viability was determined by subjecting the 
pollen grains to 1% acetocarmine, TTC and FDA. In 
first method, mature anthers were squashed in 1% ace-
tocarime and kept for 10 minutes and then slides were 
scanned under microscope, well stained and plump pol-
len grains were considered viable while as lightly stained 
and shriveled pollen grains were considered as non-viable. 
In second method, the ready-to-dehisce mature anthers 
were placed in 1% tetrazolium chloride for one hour and 
squashed to check for viability (Rashid et al. 2023) and in 
third method pollen grains were mounted in Fluorescein 
diacetate (FDA) solution and incubated for 3-5 min. The 
pollens with fluorescent and non-fluorescent cytoplasm 
were treated as viable and nonviable, respectively (Rashid 
et al. 2023). In all the three methods, percentage of pollen 
viability was determined by following formula:

Pollen viability = Number of pollengrains stained X 100
                                    Total number of
                   observed pollen grains

To check the reproductive efficiency on open pol-
lination, 20 different inf lorescences were tagged and 
kept for pollination to take place as it does in nature. 
These were monitored regularly from the time of flower 
opening to that of fruit maturation.These flowers were 
observed after some days to check the percentage fruit 
set. Percentage fruit set on unassisted selfing was per-
formed by bagging large number of buds from 10 differ-
ent inflorescences in transparent butter paper bags. Total 
number of fruits as an estimate of female success was 
calculated. Mature fruits were harvested shortly before 
dehiscence and scored for the presence of seeds. Percent-
age fruit set and seed set was then calculated by using 
Bharti et al., 2021 method.

RESULT AND DISCUSSION

PMC meiosis

All the three populations of E. persicus matched in 
having 14 chromosomes in their PMCs revealing 2n= 2x 
= 14. PMCs were analysed at diplotene, diakinesis, met-
aphase-I and anaphase-I. Desynapsis was observed as a 
regular feature in majority of the cells at diplotene and 

all the cells at Metaphase-I. Meiotic behavior of three 
populations differed slightly and the meiotic behavior of 
the studied populations is given as under: 

Population-I (P-I)

In P-1, a total of 97 cells were scanned at different stag-
es of meiosis with 26 cells (26.80%) at diplotene, 15 cells 
(15.46%) at diakinesis, 39 cells (40.20%) at metaphase-I and 
17 cells (17.52%) at anaphase-I (Figure 3 a-e). Out of 26 cells 
at diplotene only 2 cells were having perfect 7IIs (Figure 3 
a). Of observed bivalents, 5 bivalents/chromosomes were 
large and 2 were small. Interestingly in these bivalents, 
chromosomes were mostly held by terminal chiasmata only. 
At metaphase-I, cells were observed with different configu-
rations and with varying number of univalent and bivalents 
in all PMCs. It has also been observed that 38.46% of cells 
showed all the 14 chromosomes as univalents (Figure 3 
b) while 25.64% of cells showed the presence of 2IIs along 
with 10Is. Other configurations like 1,3,4 & 5 IIs were also 
observed. The univalents at this stage are arranged close to 
each other. At anaphase-I, PMCs usually showed normal 
segregation of 7:7 chromosomes at each pole (Figure 3 c-e). 
Chiasmata frequency per PMC calculated at diplotene in 
this population is 9.15 while RI calculated is 16.5.

Figure 3. Population I (a-e): (a)A PMC at diakinesis with 7IIs, (b) 
A PMC at metaphase-I with univalents, (c&d) PMCs at early ana-
phase stage, (e) A PMC at anaphase-I. Population II (f-i): (f) A 
PMC at diplotene showing terminal chiasma, (g&h) PMCs at met-
aphase-I with 14 univalents, (i) A PMC at anaphase-I showing nor-
mal segregation of 7:7 chromosomes.
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Population-II (P-II)

In P-II, 91cells were observed, out of which 33 cells 
(36.26%) were at diplotene, 37 cells (40.65%) were at met-
aphase-I and 21cells (23.07%) were at anaphase-I (Figure 
3 f-i). In this population, formation of 7IIs was lacking 
even at the diplotene stage. At this stage only few II’s 
were held by terminal chiasmata. At metaphase-I varied 
number of IIs and their configurations were observed, in 
addition varied number of Is were also observed in all 
the scanned PMCs. At this stage also chromosomes in 
IIs were associated terminally only. In 51.35% of cells all 
the 14 chromosomes as Is were observed (Figure 3 g-h) 
followed by 3,2&1 IIs along with Is. However, at ana-
phase-I usually normal segregation of 7:7 chromosomes 
was observed (Figure 3 i). Chiasmata frequency per PMC 
calculated at diplotene in this population is 6.9 and RI 
thus comes out to be 13.9.

Population-III (P-III)

In P-III, a total of 318 cells were observed at dif-
ferent stages, 45 cells (14.15%) at diplotene (Figure 4 a, 
b), 26 cells (8.17%) at diakinesis (Figure 4 c), 91 cells 
(28.61%) at metaphase-I, 79 cells (24.84%) at anaphase-I, 
21 cells (6.60%) at telophase-I, 23 cells (7.23%) at met-
aphase-II and 33 cells (10.37%) at anaphase-II. In this 
population maximum frequency of PMCs with Is was 
observed (Figure 4 d), i.e., 61.53% followed by 2,3 & 5 
II’s in association with I’s respectively. In present study 
7.54% of cells scanned at anaphase-I revealed normal 
segregation of chromosomes with 7:7 distribution at 
each pole (Figure 4 e). Erratic distribution of 7:6, 6:6 
and 6:5 chromosomes at each pole was observed in 7 
cells (2.20%), 8 cells (2.51%) and 13 cells (4.08%) respec-
tively. Also 27 cells (8.49%) showed presence of laggards 
and chromosomal bridges along with clumping of chro-
mosomes (Figure 4 f-m). At anaphase-I and anaphase-
II the formation of laggards and bridges was observed 
as a common feature. Chromosomal bridges were 
observed at metaphase-II also. All the cells scanned 
at metaphase-II and anaphase-II showed the presence 
of laggards and chromosomal bridges (Figure 5 a-d). 
Therefore the second meiotic division exhibited drastic 
irregularities in this population. Chiasmata frequency 
per PMC calculated at diplotene in this population is 
5.3 and RI is 12.3.

Detailed studies on meiotic system revealed that in 
the species, majority of the PMCs at diplotene, diakine-
sis and metaphase consist of univalents ranging from 
2-14 in all the three studied populations. At diplotene 
loosely bound IIs are seen mostly with terminal and 

rarely with intercalary chiasmata. As meiosis proceeds, 
intercalary chiasmata are not seen in any of the bivalent 
and the frequency of univalents goes on increasing. At 
later stage few bivalents and more frequency of univa-
lents are observed. Subsequently the chromosomes fall 
apart and remain as univalents during rest of the cell 
cycle till metaphase-I. In most of the PMCs univalents 
were found to lie in pairs (distant pairing) were also 
observed in the present study. The frequency of univa-
lent and bivalents observed in three populations are 
depicted in Figure 6.

SOMATIC CHROMOSOME COMPLIMENT

All the three populations studied show chromo-
somes in their somatic compliment confirming 2n= 

Figure 4. Population III (a-m): (a, b) PMCs at diplotene,(c) PMC 
at diakinesis(d) PMC at metaphase-I showing univalents,(e) PMC 
at anaphase-I showing normal distribution of 7:7 chromosomes,(f-
h) PMCs at anaphase-I showing laggards and bridges along with 
clumping of chromosomes, (i) A PMC at anaphase-I showing 7:6 
distribution, (j) A PMC with 6:6 distribution at anaphase-I,(k) A 
PMC showing 6:5 distribution with laggard, (l) A PMC with 6:5 
distribution of chromosomes at anaphase-I, (m) A PMC at ana-
phase-I showing clumping.
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2x = 14 as the diploid chromosome number of the spe-
cies. Th ese fall into two size groups. Group I includes 10 
long chromosomes, all of them being subterminal while 
group II includes 4 small chromosomes which are sub-
median and subterminal. Th e total chromatin length 
of the somatic compliment for population I, II and III 
is 160.2, 158.4 and 168.3 µm. Th e kayotype formula for 
the three populations is 10ST+2ST+2SM, 10ST+3SM+1ST 
and 10ST+1ST+3SM respectively (Figure 7). Th ese popu-
lations thus varied slightly in their karyotypic formulae 
too, although the chromosomes were of subtelocentric 
and submetacentric type only. Th ese fallin 3C category 
of the Stebbin’s (1971) chart of asymmetry. Among all 
the populations studied, P-III possessed the highest 
value (17.6 µm) of longest chromosome while P-I (15.54 

µm) possessed the lowest value for the same. Th e highest 
and lowest values for the smallest chromosome occurred 
in P-III (4.4µm) and P-II (4.95µm) respectively (Table 1). 
Th e most asymmetrical karyotype was observed in P-III 
(Table 2)

P-III possessed the highest value for CV showing the 
highest variation among its chromosomes compared to 
the other populations.Pearson coeffi  cient of correlation 
determined for karyotypic parameters among the popu-
lations studied revealed a high correlation signifi cant at 
p≤0.05 (Table 3). Th e AI value and scatter diagram based 
on the CVCL and CVCI seem best suited to assess overall 
classifi cation strength and display relationships among 
E.persicus populations with respect to karyotype asym-
metry (Table 4; Figure 8 and 9).

Cluster analysis of the populations of E. persicus
based on relative karyotypic data revealed that P-I and 
P-II are placed close to each other while P-III joined 
them with a distance (Figure 10). However, there is mor-
phological similarity between them but due to karyotyp-
ic diff erence it stands separate from the rest of the two 
populations. Th is is also in accordance with their mei-
otic studies where P-III showed high variation in com-
parison to P-I and P-II.

Figure 5. Population III (a-d): (a) A PMC at telophase-I, (b)
APMC at metaphase –II with chromosomal bridges, (c, d) PMCsat 
anaphase-II with laggards and bridges.
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According to the As. K %, TF% and Syi and Rec 
indices P- III is more asymmetric than P-I and P-II. 

POLLEN COUNT AND VIABILITY

Pollen grains of E. persicus are ovate, smooth walled. 
These are shed at two celled stage. Highest pollen produc-
tion per anther is observed for POP III ; 6619.4±381.46.
Different anthers in a flower display some difference in 
pollen content, so that the average pollen output per flow-
er comes out to be 38506.6±2298.49 (Table 5). In POP II, 
pollen production per anther is averaging 6252.9±361.03 
and total pollen production per flower comes out to be 
37517.4±2166.22. Pollen production per anther averages 
5428.36±351.13 in POP I and total pollen production per 
flower comes out to be 32570.2±2106.79.

Highest pollen stainability by 1% acetocarmine was 
observed in population II followed by population I and 
III. However pollen viability by TTC and FDA averages 
89.61±0.26 and 90.78±0.53 in population I, 90.53±0.17 
and 92.61±0.82 in population II and 90.40±0.33 
and 91.74±0.61 in population III by TTC and FDA 
respectively(Table 5 and Figure 11).

REPRODUCTIVE OUTPUT

All the three populations have very low repro-
ductive output in terms of % fruit set. The plants in 
their natural populations (open pollination) showed 
19.00±3.19, 20.21±2.45 and 18.62±3.46 % of fruit set in 
P-I, P-II and P-III respectively. Bagged inflorescences do 
not produce seeds in all the selected populations.Also 

Table 1. Karyomorphometric analysis of somatic metaphasic chromosomes complement of three populations of E. persicus.

Populations

P-I P-II P-III

S. No. SA
(µm)

LA
(µm) TL (µm) AR Type SA

(µm)
LA

(µm) TL (µm) AR Type SA
(µm)

LA
(µm) TL (µm) AR Type 

1 3.33 12.21 15.54 3.66 ST 3.85 12.1 15.95 2.49 ST 3.3 14.3 17.6 2.88 ST
2 3.88 10.54 14.42 2.71 ST 3.85 11.55 15.4 2.75 ST 3.3 13.75 17.05 4.16 ST
3 3.33 10.54 13.87 3.16 ST 3.85 11 14.85 2.87 ST 3.85 13.2 17.05 3.42 ST
4 2.77 10.54 13.31 3.80 ST 3.3 11 14.3 3.14 ST 3.3 12.65 15.95 3.83 ST
5 3.33 11.65 14.98 3.49 ST 3.3 11 14.3 2.62 ST 2.75 11.55 14.3 4.2 ST
6 2.77 11.65 14.42 4.20 ST 2.75 12.1 14.85 2.86 ST 1.65 11 12.65 6.66 ST
7 3.33 9.99 13.32 3 ST 3.3 9.35 12.65 4.00 ST 2.2 11 13.2 5 ST
8 3.33 9.43 12.76 2.83 ST 2.75 9.9 12.65 1.71 ST 2.2 11 13.2 5 ST
9 2.22 8.88 11.1 4 ST 2.2 7.7 9.9 1.85 ST 2.2 12.1 14.3 5.5 ST

10 2.77 8.32 11.09 3.00 ST 2.75 8.8 11.55 3.24 ST 2.2 6.05 8.25 1.13 ST
11 1.65 6.05 7.7 3.66 ST 2.2 3.85 6.05 3.5 SM 2.2 6.05 8.25 2.75 ST
12 1.1 6.05 7.15 5.5 ST 1.65 3.3 4.95 3 SM 2.2 3.3 5.5 1.5 SM
13 2.22 3.33 5.55 1.5 SM 1.65 3.3 4.95 3.67 SM 1.65 2.75 4.4 1.66 SM
14 1.66 3.33 4.99 2.00 SM 1.65 4.4 6.05 1.40 ST 1.65 3.85 5.5 2.33 SM

Total 37.69 122.51 160.2 39.05 119.35 158.4 34.65 132.55 168.3

Table 2. Karyotype formula according to Levan et al. 1964 and characteristics of the studied species SC –the shortest chromosome length; 
LC – the longest chromosome length; p – mean length of long arm; q – mean of short arm; CL – mean of chromosome; CI – mean centro-
meric index; ST-subtelocentric; SM- submetacentric; SD- standard deviation.

Population Range
SC-LC (µm)

Ratio
LC/SC

p (µm)
mean ± SD

q (µm)
mean ± SD CL (µm) CI (µm) Karyotype 

formula

P-I 1.1-12.21 11.1 8.75±2.85 2.69±0.78 11.44±3.49 0.24±0.06 10ST+2ST+2SM
P-II 1.65-12.1 7.33 8.52±27 2.78±0.79 11.31±3.99 0.26±0.06 10ST+3SM+1ST
P-III 1.65-14.3 8.66 9.46±3.98 2.47±0.68 11.94±4.48 0.22±0.07 10ST+1ST+3SM
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Table 3. Pearson correlations for asymmetry indices.

  As.K% TF% Rec SYi A1 A2 DI A AI CVCI CVCL MCA

As.K% 1
TF% -0.99896
Rec -0.93746 0.952374
SYi -0.99888 0.999999 0.952899
A1 0.945621 -0.95949 -0.99971 -0.95997
A2 0.455858 -0.49602 -0.73717 -0.49752 0.720577
DI -0.83294 0.806804 0.588219 0.805783 -0.60765 0.112823
A 0.996066 -0.99907 -0.96462 -0.99915 0.970725 0.532939 -0.78062
AI 0.898327 -0.91745 -0.99507 -0.91813 0.992377 0.800534 -0.50514 0.933725
CVCI 0.992863 -0.99727 -0.97228 -0.9974 0.977664 0.558753 -0.761 0.999525 0.94431
CVCL 0.455858 -0.49602 -0.73717 -0.49752 0.720577 1 0.112823 0.532939 0.800534 0.558753
MCA 0.996066 -0.99907 -0.96462 -0.99915 0.970725 0.532939 -0.78062 1 0.933725 0.999525 0.532939 1

Significant correlations (p<0.05) are in boldface.

Table 4. Karyotypes of E. persicus using different methods of evaluating karyotype asymmetry.

Population ST class As. K% TF% Rec SYi A1 A2 DI A AI CVCI CVCL MCA

P-I 3C 76.47 23.47 93.28 30.74 0.97 0.30 6.36 0.52 7.5 25 30 52
P-II 3C 75.34 24.65 93 32.62 0.97 0.35 7.59 0.50 8.07 23.07 35 50
P-III 3C 78.75 20.58 83.14 26.10 0.98 0.37 6.16 0.58 11.76 31.81 37 58

Figure 8-9. Scatter diagrams for P-I, P-II and P-III, (8) A1 against A2 & Rec index against Syi index, (9) CVCL againstCVCI & DI against 
AI.Degrees of asymmetry according to Stebbins.
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the percentage seed set calculated for these populations 
is very low i.e., 25.79±1.83, 14.88±3.20 and 17.48±3.14in 
P-I, P-II and P-III respectively. It was observed that 
fruits which start developing on a scape do not attain 
maturity and a large amount of the fruits abort dur-
ing the course of development, in P-I (80.99±3.19%), 
in P-II (79.50±2.49%) and maximum fruit abortion 
(81.37±3.46%) was observed in P-III.

The present study revealed that Eremurus persicus is 
diploid with chromosome number of 2n = 2x = 14. The 
karyotype analysis revealed that various species of the 
genus Eremurus have 2n chromosome counts of 14 and 
28 (Hadizadeh et al., 2020). Somatic chromosome analy-
sis of eight species of Aloe (Asphodelaceae) showed dip-
loid chromosome number of 2n = 14 (Sánchez-Get al. 
2018). The other species of the genus growing in India, 
i.e., E. himalaicus is also diploid with chromosome num-

ber of 2n = 14 (Kumari et al., 2016). In present study 
meiotic abnormalities were found in the target spe-
cies, similarly meiotic abnormalities were also found 
in E, himalaicus growing in Indian Himalayan region 
(Kumari et al., 2016). The abnormalities are attributed 
to pervading environmental conditions in the Hima-
laya (Wani et al. 2023). The phenomenon of desynapsis 
was also found in the PMCs of presently studied plant 
species, both extrinsic conditions such as temperature 
and fertilizer quality (Dhesi et al., 1975; Rao, 1975) and 
intrinsic conditions like gene action, loss of chromo-
some pair, apomixis and structural or numeral changes 
of chromosomes (Praaken, 1943) are responsible for the 
desynaptic behavior of plants. Over the years desynapsis 
has been established as a gene mediated phenomenon in 
a large number of plant species (Gottschalk & Baquar, 
1971), however; the precise mode of action of these genes 
is not fully understood. Of the three types viz weak, 
medium and strong or complete desynapsis (Prakken, 
1943); in present study medium desynaptic type was 
found in the target species because of the presence of 
many univalents and few loose bivalents. In spite of the 
lack of pairing and the formation of univalents as a con-
sequence of desynapsis, anaphase segregation is normal 
in majority of cells which needs further investigation. 
The P-III displays irregular distribution of chromosomes 
with maximum frequency. Other meiotic irregularities 
include formation of laggards and bridges at anaphase-
I, metaphase-II and anaphase-II. An interesting obser-
vation made in the present study revealed the presence 
of univalents of a pair close to each other, as also the 
regular anaphasic segregation point towards the species 
showing “distance pairing” in which the homologs lie 

Figure 10. Dendrogram for P-I, P-II and P-III.

Table 5. Data on Pollen count and pollen viability.

S. No. Characters (n=30) POP-I POP-II POP-III p-value

1. No. of pollen grains per anther
5428.36±351.13*

(2896-8983)**
6252.9±361.03

(3202-9883)
6619.4±381.46

(3268-9962) 0.07

2. No. of pollen grains per flower
32570.2±2106.79

(17376-53898)
37517.4±2166.22

(19212-59298)
38506.6±2298.49

(19608-59772) 0.13

3. No. of ovules per flower
18.33±0.41

(17-22)
20.13±0.30

(17-22)
20.3±0.33

(17-22) 0.0002***

4.
Pollen viability 

a. (1% acetocarmine)
93.18±0.22*

(90-95)**
95.25±0.34
(92-98.78)

91.74±0.27
(89-94) 0.001**

5.

b. TTC

c. FDA

90.40±0.33
(88-94)

90.53±0.17
(89-93)

89.61±0.26
(88-92.56) 0.04

91.74±0.61
(83.6-95)

92.61±0.82
(82-98.7)

90.78±0.53
(82.01-94) 0.16

*Mean± standard error.
**Range.
*Significant at p<0.05 (Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1).
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side by side but apparently do not touch. Same has been 
observed in Human oocytes also (Thermann & Sarto, 
1977). Low recombination index of the species due to 
lack of adequate crossing over can limit genetic variation 
which may ultimately compromise with the survival of 
the species (Szczecińska et al., 2016).

The species has asymmetric karyotype of 10 long 
and 4 short chromosomes. The TF% and Syi and Rec 
values decreases with increasing asymmetry, while val-
ues of others i.e A1 and A2, A and CVCL increase with 
increasing asymmetry (Zuo& Yuan, 2011) as observed in 
the present study.

The meiotic abnormalities observed in E. persicus 
may be attributed to high fruit and seed abortion rates. 
Most conservation biologists believe that before setting 
up a conservation program for plant species it is bet-
ter to know about its intrinsic reproductive constraints 
(Friedman & Ryerson, 2009; Wani et al,. 2023). The pres-
ently investigated plant species are already facing threats 
such as habitat fragmentation, overexploitation, and 
grazing, therefore, the presence of meiotic bottlenecks 
can add to the factors that lead to a decrease in its popu-
lation size. Therefore, keeping in view the meiotic abnor-
malities and anthropogenic threats sustainable conserva-
tion strategies are needed to devise for this medicinally 
important plant species.
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Abstract. The genus Capoeta is an important taxon covering a wide distribution in 
Türkiye. However, only a few genetic studies on Capoeta species reported from Tür-
kiye. There is no cytogenetical study in Capoeta aydinensis Turan, Küçük, Kaya, Güçlü 
& Bektaş, 2017, Capoeta bergamae Karaman, 1969, Capoeta erhani Turan, Kottelat & 
Ekmekçi, 2008 and Capoeta pestai (Pietschmann, 1933). Thus, in this study, we kar-
yotyped through classical cytogenetic techniques (Giemsa staining, Ag-NORs, and 
C-banding) the four endemic Capoeta species. The diploid chromosome number invar-
iably was 150 in the four species. However, chromosome morphologies in the karyo-
types had some differences between them. The number of biarmed chromosomes in 
the karyotypes was higher in all studied species. Their karyotypes contained respec-
tively: 54 metacentric, 42 submetacentric and 54 subtelo-acrocentric in C. aydinensis, 
56 metacentric, 30 submetacentric and 64 subtelo-acrocentric in C. bergamae, 50 meta-
centric, 42 submetacentric and 58 subtelo-acrocentric in C. erhani and 44 metacentric, 
40 submetacentric and 66 subtelo-acrocentric chromosomes in C. pestai. C-bands were 
on the pericentromeres of most chromosomes in the four species. Three chromosome 
pairs carry rDNA genes in all studied species. The chromosomal locations of these sites 
were varied between the species. This study provides new insights into the chromo-
somal data of the hexaploid cyprinids. Moreover, obtained cytogenetic results should 
be conclude the cytotaxonomy of the genus Capoeta that distributed in Türkiye.

Keywords: Ag-NOR, C-banding, chromosome morphology, chromosome number, 
scraper.

INTRODUCTION

Türkiye has one of the most diverse and species-rich freshwater ich-
thyofaunas according to the different eco-regions that formed in Anatolian 
freshwaters (Küçük et al., 2009; Bektaş et al., 2017). The endemic species are 
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much higher than in Western Asia or Europe (Küçük et 
al., 2009). The members of the genus Capoeta (Valenci-
ennes, 1842) (Cyprinidae, Barbinae) distribute from East 
Europe to West Asia, including Anatolia (Bektaş et al., 
2017). Seventeen species named Capoeta antalyensis, C. 
aydinensis, C. baliki, C. banarescui, C. barroisi, C. berga-
mae, C. caelestis, C. capoeta, C. damascina, C. ekmekci-
ae, C. erhani, C. oguzelii, C. pestai, C. sieboldii, C. tinca, 
C. trutta and C. umbla of this genus are presently recog-
nized in the inland waters of Türkiye. Except for six spe-
cies (C. barroisi, C. capoeta, C. damascina, C. ekmekciae, 
C. trutta and C. umbla) the other Capoeta members are 
endemic to Anatolia (Bektaş et al., 2019). 

Taxonomic problems still exist in Anatolian Capo-
eta species and the species diversity of this genus has 
not been resolved (Turan et al., 2017). Özuluğ and Frey-
hof (2008) collected an additional species of C. trutta 
from Seyhan River in Türkiye. C. turani was described 
as a new species from this drainage according to the dif-
ferent morphological characters (Özuluğ and Freyhof, 
2008). C. erhani was described in Ceyhan River of Tür-
kiye by Turan et al. (2008). It was distinguished from 
the other members of C. trutta in the scope of morpho-
logical characters (Turan et al., 2008). Otherwise, C. 
pestai was described from Eğirdir Lake and it was also 
recorded from Lake Beyşehir. In fact, Beyşehir popula-
tion of C. pestai was described as a new species called 
C. mauricii by Küçük et al. (2009) according to the dif-
ferent morphological characters. However, according to 
the molecular phylogeny study (cyt b gene sequences) in 
the genus Capoeta by Bektaş et al. (2017), C. turani was 
synonymized to C. erhani. Also, C. mauricii was syn-
onymized to C. pestai (Bektaş et al., 2017). Otherwise, C. 
bergamae distributes in the western basins of Türkiye, as 
well as C. aydinensis was described as a new species in 
the recent years and is presently known from the Büyük 
Menderes River drainages (Turan et al., 2017). 

The cytogenetic studies have played an important 
role in describing the main features in cytotaxonomy 
and for understanding chromosome evolution in fish 
species (Gaffaroğlu et al., 2020). However, the karyo-
types of fishes are poorly studied compared to the other 
vertebrates in response to the richness of this group. The 
karyotype of many fish species is still undescribed due 
to the difficulty of sampling the individuals, the necessi-
ty of having alive individuals, in troubling to obtain kar-
yotypes from cell-culture and unsuccessful in obtaining 
good metaphase spreads (Rossi, 2021). In this context, 
having too many chromosomes is another reason for 
this problem .

Knowledge of karyotype is necessary for fish cytoge-
netics. Detailed investigations of the chromosomes with 

Giemsa stained karyotypes have only been performed 
on only seven species namely, C. trutta, C. umbla 
(Kılıç-Demirok and Ünlü, 2001), C. capoeta, C. bar-
roisi (Kaya, 2003), C. damascina (Unal and Gaffaroğlu, 
2016), C. antalyensis and C. baliki (Karasu-Ayata et al., 
2017) from Türkiye. The chromosomal banding prop-
erties have been reported only in C. damascina (Unal 
and Gaffaroğlu, 2016) and C. antalyensis (Gaffaroğlu 
et al., 2012). Due to the lack of chromosomal reports, 
this study aimed to investigate karyotypes with Giemsa 
staining, C-banding and Ag-NOR staining in four Ana-
tolian endemic Capoeta species.

MATERIAL AND METHODS

Cytogenetic analyses were performed on four Capo-
eta species from Türkiye (Table 1, Figure 1). The alive 
samples were carried to the laboratory. The individuals 
were treated in vivo for mitotic chromosome preparation 
by Bertollo et al. (2015). Chromosome preparations were 
obtained from the cephalic kidney cells after injection of 
0.1% colchicine. After hypnotization with 0.075 M KCl, 
fixation steps (methanol: acetic acid, 3:1) were repeated 
at least three times in cell suspension. At least 10 meta-
phase slide was prepared from each individual. All the 
experiments followed ethical protocols and after sacri-
ficing, the individuals were deposited in 70% ethanol in 
the laboratory. The process was approved by the Local 
Animal Ethics Committee of Türkiye (Protocol Number: 
68429034/05/17). The Ag-NORs and C-banding were 
analysed according to the methods reported by Howell 
and Black (1980) and Sumner (1972).

At least 100 metaphase spreads per individual were 
analysed to confirm the diploid chromosome number. 
Images were photographed using Leica DM 3000 micro-
scope (Leica Microsystems GmbH, Germany) with AKAS 
software (Argenit Mikrosistem, Türkiye). Chromosomes 
were measured by digital calliper and classified as meta-
centric, submetacentric and subtelo-acrocentric accord-
ing to the arm ratios (Levan et al., 1964). Karyotypes 
were arranged manually. To count the fundamental arm 
number (FN) meta- and submetacentrics were considered 
as biarmed whereas subtelo-acrocentrics as uniarmed.

RESULTS

All studied Capoeta species have diploid chromo-
some number 2n = 150 (Figs. 2A, 3A, 4A, 5A) with kar-
yotypes composed of mainly biarmed chromosomes. 
Karyotype formulas were as follows: 54 metacentric, 42 
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submetacentric and 54 subtelo-acrocentric in C. aydin-
ensis (Fig. 2B); 56 metacentric, 30 submetacentric and 64 
subtelo-acrocentric in C. bergamae (Fig. 3B); 50 metacen-
tric, 42 submetacentric and 58 subtelo-acrocentric in C. 
erhani (Fig. 4B) and 44 metacentric, 40 submetacentric 
and 66 subtelo-acrocentric chromosomes in C. pestai 
(Fig. 5B). FN was calculated as 234 in C. pestai, 236 in 
C. bergamae, 242 in C. erhani and 246 in C. aydinensis. 
Morphologically differentiated sex chromosomes were 
not detected in all studied species.

In terms of C-bands, C. aydinensis contains very 
few C-bands (Fig. 2C). These C-bands were located on 
the pericentromeres of chromosome pairs 18, 21, 64 and 
69 (Fig. 2D). Thirteen chromosome pairs of C. bergamae 
has intense pericentromeric C-bands of chromosome 
pairs 2, 8, 37, 44, 48, 53, 56, 59, 61, 65, 66, 69, 71 (Fig. 
3D). C. erhani has slightly pericentromeric C-bands of 
chromosome pairs 1, 2, 3, 9, 16, 17, 26, 28, 31, 42, 48, 56, 
58, 60, 66 and 73 (Figs. 4C, D). Intense pericentromeric 
C-bands of chromosome pairs 1, 3, 7, 19, 24, 25, 30, 34, 
40, 43, 45, 46, 49, 51, 55, 56, 62, 64 and 73 were found in 
C. pestai (Fig. 5D). Some of the other chromosomes also 
have less intense pericentromeric C-bands in C. pestai 
(Fig. 5C) and C. bergamae (Fig. 3C).

Multiple Ag-NORs were found in the studied spe-
cies. The common Ag-NOR number was six in four 

Capoeta species (Figs. 2E, 3E, 4E, 5E). These Ag-NORs 
were located on the terminal regions of metacentric 
chromosomes 1 and 5 as a strong signal and addition-
ally weaker signals of chromosomes 12, 25 and 72 in 
C. aydinensis (Fig. 2F). Ag-NORs were detected on the 
terminal regions of the short arms of three submeta-
centric chromosome pairs 31, 33 and 37 in C. bergamae 
(Fig. 3F). Ag-NORs were located on the terminal regions 
of the short arms of 7th metacentric, 34th and 37th sub-
metacentrics in C. erhani (Fig. 4F). Ag-NORs were found 
on the terminal regions of the short arms of three sub-
metacentric chromosome pairs 26, 28 and 30 in C. pestai 
(Fig. 5F). Also, Ag-NOR number polymorphisms were 
detected in C. bergamae (Figs. 6A, B), C. erhani (Figs. 7A, 
B, C, D) and C. pestai (Figs. 8A, B, C, D) in some silver 
stained metaphases.

DISCUSSION

In the subfamily Barbinae a large number of spe-
cies are polyploid. This subfamily may represent a more 
complicated polyploid system than other vertebrates. 
Polyploidy (whole genome duplication), has played an 
important role in the evolution of cyprinids (Yang et 
al., 2022). From the subfamily Barbinae (which includes 

Figure 1. Map of the collected specimens of Capoeta species.
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only four genera), Barbus and Luciobarbus are tetraploid 
(2n = 4x) genera (Gaffaroğlu et al., 2013; Karasu-Ayata 
and Gaffaroğlu, 2019) where the genus Capoeta (2n = 
6x) is hexaploid (Unal and Gaffaroğlu, 2016). Only the 
genus Cyprinion is diploid (2n = 2x) from this subfamily 
(Gaffaroğlu and Yüksel, 2004). Yang et al. (2022) reported 
that according to the mitochondrial and nuclear trees the 
polyploidy was allopolyploid in the subfamily Barbinae. 

Cytogenetic analyses may provide a useful tool for 
understanding the karyotype changes in the evolution of 
the species (Gaffaroğlu et al., 2020). Especially according 
to the high chromosome number (2n = 150) cytogenetic 
studies are very limited in the genus Capoeta from Tür-
kiye (Table 2) and also from the other countries (Arai, 
2011). Cytogenetic data are available for only seven Ana-
tolian Capoeta species (Kılıç-Demirok and Ünlü, 2001; 
Kaya, 2003; Unal and Gaffaroğlu, 2016; Karasu-Ayata 
et al., 2017). The diploid chromosome number has been 

conserved in the species of the genus Capoeta in the pre-
vious studies (Table 2). The chromosome number 2n = 
6x = 150 in this study is consistent with previous reports 
(Table 2). However, karyotypes showed a pattern consid-
ered basal for the genus, or with small variations due to 
the pericentric inversions and/or translocations in Ana-
tolian Capoeta species (Table 2). The number of biarmed 
chromosomes is higher than uniarmed chromosomes in 
the Anatolian Capoeta species (Table 2) except C. trutta 
(Kılıç-Demirok and Ünlü, 2001). This feature is detected 
in this study as well. We conclude that this karyotype 
structure with mainly biarmed chromosomes is typical 
for the genus Capoeta. 

In detail, C. aydinensis, C. bergamae, C. erhani and 
C. pestai show very similar karyotype morphologies 
with some differences. The number of biarmed chromo-
somes is as follows 96 in C. aydinensis, 92 in C. erhani, 
86 in C. bergamae and, 84 in C. pestai. Otherwise, the 

Figure 2. Metaphase plates of Capoeta aydinensis by Giemsa stained 
(A), C-banded (C) and Ag-stained techniques (E) and arranged 
karyotypes (B, D, F). Arrows indicate the Ag-NORs bearing chro-
mosomes. Scale bars = 5 μm.

Figure 3. Metaphase plates of Capoeta bergamae by Giemsa stained 
(A), C-banded (C) and Ag-stained techniques (E) and arranged 
karyotypes (B, D, F). Arrows indicate the Ag-NORs bearing chro-
mosomes. Scale bars = 5 μm.
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number of uniarmed chromosomes is as follows 54 in C. 
aydinensis, 58 in C. erhani, 64 in C. bergamae and, 66 in 
C. pestai. The FN ranges from 234 to 246 in this study. 
Pereira et al. (2012) suggested that distinct FNs with the 
same chromosome numbers in the species of the genus 
may be the result of pericentromeric inversions and/
or translocations involving centromeres. Karyotypes of 
four Capoeta species in this study showed minor varia-
tions in their structures and depending on this having 
distinct FNs, apparently due to above mentioned chro-
mosomal rearrangements. In addition, karyotypes with 
higher FNs are regarded to represent a derived condi-
tion (Ganai et al., 2011). According to this hypothesis, 
C. pestai should be a more primitive scraper whereas C. 
aydinensis should be the most derived scraper among 
the four species. 

From the other countries C. capoeta (Safar, 2000), C. 
damascina (Gorshkova et al., 2002) and C. sevangi (Kry-

sanov, 1999) were reported hexaploidy as detected in four 
studied species. C. sevangi differs from C. aydinensis, C. 
bergamae, C. erhani and C. pestai by having 110 uni-
armed chromosomes (with FN = 190) (Krysanov, 1999). 

Moreover, C. antalyensis, C. baliki (Karasu-Ayata et 
al., 2017) and C. damascina (Unal and Gaffaroğlu, 2016) 
showed no sex chromosome differentiation like C. aydin-
ensis, C. bergamae, C. erhani and C. pestai. 

Cytogenetic studies were mainly limited to detect 
chromosome number and morphology in the genus 
Capoeta (Table 2). Notably, chromosomal banding data 
(C-banding and Ag-NORs) revealed in only two Capo-
eta species to date (Gaffaroğlu et al., 2012; Unal and 
Gaffaroğlu, 2016). C-bands were located mainly on the 
pericentromeres and terminal regions of some chromo-
somes in four studied Capoeta species. C. aydinensis has 
the least C-bands compared to the other three species. 
C. bergamae and C. pestai have more C-banded chro-

Figure 4. Metaphase plates of Capoeta erhani by Giemsa stained 
(A), C-banded (C) and Ag-stained techniques (E) and arranged 
karyotypes (B, D, F). Arrows indicate the Ag-NORs bearing chro-
mosomes. Scale bars = 5 μm.

Figure 5. Metaphase plates of Capoeta pestai by Giemsa stained 
(A), C-banded (C) and Ag-stained techniques (E) and arranged 
karyotypes (B, D, F). Arrows indicate the Ag-NORs bearing chro-
mosomes. Scale bars = 5 μm.
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mosomes than C. aydinensis and C. erhani. Similarly, C. 
damascina (Unal and Gaffaroğlu, 2016) and C. antaly-
ensis (Gaffaroğlu et al., 2012) had centromeric C-bands 
as this study. Heterochromatic blocks that were report-
ed in C. damascina (Unal and Gaffaroğlu, 2016) are not 
observed in this study. Due to the lack of the chromo-
somal banding data for most of the species of the genus 
Capoeta from different countries, no comparison should 
be made. However, our results show the basal chromo-
somal banding information for the genus Capoeta.

Ag-NOR numbers have a stable distribution pattern 
among the four species newly analysed. It is assumed 

that two Ag-NORs in diploid barbins (Yüksel and 
Gaffaroğlu, 2006), four Ag-NORs in tetraploid barbins 
(Karasu-Ayata and Gaffaroğlu, 2019) and six Ag-NORs 
in hexaploid barbins (Unal and Gaffaroğlu, 2016) are 
common features. The Ag-NORs observed in the spe-
cies studied here followed the similar feature observed in 
the other Capoeta species. C. aydinensis, C. bergamae, C. 
erhani and C. pestai are similar to C. damascina (Unal 
and Gaffaroğlu, 2016) and C. antalyensis (Gaffaroğlu 
et al., 2012) in terms of Ag-NOR numbers. Otherwise, 
C. bergamae, C. erhani and C. pestai are similar to C. 
damascina (Unal and Gaffaroğlu, 2016) in terms of loca-
tions of Ag-NORs on the submetacentric chromosomes. 
C. antalyensis (Gaffaroğlu et al., 2012) has Ag-NORs on 
submeta-subtelocentric chromosomes like C. aydinensis. 
Moreover, Ag-NOR number polymorphism has not been 
reported in C. damascina and C. antalyensis (Gaffaroğlu 
et al., 2012; Unal and Gaffaroğlu, 2016) as observed in C. 
bergamae, C. erhani and C. pestai. Ribosomal DNA sites 
are considered as hot spots for chromosomal rearrange-
ments such as duplications, fusions, fissions and inver-
sions. Also, these sites should be correlated with trans-
posable elements or repetitive DNAs (Araya-Jaime et al., 
2022). In this context, Ag-NOR number polymorphisms 
that were detected in the three species in this study 
should be derived after the above mentioned chromo-
somal rearrangements. 

Figure 6. Ag-NOR polymorphisms of Capoeta bergamae. Four Ag-
NORs (A) and, five Ag-NORs (B). Arrows indicate the Ag-NORs 
bearing chromosomes. Scale bars = 5 μm.

Figure 7. Ag-NOR polymorphisms of Capoeta erhani. One Ag-
NOR (A), two Ag-NORs (B), three Ag-NORs (C) and, four Ag-
NORs (D). Arrows indicate the Ag-NORs bearing chromosomes. 
Scale bars = 5 μm.

Figure 8. Ag-NOR polymorphisms of Capoeta pestai. One Ag-NOR 
(A), two Ag-NORs (B), three Ag-NORs (C) and, four Ag-NORs 
(D). Arrows indicate the Ag-NORs bearing chromosomes. Scale 
bars = 5 μm.
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In conclusion, our results provide new data on the 
cytogenetic features of four Capoeta species. The endem-
ic C. aydinensis, C. bergamae, C. erhani and C. pestai 
were analysed for the first time. Karyotype differences 
that were observed in this study highlight cytogenetics 
as an important tool for cytotaxonomy. The chromosom-
al features with classical and molecular cytogenetic tech-
niques of the other Capoeta species need to be studied to 
reveal detailed cytotaxonomy of the genus.
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Abstract. We conducted the present study on seven important medicinal species of 
Achillea (in a total of 28 populations) in their natural habitats. The results indicated 
that the populations had a base number (x= 9) and the diploid, tetraploid, and hexa-
ploidy levels were observed. In addition to the inter-species diversity, there was the 
intra-species genetic diversity as A. millefolium (4x, 6x), A. vermicularis (2x, 4x), A. 
tenuifolia (2x, 4x), A. Aleppica (2x), A. talagonica (2x), A. biebersteinii, and A. wilhelm-
sii (4x). Furthermore, studies also indicated that 11 out of 28 populations had 1A sym-
metry, 15 populations had 2B symmetry, a population had 2A, and another population 
had 2B. Cluster analysis of cytogenetic variables could differentiate only the species of 
A. aleppica, A. talagonica and A. wilhelmsii but others could not separate differences 
between species appropriately, probably due to the superiority of intra-species diver-
sity of populations to inter-species diversity. Furthermore, we found %TF and DRL are 
useful parameters for differentiating intrachromosomal variation of species. 

Keywords: Achillea, cytogenetic, cytomorphology, cluster analysis, chromosome struc-
ture.

INTRODUCTION

Achillea genus of family Asteraceae is of about 130 species that are dis-
tributed from southeastern Europe to southeastern Asia and has spread to 
North America through Eurasia. Different species of this genus have shown 
significant adaptation to different environmental conditions and have spread 
from deserts and coastal areas to rocky regions. The plants of this genus are 
perennial, allogamous and they are pollinated by insects (Mozaffaria, V. 
2003). There are 19 herbaceous species of this genus available in Iran. Other 
species of this genus also grow in Anatolia, Syria, Caucasus, Lebanon, Pal-
estine, Central Russia, Transcaucasia, Turkmenistan, Afghanistan, Southwest 
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Asia, and Central Asia in addition to Iran (Ghahreman 
1984). Yarrow is a popular medicinal herb that is widely 
used in traditional medicine to treat diseases, particular-
ly burns and scars (Muẓaffarīyān 1996).

Cytogenetics is study of relationship of chromosome 
structure with cellular function. Karyotype, the highest 
level of functional and structural organization of nucle-
ar genome, that is essential for studying chromosomal 
characterization of plant species (Altınordu et al. 2016). 
Comparative chromosomal taxon has been provid-
ing useful knowledge about patterns and evolutionary 
mechanisms in speciation (Flavell 2021). Chromosomal 
features, such as chromosome length, centromere index, 
number of chromosomes are crucial variables for inves-
tigating interrelationships and intrarelationships of taxa. 
However, in addition of chromosomal morphotype, pop-
ulation geographical origin is an important parameter in 
interpreting taxon’s diversity (Ramsey 2011) .

The basic chromosome number x = 9 is commonly 
reported for Achillea but variation in chromosome num-
bers and different ploidy levels are frequently occurring 
in this genus. Unfortunately, only few cytological studies 
have been published concerning karyological aspects on 
this genus in Iran. Ploidy and number of chromosomes 
in A. aleppica DC. species has been varied from 2x to 8x 
and with high symmetrical characteristic karyotype (2A), 
however in some population asymmetrical chromosomes 
(2B) have been reported (Rad and Javaheri 2014). A. ver-
micularis, A. wilhelmsii and A. millefolium species have 
shown different levels of ploidies 2x, 4x, 6x and 8x with 2A 
symmetrical Stebbins’s index (Afshari et al. 2013). Mean-
while, study of nine populations of A. biebersteinii species 
demonstrated a diploid (2x); however, chromosomal inter-
species variation has been observed and there has been a 
symmetrical Stebbins’s index 1A and 2A (Chehregani Rad 
et al. 2017). The results of an another study, that was con-
ducted on 14 populations of 8 Achillea species showed A. 
talagonica and A. berbersteinii species have been 2x ploidy, 
meanwhile vermicularis and wilhelmsii showed 4x, 6x 
ploidy levels respectively (Sheidai et al., 2009). Unfortu-
nately, we have few studies on different species of Achillea 
particularly in Iran. Therefore, to fill this gap, we try to 
conducted this study on 28 population of seven species of 
Achillea in their natural habitats in Sanandaj find out the 
cytogenetical characteristics features. 

MATERIALS AND METHODS

Plant materials 

All of the 28 samples in this study, including seven 
species of Achillea (A. millefolium, A. vermicularis, A. 

tenuifolia, A. aelppica, A. biebersteinii, A. wilhelmsii, 
and A. talagonica), with four replicates in each species, 
were collected in west of Iran, Kurdistan, Sanandaj. This 
region is located at a longitude of 46° 59’ 45” E and lati-
tude of 35° 19’ 00” N. To identify every species, a sam-
ple was collected from each point. Figs 1, 2 represent the 
exact position of each location and morphological popu-
lation features. Furthermore, we recorded the geographi-
cal position of each location using the GPS. Table (1) 
presents the latitude and longitude of each site.

Cytogenetical study of species

The seeds obtained from every point were disin-
fected employing the solution of the Sodium hypochlo-
rite 2%, under sterile conditions, inside a Petri dish, 
and on the filter paper. Afterwards, the seeds germi-
nated at room temperature. Following two to five days, 

Table 1. Details on population sites including geographical coordi-
nates, altitude and origin of samples.

Population Longitude Latitude Altitude/m Origin

W13 46.71 35.29 2,208 Klatei
W12 46.88 35.36 1,974 Arandan
W11 47.00 35.51 1,999 Sofla Mamox
W14 46.79 35.51 2,026 Gav Dareh
TA1 46.94 35.47 1,628 Chrandoo
TA2 46.98 35.58 1,980 Biaenchob
TA4 46.99 35.51 2,145 Chrandoo
TA3 46.98 35.49 1,919 Sofla Mamox
TE4 46.96 35.46 1,577 Sarab Ghamish
TE2 46.96 35.51 1,841 Chrandoo
TE1 46.99 35.49 1,866 Mamox
TE3 47.02 35.57 1,934 Bazi Rabab
AL3 46.94 35.28 1,829 Hassan Abad
AL4 46.58 35.32 1,607 Goyran
AL1 46.98 35.30 1,653 Pakr kodak
AL2 47.13 35.29 2,095 Salvat Abad
BI3 46.58 35.30 1,436 Danikesh
BI2 46.60 35.32 1,436 Pichon
BI1 46.89 35.13 1,334 Savarian
BI4 46.93 35.46 1,593 Chelgazii
VE4 46.97 35.30 1,838 Dole Rahman
VE1 46.92 35.55 2,334 Ghalvazei
VE3 46.92 35.58 2,152 Sangi Sefied
VE2 46.99 35.51 2,145 Sofla Mamox
MI2 47.07 35.36 1,498 Babareiz
MI1 47.15 35.25 1,985 Salvat Abad
MI4 47.12 35.54 1,642 Jebreillian
MI3 47.11 35.49 1,993 Dolbandi
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their roots reached the proper size for sampling (roots 
with a length of 0.5-1 cm are appropriate for sampling). 
After applying the pre-treatment, the root samples 
were exposed to a 0.5% α-bromonaphthalene solution 
for 4 h, and running water for 30 min to remove the 
remains of the solution. Subsequently, we performed 
the fixation. Thus, we used Levitsky solution as a suit-
able fixator for karyotypic studies, and the samples 
were in the for 16 h (Levitsky 1931, Levitus et al. 2010). 
Following the fixation, the samples were rinsed with 
running water for 3 h to eliminate the residuals of the 
fix. Then we used squash at an optimal level to sepa-
rate the cells and put them at the same level, and make 
staining better. To this end, we removed the roots from 
70% ethyl alcohol, rinsed them with running water for 
30 minutes, put them in a hydrolyzer (1 M NaOH), 
and placed them in the oven at 60 °C for 8 min. After 
hydrolysis, the samples were dried with filter paper and 
placed in hematoxylin for 3-4 h, to stain the chromo-
somes (Abbaszade et al. 2017). Chromosomal images 
were transferred to the monitor and saved with a digi-
tal color CCD camera mounted on a light microscope. 
The chromosomes of each cell were cut in Photoshop 
and arranged in a separate file. Using Micro Measure 
software and specifying the beginning to end of chro-
mosomes and their centromere locations, certain char-
acteristics such as short and long arm length, the total 
chromosome length, and relative chromosome length 
were calculated. The results were stored in Excel. In 
the present study, five cells (replications) were selected 
and evaluated from each slide to measure chromo-
somal parameters. The parameters calculated for the 
karyotypes were as follows: Short arm relative length 
percentage (SA%), Long arm relative length percent-
age (LA%), total length (TL), Relative length percentage 
(RL%), Arm ratio (AR), Total form percentage (TF%), 
Centromere index (CI), Difference of the range of rela-
tive length (DRL), Value of relative chromatin (VRC), 
Intrachromosomal asymmetry Index (A1) and Inter-
chromosomal asymmetry Index (A2) (Altınordu et al. 
2016). 

According to the number of the replications, we 
calculated the standard deviation for the traits and the 
confidence interval for some of them. The chromosome 
form was determined using a method by Levan (Levan 
1964). After measuring the chromosomes, we drew the 
ideogram associated with the karyotype of the popula-
tions based on the lengths of short and long arms, in 
which the order of chromosomes was considered based 
on the length of the short arm (from large to small). We 
utilized the Stebbins method for comparing the karyo-
typic symmetry in the species (Stebbins 1971).

Statistical data analysis

We performed all the statistical analyses by employ-
ing R software. The cluster analysis was performed for 
cytogenetic data series using the statistical packages, fac-
toextra, FactoMineR, and devtools (Kassambara 2017). 
To map extract geological we used raster and MapTool 
packages by using R software. (Bivand and Lewin-Koh 
2013) (Fig. 1). 

RESULTS

Comparison of cytogenetic parameters between species

Mitotic metaphase chromosomes, ideograms, and 
morphological diversity of chromosomes were showed 
in Fig. 3, 4. The comparison of the results of karyotypic 
characteristics in the populations indicated that the base 
chromosome number was x=9 in all the populations and 
there were hexa-, tetra- and diploid levels for the popu-
lations. Regarding the ploidy level, there was diversity 
not only among the species, but also among the popu-
lations of the three species, A. millefolium (tetra- and 
hexa-ploidy), A. vermicularis (tetra and diploidy), and 
A. tenuifolia (tetra and diploidy). A. alepine and A. tala-
gonica species were diploid and A. biebersteinii and A. 
willhelmsii species were tetraploid (Table 2). Karyotype 
formulas of inter-species and intra-species populations 
were different and all the chromosomes were metacen-
tric only in populations AL2, TA1, VE1, TE1, and TE4; 
the karyotype consisted of a large number of metacen-
tric chromosomes and a small number of chromosomes 
were submetacentric in other populations. According to 
the Stebbins’ s index, most of the populations were in 1A 
and 1B, only population BI4 was in 2B, and MI1 in the 
2A (Table 2). Therefore, a symmetrical karyotype was 
observed for the species of this genus. The highest rela-
tive amount of chromatin belonged to population AL3 
with an average of 4.15 μm whereas the lowest relative 
amount of chromatin belonged to population TA2 with 
an average of 2.55. Except for population AL3, the rela-
tive chromatin levels of the populations were less than 
4 and more than 2 μm. Since the relative difference in 
the lengths of chromosomes had an inverse relationship 
with intra-species ploidy levels, the most asymmetric 
chromosomes among the hexaploidy populations, based 
on DRL index, belonged to population MI4 with an 
average of 38.3% (Tables 2, 3). For diploid populations, 
BI1 population had the highest rate of chromosomal 
asymmetry with the highest DRL (5.32 %). Among the 
diploid populations, VE1 population and four popula-
tions of A. talagonica species had the highest rate of 
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DRL, and the most asymmetric chromosomes. The per-
centage of overall chromosomes form ranged from 37.6 
to 46.11, and the highest percentage of overall chromo-
some form belonged to populations TE4, TE1, and TA1; 
thus, they had a more symmetrical karyotype compared 
to the other populations. On the contrary, AL3, MI2, 
MI4, and WI4 had the lowest percentage of overall chro-
mosome form; therefore, they had the most asymmet-
ric karyotypes (Tables 2, 3). The lowest A1 belonged to 
populations TE4, TE1, and TA1; consequently, they had 
more symmetrical karyotypes than the other popula-
tions. Based on index A1, AL3 and Wl4 had the high-
est chromosomal asymmetry. Hence, it was found that 
the intra-species diversity was high for A1 and TF%, and 
the species were indistinguishable based on the param-
eters. For the A2, the intra-species diversity was some-
what lower, and the species could be divided into three 
categories; the species of the first class included A. alep-
pica and A. millefolium, whose populations had an A2 of 
less than 0.2 and symmetrical chromosomes based on 
the index. On the contrary, the populations of two spe-
cies, A. talagonica and A. vermicularis, had an index A2 
of over 0.2 and asymmetric chromosomes based on the 

index. However, the populations of other species had 
higher intra-species diversity compared to the above-
mentioned four species populations and also had popu-
lations with low inter-chromosomal asymmetry and 
high A2 (Table 2).

In terms of the CI (Table 3), populations TE4, MI1, 
TE1, VE3, and TA1 had a centromeric index between 
0.42 and 0.46 and they had symmetrical chromosomes 
based on the index. Meanwhile, populations AL3, BI3, 
MI2, MI4, WI2, and WI4 with a CI of 0.38 had the most 
asymmetric chromosomes based on the index. The low-
est ratio of long to short arm belonged to TE4, TE1, and 
TA1 populations with average values of 1.19, 1.37, and 
1.4, respectively, and had symmetrical chromosomes 
based on the index. On the other hand, the highest value 
for the index with long to short arm ratio between 1.6 
and 1.69 belonged to populations AL3, BI3, MI2, MI4, 
WI4, TE3, and WI2. Thus, they had asymmetric chro-
mosomes. The highest average total chromosome length 
belonged to population AL3 with an average of 4.15 µm, 
and other populations had an average total chromosome 
length between 2.55 and 3.64 μm, among which popu-
lations TA2, TE1, TA4, TE4, BI2, VE2, MI1, VE1, BI4, 

Figure 1. Positions the population samples were collected on the map. 
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Figure 2. Shows different morphological attributes of seven species of Achillea L. in west of Iran, Kurdistan in their natural habitats. (a) A. 
tenifolia (b) A. vermicularis (c) A. allepica (d) A. biebesteinii (e) A. wilhielmsii (f) A. millefolium (g) A. talagonica. 
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Figure 3. Haploid ideogram of seven species population samples. (Red (SA): Relative length of short arm, Blue (LA): Relative length of long 
arm, Black (Sat): satellite chromosome, Scale bar = 5 μm, X-axis express No. of chromosome, Y-axis express Relative of long and short arm 
scale bar = 5 μm). 
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Figure 4. The morphological diversity metaphase chromosomes between and within species (Scale bar = 5μm).
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and BI1 had an average total chromosome length of less 
than 3 μm. The other populations had an average total 
chromosome length between 3 and 3.64 µm. Therefore, 
it was found that intra-species diversity was high for AR, 
CI, and TL indices (Table 3). Based on the parameters, 
the species were indistinguishable. The range of the total 
chromosome length varied widely from a minimum 
range of 1.59 µm in the population BI2 to a maximum 
of 9.85 µm in the population VE1; hence, the longest 
chromosome was 6.19 times higher than the shortest 
chromosome.

Results of analysis of cytogenetic variables

Fig. 5 depicts the results of cluster heatmap (based 
on Euclidian distance and ward method) analysis for 
cytogenetic variables of different species. A total of 10 
attributes were included in the analysis. The results 
exhibited that the accessions were assigned two main 

distinct groups. According to the figure 5, in the first 
cluster A. talgonica (2x) species was separated from 
others. The second group consists of all other species 
with different ploidy levels, but interestingly in con-
trary side of first group (maximum distance from first 
group) a diploid species A. aleppica (2x) was located. 
In other words, two diploid species were assigned to 
different sides of clustering. Obviously, cluster analy-
sis could not detect differences between interspecies, 
however three species including A. talagonica, A. alep-
pica and A. willhelmsii were clearly discriminated from 
others. It can be noted that cluster analysis could not 
detect ploidy pattens among the Achillea populations 
(annotation group in cluster analysis) (Fig.5). Among 
the attributes a few variables showed the highest inter-
relationship variation population accessions which are 
including %TF, LA and DRL.

Table 2. Cytogenetic indices data A2, A1, % TF, DRL, VRC, SC, and KF.

Species KF 2n SC VRC DRL %TF A1 A2 Population

A. aleppica 8m+1sm 2x=18 1A 3.49 5.90 39.97 0.334 0.170 AL1

9m 2x=18 1A 3.27 5.67 39.78 0.335 0.162 AL 2

6m+3sm 2x=18 1A 4.15 5.90 37.60 0.395 0.169 AL 3

8m+1sm 2x=18 1A 3.30 5.92 39.27 0.351 0.166 AL 4

A. biebersteinii 14m+4sm 4x=36 1B 2.98 5.32 38.42 0.356 0.228 BI1

15m+3sm 4x=36 1B 2.76 4.43 39.43 0.343 0.190 BI 2

14m+4sm 4x=36 1B 3.62 4.39 38.44 0.376 0.195 BI 3

14m+4sm 4x=36 2B 2.97 4.39 38.62 0.343 0.217 BI 4

A. millefolium 20m+7sm 6x=54 2A 3.02 2.54 38.80 0.355 0.153 MI1

17m+10sm 6x=54 1B 2.79 2.94 37.89 0.378 0.167 MI2

15m+3sm 4x=36 1A 3.06 3.67 39.29 0.337 0.183 MI3

20m+7sm 6x=54 1B 3.16 3.38 37.85 0.375 0.194 MI4

A. talagonica 9m 2x=18 1B 3.53 8.80 42.02 0.277 0.236 TA1

7m+2sm 2x=18 1B 2.55 8.07 40.37 0.311 0.224 TA 2

7m+2sm 2x=18 1B 3.38 8.05 40.68 0.315 0.223 TA 3

6m+3sm 2x=18 1A 2.62 7.34 38.86 0.363 0.209 TA 4

A. vermicularis 9m 2x=18 1A 2.85 7.53 39.74 0.339 0.210 VE1

15m+3sm 4x=36 1B 2.76 4.59 39.84 0.321 0.218 VE 2

17m+1sm 4x=36 1B 3.19 4.94 41.20 0.281 0.224 VE 3

17m+1sm 4x=36 1B 3.64 4.49 40.52 0.317 0.218 VE 4

A. tenuifolia 18m 4x=36 1A 2.62 3.04 42.50 0.257 0.159 TE1

14m+4sm 4x=36 1B 2.82 4.50 39.36 0.347 0.223 TE 2

11m+7sm 4x=36 1B 3.70 3.96 38.56 0.369 0.199 TE 3

9m 2x=18 1A 2.69 5.23 46.11 0.141 0.147 TE 4

A .wilhelmsii 15m+3sm 4x=36 1B 3.41 4.17 39.00 0.346 0.190 WI1

14m+4sm 4x=36 1B 3.08 4.61 38.13 0.371 0.205 WI2

16m+2sm 4x=36 1A 3.35 3.95 39.13 0.342 0.168 WI3

14m+4sm 4x=36 1A 3.28 4.04 37.75 0.380 0.183 WI4
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DISCUSSION

There are high diversity and differences in chro-
mosomal length characteristics of the inter and intra-
species of this genus Fig. 3, 4. Given that the existence 
of diversity and difference in chromosome length indi-
cates an advanced karyotype and has chromosomes in 
different sizes (Afshari et al. 2013), the species of this 
genus have advanced karyotypes. The existence of x=9 
as the base chromosome number on the yarrow genus 
has been proven in several reports, yet the number of 
chromosomes and ploidy levels vary among different 
species of this genus, which could range from 2n=2x= 
18 to 2n=8x=72 even though most species are Dip-
loid( Guo et al. 2005, Baltisberger and Widmer 2016). 
In addition to inter-species diversity in ploidy levels, 
there are numerous reports of ploidy level diversity in 
populations within a species. In other words, different 

ploidy levels are reported for populations of a species ( 
Hoshi et al. 2010, Ebrahim et al. 2012). Accordingly, a 
range between diploid to hexaploidy has been reported 
for A. aleppica species (Rad and Javaheri 2014); how-
ever, all the accessions of the species were diploid in 
the present study. The tetraploid level was reported for 
A. bieberestini species (Afshari et al. 2013), which was 
consistent with the present result. Afshari reported 
diploid and tetraploid levels for A. millefolium spe-
cies. In another study, hexa and octa-ploidy levels were 
reported for the species (Ebrahim et al. 2012). The two 
reports were consistent with the present study in terms 
of A. millefolium species. For four populations of A. 
talagonica species, the diploid level was in accordance 
with results of studies by Sahin et al. (2006). Finally, 
the results obtained for ploidy levels of two species, A. 
vermicularis and A. tenuifolia, were in agreement with 
other reports (Afshari et al. 2013, Rad and Javaheri 

Table 3. Karyotypes and chromosomal parameters in this study for each species.

Population CI AR %RL TL %SA %LA
Chromosome range 

length (µm)

AL1 0.4 ± 0.02 1.52 ± 0.1 11.11 ± 1.23 3.49 ± 0.39 4.44 ± 0.59 6.67 ± 0.71 2.63 – 4.48
AL2 0.4 ± 0.01 1.52 ± 0.05 11.11 ± 1.17 3.27 ± 0.34 4.42 ± 0.41 6.69 ± 0.77 2.53 – 4.19
AL3 0.38 ± 0.01 1.69 ± 0.09 11.11 ± 1.23 4.15 ± 0.46 4.18 ± 0.44 6.93 ± 0.81 3.18 – 5.39
AL4 0.39 ± 0.01 1.56 ± 0.07 11.11 ± 1.2 3.3 ± 0.36 4.36 ± 0.46 6.75 ± 0.76 2.58 – 4.33
BI1 0.39 ± 0.01 1.59 ± 0.07 5.59 ± 0.58 2.98 ± 0.31 2.14 ± 0.16 3.36 ± 0.36 1.95 – 4.81
BI2 0.4 ± 0.01 1.56 ± 0.08 5.56 ± 0.49 2.76 ± 0.24 2.19 ± 0.19 3.37 ± 0.31 1.59 – 3.79
BI3 0.38 ± 0.01 1.63 ± 0.06 5.56 ± 0.5 3.62 ± 0.33 2.14 ± 0.21 3.42 ± 0.3 2.52 – 5.38
BI4 0.39 ± 0.02 1.56 ± 0.1 5.56 ± 0.56 2.97 ± 0.3 2.15 ± 0.15 3.35 ± 0.37 2.01 – 4.35
Ml1 0.44 ± 0.01 1.59 ± 0.07 3.7 ± 0.21 3.02 ± 0.17 1.44 ± 0.08 2.24 ± 0.13 2.22 – 4.29
MI2 0.38 ± 0.01 1.63 ± 0.05 3.7 ± 0.23 2.79 ± 0.18 1.4 ± 0.07 2.28 ± 0.14 2.02 – 4.24
Ml3 0.4 ± 0.01 1.53 ± 0.06 5.56 ± 0.47 3.06 ± 0.26 2.18 ± 0.16 3.32 ± 0.28 2.15 – 4.18
Ml4 0.38 ± 0.01 1.63 ± 0.05 3.7 ± 0.27 3.16 ± 0.23 1.4 ± 0.09 2.25 ± 0.14 2.24 – 5.12
TA1 0.42 ± 0.01 1.4 ± 0.05 11.11 ± 1.71 3.53 ± 0.54 4.67 ± 0.75 6.44 ± 0.97 2.34 – 5.14
TA2 0.41 ± 0.02 1.49 ± 0.14 11.11 ± 1.63 2.55 ± 0.37 4.49 ± 0.58 6.63 ± 1.09 1.83 – 3.68
TA3 0.41 ± 0.01 1.49 ± 0.09 11.11 ± 1.62 3.38 ± 0.49 4.52 ± 0.72 6.59 ± 0.92 2.35 – 4.8
TA4 0.39 ± 0.01 1.59 ± 0.07 11.11 ± 1.52 2.62 ± 0.36 4.32 ± 0.61 6.79 ± 0.92 1.8 – 3.54
VE1 0.4 ± 0.01 1.53 ± 0.06 11.11 ± 1.52 2.85 ± 0.39 4.41 ± 0.59 6.7 ± 0.95 4.92 – 9.85
VE2 0.4 ± 0.01 1.52 ± 0.08 5.56 ± 0.56 2.76 ± 0.28 2.21 ± 0.19 3.29 ± 0.33 2.35 – 3.29
VE3 0.42 ± 0.01 1.42 ± 0.07 5.56 ± 0.58 3.19 ± 0.33 2.29 ± 0.19 3.23 ± 0.36 2.11 – 4.95
VE4 0.41 ± 0.01 1.49 ± 0.06 5.56 ± 0.56 3.64 ± 0.37 2.25 ± 0.23 3.3 ± 0.34 2.36 – 5.30
TE1 0.43 ± 0.01 1.37 ± 0.05 5.56 ± 0.41 2.62 ± 0.19 2.36 ± 0.17 3.19 ± 0.25 1.94 – 3.37
TE2 0.39 ± 0.01 1.56 ± 0.07 5.41 ± 0.61 2.75 ± 0.31 2.19 ± 0.23 3.37 ± 0.34 1.82 – 4.1
TE3 0.39 ± 0.01 1.61 ± 0.06 5.39 ± 0.58 3.59 ± 0.39 2.14 ± 0.2 3.41 ± 0.31 1.6 – 4.93
TE4 0.46 ± 0.01 1.19 ± 0.05 11.11 ± 1.06 2.69 ± 0.26 5.12 ± 0.47 5.99 ± 0.61 2.16 – 3.43
WI1 0.4 ± 0.1 1.56 ± 0.06 5.56 ± 0.49 3.41 ± 0.3 2.17 ± 0.16 3.34 ± 0.3 2.25- 4.85
WI2 0.38 ± 0.01 1.6 ± 0.05 5.56 ± 0.53 3.08 ± 0.29 2.12 ± 0.17 3.39 ± 0.31 2.1 – 4.65
WI3 0.39 ± 0.01 1.54 ± 0.05 5.56 ± 0.43 3.35 ± 0.26 2.17 ± 0.13 3.33 ± 0.25 2.46 – 4.84
WI4 0.38 ± 0.01 1.63 ± 0.05 5.56 ± 0.47 3.28 ± 0.28 2.1 ± 0.14 3.4 ± 0.27 2.45 – 4.84
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2014). Therefore, no new reports were found for the 
ploidy levels of the species.

The karyotypic formulas of all the species consisted 
of a large number of metacentric chromosomes and a 
small number of sub-metacentric chromosomes (Table 
2). On this basis, the populations of the species of this 
genus had symmetrical karyotypes, and there were 
diverse karyotypic formulas for both species and intra-
species populations. In several reports on the cytogenet-
ic analysis of species of the yarrow genus, more metacen-
tric chromosomes and less submetacentric chromosomes 
have been reported ( Sahin et al. 2006, Afshari et al. 
2013, Rad and Javaheri 2014). Moreover, there were some 
reports on the subtelocentric chromosomes (Baltisberger 
and Widmer 2016). However, there were almost sym-
metrical chromosomes for species of the genus. Accord-
ing to the Stebbins table regarding 28 populations, 11 
populations had A1 symmetry, 15 had B1, a population 

had A2, and a population had B2 symmetry (Table 2); 
hence, there were more symmetrical chromosomes in 
the present research than other reports since the karyo-
type A2 was mostly reported in other reports, and few-
er cases had A1 and B1 symmetries (Kiran et al. 2012, 
Sahin et al. 2006). Accordingly, no obvious differences 
were reported in karyotype asymmetry between yarrow 
species; all the species had symmetrical karyotype struc-
tures because most chromosomes were metacentric and 
sub-metacentric (Kiran et al. 2012).

Satellites were observed more in populations with 
tetra- and hexaploidy levels and on chromosome 1 (Fig. 
3). No satellites were observed in diploid populations, 
and there was only a satellite for each population. Our 
results were consistent with those of a report by Sahin et 
al. ( 2006). On the contrary, no satellites were reported 
in certain studies ( Hoshi et al. 2010, Kiran et al. 2012, 
Afshari et al. 2013, Rad and Javaheri 2014) whereas one 

Figure 5. Depicts the results of cluster heatmap (based on Euclidian distance and ward method analysis for cytogenetic parameters). 
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to three satellites have been reported in some other 
researches (Afshari et al. 2013). Additionally, more sat-
ellites were observed in submetacentric chromosomes 
and the results were consistent with those of the present 
study (Hoshi et al. 2010).

There were chromosomes B in two populations of A. 
tenuifolium species (Table 2). A chromosome B was also 
reported for the species in some populations (Chehrega-
ni Rad et al. 2017), and there were some reports on the 
existence of B chromosome in other species on the genus 
(Baltisberger and Widmer 2016). Nevertheless, there was 
no B chromosome in some reports (Kiran et al. 2012).

There was no inter-species diversity for the chroma-
tin content, arm length, and chromosome length. Fur-
thermore, the intra-species populations showed more 
diversity (Table 3), but there was inter-species diversity 
for ratios to arms (and large to small); however, the intra-
species populations had diversity. Therefore, the evolution 
and speciation of the genus was through A1 rather than 
increasing or decreasing the chromatin content and chro-
mosome length. The average length of each chromosome 
ranged from 2.93 to 3.55 mμ for the species, which was 
consistent with other reports (Sahin et al. 2006 Afshari et 
al. 2013) . Meanwhile, the chromosome length range was 
higher in certain reports than that in the results of the 
present study, and longer chromosomes were reported for 
the species (Aksu et al. 2013). Based on the karyotypic 
characteristics, the A. aleppica had more karyotypic evo-
lution in terms of chromatin content, and three species, 
A. biebersteinii, A. wilhemsii, and A. millefolium, had 
more complete karyotypes due to the A1 and a higher 
evolution in terms of chromosome length characteris-
tics and chromatin content. A. talangonica, A. tenifolia, 
and A. vermicularis had karyotypic evolution due to the 
chromosomal asymmetry; thus, A. biebersteinii, A. wil-
hemsii and A. millefolium had more evolved karyotypes 
than the other species. According to the results, the 
karyotypic characteristics could not separate the popula-
tions of yarrow species due to the intra-species diversity, 
and the populations of different species were in the same 
group in several cases. Despite the lack of comprehensive 
reports on the study of inter and intra-species relation-
ships for the Achillea genus based on karyotypic charac-
teristics, the few available reports indicated that the kar-
yotypic characteristics were unable to completely separate 
the populations of species of the genus (Ebrahim et al. 
2012, Kiran et al. 2012). 

ACKNOWLEDGMENTS

The authors are grateful to the members of the 
Cytogenetics Group in Laboratory of Forestry and Plant 

Resources in Kermanshah, for measuring all the spectra. 
We also appreciate Dr. Hooshmand Safari for providing 
technical support on plant bioassays. 

REFERENCES

Abbaszade S, Jafari A A, Safari H, Shirvani H. 2017. 
Genetic Variability and Karyotype Analysis for 13 
Accessions of Lolium multiflorum. J. Ornam. Plants. 
7: 1–8. 

Afshari F, Ebrahimi M, Akbari M, Farajpour M. 2013. 
Cytological investigations and new chromosome 
number reports in yarrow (Achillea millefolium Lin-
naeus, 1753) accessions from Iran. Comp. Cytogenet. 
7: 271–277. 

Aksu N, Inceer H, Hayırlıoğlu-Ayaz S. 2013. Karyotype 
analysis of six Achillea L.(Asteraceae, Anthemideae) 
taxa from Turkey. Caryologia. 66: 103–108. 

Altınordu F, Peruzzi L, Yu Y, He X. 2016. A tool for the 
analysis of chromosomes: KaryoType. Taxon. 65: 
586–592. 

Baltisberger M, Widmer A. 2016. Chromosome numbers 
and karyotypes within the genus Achillea (Asteraceae: 
Anthemideae). Willdenowia. 46: 121–135. 

Bivand R, Lewin-Koh N. 2013. maptools: Tools for Read-
ing and Handling Spatial Objects. R package version 
0.9-2. . 

Chehregani Rad A, Salehi H, Mohsenzadeh F. 2017. Kar-
yomorphological Analysis on Several Diploid Popula-
tions of Achillea biebersteinii Afan. (Asteraceae) from 
Iran. Proc. Natl. Acad. Sci. India Sect. B - Biol. Sci. 
87: 173–180. 

Ebrahim F, Pakniyat H, Arzani A, Rahimmalek M. 2012. 
Karyotype analysis and new chromosome number 
reports in Achillea species. Biologia (Bratisl). 67: 
284–288. 

Flavell R.B. 2021. Perspective: 50 years of plant chromo-
some biology. Plant Physiol. 185: 731–753. 

Ghahreman A. 1984. Color atlas of Iranian plants. Inst. 
For. Grasslands, Bot. Div. 5: 512. 

Guo Y, Saukel J, Mittermayr R, Ehrendorfer F. 2005. 
AFLP analyses demonstrate genetic divergence, 
hybridization, and multiple polyploidization in the 
evolution of Achillea (Asteraceae‐Anthemideae). New 
Phytol. 166: 273–290. 

Hoshi Y, Kondo K, Konishi T, Tannowa T, Smirnov S V, 
Kucev M, Motohashi T. 2010. A cytogenetic study in 
three species of Achillea. Chromosom. Bot. 5: 87–93. 

Kassambara A. 2017. Practical guide to principal com-
ponent methods in R: PCA, M (CA), FAMD, MFA, 
HCPC, factoextra. STHDA, 



46 Fatemeh Nezhadi et al.

Kiran Y, Turkoglu I, Kirilmaz F, Arabaci T, Sahin A, Bag-
ci E. 2012. Karyological investigation of six Achillea 
L.(Asteraceae) species growing in Turkey. Caryologia. 
65: 101–105. 

Levan A, Fredga K, Sandberg A. 1964. Nomenclature for 
centromeric position on chromosomes. Hereditas. 52: 
201–220.  https://doi.org/10.1111/j.1601-5223.1964.
tb01953.x. 

Levitsky G.A. 1931. The karyotype in systematics. Bull. 
Appl. Bot. Genet. Plant Breed. 27: 220–240. 

Levitus G, Echenique V, Rubinstein C, Hopp E, Mrogins-
ki L. 2010. Biotechnology and Plant Breeding II. Bio-
technol. Plant Breed. II. 

Mozaffarian, V. 2003. Trees and Shrubs of Iran. Farhange 
Moaser, Tehran, Iran, 874-877.

Muẓaffarīyān W. 1996. Dictionary of Iranian plant 
names. Farhang Moaser Publ. 

Rad AC , Javaheri F. 2014. Variation of karyomorphologi-
cal characters in Achillea aleppica DC. (Asteraceae) 
in the western part of Iran. Chromosom. Bot. 9: 
13–22. 

Ramsey J. 2011. Polyploidy and ecological adaptation 
in wild yarrow. Proc. Natl. Acad. Sci. U. S. A. 108: 
7096–7101. 

Sahin A, Kiran Y, Arabaci T, Turkoglu I. 2006. Karyologi-
cal notes on eight species of Achillea L.(Asteraceae, 
Santolinoideae) from Turkey. Bot. J. Linn. Soc. 151: 
573–580. 

Sheidai M, Azanei N, Attar F. 2009. New chromosome 
number and unreduced pollen formation in Achillea 
species (Asteraceae). Acta Biol. Szeged. 53: 39–43. 

Stebbins GL. 1971. Chromosomal evolution in higher 
plants. Chromosom. Evol. High. plants. 
Table 1. Details on population sites including geo-

graphical coordinates, altitude and origin of samples 
Table 2. Cytogenetic indices data A2, A1, % TF, 

DRL, VRC, SC, and KF.
Table 3. Karyotypes and chromosomal parameters 

in this study for each species.



Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 76(1): 47-56, 2023

Firenze University Press 
www.fupress.com/caryologiaCaryologia

International Journal of Cytology,  
Cytosystematics and Cytogenetics

ISSN 0008-7114 (print) | ISSN 2165-5391 (online) | DOI: 10.36253/caryologia-2006

Citation: Ayşe Yavuz Kocaman, Ber-
na Yakar (2023). Genotoxicity of a synthet-
ic plant growth regulator, Forchlorfenu-
ron (CPPU), on human lymphocytes 
using chromosome aberration assay. 
Caryologia 76(1): 47-56. doi: 10.36253/
caryologia-2006

Received: January 21, 2023

Accepted: July 3, 2023

Published: September, 19, 2023

Copyright: © 2023 Ayşe Yavuz Kocaman, 
Berna Yakar. This is an open access, 
peer-reviewed article published by 
Firenze University Press (http://www.
fupress.com/caryologia) and distrib-
uted under the terms of the Creative 
Commons Attribution License, which 
permits unrestricted use, distribution, 
and reproduction in any medium, pro-
vided the original author and source 
are credited.

Data Availability Statement: All rel-
evant data are within the paper and its 
Supporting Information files.

Competing Interests: The Author(s) 
declare(s) no conflict of interest.

ORCID
AYK: 0000-0001-7700-784X 
BY: 0000-0003-0506-521X 

Genotoxicity of a synthetic plant growth 
regulator, Forchlorfenuron (CPPU), on human 
lymphocytes using chromosome aberration assay

Ayşe Yavuz Kocaman1,*, Berna Yakar2

1 Department of Biology, Faculty of Science and Letters, Hatay Mustafa Kemal University, 
31000 Hatay, Türkiye
2 Department of Biology, Basic and Applied Sciences Institute, Hatay Mustafa Kemal Uni-
versity, 31000 Hatay, Türkiye
*Corresponding author. E-mail: ayavuz@mku.edu.tr

Abstract. Forchlorfenuron (FCF, also known as CPPU), which belongs to the group of 
phenylurea cytokinins, is one of the most widely used synthetic plant growth regulators 
(PGRs) worldwide. Although FCF plays a crucial role in cellular growth and differen-
tiation by promoting cell division in plants, it disrupts higher-order septin assembly in 
other eukaryotic organisms, including humans. Despite its widespread use, no study 
has been found investigating the genotoxic effects of this synthetic PGR on humans. 
Hence, this investigation was designed to examine the potential cyto-genotoxicity of a 
commercial formulation of FCF on human peripheral blood lymphocytes (PBLs) using 
chromosome aberrations (CAs) and mitotic index (MI) endpoints. The whole blood 
cultures were treated with 0.25, 0.50, 1.00, and 2.00 µg/ml concentrations of a commer-
cial form of FCF. According to the results, FCF significantly enhanced the percentage 
of cells containing structural CAs at the concentrations of 1.00 and 2.00 µg/ml for both 
treatment times (24 and 48 h), in comparison to the negative control (P<0.05). Besides, 
in cultures exposed to FCF concentrations of 0.50, 1.00, and 2.00 µg/ml, the total CA/
cell ratio was significantly higher (P<0.05). In addition, FCF was found to have cyto-
toxic activity on human PBLs at all treatments (except for the lowest concentration at 
24 h) by significantly reducing the MI compared to the negative control (P<0.05). The 
findings of this investigation indicate the first time that a commercial formulation of 
FCF (0.50-2.00 µg/ml) may have genotoxic and cytotoxic potential on human lympho-
cytes.

Keywords: Forchlorfenuron, CPPU, synthetic plant growth regulator, chromosome 
aberration, mitotic index, human lymphocytes.

INTRODUCTION

Today, environmental pollutants and their toxic effects on organisms 
have become one of the most discussed issues worldwide (Briggs 2003; 
Zhang et al. 2011). The main pollutant groups that cause environmental pol-
lution are chemicals used in agriculture such as herbicides, insecticides, fun-
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gicides, and plant growth regulators (PGRs), which are 
an important part of modern agriculture (Lu et al. 2015; 
Wang and Yang 2016; Rodrigues et al. 2018).

Synthetic PGRs also known as environmental hor-
mones are a class of agrochemicals that stimulate plant 
developmental processes such as organ formation, cell 
division, and growth (Wang et al. 2011). People are 
potentially exposed to PGRs either directly as workers in 
greenhouses and agriculture or indirectly through food 
consumption. Therefore, the uncontrolled and excessive 
use of PGRs both cause environmental pollution and 
threaten non-target organisms and ultimately human 
health. Gangadhar et al. (2020) reported that residues of 
synthetic PGRs can seriously harm human health. 

Forchlorfenuron (FCF, also known as CPPU) which 
is included in the phenylurea synthetic cytokinin group, 
is among the most widely used PGRs worldwide to 
increase fruit size/enlargement (USEPA 2004; Heasley 
et al. 2014). It is known that synthetic cytokinins (i.e. 
FCF, thiadizuron, and their derivatives) are cytokinin 
oxidase/dehydrogenase (CKX) inhibitors. The catabolic 
cytokinin dehydrogenase CKX, is bound by FCF and is 
competitively inhibited, leading to an increase in intra-
cellular cytokinin levels and, eventually, larger fruits 
(Kopecný et al. 2010; Heasley et al. 2014). It was also 
suggested that FCF promotes plant cell division and 
lateral growth through its synergistic interactions with 
endogenous auxins, thereby inducing parthenocarpy, 
which in turn increases fruit size, fruit set, and fruit 
cluster weight (USEPA 2004; Kim et al. 2006; Su et al. 
2021). It is widely used to enlarge many fruits, such as 
grapes, apples, and kiwi (Kim et al. 2006; EFSA 2017). 

Unfortunately, in 2011, FCF was abused by Chinese 
farmers to grow larger watermelons; but some of them 
exploded. After this event, the potential threats it poses 
for organisms and the environment have started to come 
to the fore more (Gong et al. 2021). It has been report-
ed that FCF and its metabolite residues have frequently 
been found in fruits, water, sediments, and aquatic spe-
cies (Meng et al. 2020; Gong et al. 2021). In addition, 
FCF is bioaccumulated by humans and can reach con-
centrations that may be harmful to farm laborers (Shi 
et al. 2012; Toumi et al. 2018). Tixier et al. (2001) indi-
cated that FCF may be an endocrine disruptor and had 
certain genotoxic and ecotoxic effects. In a recent study 
also reported the excessive use of swelling agents such as 
FCF, and thidiazuron in fruits and vegetables has caused 
food safety problems (Wang et al. 2023). However, the 
use of FCF in seedless fruit formation by inducing par-
thenocarpy is still common (Su et al. 2021).

While FCF has been used as a PGR in many coun-
tries, it has also been an experimental molecule exten-

sively used to investigate septin functions (Angelis et 
al. 2014). Septins, a class of GTP-binding proteins, are 
found in all eukaryotic organisms with the exception of 
higher plants, and have many important cellular func-
tions (Henzi et al. 2021). It has been reported that FCF 
disrupts septin localization in budding yeast and causes 
defects in cytokinesis (Iwase et al. 2004). The researchers 
showed the FCF causes the accumulation of thick sep-
tin bundles and aggregates by blocking septin filament 
turnover (Hu et al. 2008). 

The stability of the septin cytoskeleton induced by 
FCF has been shown to mimic the functional effects of 
septin depletion, such as inhibition of cell division, cell-
cell adhesions, calcium ingress, migration, and vesicle 
trafficking (Hu et al. 2008; Sidhaye et al. 2011; Sharma et 
al. 2013; Tokhtaeva et al. 2015; Marcus et al. 2016; Zhang 
et al. 2016). The stabilization of septin filaments by FCF 
impairs their normal functions (Hu et al. 2008). Because 
FCF influences different cellular systems via stabilizing 
septins in metazoans, it appears crucial to look into its 
potential to be genotoxic to humans.

According to our literature search, only one study 
was found regarding the genotoxic potential of FCF. 
It was reported that FCF was not mutagenic using the 
mouse bone marrow micronucleus test (Lin et al. 2012). 
However, no studies were found to investigate the geno-
toxic risks of FCF on humans. Therefore, we believe that 
it is crucial to identify the potential genotoxic/cytotoxic 
risks of the commercial formulation of FCF (sitofex, 
active ingredient 10 g/l FCF), which is a widely used 
synthetic PGR today. 

Hence, this study was carried out to investigate the 
genotoxic and cytotoxic potential of FCF, in a commer-
cial form, using in vitro chromosomal aberration (CA) 
and mitotic index (MI) assays, on human peripheral 
blood lymphocytes (PBLs).

MATERIALS AND METHODS

Test samples and chemicals

Samples of whole blood were provided from four 
healthy, non-smoker, and non-alcoholic different donors 
(30-32 years old, 2 females, and 2 males). Donors were 
selected from people who did not use drugs in the last 
three months and were not exposed to environmental 
pollutants such as pesticides, dust, and chemicals at a 
high rate. 

This research was carried out in accordance with 
the Helsinki Declaration and ethical approval has been 
given from the Institutional Ethics Committee of Hatay 
Mustafa Kemal University, Türkiye (approval number: 
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14.02.2019/09). In addition, each participant signed a 
permission form and provided their informed consent to 
take part in the study.

A commercial formulation of FCF (Sitofex, contain-
ing 10 g/L FCF as the active ingredient) was obtained 
from the Agrikem company, Türkiye. Its properties are 
as follows: IUPAC name: 1-(2-chloro-4-pyridyl)- 3-phe-
nylurea; CAS name: N-(2-chloro-4-pyridinyl)-N-pheny-
lurea; Trade names: CPPU, KT-30; Chemical formula: 
C12H10ClN3O; Molecular weight: 247.68 g/mol; CAS reg-
istry number: 68157-60-8. Th e chemical structure of FCF 
is given in Figure1. Mitomycin-C (MMC, M-05030), and 
Colchicine (C-9754, St. Louis, MO) were supplied from 
Sigma. Th e other chemicals used in the study were pro-
vided by Merck. (Darmstadt, Germany). As the culture 
media, chromosome medium B (Biochrome F-5023; Ber-
lin, Germany), was used.

Chromosome Aberration (CA) assay

Th e CA assay was performed according to the pro-
tocol of Evans (1984) with minor adjustments (Koca-
man and Topaktaş 2007). Heparinized whole blood sam-
ples (0.2 ml) obtained from each donor were added to 
chromosome medium B (2.5 ml) to set up the cultures, 
which were then incubated at 37 °C for 72 h. Th e com-
ponents of the culture medium were (amounts per liter) 
as follows: minimum essential medium (MEM-joklik) 
with non-essential amino acids (850 ml), fetal bovine 
serum (150 ml), heparin (25000 U), penicillin G, sodium 
salt (75000 U), streptomycin sulfate (50 mg), phytohe-
magglutinin L (2.5 mg), ascorbic acid (5.0 mg), and glu-
tathione (reduced) (5.0 mg). Th e commercial FCF for-
mulation was applied to the cultures at concentrations of 
0.25, 0.50, 1.00, and 2.00 µg/ml. Th e highest concentra-
tion of FCF (2.00 µg/ml) was determined according to 
the half-maximal inhibitory concentration (IC50) value 
that reduced MI by approximately 50% compared to the 
negative control. Th e commercial FCF used in this study 
was in liquid form and its serial dilutions were prepared 
freshly and under sterile conditions before each experi-

ment by diluting with sterile distilled water (based on 
the amount of active ingredient it contains). Treatment 
times were conducted as 24 and 48 h. Parallel tests were 
also conducted using a negative (untreated) and positive 
(treated with 0.2 μg/ml MMC) control.

Two hours prior to harvesting, colchicine, at a con-
centration of 0.06 μg/ml, was given to culture tubes con-
taining the cells. At the 72nd h, the cultures were cen-
trifuged for 5 min at 2000 rpm and the supernatant was 
removed. Th e pellets were treated gently with the hypo-
tonic solution (0.4% KCl, at 37 °C) for 15 min. Th ereaf-
ter, the suspension was centrifuged at 1200 rpm for 10 
min and the cells in pellets were fi xed three times with 
a cold fi xative (3:1 v/v; methanol: glacial acetic acid, at 
22 °C) for 20 min. Finally, slides were prepared by drop-
ping 3-4 drops of the fi nal cell solution on clean, chilled 
glass slides, and standard procedures were used to stain 
the slides (5% Giemsa in Sorensen Buff er, for 15-20 min 
at pH = 6.8), aft er air-drying.

Microscopic evaluation

In this research, the slides were examined using an 
Olympus CX21 light microscope at 1000x magnifi cation 
for CAs, and also 400x magnifi cation for MI. Th e CAs 
observed in this study were categorized as structural 
and numerical (polyploid cells) aberrations according to 
Mosesso et al. (2013) and Ayabaktı and Kocaman (2020). 
By considering the same references, structural CAs were 
further grouped into chromatid (breaks, sister unions, 
exchanges), and chromosome types (breaks, dicentrics, 
fragments). In order to score the CAs, a total of 400 met-
aphases were examined per concentration, for each treat-
ment and donor. Following the scoring of CAs, the per-
centage of cells having structural CAs, the total number 
of CAs per cell, as well as the percentage of frequency of 
each type of CA, were computed.

To calculate MI, the percentage of metaphases with-
in 2000 cells was counted per culture for each treatment 
and donor (i.e., 8000 cells in total per concentration) 
using following equation:

MI = 100 × cells in metaphase / 2000

Statistical analysis

For statistical analysis, an experimental unit of four 
subjects (n=4) was employed. Data were displayed as 
mean ± standard deviation (SD). Th e statistical analysis 
was conducted by utilizing One-Way Analysis of Vari-
ance (ANOVA). To compare the experimental groups, a 

Figure 1. Th e chemical structure of Forchlorfenuron.
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post-hoc analysis (least significant difference; LSD) test 
was performed. Relationships between concentration and 
response were evaluated by correlation and regression 
coefficients (r2). The results were considered statistically 
significant according to the significance level of P<0.05.

RESULTS

The effects of the commercial formulation of FCF 
on human lymphocytes by induced CA are presented in 
Table 1. According to the results obtained from the in 
vitro CA test; FCF significantly increased the percent-
age (%) of cells with structural CAs at 1.00 and 2.00 μg/
ml for both treatments, 24 and 48 h, in comparison to 
the negative control (P<0.05). Additionally, it was deter-
mined that FCF significantly increased total CA/cell 
at three high concentrations (0.50, 1.00, and 2.00 μg/
ml) for both exposure times (24 and 48 h) compared to 
the negative control (P<0.05). However, CA formations 
caused by FCF in this study were not as effective as the 
MMC, positive control, and were determined to be sig-
nificantly lower compared to the MMC at all concentra-
tions and treatment times (P<0.001). 

Regression analysis results revealed that the percent-
age of cells including structural CA showed a concentra-
tion-dependent increase in just 24 h treatment (for 24 h: 
r2= 0.837, P<0.05 and for 48 h: r2= 0.727, P>0.05). Simi-
larly, during the 24 h treatment period, there was a con-
centration-dependent rise in the frequency of total CAs/
cell (for 24 h: r2= 0.897, P<0.05 and for 48 h: r2= 0.733, 
P>0.05).

In our study, it was determined that FCF caused 
especially structural CAs in cultured human lympho-
cytes. Chromatid breaks (63.07%) (Fig. 2a) and sis-
ter chromatid unions (29.41%) (Fig. 2b) were the most 
frequent chromatid-type structural CAs found in 
PBLs treated with FCF. However, chromatid exchange 
(0.65%) (Fig. 2c) was found at a low frequency. In addi-
tion, chromosomal type structural CAs caused by FCF 
were observed at low frequencies as chromosome break 
(4.25%) (Fig. 2d) and dicentric chromosome (0.33%) 
(Fig. 2e). As shown in Table 1, in this investigation, only 
polyploid cells were observed, albeit at a low frequency 
(2.29%) (Fig. 2f), in the form of numerical CA.

In the present research, MI (percentage of cells in 
mitosis) values were determined to assess the possi-
ble cytotoxic effect of FCF (Table 2). In comparison to 
the negative control, FCF generally led to a significant 
decrease in MI for all concentrations (0.25, 0.50, 1.00, 
and 2.00 µg/ml) and both treatment durations (24 and 
48 h) (except for the lowest concentration, 0.25 µg/ml, 

for 24 h) (P<0.001). Although FCF caused decreases in 
the MI values as the concentration increased; there were 
no statistically significant concentration-effect relation-
ships (P>0.05).

DISCUSSION

Forchlorfenuron is a synthetic phenylurea-derived 
cytokinin widely used in agriculture as one of the PGRs 
which regulates the growth and development of plants 
(USEPA 2004; Heasley et al. 2014). Despite its widespread 
use, no available studies were found on the genotoxicity 
and cytotoxicity of FCF on human cells. Hence, the geno/
cytotoxic effects of cytofex, a commercial form of PGR 
containing FCF as the active ingredient, on human PBLs 
cultures at four distinct concentrations (0.25, 0.50, 1.00, 
and 2.00 µg/ml) and two exposure times (24 and 48 h) 
were evaluated using in vitro CA test. Evaluation of the 
increase in CA frequency is an important biomarker of 
the genotoxic potential and allows the early detection 
of substances that cause damage to DNA (Bonassi et al. 
2008; Murgia et al. 2008). Due to the human lympho-
cytes being primary cells and having a low spontaneous 
rate of chromosomal damage they are preferred in in vit-
ro studies (Phillips and Arlt 2009).

The findings of the study suggested that FCF could 
be genotoxic since it markedly enhanced the CA for-
mation in human PBLs. The fact that the percentage of 
structural CAs significantly increased following exposure 
to high concentrations (1.00 and 2.00 µg/ml) of FCF sup-
ports the clastogenic action of this compound by causing 
DNA strand breaks. In addition, in cultures treated with 
FCF, a few polyploid cells were found as an indicator of 
the aneugenic effect. However, even though at a low fre-
quency, it should not be overlooked that these numerical 
abnormalities contribute to the increased overall geno-
toxic effect caused by FCF. As can be seen in Table 1, 
when evaluated in terms of total CA per cell, the cultures 
exposed to 0.50 μg/ml of FCF were also found genotox-
ic. That is, as compared to the negative control, FCF was 
found to significantly induce the proportion of total CAs/
cell at three concentrations (0.50, 1.00, and 2.00 μg/ml), 
thereby potentially genotoxic to human PBLs.

Contrary to the results of our study, it was reported 
that an oral LD50 dose of FCF 568 mg/kg in male mice 
and 421 mg/kg in female mice didn’t show a mutagenic 
effect using a mouse bone marrow micronucleus assay 
(Lin et al. 2012). Bu et al. (2019) reported a study on the 
effect of FCF on ovarian function of Sprague-Dawley 
rats. In that chronic toxicity study, Sprague-Dawley rats 
were fed FCF at dosage levels of 0, 0.6, and 60 mg/kg 
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Figure 2. Different types of chromosomal aberrations induced by forchlorfenuron in human lymphocytes (a) chromatid break, (b) sister 
chromatid union, (c) chromatid exchange, (d) chromosome break, (e) dicentric chromosome., and (f) polyploid cell.
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b.w for 180 days. The researchers reported severe uterine 
hydrometra, pathological ovarian alterations, and possi-
ble negative effects of FCF on the ovaries and steroido-

genesis in rats. Although no other research was found 
regarding the genotoxic potential of FCF, the genotoxic 
effects of various synthetic PGRs were described in ear-
lier studies conducted on a variety of test systems, which 
are consistent with our findings (Kocaman and Bucak 
2016; Kocaman and Güven 2016; Özkul et al. 2016; 
Kocaman and Kılıç 2017; Ozel et al. 2022).

As is well known, while FCF plays a role in cell 
growth and differentiation by promoting cell division 
in plants (Vardi-Oknin et al. 2013), it disrupts higher-
order septin assembly in other eukaryotic organisms. It 
was reported that in mammalian cells, FCF specifically 
and directly changes septin assembly without influenc-
ing actin or tubulin polymerization (Hu et al. 2008). 
At the same time, considering that septin polymers are 
involved in the organization of various structures such 
as contractile rings, actin stress fibrils, and mitotic spin-
dle in animals (Kinoshita 2006); in our study, it can 
be thought that FCF might have inhibited cytokinesis, 
especially by acting on septins, thus causing the forma-
tion of polyploid cells. However, in this study, it should 
be emphasized that FCF significantly induced structural 
CAs, especially chromatid breaks and sister chromatid 
unions indicating that it effectively acts as a clastogenic 
agent by breaking the phosphodiester backbone of DNA.

Table 1. Chromosome Aberrations in Human Peripheral Blood Lymphocytes Treated with Different Concentrations of Forchlorfenuron for 
24 and 48 h.

Test substance

Treatment Structural CAs Numerical 
CA Total 

CA

% cells with 
structural 
CAs±SD

Total CAs/
cell±SDTime 

(h)
Conc. 

(μg/mL) B’ SU CE B” F DS P

Negative control - - 14 9 0 0 0 0 0 23 5.75±0.95 0.058±0.01
Mitomycin-C 24 0.20 53 6 7 14 0 0 0 80 19.50±2.64a3 0.200±0.02a3

Forchlorfenuron 24 0.25 20 9 0 0 0 1 1 31 7.25±1.50b3 0.076±0.01b3

0.50 25 10 0 0 0 0 1 36 8.00±1.63b3 0.090±0.01a1b3

1.00 24 9 1 5 0 0 0 39 9.75±2.36a1b3 0.098±0.02a1b3

2.00 25 16 0 2 0 0 1 44 10.25±2.50a2b3 0.110±0.05a2b3

Mitomycin-C 48 0.20 49 9 12 14 1 1 0 86 20.75±3.86a3 0.220±0.03a3

Forchlorfenuron 48 0.25 21 8 0 3 0 0 0 32 7.75±2.87b3 0.080±0.02b3

0.50 24 12 0 0 0 0 1 37 9.00±2.44b3 0.093±0.02a1b3

1.00 29 11 0 2 0 0 1 43 10.00±2.16a1b3 0.108±0.01a2b3

2.00 25 15 1 1 0 0 2 44 10.25±0.95a1b3 0.110± 0.01 a2b3

#Frequency of aberrations (%):     63.07     29.41     0.65   4.25    – 0.33       2.29
All data are given as mean±SD; n=4.
In the CA test, 400 cells in total were scored in each concentration. 
MMC: Mitomycin; B’: Chromatid break; SU: Sister union; CE: Chromatid exchange; B”: Chromosome break; F: Fragment; DS: Dicentric 
chromosome.
a, significant from negative control; b, significant from Mitomycin-C (positive control).
a1b1: P<0.05; a2b2: P<0.01; a3b3: P<0.001.
#: Data from the positive and negative controls were not taken into account when calculating the frequency of aberrations (%).

Table 2. Mitotic Index values in Human Peripheral Blood Lympho-
cytes Treated with Different Concentrations of Forchlorfenuron for 
24 and 48 h.

Test Substance

Treatment Total
Counted 

Cells

Total
Dividing 

cells

Mitotic 
Index±SDTime 

(h)
Conc. 

(µg/ml)

Negative control - - 8000 470 5.88 ± 0.40
Mitomycin-C 24 0.20 8000 281 3.51 ± 0.57 a3

Forchlorfenuron 24 0.25 8000 464 5.80 ± 0.16 b3

0.50 8000 383 4.79 ± 0.59 a1b1

1.00 8000 296 3.70 ± 1.26 a3

2.00 8000 305 3.81 ± 0.82 a3

Mitomycin-C 48 0.20 8000 271 3.39 ± 0.46 a3

Forchlorfenuron 48 0.25 8000 336 4.20 ± 0.98 a2

0.50 8000 276 3.45 ± 0.92 a3

1.00 8000 258 3.23 ± 0.66 a3

2.00 8000 255 3.19 ± 1.14 a3

a, significant from negative control; b, significant from Mitomycin-
C (positive control).
a1b1: P<0.05; a2b2: P<0.01; a3b3: P<0.001.
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In this study, FCF generally showed a cytotoxic 
effect in human lymphocyte cultures by significantly 
decreasing the MI compared to the negative control. 
Zhang et al. (2015) reported that FCF exhibited a cyto-
toxic effect on Chinese hamster ovary cells, which is in 
line with the findings of our investigation. Additionally, 
it was revealed that exposure to FCF derivatives mark-
edly decreased the proliferative capacity of human and 
mouse malignant mesothelioma cells and led to cyto-
toxicity (Blum et al. 2019). In recent years, FCF has 
been employed as an experimental tool for putative 
therapeutic applications in cancers since it disturbs the 
higher-order assembly of septins in non-plant eukary-
otes (Blum et al. 2019). However, Ivanov et al. (2021) 
reported that FCF might not be convenient for thera-
peutic usage in its current form since only active at high 
concentrations. Animal tissue toxicity and potential off-
target effects of FCF have also been documented (Heas-
ley and McMurray 2016; Sun et al., 2020). It was there-
fore suggested by researchers that caution should be 
warranted when using FCF to study the biological func-
tions of septins in cellular systems and model organ-
isms (Sun et al. 2020).

The cytotoxic potential of FCF that was observed 
in this investigation may be due to its disrupting the 
septin organization in human lymphocyte cells. Hu et 
al. (2008) reported that FCF suppresses normal septin 
dynamics in mammalian cells and stabilizes septin poly-
mers, causing alterations in cell shape, mitotic abnor-
malities, and a reduction in cell motility. Additionally, 
septins have been associated with the regulation of the 
cell cycle (Barral et al. 1999; Shulewitz et al. 1999), coor-
dination of the response to DNA damage, and cellular 
shape (Lew 2003; Keaton and Lew 2006; Enserink et al. 
2006; Smolka et al. 2006; Weirich et al. 2008). Blum et 
al. (2019) reported that the chloride group in the struc-
ture of FCF has an important role in binding to septins 
with a high affinity and thereby inhibiting cell prolifera-
tion. It can be thought that the formation of thick septin 
bundles by stabilizing the septins with the effect of FCF 
may lead the cell to apoptosis by disrupting the signal 
transmission traffic.

In conclusion, this study indicated for the first time 
that commercial formulation of FCF could have geno-
toxic and cytotoxic effects on human lymphocytes at 
concentrations ranging from 0.50 to 2.00 µg/ml. It is 
clear that ensuring the use of PGRs, containing FCF 
as an active ingredient, in appropriate concentrations 
in agricultural applications can reduce the risk of this 
probable toxic substance being released into the environ-
ment and the negative effects on human health through 
residues in vegetables and fruits. It should also be noted 

that it is important for people exposed to FCF during 
production or application to wear personal protective 
gear such as gloves, masks, face shields, and goggles. 
Finally, it may be said that this study is important in 
that it encourages further in vivo and in vitro genotoxic-
ity studies by drawing attention to this widely used PGR.

ACKNOWLEDGMENTS

The authors would like to thank the blood donors 
who contributed to this study.

REFERENCES

Angelis D, Karasmanis EP, Bai X, Spiliotis ET. 2014. In 
silico docking of forchlorfenuron (FCF) to septins 
suggests that FCF interferes with GTP binding. PLoS 
One. vol. 9(5):e96390. https://doi.org/10.1371/jour-
nal.pone.0096390

Ayabaktı S, Kocaman, AY. 2020. Cytogenotoxic effects 
of venlafaxine hydrochloride on cultured human 
peripheral blood lymphocytes. Drug Chem Toxicol. 
43(2):192–199. https://doi.org/10.1080/01480545.201
8.1486410

Barral Y, Parra M, Bidlingmaier, S, Snyder M. 1999. 
Nim1-related kinases coordinate cell cycle progres-
sion with the organization of the peripheral cytoskel-
eton in yeast. Genes Dev. 13(2):176–187. https://doi.
org/10.1101/gad.13.2.176

Blum W, Henzi T, Pecze L, Diep KL, Bochet CG, 
Schwaller B. 2019. The phytohormone forchlorfenu-
ron decreases viability and proliferation of malignant 
mesothelioma cells in vitro and in vivo. Oncotarget. 
10(65):6944–6956. https://doi.org/10.18632/onco-
target.27341

Bonassi S, Norppa H, Ceppi M, Strömberg U, Vermeulen 
R, Znaor A, Cebulska-Wasilewska A, Fabianova E, 
Fucic A, Gundy S, Hansteen IL, Knudsen LE, Lazut-
ka J, Rossner P, Sram RJ, Boffetta P. 2008. Chromo-
somal aberration frequency in lymphocytes predicts 
the risk of cancer: Results from a pooled cohort 
study of 22 358 subjects in 11 countries. Carcinogen-
esis. 29(6):1178–1183. https://doi.org/10.1093/carcin/
bgn075

Briggs D. 2003. Environmental pollution and the global 
burden of disease, Br Med Bull. 68:1–24. https://doi.
org/10.1093/bmb/ldg019

Bu Q, Wang X, Xie H, Zhong K, Wu Y, Zhang J, Wang 
Z, Gao H, Huang Y. 2019. 180 Day Repeated-Dose 
Toxicity Study on Forchlorfenuron in Sprague–Daw-



54 Ayşe Yavuz Kocaman, Berna Yakar

ley Rats and Its Effects on the Production of Ster-
oid Hormones.   J Agric Food Chem. 67(36):10207–
10213. https://doi.org/10.1021/acs.jafc.9b03855

EFSA (European Food Safety Authority). 2017. Conclu-
sion on the peer review of the pesticide risk assess-
ment of the active substance forchlorfenuron. 
EFSA Journal. 15:1–18. https://doi.org/10.2903/j.
efsa.2017.4874

Evans HJ. 1984. Human peripheral blood lymphocytes 
for the analysis of chromosome aberrations in muta-
gen tests. In: Kilbey BJ, Legato M, Nichols W, Ramel 
C. Eds. Handbook of Mutagenicity Test Procedures. 
Amsterdam: Elsevier Science. p. 405–427. 

Enserink JM, Smolka MB, Zhou H, Kolodner RD. 2006. 
Checkpoint proteins control morphogenetic events 
during DNA replication stress in Saccharomyces 
cerevisiae. J Cell Biol. 175(5):729–741. https://doi.
org/10.1083/jcb.200605080

Gangadhar PL, Sandeep VH, Rajesh VB. 2020. Profile of 
plant growth regulator poisoning: A two-year study. 
Journal of the Indian Society of Toxicology. 16(2):19–
22. DOI: 10.31736/2020v16i2/19-22.

Gong G, Kam H, Tse YC, Giesy JP, Seto SW, Lee SM. 2021. 
Forchlorfenuron (CPPU) causes disorganization of the 
cytoskeleton and dysfunction of human umbilical vein 
endothelial cells, and abnormal vascular development 
in zebrafish embryos. Environ Pollut. 271: 115791. htt-
ps://doi.org/10.1016/j.envpol.2020.115791

Heasley LR, Garcia G 3rd, McMurray MA. 2014. Off-tar-
get effects of the septin drug forchlorfenuron on non-
plant eukaryotes. Eukaryot Cell. 13(11):1411–1420. 
https://doi.org/10.1128/EC.00191-14

Heasley LR, McMurray MA. 2016. Small molecule per-
turbations of septins. Methods Cell Biol. 136:311–
319. https://doi.org/10.1016/bs.mcb.2016.03.013

Henzi T, Lannes N, Filgueira L. 2021. Septins in Infec-
tions: Focus on Viruses. Pathogens. 10(3): 278. htt-
ps://doi.org/10.3390/pathogens10030278 

Hu Q, Nelson WJ, Spiliotis ET. 2008. Forchlorfenuron 
alters mammalian septin assembly, organization, and 
dynamics. J Biol Chem.  283(43):29563–29571. htt-
ps://doi.org/10.1074/jbc.M804962200

Ivanov AI, Le HT, Naydenov NG, Rieder F. 2021. Novel 
Functions of the Septin Cytoskeleton: Shaping Up Tis-
sue Inflammation and Fibrosis. Am J Pathol. 191(1):40–
51. https://doi.org/10.1016/j.ajpath.2020.09.007

Iwase M, Okada S, Oguchi T, Toh-e A. 2004. Forchlorfen-
uron, a phenylurea cytokinin, disturbs septin organi-
zation in Saccharomyces cerevisiae. Genes Genet Syst. 
79(4): 199–206. https://doi.org/10.1266/ggs.79.199

Keaton MA, Lew DJ. 2006. Eavesdropping on the cytoskel-
eton: progress and controversy in the yeast morpho-

genesis checkpoint. Curr Opin Microbiol. 9(6):540–
546. https://doi.org/10.1016/j.mib.2006.10.004

Kim JG, Takami Y, Mizugami T, Beppu K, Fukuda T, 
Kataoka I. 2006. CPPU applicatio on size and quality 
of hardy kiwifruit. Scientia Horticulturae. 110(2):219–
222. https://doi.org/10.1016/j.scienta.2006.06.017

Kinoshita M. 2006. Diversity of septin scaffolds. Curr 
Opin Cell Biol. 18(1):54–60. https://doi.org/10.1016/j.
ceb.2005.12.005

Kocaman AY, Topaktaş M. 2007. In vitro evaluation of 
the genotoxicity of acetamiprid in human periph-
eral blood lymphocytes. Environ Mol Mutagen. 
48(6):483–490. https://doi.org/10.1002/em.20309

Kocaman AY, Bucak S. 2016. Genotoxic and cytotoxic 
effects of flumetralin in human peripheral blood lym-
phocytes in vitro. Toxicol Ind Health. 32(12):1927–
1934. https://doi.org/10.1177/0748233715595142

Kocaman AY, Güven B. 2016. In vitro genotoxicity assess-
ment of the synthetic plant growth regulator, 1-naph-
thaleneacetamide. Cytotechnology. 68(4):947–956. 
https://doi.org/10.1007/s10616-015-9847-z

Kocaman AY, Kılıç, E. 2017. Evaluation of the genotox-
icity of commercial formulations of ethephon and 
ethephon+cyclanilide on Allium cepa L. root meris-
tematic cells. Caryologia. 70(3):229–237. https://doi.
org/10.1080/00087114.2017.1329960

Kopecný D, Briozzo P, Popelková H, Sebela M, Koncitíková R, 
Spíchal L, Nisler J, Madzak C, Frébort I, Laloue M, Hou-
ba-Hérin N. 2010. Phenyl- and benzylurea cytokinins 
as competitive inhibitors of cytokinin oxidase/dehydro-
genase: a structural study. Biochimie. 92(8):1052–1062. 
http://dx.doi.org/10.1016/j.biochi.2010.05.006.

Lew DJ. 2003. The morphogenesis checkpoint: how 
yeast cells watch their figures. Curr Opin Cell Biol. 
15(6):648–653. https://doi.org/10.1016/j.ceb.2003.09.001

Lin LM, Huang DW, Guo JJ, Pan HY, Gong ZY. 2012. 
Study on toxicity test of forchlorfenuron in mice. Sci 
Technol Food Ind. 33:360–364. 2012年第14期360-
362,共3页

Lu Y, Song S, Wang R, Liu Z, Meng J, Sweetman AJ, 
Jenkins A, Ferrier RC, Li H, Luo W, Wang T. 2015. 
Impacts of soil and water pollution on food safety 
and health risks in China. Environ Int. 77:5–15. htt-
ps://doi.org/10.1016/j.envint.2014.12.010

Marcus EA, Tokhtaeva E, Turdikulova S, Capri J, Whitel-
egge JP, Scott DR, Sachs G, Berditchevski F, Vagin 
O. 2016. Septin oligomerization regulates persis-
tent expression of ErbB2/HER2  in gastric cancer 
cells. Biochem J.  473(12):1703–1718. https://doi.
org/10.1042/BCJ20160203

Meng X, Zhai Y, Yuan W, Lv Y, Lv Q, Bai H, Niu Z, Xu 
W, Ma Q. 2020. Ambient ionization coupled with 



55Genotoxicity of a synthetic plant growth regulator, Forchlorfenuron

a miniature mass spectrometer for rapid identifica-
tion of unauthorized adulterants in food. J Food 
Compos Anal. 85:103333. https://doi.org/10.1016/j.
jfca.2019.103333

Mosesso P, Cinelli S, Natarajan AT, Palitti F. 2013. In 
Vitro Cytogenetic Assays: Chromosomal Aberrations 
and Micronucleus Tests. In: Dhawan A, Bajpayee M. 
(eds). Genotoxicity Assessment. Methods in Molecu-
lar Biology, Humana Press, Totowa, NJ. 1044, p. 123-
146. https://doi.org/10.1007/978-1-62703-529-3_6

Murgia E, Ballardin M, Bonassi S, Rossi AM, Barale 
R. 2008. Validation of micronuclei frequency in 
peripheral blood lymphocytes as early cancer risk 
biomarker in a nested case-control study. Mutat 
Res.  639(1-2):27–34. https://doi.org/10.1016/j.mrfm-
mm.2007.10.010

Ozel CA, Unal F, Avuloglu-Yilmaz E, Erikel E, Mirici S, 
Yuzbasioglu D. 2022. Determination of genotoxic 
damages of picloram and dicamba with comet assay 
in Allium cepa rooted in tissue culture and distilled 
water. Mol Biol Rep. 49(12):11273-11280. https://doi.
org/10.1007/s11033-022-07712-7

Özkul M, Özel ÇA, Yüzbaşıoğlu D, Ünal F. 2016. Does 
2,4-dichlorophenoxyacetic acid (2,4-D) induce 
genotoxic effects in tissue cultured Allium roots? 
Cytotechnology.   68(6):2395–2405. https://doi.
org/10.1007/s10616-016-9956-3

Phillips DH, Arlt VM. 2009. Genotoxicity: damage to 
DNA and its consequences. In: Luch A, Ed. Molecu-
lar, Clinical and Environmental Toxicology. Experi-
entia Supplementum, 99, p. 87–110. Birkhäuser Basel. 
https://doi.org/10.1007/978-3-7643-8336-7_4

Rodrigues ET, Alpendurada MF, Ramos F, Pardal MÂ. 
2018. Environmental and human health risk indica-
tors for agricultural pesticides in estuaries. Ecotoxicol 
Environ Saf.150:224–231. https://doi.org/10.1016/j.
ecoenv.2017.12.047

Sidhaye VK, Chau E, Breysse PN, King LS. 2011. Septin-2 
mediates airway epithelial barrier function in physi-
ologic and pathologic conditions. Am J Respir Cell 
Mol Biol.  45(1):120–126. https://doi.org/10.1165/
rcmb.2010-0235OC

Smolka MB, Chen SH, Maddox PS, Enserink JM, Albu-
querque CP, Wei XX, Desai A, Kolodner RD, Zhou 
H. 2006. An FHA domain-mediated protein interac-
tion network of Rad53 reveals its role in polarized 
cell growth. J Cell Biol.  175(5):743–753. https://doi.
org/10.1083/jcb.200605081

Sharma S, Quintana A, Findlay GM, Mettlen M, Baust 
B, Jain M, Nilsson R, Rao A, Hogan PG. 2013. An 
siRNA screen for NFAT activation identifies sep-
tins as coordinators of store-operated Ca2+ entry. 

Nature. 499(7457):238–242. https://doi.org/10.1038/
nature12229

Shi X, Jin F, Huang Y, Du X, Li C, Wang M, Shao H, Jin 
M, Wang J. 2012. Simultaneous determination of five 
plant growth regulators in fruits by modified quick, 
easy, cheap, effective, rugged, and safe (QuEChERS) 
extraction and liquid chromatography-tandem mass 
spectrometry. J Agric Food Chem. 60(1):60–65. htt-
ps://doi.org/10.1021/jf204183d

Shulewitz MJ, Inouye CJ, Thorner J. 1999. Hsl7 localizes 
to a septin ring and serves as an adapter in a regu-
latory pathway that relieves tyrosine phosphoryla-
tion of Cdc28 protein kinase in Saccharomyces cer-
evisiae. Mol Cell Biol.   19(10):7123–7137. https://doi.
org/10.1128/MCB.19.10.7123

Su L, Wang M, Wang Y, Sharif R, Ren N, Qian C, Xu J, 
Chen X, Qi X. 2021. Forchlorfenuron Application 
Induced Parthenocarpic Fruit Formation without 
Affecting Fruit Quality of Cucumber. Horticulturae. 
7(6):128. https://doi.org/10.3390/horticulturae7060128

Sun L, Cao X, Lechuga S, Feygin A, Naydenov NG, 
Ivanov AI. 2020. A Septin Cytoskeleton-Targeting 
Small Molecule, Forchlorfenuron, Inhibits Epithe-
lial Migration via Septin-Independent Perturba-
tion of Cellular Signaling. Cells.  9(1):84. https://doi.
org/10.3390/cells9010084

Tixier C, Sancelme M, Bonnemoy F, Cuer A, Veschambre 
H. 2001. Degradation products of a phenylurea her-
bicide, diuron: synthesis, ecotoxicity, and biotrans-
formation. Environ Toxicol Chem. 20(7):1381–1389. 
https://doi.org/10.1002/etc.5620200701

Tokhtaeva E, Capri J, Marcus EA, Whitelegge JP, Khu-
zakhmetova V, Bukharaeva E, Deiss-Yehiely N, Dada 
LA, Sachs G, Fernandez-Salas E, Vagin O. 2015. 
Septin dynamics are essential for exocytosis. J Biol 
Chem. 290(9):5280–5297. https://doi.org/10.1074/jbc.
M114.616201

Toumi K, Joly L, Vleminckx C, Schiffers B. 2018. Assess-
ment of Belgian florists exposure to pesticide resi-
dues. Comm Appl Biol Sci. Ghent University 83:355–
368.

USEPA (U.S. Environmental Protection Agency). 2004. 
Pesticide Fact Sheet for new chemical: Forchlorfenu-
ron; issued: September 2004. United States Environ-
mental Protection Agency, Office of Prevention, Pes-
ticides and Toxic Substances (7501C). https://www3.
epa.gov/pesticides/chem_search/reg_actions/registra-
tion/fs_PC-128819_01-Sep-04.pdf

Vardi-Oknin D, Golan M, Mabjeesh NJ. 2013. Forchlo-
rfenuron disrupts SEPT9_i1 filaments and inhib-
its HIF-1. PLoS One. 8(8):e73179. https://doi.
org/10.1371/journal.pone.0073179



56 Ayşe Yavuz Kocaman, Berna Yakar

Wang KS, Lu CY, Chang SH. 2011. Evaluation of acute 
toxicity and teratogenic effects of plant growth regu-
lators by Daphnia magna embryo assay. J Hazard 
Mater. 190(1-3):520–528. https://doi.org/10.1016/j.
jhazmat.2011.03.068

Wang Q, Yang Z. 2016.Industrial water pollution, 
water environment treatment, and health risks in 
China. Environ Pollut. 218:358-365. https://doi.
org/10.1016/j.envpol.2016.07.011

Wang M, Yan H, Han Y, Qiao F. 2023. Miniaturized 
extraction and determination of swelling agents in 
fruits and vegetables based on deep eutectic sol-
vent-molecularly imprinted hydrophilic resin. Food 
Chem.  398:133920. https://doi.org/10.1016/j.food-
chem.2022.133920

Weirich CS, Erzberger JP, Barral Y. 2008. The septin fam-
ily of GTPases: architecture and dynamics. Nat Rev 
Mol Cell Biol. 9(6):478–489. https://doi.org/10.1038/
nrm2407

Zhang N, Liu L, Fan N, Zhang Q, Wang W, Zheng M, 
Ma L, Li Y, Shi L. 2016. The requirement of SEPT2 
and SEPT7 for migration and invasion in human 
breast cancer via MEK/ERK activation. Oncotarget. 
7(38):61587–61600. https://doi.org/10.18632/onco-
target.11402

Zhang W, Jiang F, Ou J. 2011. Global pesticide consump-
tion and pollution: with China as a focus. Proc Int 
Acad Ecol Environ Sci.  1(2):125–144.

Zhang Z, Guo K, Bai Y, Dong J, Gao Z, Yuan Y, Wang 
Y, Liu L, Yue T. 2015. Identification, synthesis, and 
safety assessment of forchlorfenuron (1-(2-chloro-
4-pyridyl)-3-phenylurea) and its metabolites in kiwi-
fruits. J Agric Food Chem. 63(11):3059–3066. https://
doi.org/10.1021/acs.jafc.5b01100



Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 76(1): 57-66, 2023

Firenze University Press 
www.fupress.com/caryologiaCaryologia

International Journal of Cytology,  
Cytosystematics and Cytogenetics

ISSN 0008-7114 (print) | ISSN 2165-5391 (online) | DOI: 10.36253/caryologia-2036

Citation: Sazada Siddiqui (2023). 
Phenthoate toxicity evaluation in root 
meristem of Pisum sativum L. Caryo-
logia 76(1): 57-66. doi: 10.36253/caryo-
logia-2036

Received: February 5, 2023

Accepted: May 19, 2023

Published: September, 19, 2023

Copyright: © 2023 Sazada Siddiqui. This 
is an open access, peer-reviewed arti-
cle published by Firenze University 
Press (http://www.fupress.com/caryo-
logia) and distributed under the terms 
of the Creative Commons Attribution 
License, which permits unrestricted 
use, distribution, and reproduction 
in any medium, provided the original 
author and source are credited.

Data Availability Statement: All rel-
evant data are within the paper and its 
Supporting Information files.

Competing Interests: The Author(s) 
declare(s) no conflict of interest.

ORCID
SS: 0000-0001-5448-7617

Phenthoate toxicity evaluation in root meristem 
of Pisum sativum L.

Sazada Siddiqui

Department of Biology, College of Science, King Khalid University, Abha 61413, Saudi Arabia
E-mail: sasdeky@kku.edu.sa; kalasaz@yahoo.co.in

Abstract. Phenthoate is an organothiophosphate insecticide. Effect of phenthoate on 
the cytogenetic alterations in root tip cells of Pisum sativum L., a multiuse crop was 
investigated in this study. Pisum sativum L. seeds were exposed to different concen-
trations of phenthoate (0.1, 0.2, 0.3, 0.4, and 0.5%) and were germinated at 24°C for 
72 hours and cytogenetic alterations were assessed. Analysis of mitotic index revealed 
that phenthoate has cytotoxic attributes, and cell proliferation kinetics frequencies 
showed alterations in the kinetics of the mitotic process. Phenthoate treatment of 0.1% 
to 0.5% resulted in an increase in the metaphases, and a reduction in prophases, ana-
phases, and telophases ratio, dose dependently. The findings of the study reveal that, 
phenthoate reduced the percentage of seed germination, mitotic index, radicle length 
and increased chromosomal abnormalities dose dependently. Root tip cells of Pisum 
sativum L. seeds treated with phenthoate showed an increased occurrence of single and 
double bridges, fragments, stickiness, laggard, and vagrants. 

Keywords: phenthoate, seed germination, radicle length, Mitotic Index, genotoxicity, 
cell proliferation kinetics, Pisum sativum L.

INTRODUCTION

Insecticides are used to kill harmful pests, precisely the insects which 
are most frequent pests of economically significant plants. All chemicals 
used in controlling plant or animal pests like fungicides, insecticides, roden-
ticides, and weedicides (herbicides) comes under the term pesticide. Pesti-
cides are chemicals which are used to inhibit the reproduction of pests or to 
kill them. They are designed to eliminate undesirable organisms while pro-
tecting those that are required, for example, a weed killer or weedicide will 
eliminate weeds while protecting the crops that is grown for food. Sumitomo 
Corporation developed phenthoate, a broad-spectrum chiral organophos-
phate, sold widely in 1972, and used as racemate. Due to its acute toxicity 
to humans and non-target creatures (bees), crops (celery and eggplant), as 
well as its residue in environment (soil and water), this pesticide is of spe-
cific concern (Esturk et al. 2014; Nara et al. 2018). Phenthoate is phytotoxic 
to some plants. It has fast knockdown action and penetration. Phenthoate, an 
organophosphorus compound, is used generally because of its efficiency, high 
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solubility in water, and quick biodegradation (Nelson 
et al.1990). Nevertheless, a lot of these compounds and 
the byproducts of their breakdown are DNA alkylat-
ing agents (Bedford and Robinson 1972). Therefore, it is 
essential to look for any prospective genetic harm caused 
by minimal exposure with organophosphorus pesticides 
(Degraeve et al. 1984). 

Since pesticides can lower agricultural products 
loss, and increase affordable production and food qual-
ity, they play a significant role in agriculture (Aktar et 
al. 2009; Strassemeyer et al. 2017; Taufeeq et al. 2021). 
Pesticides use increased in World War II (1939–45) due 
to the pressing need to improve and increase production 
of food and regulate insect-borne illnesses. After 1940, 
increased usage of synthetic chemicals for protection of 
crops allowed for an even greater surge in food produc-
tion (Carvalho 2017). Furthermore, global production of 
pesticides increased annually at 11 percent from 0.0002 
billion tons in 1950 to greater than 0.005 billion tons 
by 2000 (Chang et al. 2017). Only 1% of pesticides were 
utilized to efficiently protect target plants from insect 
pests, even though 3 billion kgs of pesticides are con-
sumed annually worldwide (Carvalho 2017) and hence 
huge amounts of remaining pesticides continue to enter 
or affect environment and non-target plants. Pesticide 
contamination as a result has greatly damaged the eco-
system and had a negative effect on the health of human 
beings (Hernández 2013; Tudi et al. 2022; Abdel-Halim 
et al. 2020). Equipment required for applying pesticides 
effectively is essential (Lozier et al. 2013) to reduce loss 
of spraying solution, eradicate residual pesticides in envi-
ronment and avert detrimental effects on the health of 
human beings from residues and over spraying. In addi-
tion to indirect exposure from food, air, soil, and water 
adulterated with pesticides (Kim et al. 2017; Tudi et al. 
2022), humans are also directly exposed at workplace to 
pesticides (Macfarlane et al. 2013). The most common 
routes for pesticides to enter a human’s body are through 
their skin, oral, and respiratory system (Damalas et al. 
2011; Anderson et al. 2014). Globally, 3 million people 
gets poisoned by pesticides and 200,000 of them die, as 
per UNEP and WHO report (Yadav et al. 2015). 

Although certain pesticides are developed to attack 
a specific set of targets, their toxic components will 
strike the entire organism (Castellanos et al. 2022). As 
per a study, methomyl induces genotoxicity in fishes 
(Afaf et al. 2022). Aquatic organisms like water spinach, 
coastal creatures, fishes, and Danio rerio have demon-
strated methomyl toxicity (Jablonski et al. 2022; Cami-
lo-Cotrim et al. 2022). DNA damage is a primary biotic 
phenomenon that can harm biotic assemblies and proce-
dures, as well as induce genotoxic disorders linked with 

the growth of carcinogenic developments (Acar et al. 
2022; Siddiqui and Sulaiman 2022 a and b; El-Houseiny 
et al. 2022). According to a recent study (Pesavento et al. 
2018; Velazquez et al. 2022; Liman et al. 2022), several 
causes, together with DNA damage instigated by pesti-
cides, stimulate carcinogenic growth in a wide array of 
species. For economic reasons, P. sativum (Fabaceae) is 
a widely consumed legume in diet for protein source. 
Till now limited studies are conducted on the impact 
of phenthoate on pea plant despite it being a multiuse 
crop (Sandhu et al. 1987; Somaiah et al. 2014; Dong et al. 
2022). In this study, an effort was undertaken to evaluate 
the noxious effects of phenthoate on Pea plant.

METHODOLOGY

Procuring seeds and chemicals

Phenthoate was purchased from Sigma Chemicals 
Ltd., United States (CAS No. 16752-77-5). P. sativum 
L. (pea) seeds were bought from a registered trader in 
Abha, Saudi Arabia.

Exposure settings

Pisum sativum L. seeds of uniform size were picked, 
pre-soaked in distilled water for 12 h and divided into 
several groups of 30 seeds each. Seeds were then soaked 
in 250 mL solutions of phenthoate for 1 hour to expose 
them to different concentrations (0.1, 0.2, 0.3, 0.4, and 
0.5%) of phenthoate. Seeds were soaked in double dis-
tilled water in control. The containers were repetitively 
shaken during the treatment phase to provide seeds with 
air. After treatment, to remove any traces of adhering 
phenthoate, seeds were carefully rinsed with double dis-
tilled water and kept in Petri dishes on moistened What-
man Filter Paper. The Petri dishes were maintained at 
25±2°C in dark for the next 72 hours in a plant growth 
cabinet. By inspecting the formation of the radicle, it 
was possible to estimate the seed germination time. A 
millimeter ruler was used to measure the radicle length 
of germinated seed every 24 hours till 72 hours. Newly 
growing roots between one to two centimeters in length 
were used in the experiment. The complete experiment 
was done thrice with the same settings. 

Analyzing genotoxicity and kinetics of mitosis 

In the morning from 8 to 10 am, 1 to 2 cm newly 
grown roots were taken, submerged in a fixation solution 
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(ethanol: glacial acetic acid, 3:1) for 24 hours, moved to 
70% ethanol and kept at 5°C till microscopic inspection. 
Ten roots were hydrolyzed in 1N HCl solution for ten 
minutes for every sample and root tips were dyed with 
2% acetocarmine for ten minutes for the preparation of 
each slide. From root tips, chromosome preparations 
were done as in Qian et al. (1998) with slight altera-
tions (described in Siddiqui and Suleiman 2022 b). 1000 
cells from all samples including control were examined 
to determine the mitotic index. Cell proliferation kinet-
ics frequencies were analyzed using the number of cells 
in every division phase to total number of mitotic cells. 
In a light microscope (100 x) in oil immersion, all the 
mitotic cells were examined. All the slides were investi-
gated blind and coded. 

Cytogenetic analysis

Cytogenetic evaluation was done on root tips of 
germinated seeds exposed to various concentrations 
of phenthoate. Chromosome preparations were done 
from root tips by applying the technique described by 
Qian (1998) having slight modifications. Root tips were 
cut, fixed for 24 hours in Carnoy’s fixative (anhydrous 
alcohol:glacial acetic acid, 3:1), passed to 70% alcohol, 
and then kept in the fridge until needed. For 1 hour, 
2% acetocarmine solution was used to stain the root 
tips after they had been hydrolyzed in 5 N HCl at room 
temperature for 20 minutes. Chromosome spreads were 
made by squash technique as described by Savaskan and 
Toker (1991). All slides were coded and observed blind. 

For the purpose of analyzing the mitotic index and 
expressing the results in percentage, 500 cells from every 
preparation were scored. At least 100 metaphase- ana-
phase plates were used to study several kinds of chromo-
somal anomalies like fragments, single bridges, double 
bridges, stickiness, vagrants and laggards. 

Statistical analysis

To determine the significance of differences amongst 
variables, a one-way ANOVA test was performed using 
the GPIS 1.13 program (GRAPHPAD, California, USA). 
All outcomes were reported as mean ± standard error. 

RESULT

Effect of phenthoate on seed germination 

In the control, after 1 hour and 3 hours, 77.40% of 
seed germinated at 24 hours, 85.54% at 48 hours and 
96.11% at 72 hours (Figure 1 A and B). As compared to 
control, at 24 hours treatment of P. sativum seeds with 
phenthoate concentrations ranging from 0.1 to 0.5% for 
1 hour and 3 hours caused very significant inhibition of 
seed germination rate (SG) (p<0.01). Analogous trend in 
seed germination was recorded at 48 and 72 hours. After 
1 hour and 3 hours of phenthoate treatment, the highest 
seed germination rate was recorded at 0.1% concentra-
tion at 24 hours (74.76%), (70.14%); at 48 hours (81.43%), 
(80.99%); and 72 hours (90.12%), (89.44%) and minimal 
seed germination was found at a concentration of 0.5% 
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Figure 1. Effect of phenthoate on seed germination of P. sativum L. for 1 and 3 h. **p<0.01 compared to control group. Data are mean of 
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at 24 hours (55%) (45.15%); 48 hours (62.15%), (58.22%); 
and 72 hours (65.6%), (60.27%) respectively in compari-
son to control (Figure 1A and B).

Effect of phenthoate on radicle length 

The radicle length in the control group increased 
with time after treatment with double-distilled water for 
1 h and 3 h: (0.85±0.03) at 24 h, (1.67±0.09) at 48 h, and 
(2.2±0.09) at 72 h (Table 1). In comparison to control, 
0.1 to 0.5% phenthoate treatment for 1 hour and 3 hours 
caused a very significant reduction in radical length 
(p<0.01) and an analogous trend in the pattern of radical 
length was observed at 48 hours and 72 hours. Highest 
radicle length was found after treatment with phenthoate 
for 1 hour and 3 hours at 0.1% concentration at 24 
hours (0.76±0.02), (0.71±0.04); 48 hours (1.25±0.07), 
(1.26±0.07); and 72 hours (1.98±0.07), (1.95±0.05) and 
the smallest radicle length was recorded at 0.5% concen-
tration at 24 h (0.39±0.02), (0.35±0.03); 48 h (0.50±0.04), 
(0.48±0.04); and 72 h (0.64±0.02) (0.78±0.05) respective-
ly, in comparison to control (Table 1). 

Effect of phenthoate on cell proliferation kinetics

Cell proliferation kinetics, measured as the ratio 
of prophases, metaphases, anaphases, and telophases, 
demonstrated an increase in metaphase from 0.1 to 
0.5% and a decrease in prophase, anaphase, and telo-

phase as compared to the control (Table 2). At 1 hour, 
very significant reduction (p<0.01) was observed in pro-
phase (0.1 to 0.5%); anaphase at 0.2% (14.11±1.4) and in 
telophase from 0.2 to 0.5%. Highly significant decrease 
(p<0.001) was reported in anaphase at 0.3% (13.15±1.6), 
0.4% (12.45 ±1.4) and 0.5% (10.23±1.3). A very significant 
increase (p<0.01) was observed in metaphase at 0.2% 
(24.31±3.2) and highly significant increase (p<0.001) 
was reported at 0.3 to 0.5% in comparison to control. 
In case of 3 hours, very significant reduction (p<0.01) 
was observed in prophase; anaphase and telophase from 
0.1 to 0.5% concentration and very significant increase 
(p<0.01) in metaphase was observed from 0.1% to 0.4% 
concentration in comparison to control (Table 2).

Effect of phenthoate on mitotic index 

Figure 2 (A and B) depicts the effect of phenthoate 
on mitotic index of root tip cells in P. sativum. In the 
control, the mitotic index in case of seeds which were 
treated with double distilled water for 1 hour and 3 
hours was 65.90%. Mitotic index decreased very signifi-
cantly (p<0.01) in 0.1% to 0.5% phenthoate treated seeds 
for 1 hour and 3 hours, in a dose dependently as com-
pared to control. Maximum mitotic index was reported 
at 0.1% for 1 hour and 3 hours (57.53%) (60.22%) and 
minimum mitotic index was reported at 0.5% (39.87%) 
(32%) respectively. 

Table 1. Effect of phenthoate on radicle length in P. sativum L for 1 
h and 3 h.

Radicle length (cm)

Conc. (%) 24 h 48 h 72 h

0.0 0.85 ± 0.03 1.67±0.09 2.20±0.09
1 h
0.1  0.76 ± 0.02¥ 1.25±0.07¥ 1.98±0.07¥

0.2 0.54±0.02¥  0.98 ±0.02¥ 1.69±0.07¥

0.3 0.51±0.04¥ 0.78±0.04¥ 1.32±0.06¥

0.4 0.46±0.01¥ 0.84±0.05¥ 1.10±0.12¥   
0.5 0.39±0.02¥ 0.50±0.04¥ 0.64±0.02¥

3 h
0.1 0.71±0.04§ 1.26±0.07¥ 1.95±0.05 
0.2 0.62±0.03¥  1.12 ±0.14¥ 1.50±0.06¥

0.3 0.54 ±0.05¥ 0.65±0.04¥ 1.32±0.05¥

0.4 0.46±0.06¥ 0.58±0.05¥ 0.98 ±0.12¥

0.5 0.35±0.03¥ 0.53±0.04¥ 0.78±0.05¥

§p<0.05; ¥p<0.01; compared to control group. Data are mean of 
three replicates ±SE, 0.0 = Control group, Conc. = concentration.

Table 2. Effect of phenthoate on cell proliferation kinetics in P. sati-
vum L for 1 h and 3 h.   

Conc. (%) Prophases Metaphase Anaphases Telophases

0.0 60.50±4.1 19.81±2.3 18.12±3.2 24.44±2.3
1 h
0.1 52.00±3.6¥ 22.51±1.5 16.23±2.1 21.56±3.0
0.2 50.70±2.2¥ 24.31±3.2¥ 14.11±1.4¥ 19.34±1.3¥

0.3 48.20±2.0¥ 26.23±3.5β 13.15± 1.6β 17.23±3.1¥

0.4 45.12±1.5¥ 27.91±3.1β 12.45±1.4β 15.21±2.3¥

0.5 39.75±2.6¥ 29.11±1.4β 00.23±1.3¥ 13.43±3.2¥

3 h
0.1 54.34±3.4¥ 24.78±3.3¥ 15.47±2.1 20.52±1.3§

0.2 52.12±2.7¥ 27.34±4.5¥ 12.28 ±3.2¥ 18.22 ±2.7¥

0.3 50.43±3.2¥ 29.33±3.5¥ 10.78±2.2¥ 16.32±3.2¥

0.4 43.42±1.2¥ 25.91±2.2¥ 9.12±2.15¥ 13.42±3.4¥

0.5 35.75±2.8 ¥ 23.12±2.2 8.23±2.20¥ 10.57±3.5¥

§p<0.05; ¥p<0.01; βp<0.001 compared to control group. Data are 
mean of three replicates ±SE, 0.0 = Control group, Conc. = concen-
tration.
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Effect of phenthoate on chromosomal anomalies

In the control after 1 hour and 3 hours, the occur-
rence of chromosomal anomalies like fragment, single 
and double bridge, stickiness, vagrant and laggard in 
metaphase-anaphase plates was zero. Phenthoate treat-
ment for 1 hour and 3 hours resulted in a dose depend-
ent increase in chromosomal anomalies percentage 
like fragments, single and double bridges, stickiness, 
vagrants, and laggards, in metaphase-anaphase plates 
(Table 3, Figure 3). The treatment of seeds with 0.1% 
phenthoate for 1 and 3 hours caused 0% chromosomal 

anomalies like fragment, single and double bridge, stick-
iness, and vagrants. Laggards were found at 1 h (0.15%) 
and at 3 hours (0.3%). 

Seeds treated with 0.2% phenthoate for 1 hour and 
3 hours showed 0% chromosomal anomalies like frag-
ment, stickiness, and vagrant for 1 hour and stickiness 
for 3 hours. However, single bridges (0.38%); double 
bridges (0.34%); and laggard (0.26%) were reported for 
1 h at 0.2 % which were very significant (p<0.01) and 
fragments (0.12%); single bridges (0.42%); double bridg-
es (0.55%); vagrant (0.25%) and laggards (0.29%) were 
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Figure 2. Effect of phenthoate on mitotic index of P. sativum L. for 1 h and 3 h. **p<0.01 compared to control group. Data are mean of 
three replicates ±SE, 0.0 = Control group.

A B

Table 3. Effect of phenthoate on chromosomal aberrations in P. sativum L root tip cells for 1 h and 3 h.

Conc. (%) Fragment Single bridge Double Bridge Stickiness Vagrant Laggard

0.0 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
1 h
0.1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.15±0.003¥

0.2 0.00±0.00 0.38±0.01¥ 0.34±0.01¥ 0.00±0.00 0.00±0.00 0.26±0.09¥

0.3 0.65±0.06¥ 0.55±0.05¥ 0.96 ± 0.05¥ 0.25±0.03¥ 0.35±0.03 ¥ 0.46±0.03¥

0.4 0.97±0.05¥ 0.76±0.02¥ 1.66±0.63¥ 0.98±0.10¥ 0.68±0.05¥ 0.66±0.05¥

0.5 1.24±0.20¥ 0.98±0.10¥ 1.50±0.99¥ 0.97±0.23¥ 0.91±0.23¥ 0.86±0.11¥

3 h 
0.1 0.00±0.00 0.00 ± 0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.30±0.003¥

0.2 0.12±0.001 0.42±0.02¥ 0.55±0.21¥ 0.00±0.00 0.25±0.01 0.29±0.070¥

0.3 0.78±0.03¥ 0.76±0.05¥ 1.55±0.73¥ 0.73±0.13¥ 0.68±0.06¥ 0.68±0.10¥

0.4 1.01±0.21¥ 1.25±0.34¥ 2.53±0.81¥ 1.98±0.17¥ 0.75±0.12¥ 0.75±0.05¥

0.5 1.78±0.35¥ 2.79±0.43¥ 2.79±0.72¥ 1.97±0.45¥ 1.98 ±0.34¥ 0.97±0.22¥

¥p<0.01 compared to control group. Data are mean of three replicates ±SE, 0.0 = Control group, Conc.  = concentration.
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reported at 0.2 % for 3 h when compared to control. 
Seeds treated with 0.3% phenthoate for 1 hour and 3 
hours caused very significant increase (p<0.01) in occur-
rence of chromosomal anomalies like fragments, single 
and double bridges, stickiness, vagrants, and laggards for 
1 hour and fragments, single bridges, vagrants, and lag-
gards for 3 hours as compared to control. Seeds treated 
with 0.4 to 0.5 % phenthoate for 1 and 3 hours caused 
very significant increase (p<0.01) in occurrence of chro-
mosomal anomalies like fragments, single and double 
bridges, stickiness, vagrants, and laggards for 1 h and 3 
h as compared to control. 

DISCUSSION

The outcomes of the present study reveal that expos-
ing seeds to increasing concentrations of phenthoate 
delays seed germination in P. sativum. The possibility of 
seeds to germinate is highly sensitive to environmental 
influences. Studies revealed that pesticide exposure con-
siderably lowers seed germination rate (Siddiqui et al. 
2008; Mahapatra et al. 2019; Bano et al. 2022). Endosul-
fan and Kitazin at higher doses inhibited seed germina-
tion in brinjal (Solanum melongena L.) (Sammaiah et al. 
2011), Capsicum annuum, Solanum lycopersicum, Sola-
num melongena, P. sativum, Zea mays, Brassica nigra 

and Typha latifolia (Khan et al. 2021; Das et al. 2021). 
Pesticides in soil can prevent plant roots from absorbing 
essential nutrients, causing nutrient deficiency and retar-
dation in growth (Sharma et al. 2019). Radicle length-
ening is related to multiplication of cells. Nevertheless, 
phenthoate inhibited cell proliferation in this research 
study, as indicated by the mitotic index results. It could 
be due to variations in expression of certain genes that 
regulate the cell cycle. Methomyl and imbraclaobrid have 
previously been shown to be mutagenic in P. sativum 
and Allium cepa (Ozel et al. 2022; Sengupta et al. 2022; 
Siddiqui and Alrumman 2022 a and b). In our analysis, 
we found that phenthoate had an analogous effect on 
seeds of P. sativum. Significant inhibitory effect is shown 
by phenthoate on mitosis in P. sativum root tips, which 
could be attributed to its repressive action on spindle fib-
ers (Barbara et al. 1991), DNA, RNA, and protein synthe-
sis (Ogut et al. 2019; Kalefetoglu et al. 2021; Gogoi et al. 
2021). Glyphosate halts cell cycle at G2-M stage by inhib-
iting activation of CDK1/cyclin (Marc et al. 2002; Das et 
al. 2021). Similar effects of organophosphates have been 
indicated by previous research on biological organisms 
(Ismail et al. 2009; Abdelsalam et al. 2022). 

According to the results of the proportions of distri-
bution of precise mitotic phases, phenthoate decreased 
the percentages of anaphase, prophase and telophase 
and augmented the metaphase percentage at all concen-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Chromosomal aberrations in phenthoate treated P. sativum L. root tip cells for 1 h and 3 h. A- Fragment. B- Single bridge., C- 
Double bridge., D-E- Stickiness., F-G-Vagrant., H- Laggard. Bar – 10 μm.
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trations dose-dependently. These findings are consist-
ent with the results of (Liman et al. 2010; Priya et al. 
2014; Ozkul et al. 2016). Moreover, telophase percentage 
decreased as compared to the control. This suggests that 
decrease in telophase and hence mitotic index, could be 
caused by the arrest of one or more mitotic phases, or 
by a slowdown in the pace of cell development in mitosis 
(Ping et al. 2012). 

Cytological anomalies in plants can be utilized to 
detect environmental pollutants that pose serious genetic 
concerns. Several types of chromosomal anomalies were 
observed in P. sativum after treatment with phenthoate 
comprising of single and double bridges, fragments, 
stickiness, laggards, and vagrants. The results prove 
that these substances, as previously described by other 
researchers (Siddiqui et al. 2012; Siddiqui and Al-Rum-
man 2020 a and b; Rahman et al. 2022; Siddiqui and 
Al-Rumman 2022 c ), could produce mitotic anoma-
lies. These pesticides have been linked to chromosomal 
abnormalities by blocking spindle proteins and inducing 
exchange of sister chromatids (Lukaszewicz et al. 2019; 
Khan et al. 2021; Siddiqui et al. 2021). Genetic instabil-
ity is caused by free radicles in cells. Reactive oxygen 
is extremely unstable, causing cytoskeleton disruption, 
imbalance in energy metabolism, and DNA harm, ensu-
ing chromosomal anomalies (Acar et al. 2021; Sengupta 
et al. 2022). DNA damage is a primary biotic incidence 
which can harm biotic assemblies and procedures, 
as well as induce genotoxic disorders linked with the 
growth of carcinogenic developments (Kaur et al. 2022; 
Ajermoun et al. 2022; Zhang et al. 2022). According to 
a recent study (Pesavento et al. 2018), several causes, 
together with DNA damage instigated by pesticides, 
stimulate carcinogenic growth in a wide array of spe-
cies. The genotoxic influence of phenthoate observed in 
this research work might have been partly induced by 
the oxidative stress instigated by these substances. Vari-
ous investigations have shown that these compounds 
alter redox status in plant cells, lending credence to this 
theory (Bonciu et al. 2018; Acar 2021; Acar et al. 2022). 
Phenthoate demonstrated a strong genotoxic effect on 
P. sativum plant in experimental conditions used in this 
investigation. Additional research on quality of crops 
derived from plants treated with phenthoate is required 
in relation to disease vulnerability, dietary value, and 
vulnerability to acclimatized stress.

CONCLUSION

The outcomes of the present study indicate that 
insecticides can be genotoxic to nontarget species like 

plants. Higher concentrations of phenthoate demon-
strated detrimental effects on germination of seeds, 
radical length, frequency of cell kinetics, mitotic index, 
and chromosomal anomalies in P. sativum plant. Farm-
ers are normally guided by dealers to use insecticides at 
twice the permitted level, which might have unfavora-
ble cytogenetic consequences and limit plant growth. 
Hence, exceeding the recommended amount of insecti-
cides should be prevented. Farmers and insecticide ven-
dors should be educated regarding proper and optimum 
use of insecticides. The effect of insecticides on non-tar-
get host plants must be investigated further at the level 
of gene expression to identify the mechanism through 
which they cause harm to non-target plants. 
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Abstract. The chromosome number and karyomorphology of two subspecies of the 
Anthemis maritima complex collected from two different coastal localities in the Skik-
da region (northeastern Algeria) are reported in this study: Anthemis maritima subsp. 
maritima, which is common throughout the Mediterranean, and A. maritima subsp. 
bolosii, a strict Algerian endemic recently rediscovered after 100 years of disappear-
ance. The Feulgen staining method indicated that Anthemis maritima subsp. maritima 
is a tetraploid with 2n=4x=36 chromosomes (2n=11m+3sm+4st), and Anthemis mar-
itima subsp. bolosii is a diploid with 2n=2x=18 chromosomes (2n=4m+3sm+2st). Both 
taxa have symmetrical karyotypes, 2A and 1A, respectively, according to Stebbins clas-
sification. These findings are novel for both the subspecies Anthemis maritima subsp. 
bolosii and the Algerian population of Anthemis maritima subsp. maritima.

Keywords: Anthemis maritima subsp. bolosii, Anthemis maritima subsp. maritima, 
karyotype, chromosome, symmetrical, Skikda.

INTRODUCTION

The Asteraceae is an extremely diverse family of flowering plants, repre-
senting a large part of the world’s flora with approximately 1,900 genera and 
32,000 species (Mandela et al. 2019) distributed across 40 tribes (Funk et al. 
2009). The tribe Anthemideae, which is a member of this family, stands out 
with 111 genera and nearly 1,800 species, making it one of the most impor-
tant tribes of the Asteraceae family (Oberprieler et al. 2006; Oberprieler et 
al. 2007). Following a thorough revision based on molecular phylogenetic 
analyses, six new subtribes of the Asteraceae -Anthemideae family were iden-
tified, which are: the Anthemidinae, Artemisiinae, Glebionidinae, Handelii-
nae, Leucantheminae, and Leucanthemopsidinae. Five other monotypic sub-
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tribes were also added. As a consequence, this impor-
tant tribe currently contains 19 subtribes (Oberprieler 
et al. 2022a). One of the most important genera in the 
Anthemideae tribe and a member of the Anthemidinae 
subtribe is Anthemis, which has 175 species distributed 
throughout the Mediterranean and Southwest Asia. 
However, due to the huge micromorphological differ-
entiation of its species and those of related genera, the 
taxonomy of this genus is often challenging. Hybridi-
zation and polyploidy may have played crucial roles in 
the evolution of this genus, further complicating its tax-
onomy (Oberprieler 1998; Oberprieler 2001; Lo Presti et 
al. 2010). Phylogenetic analyses based on ITS sequences 
have improved our understanding of the evolution-
ary relationships among Anthemis species, revealing 
that some species previously included in the subgenus 
Anthemis were actually more closely related to species 
in adjacent genera (Tripleurospermum and Nananthea) 
than to those in the subgenus Cota. This finding resulted 
to the reclassification of several species, as well as the 
exclusion of the subgenus Cota as a distinct genus (Greu-
ter et al. 2003; Oberprieler 2001; Oberprieler et al. 2006; 
Oberprieler et al. 2009).

Anthemis appears to be one of the few genera with 
an ancestral base number of x=9, evolved from x=10 
fairly early in the evolutionary process (Bremer and 
Humphries 1993). In spite the fact that cytogenetic 
events such as ascending dysploidy (Leptinella, Artemi-
sia) and descending dysploidy (Cotula, Artemisia, Atha-
nasia, and Ursinia) are common in the Anthemideae 
tribe, resulting in base number alterations ranging from 
x=5 to x=11, 13, and 17, and driving their evolution.

Indeed, all chromosomal counts in Anthemis sec-
tions indicated a majority of diploid species (2n=2x=18) 
with an x=9 base number. Thus, polyploidization is pri-
marily responsible for the evolution in some of its spe-
cies (Oberprieler 1998; Inceer and Hayirlioglu-Ayaz 
2007; Pellicer et al. 2007; Javadi et al. 2013; Shariat et al. 
2021). Hiorthia is regarded as one of the six sections of 
the genus that have undergone true evolution due to the 
occurrence of polyploid species (2n=4x=36) (Oberprieler 
2001). One of these is the North African A. maritima, 
specifically the subspecies A. maritima subsp. maritima 
(Oberprieler 1998).

Despite the revision of (Oberprieler 1998) sev-
eral taxa of the genus in North Africa are still poorly 
understood. This concerns not only the morphologi-
cal aspects but above all the karyological and molecu-
lar ones. The study of ploidy levels within the various 
subspecies allows us to better clarify the phylogenetic 
relationships between the investigated taxa. Although 
Algeria holds 20 taxa (12 species and 8 subspecies) 

among North African species (Dobignard and Chat-
elain 2011), but unfortunately, karyological information 
on these taxa is scarce.

The Anthemis maritima complex is present with 
three subspecies: A. maritima subsp. maritima and two 
strictly endemic subspecies to Algeria, A. maritima 
subsp. bolosii Benedí et Molero and A. maritima subsp. 
Pseudopunctata Oberpr. (Dobignard and Chatelain 2011; 
Tison and De Foucaul 2014). A. maritima  subsp. bolosii 
was first distinguished by Benedi Gonzalez and Molero 
Briones (1990) from A. maritima subsp. maritima by its 
more erect stem. Oberprieler (1998) reported the total 
absence of hairs on the peduncle and involucre of A. 
maritima subsp. bolosii, and Sakhraoui et al. (2021) add-
ed other salient features, namely color and leaf appear-
ance, mode of reproduction, habitat, and aromaticity. 

A. maritima subsp. maritima occurs on coastal 
dunes throughout the Mediterranean region (Dobignard 
and Chatelain 2010–2011; Tison and De Foucaul 2014). 
In Algeria, the subspecies is given as quite common on 
the littoral of the small and great Kabylia (Quézel and 
Santa 1963; Boulemtafes et al. 2018). A. maritima subsp. 
bolosii is considered rare, particularly since its distri-
bution is very restricted. According to Sakhraoui et  al. 
(2021), the plant has been reported only at two coastal 
localities (Annaba and Skikda) in northeastern Algeria, 
and the presence of the subspecies has not been recorded 
for more than a century. The oldest record dates back 
to 6/23/1920 (specimen: P 03697947). The same author 
reported the rediscovery of the subspecies in the Stora 
locality (Skikda region).

A. maritima subsp. bolosii is a perennial plant with a 
woody stump, a hairless stem and pinnate leaves that are 
sessile, or petiolate. The flowers with ligules and yellow 
centers are arranged into capitula that range in diameter 
from 14 to 35 mm and are carried by glabrous pedun-
cles, the plant grows on cliffs and sea rocks (Sakhraoui 
et al. 2021) unlike A. maritima subsp. maritima, which 
prefers coastal dunes and sandy beachs (Boulemtafes et 
al. 2018; Sakhraoui et al. 2021). This taxon includes aro-
matic plants of 20 to 70 cm in size with creeping stems 
rising during flowering and achenes with smooth ribs. 
The spangles of the receptacle are oblong-lanceolate, 
and the pinnate leaves are more or less fleshy, weakly to 
strongly puberulent (Quézel and Santa 1963; Tison and 
De Foucaul 2014; Sakhraoui et al. 2021). 

The aim of this contribution is to investigate and 
characterize, from a karyological point of view, A. mar-
itima subsp. bolosii in comparison with the geographi-
cally closest populations of A. maritima subsp. maritima. 
In fact, no cytogenetic investigation of these subspecies 
from Algeria has been conducted. This study is therefore 
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the first to report on the chromosome number and kary-
ological features of A. maritima subsp. bolosii as well.

MATERIALS AND METHODS

The seeds used in this study were collected from 
wild plants growing in two separate locations in Skik-
da’s region (Table 1). Chromosome observation and 
detection were achieved by the standard Feulgen stain-
ing. Roots of 0.5-1.5 cm in length were obtained from 
the germinated seeds, then pretreated with 0.03% 
8-hydroxyquinoline for 4 h at 4°C before being fixed 
in a 3 ethanol/1 acetic acid solution for 24 h. Hydroly-
sis was performed in 1M hydrochloric acid for 5 min 
at 60°C. Root tips were stained with Schiff’s reagent for 
2 h before being crushed in a drop of 45% acetic acid 
between the slide and coverslip. Five metaphase plates 
for each subspecies were analyzed to obtain the differ-
ent measurements indicated in this work. The IdeoKar 
software was used for calculating karyotype parameters 
(Mirzaghaderia and Marzangib 2015).

RESULTS AND DISCUSSION

The karyomorphological results for A. maritima 
subsp. maritima and A. maritima subsp. bolosii are pre-
sented in Tables 2 and 3, respectively. The studied popu-
lation of A. maritima subsp. maritima was identified as 
tetraploid, with a chromosomal number of 2n=36. The 
subspecies has a total haploid length of 67.54 µm. The 
total length of chromosomes ranges from 2.50 µm to 
5.14 µm, and the ratio between the long arm and short 
arm varies from 1.12 to 3.31. The karyotype consists of 
18 pairs of chromosomes, of which eleven (1, 2, 3, 4, 5, 
6, 8, 10, 12, 15, 16) are metacentric, three (9, 14, 17) are 
submetacentric, and four (7, 11, 13, 18) are subtelocen-
tric. The chromosomal formula of A. maritima subsp. 
maritima is 2n=4x=36=11m+3sm+4st (Figure 1).

A. maritima subsp. bolosii has nine pairs of chro-
mosomes, four pairs (1, 3, 6, 9) are metacentric, three 
pairs (2, 4, 7) are submetacentric, and two pairs (5, 8) 
are subtelocentric. Based on these data, it was deter-
mined that this subspecies is diploid, with x=9 basic 

Table 1. The location of the two A. maritima subspecies.

Subspecies Locality Latitudes Longitudes Altitude Month of collection

A. maritima subsp. maritima Larbi ben M’Hidi 36°53’33”N 7°00’25”E 10 m November 2022
A. maritima subsp. bolosii Stora 36°53’11”N 6°53’55”E 4 m August 2021

Table 2. Karyomorphological analysis of A. maritima subsp. mar-
itima.

N L (μm) S (μm) LT (μm) AR RL% CI CT

1 3.02±0.11 2.12±0.71 5.14±0.80 1.42 7.59 40.30 m
2 2.90±0.28 1.88±0.16 4.78±0.44 1.54 7.03 39.44 m
3 2.60±0.07 1.98±0.08 4.58±0.14 1.31 6.74 43.32 m
4 2.60±0.10 1.88±0.06 4.48±0.16 1.38 6.59 42.33 m
5 2.18±0.04 1.94±0.08 4.12±0.11 1.12 6.09 47.05 m
6 2.32±0.21 1.74±0.50 4.06±0.70 1.33 6.00 40.33 m
7 2.96±0.16 0.98±0.08 3.94±0.20 3.02 5.83 23.18 st
8 2.42±0.06 1.48±0.08 3.90±0.20 1.63 5.77 37.80 m
9 2.50±0.10 1.34±0.08 3.84±0.12 1.86 5.68 35.22 sm
10 2.28±0.06 1.56±0.10 3.84±0.16 1.46 5.48 40.50 m
11 2.84±0.08 0.88±0.08 3.72±0.15 3.22 5.47 23.86 st
12 2.06±0.13 1.50±0.08 3.56±0.15 1.37 5.24 40.20 m
13 2.50±0.24 0.82±0.08 3.32±0.34 3.04 4.91 24.22 st
14 2.00±0.17 1.18±0.40 3.18±0.57 1.69 4.71 37.30 sm
15 1.80±0.17 1.18±0.36 2.98±0.50 1.52 4.41 39.87 m
16 1.74±0.21 1.08±0.32 2.82±0.52 1.61 4.18 38.57 m
17 1.88±0.11 0.90±0.40 2.78±0.50 2.08 4.12 32.55 sm
18 1.92±0.11 0.58±0.20 2.50±0.30 3.31 3.69 23.36 st

Length of chromosome (L: long arm, S: short arm, LT: total length), 
AR: Arm ratio, RL: Relative length, CI: Centromeric index, CT: 
Chromosome type.

Table 3. Karyomorphological analysis of A. maritima subsp. bolosii.

N L (μm) S (μm) LT (μm) AR RL% CI CT

1 2.79±0.06 2.39±0.11 5.07±0.17 1.16 14.1 46.07 m
2 2.96±0.16 1.56±0.08 4.52±0.24 1.89 13.0 34.61 sm
3 2.40±0.18 1.64±0.20 4.04±0.39 1.46 11.6 40.67 m
4 2.55±0.18 1.37±0.12 3.92±0.31 1.86 11.2 35.03 sm
5 2.98±0.25 0.82±0.07 3.80±0.33 3.63 10.9 21.65 st
6 2.14±0.21 1.58±0.11 3.72±0.32 1.35 10.7 42.49 m
7 2.28±0.27 1.36±0.08 3.64±0.35 1.67 10.4 37.38 sm
8 2.52±0.10 0.64±0.06 3.16±0.16 3.93 9.11 20.61 st
9 1.80±0.23 1.22±0.13 3.02±0.37 1.47 8.65 40.55 m

Length of chromosome (L: long arm. S: short arm. LT: total length), 
AR: Arm ratio, RL: Relative length,CI: Centromeric index, CT: 
Chromosome type.
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chromosomes number and a karyotype formula of 
2n=2x=18=4m+3sm+2st (Figure 2). The chromosom-
al lengths range from 3.02 µm to 5.07 µm, the haploid 
genome is 34.87 µm long, and the long arm to short arm 
ratio ranges from 1.16 to 3.93. These findings agree with 
prior research on the basic number x=9 and the degree 
of ploidy. 

Among the 28 species of Anthemis studied in North 
Africa (from Morocco and Tunisia), 23 were diploid, 
and the remaining species were tetraploid (2n=4x=36), 
including A. maritima subsp. maritima (Tunisian popu-
lation) (Oberprieler 1998). 

All karyotypes were symmetrical, with metacentric, 
submetacentric, and subtelocentric chromosomes and at 
least two satellites. In our case, for both subspecies, all 

chromosomes were metacentric, submetacentric, and 
subtelocentric without satellites or secondary constric-
tions. Generally, species in the genus Anthemis contain 
at least one chromosomal pair bearing a satellite (Ober-
prieler 1998; Goula et al. 2022). The absence of satellites 
for the two studied taxa could be due to strong chromo-
somal condensation that prevented their appearance. 

The asymmetry index (AsI) for A. maritima subsp. 
maritima and A. maritima subsp. bolosii is 63.40% and 
64.02%, respectively. According to Stebbins’ classifica-
tion (1971), both karyotypes are symmetrical 2A and 
1A, types respectively. Other research on the karyology 
of the genus Anthemis has already confirmed the domi-
nance of the base x=9 (Inceer and Hayirlioglu-Ayaz 2007; 
Chehregani and Mehanfar 2008; Javadi et al. 2013; Qari 

Figure 1. Karyotype of Anthemis maritima subsp. maritima. A: The plant, B: Metaphase plate, scale bars= 10 µm, C: Idiogram.
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et al. 2016; Shariat et al. 2021; Goula et al. 2022). The base 
x=9 appears to be constant in the genus Anthemis, imply-
ing that disploidy, which is often the origin of chromo-
somal number changes, remains very low.

Several asymmetry indices were calculated to assess 
the evolutionary linkages between the two subspecies, 
with values presented in Table 4 for intrachromosom-
al asymmetry indices (A1, TF%, CVCI, and MCA) and 
interchromosomal indices (A2 and CVCL). These criteria 
allowed for a more accurate description of their distinct 
karyotypes. The intrachromosomal asymmetry indices 
A1, CVCI, and MCA are higher in the diploid subspecies 
(A. maritima subsp. bolosii) than in the tetraploid sub-
species (A. maritima subsp. maritima). In contrast, the 
tetraploid subspecies (A. maritima subsp. maritima) pos-

sess higher interchromosomal indices A2 and CVCL than 
the diploid subspecies (Table 4).

The MCA and CVCL indices are considered reli-
able quantitative parameters capable of estimating 
even minor intrachromosomal and interchromosomal 
variations in the chromosomal complement (Peruzzi 
et al. 2009; Peruzzi and Eroglu 2013; Baeza et al. 2015; 
Genc and Firat 2016; Phukan and Saha 2019; Eroglu 
and Budak 2020). CVCL and MCA values for A. mar-
itima subsp. maritima and A. maritima subsp. bolosii 
are 19.65, 17.36, 24.3, and 28, respectively. When com-
pared to its tetraploid relative, the diploid subspecies 
had higher CVCI and MCA values, indicating more vari-
ability in centromere location. The tetraploid subspecies, 
on the other hand, exhibits higher CVCL and A2 values, 

Figure 2. Karyotype of  Anthemis maritima subsp. bolosii. A: The plant, B: Metaphase plate, scale bars= 10 µm, C: Idiogram.
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indicating more variation in chromosomal size. Fur-
thermore, the IA index (Paszko 2006), another statistic 
parameter used to assess karyotype coherence, is high-
er in the tetraploid subspecies (4.94) than in the dip-
loid subspecies (4.61). A higher IA index value reflects 
increased chromosomal variability. As a result, it 
appears that the karyotype of A. maritima subsp. mar-
itima has evolved more than that of A. maritima sub-
sp. bolosii. Additionally, Stebbins’ (1971) classification 
classified the karyotypes of the subspecies A. maritima 
subsp. bolosii and A. maritima subsp. maritima in the 
symmetrical classes 1A and 2A, respectively, indicating 
some similarity between the two taxa but also a more 
primitive karyotype of the diploid subspecies compared 
to the tetraploid one. According to Oberprieler (1998), 
the karyotypes of Hiorthia section species are consist-
ently of type A2, with less variation in intrachromo-
somal symmetry but higher variation in interchromo-
somal symmetry. As a consequence, our findings are 
consistent with previous research, particularly for the 
tetraploid subspecies. The differences in interchromo-
somal indices between the two subspecies are quite 
considerable, as are the differences in intrachromo-
somal indices, especially MCA, which can be induced by 
chromosomal mutations (translocations and inversions) 
resulting in changes between the two taxa. Despite the 
fact that 82.14% of North African species are diploid 
(Oberprieler, 1998), practically all species of the section 
Hiorthia, to which the A. maritima complex belongs, 
have been found to be tetraploid (Oberprieler, 1998; 
Presti et al. 2010). Mitsuoka and Ehrendorfer (1972) 
raised doubts about limiting the A. maritima complex 
to its tetraploid cytotype, suggesting that this plant may 
also possess a diploid cytotype, like its Moroccan coun-
terpart, the Anthemis pedunculata complex.

Thus, our data show unequivocally that the subspe-
cies A. maritima subsp. bolosii represents the diploid 
cytotype for the A. maritima complex. Furthermore, A. 
pedunculata and A. maritima, are the only species that 
exhibit both diploid and tetraploid cytotypes. Phyloge-
netic investigations have also shown that the two com-

plexes are closely related (Oberprieler 2001; Presti et al. 
2010; Oberprieler et al. 2022b). The similarity in terms 
of chromosome size and type between the karyotypes 
of both subspecies leads us to propose the following 
hypothesis: the tetraploid cytotype of A. maritima may 
have resulted from either duplication (autopolyploidy) 
of the diploid cytotype of A. maritima subsp. bolosii 
or potentially from an allopolyploidy event involving 
A. maritima subsp. bolosii and another related species. 
Knowing that hybridization between related Anthemis 
species is not new as evidenced by various studies (Uitz 
1970; Mitsuoka and Ehrendorfer 1972; Nagl and Ehren-
dorfer 1974; Oberprieler 1998; Oberprieler 2001; Tison 
and De Foucaul 2014; Oberprieler et al. 2022b). This is 
also the case for the tetraploid A. cupaniana, which is 
native to Sicily, and has been shown to be the result of 
allopolyploidization (during the pleistocene). Specifi-
cally, this involved a maternal parent from the A. creti-
ca group and a paternal parent from the North African 
complex A. pedunculata (Horthia section), namely the 
diploid Sicilian A. ismelia (Oberprieler et al. 2022b).

The comparative palynological study conducted by 
Oberprieler (1998) suggested that the subspecies A. mar-
itima subsp. bolosii is the only diploid subspecies (based 
on pollen size) among the three subspecies in the A. 
maritima complex, and A. maritima subsp. maritima 
and A. maritima subsp. pseudopunctata were identified 
as tetraploid. 

Furthermore, Algeria is the only territory where all 
three representatives of the A. maritima complex have 
been found. As mentioned above, A. maritima subsp. 
bolosii is interesting due to its rarity resulting from its 
limited distribution along coastal rocks and cliffs. All 
these information support the hypothesis that A. mar-
itima subsp. bolosii is the ancestor of the A. maritima 
complex and that Algeria is the center of its diver-
sification, especially since the Algerian population 
(2n=4x=36=11m+3sm+4st) and the Tunisian population 
(2n=4x=36=11m+3sm+4stsat) (Oberprieler 1998) of A. 
maritima subsp. maritima appear to be identical from a 
cytological point of view. According to Greuter (1979), 

Table 4. Asymmetry indices of A. maritima subsp. maritima and A. maritima subsp. bolosii.

Subspecies HCL TF% AsI% CVCL CVCI AI A1 A2 MCA S Cl

A. maritima subsp. maritima 67,54 36,5 63.4 19,65 25,18 4,94 0.41 0.19 24,3 2A
A. maritima subsp. bolosii 34.87 35.97 64.02 17.36 26.56 4,61 0.42 0.17 28 1A

HCL: Haploid total length, TF: Total form percentage (Huziwara 1962), AsI: Karyotype asymmtry index (Arano and Saito 1980), CVCL: 
Coefficient of variation of chromosome length, CVCI: Relative variation in centromeric index, AI: Asymmetry index (Paszko 2006), A1: 
Intrachromosomal asymmetry, A2: Interchromosomal asymmetry (Romero Zarco 1986), MCA: Mean centromeric asymmetry (Peruzzi and 
Eroğlu 2013), S Cl: Stebbins classification (Stebbins 1971).
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populations of the same taxon that are geographi-
cally separated but have karyotype stability are rem-
nants of an ancient Mediterranean flora present during 
the Messinian period. Therefore, A. maritima complex 
might represent one of the groups that are ancient poly-
ploids. In contrast to the diploid subspecies, the tetra-
ploid A. maritima subsp. maritima is found in a number 
of coastal locations in Algeria (Quézel and Santa 1963; 
Boulemtafes et al. 2018) and across the Mediterranean 
area (Oberprieler 1998, 2001; Oberprieler et al. 2009). 
According to Winter et al. (1999), polyploid species 
spread more easily than their diploid ancestors, which 
grow rare and eventually survive only in isolated places 
shielded from hybridization. Stebbins (1971) asserted 
that polyploid plants are more adapted to changing 
environmental circumstances than their diploid ances-
tors. This adaptation has evolved over millions of years 
as a result of genetic changes such as mutations and 
genetic recombination (Adams and Wendel 2005; Alix 
et al. 2017). 

Indeed, such a hypothesis requires strong molecular 
evidence to be confirmed, especially given that the data 
presented in this study is preliminary and insufficient to 
prove it.

CONCLUSION

The karyomorphological data of the Algerian popu-
lation of A. maritima subsp. maritima and the subspe-
cies A. maritima subsp. bolosii are reported for the first 
time and are the only data for the Algerian Anthemis 
taxa. Morphological differences between the two species 
previously documented by numerous authors are close-
ly related to karyological differences, namely the ploidy 
level, proportions of each chromosomal type, and chro-
mosomal formula. However, a few similarities between 
the two subspecies have been identified, including the 
degree of asymmetry and chromosomal size. As a result, 
A. maritima subsp. bolosii might be the origin of the A. 
maritima complex.  

Molecular phylogenetic studies need to be consid-
ered to confirm this hypothesis and establish the evo-
lutionary links between the subspecies of the Anthemis 
maritima complex in Algeria, and effectively con-
tribute to the understanding of the cytotaxonomy of 
the Anthemis genus in the Mediterranean region. We 
underline the importance of enacting actual conserva-
tion actions to protect the taxa in issue in order to avoid 
extinction, given their extremely low germinative power, 
as found during this study.
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Abstract. Tribulus terrestris is a plant of the Zygophyllaceae family frequently used 
worldwide to treat various diseases due to the therapeutic effects of its pharmacologi-
cal components. This study examines the cytotoxic and genotoxic effects of T. terrestris 
using two plant models, Allium cepa and Vicia faba. Extracts of 0.00625, 0.0125, 0.025, 
0.05 and 0.1mg/mL were tested on meristematic cells of A. cepa and V. faba roots. This 
assessment includes the study of root growth, structure and coloration, as well as the 
determination of the mitotic index (MI) and chromosomal aberrations (CAs) as accu-
rate indicators of toxicity. Our results showed a significant decrease in the mean length 
of roots treated with 0.025, 0.05 and 0.1 mg/ml for A. cepa and 0.1 mg/ml for V. faba. 
Cytotoxicity and genotoxicity results showed a significant decrease in MI from 0.025 
mg/ml in A. cepa and from 0.05 mg/ml in V. faba, and this decrease in MI is linked 
to the increase in concentration and treatment time with T. terrestris. Furthermore, a 
significant increase in CAs was observed in A. cepa and V. faba from the 0.025 mg/ml 
concentration. The significant reduction in MI and CAs abundance suggests the geno-
toxicity of T. terrestris. Therefore, T. terrestris is a medicinal plant that should be used 
with caution, appropriately and based on essential therapeutic needs.

Keywords: Tribulus terrestris, Allium cepa, Vicia faba, cytotoxicity, genotoxicity.

INTRODUCTION

Recently, there has been a rapid increase in the use of dietary supple-
ments derived from bioactive compounds of plant origin (Izzo et al. 2016). 
Herbal medicines are often used because many people believe that all that is 
natural is not toxic or harmful to health. This is a mistaken belief, as many 
therapeutic plants have high toxicity and harmful effects on human health 
(Proença da Cunha et al. 2012). Many studies examine the biological effects 
of extracts from different plants for their potential therapeutic use. Howev-
er, there is little data available on the cyto-genotoxic effects of most plants. 
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Therefore, there is a need for research on these plants 
to assess their potential cytotoxic and genotoxic effects 
(Chukwujekwu and Van Staden 2014). Previous stud-
ies using different bioassays have revealed significant 
cytotoxic and genotoxic effects in different plants. Abu-
dayyak et al. (2015) reported that T. terrestris L. had 
estrogenic and genotoxic activities in rat kidney cell 
lines exposed to this plant. Another study by Kumar et 
al. (2013) on the effect of Tinospora cordifolia in A. cepa 
meristematic cells showed a significant cytotoxic and 
genotoxic at high concentrations. In addition, Results 
obtained from the genotoxic study of Ayubi et al. (2021) 
showed that the hydro-alcoholic extract of Z. multi-
flora had no genotoxic effect. Bocayuva Tavares et al. ( 
2021) reported that Seed proteins extract of S. saponar-
ia causes cytotoxic and genotoxic effects in the human 
liver cancer cell line. In another study to evaluate the 
genotoxic effects of the plant Angelica keiskei, Maronpot 
(2015) demonstrated that it’s not genotoxic in Chinese 
hamster ovary cells.

Researchers have long been interested in the geno-
toxic and cytotoxic effects of natural substances such 
as plant extracts. Higher plants, including A. cepa and 
V. faba, are used frequently to assess the genotoxic-
ity of these environmental pollutants (Leme and Marin-
Morales 2009). Furthermore, A. cepa and V. faba tests 
were ideal for evaluating chromosome damage and 
mitotic cycle disruptions due to their excellent chro-
mosome characteristics, including large and fewer in 
number with a stable karyotype (Fiskesjo 1985). Moreo-
ver, this test method has demonstrated high sensitivity, 
which depends on a quick response in root development 
dynamics and simple detection of the endpoints associ-
ated with genotoxicity (Firbas and Amon 2014). Geno-
toxic endpoints include changes in MI values compared 
to controls (Akgündüz et al. 2020), morphological and 
number chromosome modifications expressed as CAs 
(Bonciu et al. 2018), and the frequency of Micronuclei as 
a simple quantitative characteristic (Bonciu et al. 2018; 
Younis et al. 2019).

T. terrestris is an annual plant from the Zygophyl-
laceae family. It has mainly cultivated in the Mediterra-
nean and subtropical areas (Zhu et al. 2017). The T. ter-
restris extract is one of the natural therapeutic products 
that is used most frequently. This extract has shown sev-
eral pharmacological activities, most of which are linked 
to diverse flavonoid and terpenoid components. These 
activities include antioxidants, antimicrobial, antibacte-
rial, antitoxic, antiapoptotic molecules, platelet aggre-
gation inhibitors, and anti-inflammation (Almasi et al. 
2017). Also, these activities treat cardiovascular diseases, 
tumors, diabetes, respiratory diseases, and reproductive 

dysfunction (Qureshi et al. 2014). The widespread dis-
tribution of T. terrestris, its high content of active com-
pounds (especially sterol saponins, as well as flavonoids, 
terpenoids, tannins, phenol, alkaloids and carboxylic 
acids), and the prevalence with which it is used in tra-
ditional medicine, all highlight the importance of ana-
lysing the phytopharmacological characteristics of the 
plant (Stefănescu et al. 2020), and due to the potential 
toxic effect of its active compounds, an assessment of a 
potential cytotoxic and genotoxic effect is essential for 
its use is safe and effective (Celik 2012). Although the 
therapeutic effects of this plant have been studied by sev-
eral researchers, but the evaluation of the potential cyto-
genotoxic effects of T. terrestris on meristematic cells has 
not yet been studied.

Thus, the present work aimed to evaluate the cyto-
toxic and genotoxic effects of T. terrestris methanolic 
extract on A. cepa and V. faba roots by assessing the root 
growth, structure and color as well as the MI and CAs.

MATERIALS AND METHODS

Plant methanolic extract preparation 

600 g of T. terrestris aerial parts (Trunk, branches 
and leaves) were obtained from a local medicinal plant 
market (Setif-Algeria). The plant material was identi-
fied by Dr. Sakhraoui Nora (a botanist) and then dried 
in the dark and powdered with a domestic mixer. 500 
g of T. terrestris powder was dissolved in 4L of 96% 
hydro-methanolic solution (80%) for 24 hours to obtain 
a methanolic extract. The solution obtained was then 
double filtered using a Whatman No.1 paper filter. The 
filtrate obtained was then evaporated in a rotavapor (RE-
100 pros) at 45oC to obtain a final dry residue. During 
processing, the dry residue was dissolved in distilled 
water to prepare the different concentrations of 0.00625, 
0.0125, 0.025, 0.05 and 0.1 mg/mL for the different treat-
ments.

Plants assay and application concentrations

Healthy onion bulbs (A. cepa, 2n = 16) and V. faba 
seeds were obtained from a local market. Both species 
were kept in tap water until their roots reached 1.5-2 cm. 
Then they were divided into six groups, one serving as a 
control, while the other five were given different concen-
trations (0.00625, 0.0125, 0.025, 0.05 and 0.1 mg/mL) of 
T. terrestris at 24°C. Each concentration was tested on a 
minimum of three bulbs, and seven seeds with solutions 
changed daily. Using a ruler, root length was measured 
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at 24 h, 48 h, 72 h, 96 h, and 120 h. Other indicators of 
toxicity, including root structure and color changes, are 
also assessed.

Genotoxicity assessment

To investigate the potential effect of genotoxicity, A. 
cepa bulbs and V. faba seeds with a root length of 1.5-2 
cm were exposed to T. terrestris at different concentra-
tions (0.00625, 0.0125, 0.025, 0.05 and 0.1mg/mL) for 12 
h and 24 h. After treatment, the bulbs and seeds were 
washed thoroughly and then placed in an ethanol/acetic 
acid solution (3v/1v) for 24 h before storage in 70% eth-
anol at 4°C. After a brief wash with distilled water, the 
root tips were hydrolysed in 1 N HCl solution for 5 min 
at 60°C and stained with Schiff’s reagent for 20 min. The 
slides were prepared following the method of Sharma 
and Sharma (2014). After the first pre-treatment, the 
root tips were carefully washed in distilled water several 
times. Then they were subjected to hydrolysis in a 1 N 
HCl solution for five minutes at a temperature between 
60°C and 70°C. Then the apical 2 mm were crushed in a 
45% acetic acid solution. The apical meristems were ana-
lysed at 40x magnification after being crushed in a drop 
of 45% acetic acid. The mitotic index and chromosome 
aberration index were calculated according to the meth-
ods of Fiskesjo (1985). using at least 1000 cells per slide 
and five slides for each concentration.

The following formulae (Akwu et al. 2019) were used 
to determine the proportion of chromosomal aberrations 
(CAs), the mitotic index (MI), and the chromosomal 
aberration frequency (AF) in the cells:

Mitotic index (MI) (%) = !"#$%&'()*+",-./.-.&01*%%2
!"#$%&'()*+",1*%%2")2*+/*-

x 100      1 

Chromosome Aberrations (CAs) (%) = !"#$%&'()*+",$)&"($%1*%%2
!"#$%&'()*+",1*%%2")2*+/*-

x 100   2 

Aberrations type frequency (AF) (%) = 3'()*+",$#45*",$)*++$&#1*%%
!"#$%&'()*+",$)*++$&#1*%%2

 x 100 3 

 4 

Statistical data analysis

Graph pad prism 9.2.0 (Graph Pad Software, LLC, 
CA, USA) was used for statistical analysis of root length, 
MI (%), and ACs (%). Data Results were compared sta-
tistically using one-way ANOVA and Dunnett’s multi-
ple comparison test. All values were expressed as mean 
± SD and were determined statistically significant when 
P<0.05.

RESULTS 

The changes in root length, form and color of roots 
are illustrated in Table 1 (A. cepa) and Table 2 (V. faba) 
following different treatment with T. terrestris compared 
to the control. It was observed that the inhibition effect 
of T. terrestris increased with the increase in concen-
tration and duration of treatment. Therefore, control 
showed highest root elongation, with mean lengths of 
10.77 ± 0.06 cm and 10.48 ± 0.05 cm after 120 h in A. 
cepa and V. faba, respectively.

In other hand, throughout the five-day treatment, 
the mean root lengths of A. cepa were unaffected by the 
0.00625 mg/mL and 0.0125 mg/mL concentrations and 
0.00625, 0.0125, 0.025, and 0.05 mg/mL concentrations 
in V. faba.

However, A. cepa roots exposed to the 0.025, 0.05, 
and 0.1 mg/mL concentrations range showed a sig-
nificant decrease in root growth with values of 4.71, 
3.92, and 3.16 cm, respectively. Moreover, a significant 
decrease (P<0.05) in root length was seen in V. faba 
roots treated with the 0.1 mg/mL concentration (3.33 
cm) compared to the control. Simultaneously, the inhibi-
tory effect of T. terrestris increased positively with con-
centration and time of exposure, whose value increased 
from 26.84% (0.006125 mg/mL) to 62.77% (0.1 mg/mL) 
after 120 h of exposure. Furthermore, it was remarked 
that A. cepa roots were more sensitive to T. terrestris 
than V. faba roots (62.77% and 55.92% inhibition, 
respectively). 

Concerning the morphology of the roots, structural 
and color modifications were observed, particularly in 
V. faba roots treated from the 0.05 mg/mL concentra-
tion, which appeared slimy to slimy dark brown com-
pared to the control. However, after 120 h of treatment, 
roots treated to the 0.05 and 0.1 mg/mL concentrations 
showed necrosis.

Figure 1 shows the effect of different T. terrestris 
concentrations on A. cepa and V. faba mitotic index. 
Meristematic cells of these two plants that are treated 
with different concentrations of T. terrestris showed 
a significant decrease in MI compared to the control. 
Our result showed that the control has the highest MI 
in both A. cepa and V. faba (59.26 ± 0.88% and 59.90 ± 
0.40%, respectively) (12 h), and (60.74 ± 0.45% and 60.14 
± 0.48%, respectively) (24 h). In addition, Cell division 
was unaffected by the concentrations of 0.00625, 0.0125, 
and 0.025 mg/mL in A. cepa and 0.00625 and 0.0125 mg/
mL in V. faba. In contrast, the values were as high as the 
control (12 h and 24 h) in A. cepa (60.80 ± 1.12%, and 
60.24 ± 1.00%, respectively) and V. faba (59.88 ± 0.32% 
and 58.14 ± 0.35%, respectively). However, cytotoxic 
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effects were observed from the 0.025 mg/ml concentra-
tion in V. faba and 0.05 mg/mL in A. cepa accompanied 
by a significant decrease in MI (P<0.001) (12 h and 24 h).

Figures 2, 3, 4, and 5 show T. terrestris-induced aber-
ration percentages and different chromosomal abnormal-
ities. It was showed that the increase in CAs (%) depends 
on T. terrestris concentration and treatment duration.

Compared to the control, no significant effect on 
CAs (%) was noted after treatment with the concentra-
tions 0.00625 and 0.05 mg/mL (12 h and 24 h) in A. cepa 
and V. faba. While a significant increase (P<0.001) in 
ACs (%) was observed in cells treated with the concen-
trations 0.025, 0.05, and 0.1 mg/mL (12 h and 24 h) com-
pared to the control. 

The highest CAs (%) in A. cepa and V. faba were 
7.5 ± 0.129% and 5.88 ± 0.16%, respectively, after 24 h 
treatment with T. terrestris at the 0.1 mg/mL concentra-
tion, and the lowest was 0.48 ± 0.10% and 0.64 ± 0.13%, 
respectively at the 0.00625 mg/mL concentration (12 h).

The most frequent types of CAs were multipolar 
in A. cepa (34.89 ± 2.30%) (12 h) and (33.97 ± 4.36%) 
(24 h) and in  V. faba (34.08 ± 2.23%) (12 h) and (30.96 
± 4.13%) (24 h), followed by break in A. cepa (19.89% 
± 1.75%) (12 h) and (26.07 ± 3.79%) (24 h) and in V. 
faba  (24.20 ± 0.79%) (12h) and (24.19 ± 1.35%) (24 h), 
stickiness in A. cepa (17.49 ± 1.25%) (12 h) and (20.24 ± 
3.58%) (24 h) and in V. faba  (20.05 ± 3.79%) (12 h) and 
(19.18 ± 1.77%) (24 h), vagrant in A. cepa (18.94 ± 2.27%) 

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

0

20

40

60

80

Groups  (12 h)

M
ito

tic
 in

de
x 

(M
I) 

(%
)

Control
0.00625 mg/mL

0.0125 mg/mL
0.025 mg/mL

0.05 mg/mL
0.1 mg/mL

*** ***

*** *** ***

A

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

Alliu
m ce

pa

Vici
a f

ab
a

0

20

40

60

80

Groups  (24 h)

M
ito

tic
 in

de
x 

(M
I) 

(%
)

Control
0.00625 mg/mL

0.0125 mg/mL
0.025 mg/mL

0.05 mg/mL
0.1 mg/mL

***
*** ***

***

***

B

Figure 1. The effect of different T. terrestris concentrations (mg/mL) and exposure times on the MI (%) in A. cepa cells and V. faba cells 
after 12 h (A) and 24 h (B). Three bulbs and seven seeds were treated in each concentration, including the control. Five roots for each con-
centration were used. At least 1000 cells on each slide and five slides for each concentration were examined. 
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Figure 2. Percentage of CAs in A. cepa and V. faba cells induced by different concentrations of T. terrestris (mg/mL) after 12 h (A) and 24 h 
(B). Three bulbs and seven seeds were treated in each concentration, including the control. Five roots for each concentration were used. At 
least 1000 cells on each slide and five slides for each concentration were examined.
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(12 h) and (15.38 ± 3.11%) (24 h) and in V. faba  (15.07 
± 1.88%) (12 h) and (14.31 ± 2.05%) (24h), bridge in A. 
cepa (17.00 ± 2.82%) (12 h) and (12.80 ± 3.89%) (24 h) 
and in V. faba (15.73 ± 1.10%) (12 h) and (18.22 ± 3.52%) 
(24 h), C-mitosis in A. cepa (3.29 ± 1.63%) (12 h) and 
(3.52 ± 0.91%) (24 h) and in V. faba  (2.06 ± 0.98%) (12 
h) and (1.89 ± 1.34%) (24 h), and M-nucleus in A. cepa 
(0.35 ± 0.39%) (12 h) and (0.52 ± 0.75%) (24 h) and in V. 
faba (0.54 ± 0.74%) (12 h) and (0.59 ± 0.49%) (24 h) (Fig. 
3A, 3B, 3C, 3D). 

DISCUSSION 

This study was conducted to assess the cytotoxic and 
genotoxic effects of T. terrestris methanolic extract by 
analysing the change in root growth, morphology, and 
color of A. cepa and V. faba. as well as the determination 
of MI and different types of CAs. Our results revealed 
that T. terrestris treatment induced cytotoxic and geno-
toxic effects manifested by inhibition of root growth, 
modification of root colour and structure, decrease in 
MI (%), and increase in CAs (%) with the appearance 
of various types of chromosomal aberrations. These 
changes are dependent on the different concentrations 
and duration of exposure to T. terrestris. Furthermore, 
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Figure 3. Frequency of different types of CAs induced by different concentrations of T. terrestris (mg/mL) in A. cepa cells after 12 h (A) and 
after 24 h (B) and in V. faba cells after 12 h (C) and after 24 h (D). Three bulbs and seven seeds were treated in each concentration, includ-
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examined.
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Figure 4. Photomicrographs showing different CAs induced by different concentrations of T. terrestris in A. cepa root tip cells: vagrant (A1) 
with break (A2), and bridge (A3), multipolar and bridge (B2), break (B1) and stickiness (B3), stickiness (C1, C2), c-mitosis (D1), stickiness 
(D2) and break (D3), stickiness (E1, E4) and multipolar (E2, E3), micro-nucleus (F1), c-mitosis (G1), stickiness (H1, H2). After 12 h and 24 
h of treatment. scale bar = 0.5 μm.

Figure 5. Photomicrographs showing different CAs induced by different concentrations of T. terrestris in V. faba root tip cells: stickiness 
(A1) and vagrant (A2), stickiness (B1, B2), multipolar (C1) and multipolar with break (C2), stickiness (D1) and vagrant (D2), multipolar 
with bridge (E1), break (F1, F2, F3), c-mitosis (G1) and stickiness (G2, G3), micro-nicleus (H1). After 12 h and 24 h of treatment. scale bar 
= 0.5 μm.
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the results obtained on root growth and structure are in 
agreement with the results of Basu and Tripura (2021) 
on Cascabela thevetia who found a decrease in root 
growth, turgescence, and color change in A. cepa and V. 
faba treated with a high concentration of Cascabela the-
vetia extract. Similar results were approved by the stud-
ies of Issa et al. (2020) on the roots of Avena fatua and 
Echinochloa crus-galli exposed to a high concentration 
of Vitex negundo. According to Wierzbicka (1988), root 
growth is directly related to the enzymatic activity and 
cell elongation of the meristematic zone. This activity 
promotes cell elongation and membrane release during 
cell differentiation (Silveira et al. 2017). Thus, the slow-
ing of root growth may be due to the inhibitory effect of 
T. terrestris on the enzymatic activity that promotes the 
elongation of the meristematic region. 

The mitotic index (MI) is an indicator to determine 
the cytotoxicity induced by toxic substances (Leme and 
Marin-Morales 2009). The MI is also used to measure 
the portion of dividing and arrested cells during the 
cell cycle (Rojas et al. 1993). In this study, the decrease 
in MI after 12 h and 24 h of treatment with T. ter-
restris suggested the significant cytotoxic effect of this 
plant. Furthermore, our results indicate that T. terrestris 
inhibits cell division in A. cepa and V. faba, significant-
ly reducing MI at high concentrations. The cytotoxic 
and genotoxic effects of plants are evaluated by sev-
eral studies, including Vitex negundo (Issa et al. 2020), 
Citrus aurantiifolia (Fagodia et al. 2017) and Plantago 
major (Ždralović et al. 2019). However, research inves-
tigating the genotoxicity of T. terrestris on meristematic 
cells is scarce. 

The current study showed a correlation between the 
increase in T. terrestris concentration and the reduction 
of MI. According to the results of Qari and El-Assouli 
(2019), the aqueous extract of T. terrestris fruit can 
inhibit the proliferation of human lymphocytes in cul-
ture. This decrease in IM could be caused by the arrest 
of mitotic phases or by decelerating the cytokinesis pro-
cess (Kundu and Ray 2017). However, our results suggest 
that this inhibition is caused by the genotoxic effects of 
one or more components of the T. terrestris extract that 
can damage DNA strands in a specific way (Qari and El-
Assouli 2019). In addition, Kundu and Ray (2017) found 
that T. terrestris fruit extract can inhibit cell division 
due to a DNA defect, suggesting that it could be used 
as an anticancer agent based on its ability to inhibit cell 
proliferation, its safety on the DNA molecule at lower 
doses, and its antioxidant component.

Different types of chromosomal aberrations (CAs) 
were observed at all concentrations applied. There is a 
significant increase in CAs (%) from the concentration 

of 0.025 mg/mL. It also produced aberrant chromosome 
segregation and caused the formation of various anoma-
lies such as multipolar, chromosome bridge, stickiness, 
vagrant, c-mitosis and micro-nucleus. Similar results 
were obtained by Anita Sharma et al. (2019) in A. cepa 
root cells treated with H. suaveolens extract. Further-
more, Sabeen et al. (2020) reported that CAs are pro-
duced by proteolysis and by blocking DNA synthesis. 
Data analysis showed that multipolar anaphases were 
the most common CAs. Khallef et al. (2019) suggests 
that mitotic spindle instabilities may produce anaphase 
multipolarity. In addition, Sabeen et al. (2020) suggests 
that CAs, like chromosomal breaks and bridges, indicate 
clastogenic activity. However, stickiness, which causes 
cell death, may be caused by excess chromosomal con-
densation or inappropriate nucleoprotein biosynthesis 
(Sabeen et al. 2020). According to Mercykutty and Ste-
phen (1980), stickiness may be caused by the depolym-
erization of DNA, the partial dissolution of nucleopro-
teins, the breakage and exchanges of the basic folded fib-
er units of chromatids, and the stripping of the protein 
covering of DNA in chromosomes.

This study typically found chromosome break for-
mation and stickiness. Kuchy et al. (2015) suggests that 
chromosomal condensation or excessive nucleoprotein 
production can form stickiness. Another notable abnor-
mality was the chromosomal vagrant. Due to spindle 
abnormality, vagrant chromosomes are induced, result-
ing in the dissociation of an unequal distribution of 
chromosomes in the daughter nuclei and the generation 
of daughter cells with abnormally small or sized nuclei 
during interphase (El-Ghamery et al. 2003). C-mitosis 
and micro-nucleus were rare in our results and their 
presence may be due to the spindle apparatus’ incapac-
ity to arrange and function appropriately (Rosculete et 
al. 2019).

T. terrestris has been traditionally used for medici-
nal purposes throughout history, addressing various 
health issues such as impotence, rheumatism, edema, 
hypertension, and kidney stones (Chhatre et al. 2014). 
Pharmacological studies conducted on T. terrestris 
have demonstrated its aphrodisiac, analgesic, antibi-
otic, antihyperglycemic, antihyperlipidemic, larvicidal, 
repellent, antioxidant, cytotoxic, immunomodulatory, 
hypolipidemic, anticancer, antibacterial, and antifun-
gal properties (Chhatre et al., 2014). Furthermore, in 
order to ensure safe therapy, it is important to test the 
cytogenotoxicity of T. terrestris. Our current study on 
the cytogenetic impact of T. terrestris revealed cyto-
toxic and genotoxic effects depending on the concentra-
tions applied and the duration of treatment. It observed 
that signs of toxicity appeared from a concentration of 
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0.05 mg/mL, resulting in a significant reduction in the 
mitotic index and a significant increase in chromosomal 
aberrations, as well as a change in the shape and colour 
of the roots of A. cepa and V. faba, indicating necrosis. 
Our results underline the interest in using T. terrestris 
as an effective medicinal plant for various diseases, but 
its use must respect appropriate therapeutic doses and 
not be anarchic.

CONCLUSION

This study is the first to investigate the cytotoxic 
and genotoxic effects of T. terrestris on meristematic 
cells of A. cepa and V. faba. Decreased root growth with 
decreased mitotic index and increased chromosomal 
abnormalities resulting from treatment with T. terrestris 
are signs of cytotoxicity and genotoxicity. Therefore, this 
plant should be used with caution in traditional medi-
cine.
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in Turkey. In genus Gundelia, the chromosomal data were reported from 12 species. 
In the present study, it is aimed to eliminate the deficiencies in the knowledge about 
chromosomal data of Gundelia species. In Genus Gundelia, only a single chromosome 
number had been detected as 2n=18 so far. The chromosome numbers of four species 
were reported here for the first time: G. armeniaca, G. cappadocica, G. siirtica, and G. 
tehranica. In addition, the polyploidy in the genus was rare and G. anatolica was iden-
tified as the first polyploid species. All karyotypes except G. tehranica were symmetri-
cal, consisting of metacentric and submetacentric chromosomes. Secondary constric-
tions were observed in the distal regions of the long arms of the longest metacentric 
and submetacentric chromosomes. Thus, the chromosomal data of all Turkish Gunde-
lia species were completed. In conclusion, the present study presented new data into 
the karyological records relating the karyotype evolution and interspecific relations of 
genus Gundelia.

Keywords: Gundelia, karyology, polyploidy, dysploidy, Anatolia.

https://doi.org/10.36253/caryologia-2103
https://doi.org/10.36253/caryologia-2103
https://orcid.org/0000-0002-5484-0676
https://orcid.org/0000-0002-3913-954X
https://orcid.org/0000-0002-4509-4712
https://orcid.org/0000-0001-7477-0225
https://orcid.org/0000-0003-3980-7648
https://orcid.org/0000-0002-5972-5191
https://orcid.org/0000-0003-0000-248X
https://orcid.org/0000-0003-2653-0563
https://orcid.org/0000-0001-7958-1917
https://orcid.org/0000-0002-8977-1754


88 Esra Martin et al.

INTRODUCTION

Gundelia was first collected by Leonhard Rauwolf 
during his travel to the Levant between 1573 and 1575 
for his herbal medicine and botanical collections. Rau-
wolf and some have confused it with Dioscorides’ Sly-
bum, which today is considered to be Silybum marianum 
(L.) Gaertn. (Asteraceae). Based on Rauwolf ’s description 
and the similarity of the synflorescens of several Eryn-
gium L. (Apiaceae) species, Morison recommended the 
name - Eryngium Surgerycum foliis Chamaeleontis lon-
gis & spinosis - at 17th century (Hind 2013). Linnaeus 
described G. tournefortii in 1753, after which many 
authors accepted Gundelia tournefortii monospecifi-
cally and the described taxa thereafter synonymous of it 
(Linnaeus 1753; Komarov 1961; Kupicha 1975; Feinbrun 
Dothan 1978; Meikle 1985; Rechinger 1989). The genus 
is currently represented with 18 species, of which 16 (12 
endemic) are in Turkey (Vitek et al. 2010, 2014, 2017; 
Nersesyan 2014; Armağan 2016; Fırat 2016, 2017a, 2017b, 
2017c; Vitek and Noroozii 2017; Vitek 2018; Vitek and 
Armağan 2023).

Due to the monotypic genus of Gundelia, not many 
investigations have been studied with molecular tech-
niques. In the first studies, the phylogenetic position of 
the genus Gundelia in the family was determined (Karis 

et al. 2001, Funk et al. 2004, Panero and Croizer 2016). 
According to Panero and Croizer (2016), the genus is a 
member of the subfamily Cichorioideae. After the new 
species started to be published, whether the species were 
phylogenetically supported became a matter of curios-
ity. Firstly, with limited species and samples, Vitek et 
al. (2010) and Tarıkahya-Hacıoğlu and Fırat (2017) were 
studied using the internal transcribed spacer marker. 
Finally, in 2021, an updated and expanded phylogeny 
based on DNA sequences of both ITS and ndhF genes 
was published by Ateş et al. (2021).

Gundelia genus has special inflorescence different 
from other genus in the Asteraceae family. The synflore-
scens of Gundelia as a whole in inflorescence is a com-
position of partial synflorescens (disseminules) in the 
axils of bracts. These partial synflorescens (disseminules) 
consist of 3-9 flowers and this number is an important 
characteristic structure for each species (Classen-Bock-
hoff et al. 1989).

Gundelia grows in the semi-humid to dry meadows, 
mountain (steppe) meadows, dry slope areas. The evi-
dence showed that the center of diversity of Gundelia is 
Turkey, even if the genus is distributed in the area from 
Armenia to Egypt and from Turkey to Afghanistan (Fig-
ure 1). Gundelia is present everywhere in Turkey except 
the Black Sea, Marmara and coastal Aegean regions. The 

Figure 1. The distribution map of genus Gundelia.



89New chromosomal data, karyotype asymmetry and polyploid variations of some Gundelia species from Turkey

geographical boundaries play a decisive role in their dis-
tribution (Karis et al. 2001; Vitek 2018).

The species belonging to the genus Gundelia are 
called “Kenger” in Turkish, “Akub” in Arabic and 
“Kuub” in Persian, and there are some local dialectical 
differences. Young shoots are used as vegetables in dish-
es and pickles. The latex obtained from the cut shoots is 
dried and used as gum. Roasted fruits are consumed like 
coffee. It is also used as animal food in some regions.

Cytotaxonomy, one of the sub-branches of taxon-
omy, uses karyological parameters in the classification 
of organisms. In this context, chromosomal configura-
tions are used to understand the relationships between 
species and based on the assumption that “closely relat-
ed species show similar chromosomal configurations”. 
Thus, karyotype evolution or interspecies relationships 
can be reconstructed by exploiting karyological simi-
larities or variations. The chromosome number, chromo-
some structure and chromosomal behaviors stand out 
as important parameters of cytotaxonomy, and espe-
cially basic chromosome number (x), diploid chromo-
some number (2n) and karyotype asymmetry are the 
most preferred parameters (Eroğlu et al. 2020; Martin et 
al. 2020; Eroğlu et al. 2021; Kavcı et al. 2022). In genus 
Gundelia, the chromosomal data were reported from 12 
species. All species were represented by only one base 
number (x = 9) and there were no reports of polyploidy 
(Al-Taey and Hossain 1984; Genç and Fırat 2019).

In Turkish species of Gundelia, the chromosomal 
data were reported from 12 species, which were G. ana-
tolica, G. asperrima, G. cilicica, G. colemerikensis, G. 
dersim, G. glabra, G. komagenensis, G. mesopotamica, 
G. munzuriensis, G. rosea, G. tournefortii, and G. vitekii 
(Al-Taey and Hossain 1984; Genç and Fırat 2019). There 
was no record of the chromosome number of four spe-
cies, which were G. armeniaca, G. cappadocica, G. siir-
tica, and G. tehranica. Due to the lack of some chromo-
some reports from Turkey, where there are many species 
of the genus, some cytotaxonomic knowledge is lacking. 
In this study, it is aimed to complete the missing chro-
mosomal data in Turkish Gundelia species.

MATERIALS AND METHODS

Plant material

Within the scope of this study, sixteen Gundelia 
taxa distributed in different localities of Turkey were 
evaluated karyologically. The evaluated samples were 
collected from natural habitats by Dr. Metin Armağan et 
al. Table 1 represents the collection information and dis-
tribution regions. Turkish Gundelia species whose chro-

mosomal data were reported in previous studies were 
collected from different localities to investigate chromo-
somal variations.

Chromosome preparation

The plant seeds were germinated between 
moist Whatman papers and pretreated by α-mono-
bromonaphthalene at 4°C for 16 h. Then, root tips were 
fixed by fixative solution (3 absolute alcohol and 1 gla-
cial acetic acid - v:v) at 4°C for 24 h. The fixed root tips 
were stored in ethanol (70%) at 4°C. Then, root tips were 
hydrolyzed in 1 N hydrochloric acid at room tempera-
ture for 10 min and stained in aceto-orcein (2%). Then, 
squash preparations were prepared by acetic acid (45%). 
The preparations were frozen in liquid nitrogen, dried at 
room temperature, and stabilized with Depex medium 
(Eroğlu et al. 2020; Martin et al. 2020; Eroğlu et al. 2021; 
Kavcı et al. 2022).

Karyotype analysis

Well-spread ten metaphase plates were used to 
detect for the chromosome numbers of all species. 
Detailed chromosomal measurements of four species 
whose chromosome number was investigated for the 
first time were made by Karyotype software. The fol-
lowing parameters and formulae were used to chromo-
some characterizations karyotype analysis: short arm 
length of chromosome (p), long arm length of chromo-
some (q), total chromosome length (p + q), total hap-
loid length (THL), mean haploid length (MHL), relative 
length (RL) = [(p + q) / THL] × 100, and centromeric 
index (CI) = [(p) / (p + q)] × 100. The karyotype formu-
lae were detected based on centromere position (Levan 
et al. 1964) and the monoploid ideograms were drawn.

The following formulae were used to determine the 
intrachromosomal asymmetry (MCA) and interchromo-
somal asymmetry (CVCL): MCA = [mean (qt − pt) / (qt 
+ pt)] × 100; qt, total length of long arms and pt, total 
length of short arms (Peruzzi and Eroğlu 2013). CVCL = 
(SCL / XCL) × 100; SCL, standard deviation in a chromo-
some set and XCL, mean chromosome length in a chro-
mosome set (Paszko 2006).

RESULTS

Chromosome records of 16 species are herein pro-
vided (Figure 2), four of which are reported for the first 
time (G. armeniaca, G. cappadocica, G. siirtica, and G. 
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tehranica), one presents polyploidy for the first time (G. 
anatolica), and twelve agree previous reports. Table 2 
shows the chromosome numbers of present and previous 
reports. Except for polyploidy (Figure 3), the only one 
chromosome number detected was 2n = 18.

Detailed chromosomal data and monoploid ideo-
grams of the four species, whose chromosome numbers 
were reported for the first time were given in Table 3 
and Figure 4. The smallest chromosome length among 
the species was 3.94 μm, in G. siirtica. The largest chro-
mosome length was detected in G. tehranica, with 8.65 
μm. The smallest total haploid length was 44.37 μm, in 
G. siirtica, and the highest value was 51.71 μm, in G. 
armeniaca and G. cappadocia.

Genus Gundelia was a monobasic genus by x = 9 
with ploidy levels of 2x and 4x. Fifteen species were 
diploid with 2n = 2x = 18. G. anatolica was diploid and 
polyploid, which revealed only one polyploidy level of 
tetraploidy (2n = 4x = 36).

All species except G. tehranica had median (m) and 
submedian (sm) chromosomes, but not subtelocentric (st) 
and telocentric (t) chromosomes. Two different karyotype 
formulae were observed, which were 14m + 4sm and 12m 
+ 2sm + 2st. Secondary constrictions were observed in 
the distal regions of the long arms of the longest meta-
centric and submetacentric chromosomes (Figure 4).

In intrachromosomal asymmetry, MCA value ranged 
from 9.98 (G. siirtica) to 10.63 (G. tehranica), which 
referred to symmetric karyotypes. In interchromosomal 
asymmetry, CVCL value ranged from 13.82 (G. armeni-
aca) to 23.75 (G. tehranica), which referred to karyotype 
heterogeneity (Table 3). 

DISCUSSION

Only one chromosome number excluding polyploidy 
was detected as 2n = 18, which was the only diploid 

Table 1. Collection information and voucher specimens of Gundelia taxa. 

Species (alphabetically) Locality Voucher

G. anatolica  Fırat Konya: Karapınar, S of Meke Crater Lake, 1080 m, volcanic dune (steppe), 
37 40 22.3 N 33 38 32.4 E, 16 May 2016 M.Armağan 6734

G. armeniaca Nersesian Muş: Karabey, 1400 m, steppe, 38 55 50.2 N 41 10 40.0 E, 01 June 2015 M.Armağan 6552

G. asperrima (Trautv.) Fırat Bingöl: between Elazığ and Bingöl, Kuruca Pass, 1720 m, meadows, 38 57 
22,0 N 40 14 50,6 E, 21 June 2017 M.Armağan 7544

G. cappadocica Fırat Nevşehir: Avanos, Bozca, 1070 m, steppe (on calcareous soils), 38 46 06.2 N 
34 59 56.9 E, 30 May 2021 O.Tugay 18.345

G. cilicica Fırat Mersin: Erdemli, Tozlu, 1565 m, on degraded fields of Juniperus sp. forest 
(steppe), 36 49 14.4 N 34 08 42.1 E, 25 June 2020

M.Armağan Obs-MTN55, 
O.Tugay, E.Karahisar

G. colemerikensis Fırat Van: Başkale, between Kovalıpınar and Ömerabat, 1960 m, dry slopes, 37 49 
35.8 N 44 04 20.0 E, 24 June 2020 M.Armağan 8335

G. dersim Vitek, Yüce & 
Ergin

Tunceli: Ovacık,  Adaköy, 1285 m, meadows, 39 20 45.2 N 39 06 53.6 E, 29 
May 2020

M.Armağan 8308, M.Özel, 
R.Karapınar

G. glabra Mill. Elazığ: Yukarıbağ, 856 m, steppe, 38 38 01.8 N 39 34 54.6 E, 28 May 2020 M.Armağan 8306

G. komagenensis Fırat Malatya: Battalgazi, NE of Beydağı, 1080 m, 38 18 10.0 N 38 27 23.6 E, 18 
July 2020

M.Armağan Obs-MTN58, 
O.Tugay, E.Karahisar

G. mesopotamica Fırat Mardin: Artuklu, Avcılar, 715 m, steppe on limestone bedrock, 37 17 53.8 N 
40 42 12.9 E, 26 May 2020 M.Armağan 8293

G. munzuriensis Vitek, Yüce 
& Ergin

Tunceli: Ovacık, above Gözeler, Munzur Mountains, 2500 m, mountain 
steppe, 39 26 35,9 N 39 14 22,4 E, 15 July 2020

M.Armağan 8358, M.Özel, 
R.Karapınar, K.Es.

G. rosea M.Hossain & 
Al-Taey

Şırnak: Uludere, Güzelyazı, Hakkari-Şırnak roadside, 1380 m, dry slopes, 37 
22 28.3 N 42 59 47.6 E, 23 June 2020 M.Armağan 8328, O.Tugay

G. siirtica Fırat Siirt: Kurtalan, Erdurağı, mountain (steppe) meadows, 926 m, 37 53 59.1 N 
41 35 32.2 E, 30 July 2020 M.Armağan 8300

G. tehranica Vitek & 
Noroozi

Şırnak: Silopi, Dedeler740 m, dry slopes, 37 19 18.5 N 42 25 32.8 E, 23 June 
2020 M.Armağan 8325, O.Tugay

G. tournefortii L. Karaman: Ermenek, Aşağıakın, 1110 m, steppe, 36 53 47.8 N 33 01 06.2 E, 
22 August 2020 O.Tugay 17786, E.Karahisar

G. vitekii Armağan Tunceli: Ovacık, Şahverdi, Mercan Valley, 1623 m, steppe, 39 27 10.8 N 39 
23 51.9 E, 14 July 2020

M.Armağan 8309, M.Özel, 
R.Karapınar, K.Es.
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number ever reported in the genus. The chromosome 
numbers of four species were reported here for the first 
time: G. armeniaca, G. cappadocica, G. siirtica, and G. 
tehranica. The chromosome numbers were the same as 
in previous reports in 12 species, which were G. anatoli-
ca, G. asperrima, G. cilicica, G. colemerikensis, G. dersim, 
G. glabra, G. komagenensis, G. mesopotamica, G. munzu-

riensis, G. rosea, G. tournefortii, and G. vitekii (Al-Taey 
and Hossain 1984; Genç and Fırat 2019).

A basic chromosome number of x = 9 dominates in 
genus Gundelia and the genus is monobasic. The absence 
of basic number variations in genus Gundelia indicat-
ed that the mechanism of dysploidy probably did not 
occur in the karyotype evolution of the genus. Because 

Figure 2. Somatic metaphase chromosomes of Turkish Gundelia species. (a) G. armeniaca; (b) G. cappadocica; (c) G. siirtica; (d) G. teh-
ranica; (e) G. anatolica; (e) G. asperrima; (e) G. cilicica; (e) G. colemerikensis; (e) G. dersim; (e) G. glabra; (e) G. komagenensis; (e) G. meso-
potamica; (e) G. munzuriensis; (e) G. rosea; (e) G. tournefortii; and (e) G. vitekii.
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dysploidy causes basic number variations by fusion of 
metacentric chromosomes or reciprocal translocations 
(Eroğlu et al. 2020; Martin et al. 2022). In addition, the 
polyploidy in the genus was rare and G. anatolica was 
identified as the first polyploid species.

Fifteen species had metacentric and submetacentric 
chromosomes and only one species had subtelocentric 

chromosomes, whereas no telocentric (t) chromosomes 
were observed. Two different karyotype samples were 
observed, which were m-sm and m-sm-st including sec-
ondary constrictions. Thus, five chromosome types were 
determined according to the positions of the primary 
and secondary constrictions: (i) metacentric (ii) meta-
centric with secondary constriction in the distal region 

Figure 3. The polyploidy of Gundelia anatolica.

Table 2. The chromosome numbers of Turkish Gundelia in present and previous studies. All species were studied in this study. Turkish 
Gundelia species whose chromosomal data were reported in previous studies were collected from different localities to investigate chromo-
somal variations. 

Species 
(alphabetically)

Previous results
x = basic number, 
2n (ploidy level)

References
Presents results

x = basic number, 
2n (ploidy level)

Observation

G. anatolica x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid)
x = 9, 2n = 36 (polyploid)

Equal count
First report

G. armeniaca x = 9, 2n = 18 (diploid) First report
G. asperrima x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. cappadocica x = 9, 2n = 18 (diploid) First report
G. cilicica x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. colemerikensis x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. dersim x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. glabra x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. komagenensis x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. mesopotamica x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
G. munzuriensis x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count

G. rosea x = 9, 2n = 18 (diploid) Al-Taey and Hossain 1984
Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count

G. siirtica x = 9, 2n = 18 (diploid) First report
G. tehranica x = 9, 2n = 18 (diploid) First report

G. tournefortii x = 9, 2n = 18 (diploid) Al-Taey and Hossain 1984
Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count

G. vitekii x = 9, 2n = 18 (diploid) Genç and Fırat 2019 x = 9, 2n = 18 (diploid) Equal count
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Table 3. The detailed chromosomal data and asymmetry indices of species whose chromosome number was reported for the first time (KF: 
karyotype formula, SC: the shortest chromosome length, LC: the longest chromosome length, RL: relative length, CI: centromeric index, 
THL: total haploid length, MHL: mean haploid length, MCA: mean centromeric asymmetry, CVCL: coefficient of variation of chromosome 
length).   

G. armeniaca G. cappadocica G. siirtica G. tehranica

KF 14m + 4sm 14m + 4sm 14m + 4sm 12m + 2sm + 2st
SC (μm) 4.80 4.57 3.94 4.01
LC (μm) 7.10 8.51 6.97 8.65
RL (%) SC–LC 9.28–13.73 8.84–16.46 8.88–15.71 7.92–17.08
CI (min–max) 33.82–49.45 25.46–49.30 32.87–49.43 23.02–49.80
THL 51.71 51.71 44.37 50.65
MHL 5.75 5.75 4.93 5.63
MCA 10.02 10.53 9.98 10.63
CVCL 13.82 22.72 21.30 23.75

Figure 4. The monoploid ideograms of the species whose chromosome number was reported for the first time. (a) G. armeniaca; (b) G. cap-
padocica; (c) G. siirtica; (d) G. tehranica.
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of the long arm, (iii) submetacentric, (iv) submetacen-
tric with secondary constriction in the distal region of 
the long arm, (v) subtelocentric. In twelve Gundelia spe-
cies, Genç and Fırat (2019) reported that the secondary 
constrictions at short or long arms of submetacentric 
chromosomes and in the distal region of long arm of the 
longest metacentric chromosome.

In intrachromosomal asymmetry, all karyotypes 
were symmetric. The most symmetric and asymmetri-
cal karyotypes were the karyotypes of G. siirtica and G. 
tehranica, respectively. In interchromosomal asymme-
try, all karyotypes were symmetric. The most symmetric 
and asymmetrical karyotypes were the karyotypes of G. 
armeniaca and G. tehranica, respectively. Genç and Fırat 
(2019) reported that G. rosea and G. tournefortii had 
the relatively high intrachromosomal asymmetry and 
low intrachromosomal asymmetry, respectively; also, G. 
vitekii and G. anatolica had the high interchromosomal 
and low interchromosomal asymmetry, respectively. 

In the present study, it was recorded only one chro-
mosome number (2n = 18) excluding polyploidy (2n = 
36), the first report for diploid numbers of four species, 
the first report of polyploidy for the genus, and the same 
chromosome count with previous report in the twelve 
species. Thus, the chromosomal data of all Turkish Gun-
delia species were completed. In conclusion, the present 
study presented new data into the karyological records 
relating the karyotype evolution and interspecies rela-
tions of genus Gundelia. In addition, the dysploidy and 
polyploidy mechanisms probably did not have an impor-
tant role in the speciation of genus.
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Abstract. Origanum vulgare L. has been proven to be the strongest herbal antiseptic in 
the world, native to the Mediterranean region, but is widely naturalized elsewhere in 
the temperate Northern Hemisphere. This study aimed to estimate the phytotoxic effect 
of three different concentrations of oregano essential oil (O. vulgare) on three selected 
plant species namely, wheat, tomato and mint using biotest germination and effects on 
seedling growth, as well as its toxicological properties using Allium test. Our results 
revealed that oregano essential oil exhibits allelopathic effect on selected species. All 
three tested concentrations of oregano essential oil caused a significant inhibition of 
Allium cepa L. root growth, as well as a reduction in the mitotic index values in A. cepa 
meristem cells. O. vulgare essential oil demonstrated phytotoxic and antiproliferative 
effects. Further research is needed to confirm our results.

Keywords: allelopathy, phytotoxicity, essential oil, Origanum vulgare, toxicological 
effects, Allium test.

INTRODUCTION

The environmental constraints of plant production have sparked many 
interests in alternative weed control and control strategies. In fact, continued 
use of synthetic herbicides can endangered sustainable agricultural produc-
tion, resulting in serious environmental problems such as, increased frequen-
cy of weed resistance to important herbicides and increased environmental 
pollution and health hazards (Owen and Zelaya 2005). The production and 
accumulation of secondary metabolites (allelochemicals), which inhibit and/
or stimulate the germination and development of other plants, is an impor-
tant mechanism in the interaction between plants. Allelopathy offers the 
potential for selective biological weeds through the production and release of 
allelochemicals from leaves, flowers, seeds, stems and roots, living or decom-
posing plant material (Weston 1996). Together with the investigation of the 
herbicidal activity of essential oils on weeds, there are some studies on agri-
cultural plants in order do evaluate their effect on adjacent plants (Ibáñez 
and Blázquez 2020). Under appropriate conditions, allelochemicals can be 
released in quantities that suppress the development of weed seedlings (Wu 
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et al. 2001). Allelopathic inhibition is usually a result of 
the combined action of a group of allelochemicals that 
interfere with several biochemical interactions between 
plants, including those mediated by soil microorgan-
isms. Aromatic plants can play an important role in 
plant-plant interactions and form the primary source of 
potential allelochemicals. Various allelochemicals have 
been identified, including essential oils that inhibit seed 
germination and plant growth (Aliotta et al. 1994). 

Essential oils (EOs) are natural, complex compounds 
characterized by strong odors and formed by aromatic 
plants as products of secondary metabolism, generally 
localized in temperate to warm regions where they rep-
resent an important part of traditional pharmacopoeia. 
They are liquid, volatile, clear and rarely colored, soluble 
in lipids and in organic solvents, have lower density than 
water, can be synthesized by all plant organs, and are 
stored in secretory cells, cavities, ducts, epidermal cells 
or glandular trichomas (Masotti et al. 2003).

O. vulgare belongs to the Lamiaceae family, native 
to Europe, the north of the African continent and most 
of temperate Asia, but the focus of diversity is found in 
the Mediterranean region, predominantly in Türkiye. 
The composition of oregano essential oil varies depend-
ing on environmental conditions, geographical area, 
harvest time and stage of maturity of the plant. Essen-
tial oil from plants in different countries has been evalu-
ated in terms of chemical composition and the main 
components have been identified depending on the area 
of origin. O. vulgare oil contains a large amount of vola-
tile phenylpropanoids, thymol and carvacrol (carvacrol 
(53.2%) and p-cymen (12.7%), which are known to have 
a highly herbicidal effect on germination and growth 
of weed seedlings and cultivated crops (Karalija et al. 
2020; Lombrea et al. 2020). According to the available 
literature, several monoterpenes, such as α and β-pinene, 
limonene, 1-8-cineol, myrcene, camphor, thymol and 
carvacrol inhibit seed germination and the growth of 
primary plant roots, mainly weeds (Singh et al. 2009; De 
Martino et al. 2010). These studies suggest that monoter-
penes, as highly lipophilic compounds, interact with the 
constituents of biological membranes, altering their den-
sities and fluidity. It has been described that the presence 
of monoterpenes increases level of malondialdehyde, 
proline and hydrogen peroxide, which indicates lipid 
peroxidation and induction of oxidative stress (Witzke et 
al. 2010).

Therefore, the present study aimed to assess the 
allelopathic effects of O. vulgare essential oil against 
wheat, tomato and mint, as well as its toxicological prop-
erties in A. cepa root apical meristem. 

MATERIALS AND METHODS

O. vulgare essential oil and chemicals 

For testing herbicidal properties against wheat 
(Triticum aestivum L.), tomato (Lycopersicon esculentum 
Mill.) and mint (Mentha spicata L.) as well as toxicologi-
cal effects on A. cepa, commercially available essential 
oil of O. vulgare (Biohalilovic, B&H) was used. Stock 
solution of O. vulgare essential oil was made using dime-
thyl sulfoxide ≥99% (DMSO) (Sigma-Aldrich, St. Louis, 
MO). The stock solution was diluted with distilled water 
to the final concentrations of essential oil: 0.2 μg/ml, 0.4 
μg/ml and 0.8 μg/ml. 

Seed germination and phytotoxicity bioassay

The allelopathic effect of oregano essential oil (EO) 
on wheat, tomato and mint seeds was carried out by 
cultivating the seeds of these species in the air cham-
ber. In 36 Petri dishes, with two layers of filter paper, 
25 seeds were arranged which were then treated with 5 
ml of oregano EO solution in three different test con-
centrations (0.2 μg/ml, 0.4 μg/ml and 0.8 μg/ml). The 
test was performed in four replications for each tested 
oil concentration. Parallel  with treatments, four control 
replications in the form of distilled water, were also per-
formed. Then, the Petri dishes were closed, sealed with 
parafilm and stored in the air chamber (constant 22°C 
temperature and 16 h photoperiod) for 4 to 7 days. The 
following parameters were determined: germination 
index (Abdul-Baki and Anderson 1973), percentage of 
seed germination (Scott et al. 1984), percentage of inhi-
bition of germination (Cayuela et al. 2007), and phyto-
toxicity (Rusan et al. 2015).

Allium test

For the purposes of the Allium test, healthy onion 
(A. cepa) seed bulbs were placed onto glass specimens 
filled with fresh tap water for 72 hours in the dark at 
room temperature in order to grow. The water was 
renewed every 24 hours. After 72 hours, prior to the 
treatment of the A. cepa bulbs with the test concentra-
tions of O. vulgare essential oil, the length of the roots 
was measured as suggested by Fiskesjö (1985). The roots 
were then treated with three different test concentrations 
of O. vulgare eseential oil (0.2 μg/ml, 0.4 μg/ml and 0.8 
μg/ml) for 24 hours. Simultaneously, a control (untreat-
ed) group was established. For each test concentration 
and control group, series of three bulbs were used. After 
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the exposure period, roots length from the experimen-
tal sets and control was also measured. The roots were 
then excised from each bulb and placed in methanol/
glacial acetic acid (3:1, v/v) fixative for 24 hours at +4°C. 
Afterwards, the roots were hydrolyzed in 1 N HCl for 15 
minutes at room temperature. After hydrolysis, the root 
apical 2 mm were cut and placed onto clean glass slide 
in a drop of 2% acetorcein, and then squashed. For each 
tested concentration of the O. vulgare EO and control 
group, one slide per bulb was prepared and analyzed. 

For cytogenetic analysis, three microscope slides 
were analyzed for each test concentration, as well as for 
the control. In this sence, the mitotic index (MI) values 
were determined, as the measure of cell proliferation. 
The MI was calculated as the quotient between the num-
ber of cells in mitosis (cell division) and the total num-
ber of cells analyzed, scoring 1000 cells per slide (3000 
cells per each test concentration of essential oil and con-
trol group).

Statistical analysis

The obtained results were statistically processed 
using Microsoft Excel 2019 (Microsoft Corporation, Red-
mond, USA) and IBM SPSS Statistics for Windows, ver-
sion 20.0 (Armonk, NY, USA). Mean values and stand-
ard deviations for each of the test concentrations and 
control group for all analyzed parameters, were calculat-
ed. In order to determine significant differences between 
the test substance (O. vulgare EO) and control group for 

all analyzed parameters, one-way ANOVA with post-hoc 
multiple comparison test (LSD) was carried out. The dif-
ferences were considered statistically significant at the 
value of P ≤ 0.05. 

RESULTS 

Allelopathic effects of O. vulgare essential oil

The highest value of the germination index (Table 1) 
was recorded for wheat seeds when treated with the low-
est concentration of oregano EO, but with an increase 
in the tested concentrations, decrease in the germina-
tion index was observed. Contrary, in tomato seeds the 
highest recorded value was in control treatment. Also, 
the highest value of the germination index in mint seeds 
was at the lowest concentration of oregano EO.

EO decreased germination in tomatoes, when the 
highest concentration was applied in comparison with 
control, while in wheat and mint the percentage of ger-
mination increased. Accordingly, the highest percentage 
of germination inhibition was recorded in tomato seeds 
when treated with the highest concentration of oregano 
EO (17.72%). No effects of oregano EO were observed for 
wheat and mint, when treated with the lowest concentra-
tion (0.2 μg/ml) (Table 1). The treatment with the high-
est concentration of oregano EO (0.8 μg/ml) resulted in 
the highest phytotoxicity index (0.56%) in tomato seeds. 

Table 1. Effect of different concentrations of O. vulgare essential oil on the germination index, germination, germination inhibition, phyto-
toxic index of the tested plant species.

Plant 
species

Essential oil 
concentration

(µg/ml)
Index of germination Germination

(%)
Germination inhibition 

(%) Phytotoxic index

T. aestivum 0 94.91±1.52 93.00±3.81 - -
0.2 96.08±11.05 93.00±3.82 0.00 -0.07±0.04
0.4 86.50±2.69*  90.00±2.30* 3.22±0.50* 0.39±0.06
0.8 86.75±4.64*  97.00±2.00* -4.30±0.50* 0.29±0.01

L. esculentum 0 47.21±5.00 79.00±7.57 - -
0.2 39.08±5.97 75.00±8.24 5.06±1.78 0.03±0.03
0.4 39.35±6.96 78.00±14.78 1.26±3.20 0.27±0.02
0.8 25.41±7.13 65.00±6.83 17.72±1.47 0.56±0.01

M. spicata 0   3.20±5.12 45.00±3.82 - -
0.2 12.20±5.38 45.00±8.86 0.00 0.15±0.04
0.4 12.06±6.00 49.00±16.12 -8.89±4.03 0.001±0.006
0.8 11.53±6.01 50.00±5.16 -11.11±1.29 0.18±0.05

The results represent the mean values of four independent replications ± standard deviation.
* Statistically significant differences compared to the control group (P ≤ 0.05).
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Toxicological effects of O. vulgare essential oil

After the Allium test, a significant effect of test 
concentrations of O. vulgare EO on the growth of A. 
cepa roots was observed, as well as on the values of the 
mitotic index (Table 2). All three tested concentrations 
of oregano EO caused a significant inhibition of root 
growth, which was followed by a statistically significant 
decrease in the mitotic index (MI) value, as compared 
to the control group. It is important to hightlight that 
with the increase in the tested concentration of oregano 
EO, an increase in the inhibitory effect on the growth of 
roots was detected. As for the MI, the lowest value of the 
MI was recorded at the concentration of 0.2 μg/ml, while 
at the concentrations of 0.4 μg/ml and 0.8 μg/ml there 
was a slight increase in MI values. However, for all three 
tested concentrations of oregano EO, a statistically sig-
nificant reduction in the value of the MI when compared 
to the control group, was demonstrated.

DISCUSSION

It has been observed that essential oils (EOs) from 
different plant species belonging to the Lamiaceae fam-
ily have allelopathic properties (Verdeguer et al. 2009). 
The allelopathic effects of EOs are associated with the 
essential oil itself, its composition, the concentration 
applied, and the species to which they are applied. It has 
been recorded that oregano oil contains a large amount 
of volatile phenylpropanoids, thymol, linalool as well as 
p-cymene, which are known to have a high herbicidal 
effect on the germination and growth of weed seedlings 
and cultivated crops, as well as carvacrol, which is con-
sidered the main component of oregano oil that has a 
strong inhibitory effect on the growth of the stem, its 
thickness as well as the rate of photosynthesis (Dudai 

et al. 2004; Argyropoulos et al. 2008; Kadoglidou et al. 
2020; Karalija et al. 2020; Lombrea et al. 2020).

Previous studies have shown that monoterpenes 
act on seeds in very low concentrations (Dudai et al. 
2004), and that they possess very powerful inhibitors 
of wheat seed germination (Dragoeva et al. 2014). The 
results of our study demonstrated inhibitory effect of 
O. vulgare. EO at the lowest concentration, but stimu-
lated at the highest concentration on the germination 
of wheat seeds. A similar trend can be noticed for mint, 
opposite to tomato. Argyropoulos et al. (2008) observed 
that oregano EO inhibits germination of tomato seeds 
(88.3%), even when used in the lowest concentration (1 
μl/ml), which is attributed to the higher concentration 
of carvacrol (Ibáñez and Blázquez 2020). Our results 
indicate that the highest percentage of tomato seeds 
inhibition was recorded in treatments with the high-
est concentration of oregano EO (17.72%). Previously 
was reported that monoterpene compounds of EO are 
responsible for germination inhibition (Dudai et al. 
2004), and that oregano essential oil had the strongest 
phytotoxic effect on seed germination and growth of 
tomato seedlings, in comparison with other applied oils 
(Ibáñez and Blázquez 2020).

The phytotoxic effect of O. vulgare EO was signifi-
cant in monocotyledons (T. aestivum and Hordeum vul-
gare), while in dicotyledons the stimulating effect was 
observed (Grulova et al. 2020). Our results revealed that 
O. vulgare essential oil showed different effects on mono-
cotyledons and dicotyledons, respecting their biological 
activity. The lowest value of the phytotoxicity index in T. 
aestivum (-0.07%) was recorded at the lowest concentra-
tion of oregano oil, while the value of the phytotoxicity 
index in L. esculentum increased with an increase in the 
oregano EO concentration. 

The beneficial effect of oregano (O. vulgare L. sub-
sp. hirtum) and green mint (M. spicata L.) on agro-
nomic characteristics (taller plants with thicker stems), 
improvement of physiological characteristics of tomato 
(higher index of chlorophyll content and speed of pho-
tosynthesis), was also observed as an increased yield 
and improved quality characteristics of tomato fruits 
(Kadoglidou et al. 2020). This study revealed that direct 
incorporation of oregano or spearmint plant material 
into the soil can improve tomato resistance to soil-borne 
fungi, soil fertility, and consequently increase yield and 
product quality.

It has been proven that root growth is regulated by 
a cell division in the zone of active meristem and sub-
sequent cell elongation, which represents independent 
events (Shishkova et al. 2007). In fact, the rate of root 
growth is directly affected by the disruption of either of 

Table 2. Results of the roots length increment and mitotic index 
values of A. cepa after treatment with different concentrations of O. 
vulgare essential oil.

Essential oil
concentration
(µg/ml)

Roots length 
increment 

(cm)

Mitotic 
index 
(%)

Control group 0.55±0.05 2.96±0.94
0.2 0.20±0.10* 0.12±0.05*

0.4 0.16±0.15* 0.20±0.10*

0.8 0.13±0.15* 0.23±0.05*

The results represent the mean values ± standard deviation.
* Statistically significant differences compared to the control group 
(P ≤ 0.05).
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these two processes (Obroucheva 2008). Therefore, it is 
reasonable to assume that the decrease in A. cepa root 
growth caused by oregano essential oil (O. vulgare) is a 
consequence of a reduced mitotic index (cell division) in 
A. cepa root apical meristem. 

The results of the present study are supportive to 
the results of a recent study which demonstrated that 
oregano O. vulgare EO led to a decrease in the value of 
the mitotic index (MI) in onion meristem cells (A. cepa) 
(Grondona et al. 2014). Similarly, one study evidenced 
that a significant decrease in Vicia faba L. mitotic activ-
ity caused by oregano oil was more pronounced than 
that caused by rosemary oil. According to cytotoxicity 
limit values, both oils showed subletal cytotoxic effects 
(Hamedo and Abdelmigid 2009). Furthermore, our 
results are consistent with the results of an investiga-
tion in which the antiproliferative potential of ethanol 
extract of oregano on Caco-2 cells of adenocarcinoma 
of the colon, through an increased proapoptotic activ-
ity, was reported (Savini et al. 2009). Begnini et al. (2014) 
observed that EOs from O. vulgare inhibited cell pro-
liferation in breast adenocarcinoma cells (MCF-7) and 
colon adenocarcinoma (HT-29). Similarly, Marrelli et al. 
(2016) showed antiproliferative effect of deer grass essen-
tial oil (O. dictamnus) on the cell line of colon cancer 
(LoVo), as well as on the hepatocarcinoma (HepG2) cell 
line. 

In conclusion, the essential oil of oregano showed 
a phytotoxic effect on selected species. In addition, it 
exhibited antiproliferative effects in A. cepa. Studies like 
this can contribute to a better understanding of the allel-
opathic and toxicological potential of essential oils, but 
further research is needed to evaluate their potential use 
for natural weed control. 
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Abstract. Tetragonopterus is a taxonomically complex genus in Characidae, being cur-
rently represented by nine species according to integrative approaches. One of them, 
T. franciscoensis was recently validated in rivers from northeastern Brazil. Even though 
molecular and morphological data have been collected in Tetragonopterus, the cytoge-
netic analyses in this group are scarce despite of the role of chromosomal variation in 
speciation. Herein, we present the first detailed karyotypic study in T. franciscoensis 
along with a comparative analysis with published cytogenetic data in characin fish. All 
specimens shared 2n=52 distributed in 12 metacentric (m), 12 submetacentric (sm), 
and 28 subtelocentric/acrocentric (st/a) chromosomes for both sexes as well as sin-
gle nucleolus organizer regions on short arms of pair 8 and several GC-rich sites. The 
mapping of telomeric sequences (TTAGGG)n revealed no telomeric interstitial signals. 
While subtle cytogenetic differences were observed between samples from northeastern 
basins in Brazil, corroborating a recent genetic divergence, distinct karyotypes were 
detected in relation to congeneric taxa from other Brazilian regions. Therefore, the ori-
gin of large biarmed pairs in species with low 2n values should be related to occur-
rence of centric fusions. 

Keywords: Characidae, Characins, cytotaxonomy, neotropical fish, Tetragonopterinae.

INTRODUCTION

The genus Tetragonopterus (Characidae) was proposed by Cuvier (1816) 
to describe the species T. argenteus based on a unique specimen from South 
America. In the second half of the 19th century, Günther (1864) added 32 
new species to this taxon and proposed the subfamily Tetragonopterinae 
which would include most of small characins or tetras (e.g., Astyanax, Hemi-
grammus, Moenkhausia, Psalidodon).

Over the following decades, the group was extensively revised and it 
turned to be one of the most intriguing taxa among Characidae. In a series 
of studies carried out by Carl H. Eigenmann, several species previously allo-
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cated in Tetragonopterus were reassigned to different 
genera, like Bryconamericus, Ctenobrycon, and Deutero-
don (Eigenmann, 1917; Eigenmann, 1918; Eigenmann, 
1921; Eigenmann and Myers, 1929). Later, the number 
of species in Tetragonopterus was reduced to four evo-
lutionary units, comprising T. argenteus, T. chalceus. T. 
gibossus, and T. huberi. On that occasion, the reassign-
ment of T. georgiae and T. rarus to Moenkhausia, for 
example, was justified by the lack of a complete lateral 
line greatly bent downwards at the anterior portion, a 
common feature of Tetragonopterus. Follow-up taxo-
nomic reviews reallocated T. argenteus and T. chalceus as 
the only representatives of this genus (Reis et al., 2003). 
However, this scenario has changed considerably, as 
DNA-based studies provided important insights about 
the taxonomic relationships of Tetragonopterus and oth-
er tetras (Araújo and Lucinda, 2014; Mirande, 2019).  

Accordingly, molecular analysis recognized eight 
previously described species in Tetragonopterus (T. 
anostomus, T. araguaiensis, T. argenteus, T. carvalhoi, 
T. chalceus, T. denticulatos. T. georgiae, and T. rarus) 
and cases of cryptic diversity (Silva et al., 2016). These 
authors revealed that the populations of T. chalceus from 
São Francisco, Paraguaçu, and Itapicuru river basins 
actually encompassed a distinct species, referred to as T. 
fransciscoensis (Silva et al., 2016). In addition, three new 
species were also described (T. jurema, T. kulene, and T. 
ommotus) and new evidence reallocated Moenkhausia 
georgiae back to Tetragonopterus (T. georgiae), as also 
supported by other authors (Silva et al., 2016; Melo et al., 
2016; Terán et al., 2020).

Even though the abovementioned studies were par-
ticularly informative to resolve the taxonomic uncer-
tainties in Tetragonopterus, cytotaxonomic analyses that 
could add new pieces of evidence to this subject remain 
limited to a few reports based on conventional analy-
ses in T. argenteus Cuvier, 1816 and T. chalceus Spix 
& Agassiz, 1829. Both species shared a modal diploid 
number of 2n = 52, a single NOR system and few het-
erochromatin regions, but they diverge in their karyo-
type formulae (Portela et al., 1988; Alberdi and Fenoc-
chio, 1997). Interestingly, populations of T. argenteus 
from Cuiabá River were differentiated by the presence 
of two cytotypes (1 and 2). While the cytotype 1 is rep-
resented by specimens with 2n=50 and a karyotype 
of 14m+4sm+4st+28a, the cytotype 2 presents 2n=52 
distributed into 14m+4sm+4st+30a chromosomes 
(Miyazawa, 2015).

A striking cytogenetic feature commonly reported 
in small characins is the presence of a large first meta-
centric pair when compared to other chromosomes in 
the karyotype (Scheel, 1973). In fact, this metacentric 

pair and a modal number of 2n=50 have been regarded 
as plesiomorphies for this fish group (Morelli et al., 1983; 
Portela-Castro et al.,1998; Tenório et al., 2013), being 
also observed in Bryconidae (Almeida-Toledo et al., 
1996; Mariguela et al., 2010; Yano et al., 2021).

In turn, the highly conserved morphology of small 
characins, including Tetragonopterus (Eigenmann, 1917), 
indicates that species complexes or cryptic species might 
be present, thus hindering reliable estimates of richness 
and endemicity rates in these Neotropical fishes. In this 
context, cytogenetic methods can help reveal such over-
looked diversity, as exemplified by studies in the genus 
Psalidodon (e.g. Bertaco et al., 2006; Ferreira-Neto et 
al., 2012). Therefore, the goal of the present study was to 
report the first detailed cytogenetic characterization of 
T. franscicoensis from an isolated drainage from North-
eastern Brazil to shed some light on the taxonomy and 
species delimitation in Tetragonopterus. In addition, we 
carried out a comprehensive comparative cytogenetic 
analysis in characin species to provide insights about the 
karyoevolutionary trends in the subfamily Tetragonop-
terinae.

MATERIAL AND METHODS

Thirteen individuals of T. franciscoensis Silva, Melo, 
de Oliveira & Benine, 2016 (8 males and 5 females) were 
collected at the Itapicuru-Mirim River (Itapicuru Riv-
er Basin) in the municipality of Tucano, state of Bahia, 
northeastern Brazil (11°12’15.3”S/40°29’15.1”W) (Fig. 1). 
The collection license was granted by the Instituto Chico 
Mendes de Conservação da Biodiversidade (ICMBio/ 
SISBIO n. 26752-2). The procedures and experiments 
were approved by the Committee of Ethics in Experi-
mentation with Animals from the State University of 
Southwestern Bahia (CEUA/UESB 32/2013). 

To stimulate cell division, the fish specimens were 
inoculated with fungal antigens and kept in tanks for 
48 to 72 hours (Lee and Elder, 1980). Afterwards, the 
specimens were euthanized in cold water (Blessing et al., 
2010), and the anterior kidney was removed to obtain 
metaphase cells, according to Netto et al., (2007). The 
cell suspension containing the mitotic chromosomes 
were dropped on glass slides, air dried and stained with 
10% Giemsa in phosphate buffer (pH 6.8).  

The heterochromatin was visualized by C-banding 
technique (Sumner, 1972), and active nucleolar organ-
izer regions (Ag-NOR) were detected by silver staining 
(Howell and Black, 1980). Sequential staining with the 
base-specific fluorochromes Chromomycin  A3  (CMA3) 
and 4’-6-diamino-2-fenilindole (DAPI) to detect GC- 
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and AT-rich regions, respectively, were carried out 
according to Schmid (1980). 

The physical mapping of telomers was performed 
based on f luorescence in situ hybridization (FISH) 
according to Pinkel et al. (1986) under high stringen-
cy (77%) conditions to evaluate the putative presence 
of internal telomere sequences (ITS) that could reveal 
structural rearrangements. The telomere (TTAGGG)
n probes were obtained via PCR without template DNA 
(Ijdo et al., 1991). The probes were labeled with digoxi-
genin-11-dUTP and detected with anti-digoxigenin-
Rhodamine conjugate, according to the manufacturer’s 
instructions (Roche). The chromosomes were counter-
stained with DAPI and the slides were mounted in a 
Vectashield medium.

A mean number of 10 metaphase spreads per speci-
men were analyzed using an epif luorescence micro-
scope (Olympus BX-51) attached to a digital camera and 
equipped with the software Image-Pro Plus® v. 6.2 for 
photo documentation. The chromosomes were measured 
using the software Easy Idio 1.0 (Diniz and Melo, 2006). 
Then, they were classified according to their arm ratio 
(Levan et al. 1964), and the chromosomal pairs were sys-
tematically organized into karyotypes in decreasing size 
order within each morphological category. 

RESULTS

A modal diploid number of 2n = 52 was observed in 
all specimens of T. franciscoensis, while the karyotype 
was invariably organized into 12 metacentric (m), 12 
submetacentric (sm), and 28 subtelocentric/acrocentric 
(st/a) chromosomes (Figure 2a). No heteromorphic sex 
chromosomes were detected. 

The silver staining revealed a single NOR-bearing 
pair (8) with heteromorphic ribosomal cistrons at inter-
stitial regions on short arms. On the other hand, the 
C-banding revealed few heterochromatin blocks restrict-
ed to centromeres (Figure 2b). The GC-rich sites (CMA3

+/ 
DAPI-) were coincident with Ag-NORs on pair 8 (Figure 
3). Furthermore, additional CMA3 signals were observed 
in, at least, three other chromosomal pairs (Figure 3). 
The mapping of (TTAGGG)n sequences by FISH revealed 
conspicuous signals on telomeres of all chromosomes and 
no internal telomere sequences (ITS) (Figure 4). 

DISCUSSION

The karyotype macrostructure of T. franciscoensis 
(2n=52 and a karyotype formula of 12m+12sm+28st/a) 

Figure 1. Map of Brazil highlighting the state of Bahia (a) and the collection site in Itapicuru-Mirim River (b) of T. franciscoensis (c).
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is similar to that reported in populations of T. chalce-
us (=T. franscicoensis sensu Silva et al., 2016) from São 
Francisco River (26m/sm+26st/a) (Portela et al., 1988). 
The only difference refers to the presence of an addi-
tional subtelocentric/acrocentric pair in specimens from 
Itapicuru-Mirim (present study). This result suggests 
a genetic divergence among these lineages from each 
hydrographic system driven by pericentric inversions 
in a chromosome pair.  Nevertheless, artifactual effects 
could also account for these such as distinct levels of 
chromosome condensation or the criteria for determin-
ing the chromosomal morphology between authors. 

On the other hand, remarkable macrostructural 
differences are observed when the cytogenetic data in 
T. franciscoensis from the present study are compared 

to those reported in closely related species, such as T. 
argenteus from Paraná (16m/sm+2st+34a), Paraguay 
(14m+4sm+4st+28a), and (De La Plata) river basins 
(Alberdi and Fenocchio, 1997; Miyazawa, 2015). In the 
latter, the specimens presented interindividual variation 
in both number and morphology of chromosomes (2n-
50, 14m+4sm+4st+28a and 2n=52, 16m+4sm+4st+28a) 
(Miyazawa, 2015; Supplementary Table 1). These findings 
indicate that inversions and fusions/fissions are involved 
in the karyoevolution of Tetragonopterus and that cryptic 
species are likely to be present in this group, as common-
ly observed in small characins (Medrado et al., 2018).

Furthermore, T. franciscoensis lacks the typical 
large metacentric pair described in other tetras, a con-
dition putatively associated with the presence of 2n=52 

Figure 2. Giemsa-stained (a) and C-banded (b) karyotypes of T. franciscoensis. The NOR-bearing pair after silver nitrate in shown inbox.

Figure 3. Somatic metaphases after CMA3 (a); DAPI (b); and overlapped CMA3/DAPI (c) staining, showing the GC-rich (CMA3
+/DAPI- 

signals) indicated by arrows.
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(Figure 2a), thus diverging from the pattern observed 
in several genera of Characidae like Astyanax, Psalido-
don, Moenkhausia, and Cheirodon (Tenório et al., 2013; 
Soto et al., 2018; Nascimento et al., 2020). Such differ-
ence reinforces the divergence of T.  franciscoensis and 
congeners in relation to other small characin lineages, 
corroborating their allocation in a distinct subfamily 
(Tetragonopterinae) (Mirande, 2018; Terán et al., 2020). 

In fact, a distinctive first large metacentric pair is 
also found in representatives from other closely related 
and basal families of Characiformes (Supplementary 
Table 1), such as Bryconidae (Almeida-Toledo et al.,  
1996, Mariguela et al., 2010; Silva et al., 2012), indicat-
ing that this is a plesiomorphic condition. Moroever, 
this condition (presence or absence of large metacentric 
pairs) varies remarkably among distinct taxonomic units 
in Characidae. Such variation has been reported even 
within some genera such as Astyanax, Psalidodon, and 
Hyphessobrycon, and within species, like Bryconamericus 
aff. exodon and Bryconamericus aff. iheringii, indicating 
putative species complexes or cryptic diversity (Supple-
mentary Table 1).

On the other hand, the absence of a long metacen-
tric pair appears to be ubiquitous in Odontostilbe, Pia-
bina, Serrapinnus, and Knodus (Supplementary Table 
1). Moreover, according to the present revision, the lack 
of this large metacentric pair is correlated with species 
characterized by 2n=52 (Supplementary Table 1). There-
fore, it is reasonable to hypothesize that independent 
chromosomal fusion events could account for the very 
large size of the first pair of biarmed chromosomes and 
the reduction of diploid numbers (2n < 50) in char-

acins. However, these findings are insufficient to fully 
understand the karyoevolutionary trends in Characidae 
because several genera and species in this family remain 
poorly studied in relation to their cytogenetic traits. 
Therefore, further basic chromosomal studies should be 
carried out to test the role of centric fusions in the kary-
oevolution of small characins and the utility of the larg-
est metacentric pair as a cytotaxonomic marker in tetras.

Similarly, the number and distribution of NORs in 
T. franciscoensis (Figure 2b) resembles that of T. chal-
ceus (Portela et al., 1988) and T. argenteus (Miyazawa, 
2015), following a common trend among characins 
(Medrado et al., 2008). In addition, the presence of 
GC-rich (CMA3

+) sites co-located with NORs are con-
sidered a basal trait for fish and amphibianli (Schmid, 
1980; Tenório et al., 2013; Monteiro et al., 2022). On the 
other hand, the presence of additional GC-rich sites at 
centromeric regions (Figure 3) represent a unique and 
putatively apomorphic condition since AT-rich sites near 
centromeres are more frequently reported in small char-
acins (Sánchez et al., 2021), thus indicating a heteroge-
nous composition of satellite DNAs. These results show 
the importance of detailed chromosomal analyses to 
infer the dynamics of genome organization and the role 
of microarrangements in speciation of tetra fishes. 

The mapping of telomeric sequences on chro-
mosomes of T. franciscoensis (Figure 4) followed the 
expected pattern in vertebrates, revealing positive sig-
nals at terminal portions of chromosomal pairs (Meyne 
et al., 1989; Ferro et al., 2003; Schmid et al., 2006) and 
no evidence of ITS. Nonetheless, this pattern should not 
reject the occurrence of chromosomal rearrangements 
in the analyzed species. Actually, ITS are often lost or 
degenerated in rearranged chromosomes, particularly 
when the chromosomal changes have occurred in ear-
ly stages of differentiation among clades (Meyne et al., 
1990; Bolzan, 2017). 

In general, the present study revealed subtle cytoge-
netic differences in Tetragonopterus from São Francisco 
and Itapicuru River basins in northeastern Brazil, con-
trasting with the distinct karyotypes of congeneric spe-
cies from other Brazilian regions (e.g., T. argenteus). 
These findings provide additional support to the vali-
dation of these populations as T. franciscoensis as pro-
posed by morphological data (Silva et al., 2016). At last, 
the lack of the typical large metacentric pair and the 
predominance of 2n=52 in Tetragonopterus when com-
pared to other small characins reinforced the status of 
Tetragonopterinae as a monophyletic subfamily. In addi-
tion, cytotaxonomic markers were reported for T. fran-
ciscoensis that can be properly used to resolve taxonomic 
uncertainties in Neotropical tetras. 

Figure 4. Metaphase of T. franciscoensis after FISH with (TTAGGG)
n probes, revealing the positive signals (in magenta) on telomeres.
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Table 1. Cytogenetic data of small characins and closely related groups, according to Mirande (2018) and Terán et al. (2020) (the asterisks 
indicate the taxa whose scientific names were updated).

Species 2n Karyotype Locality Distinctive 
large m pair Reference

Family Characidae          
Subfamily Aphyocharacinae          
Prionobrama filigera 52 12m/sm+ 40st/a Not Informed Present Arefjev (1990)

Subfamily Characinae          
Phenacogaster cf. pectinatus 46 12m+2st+32a São Francisco stream - AC Present Carvalho et al. (2002)

Subfamily Cheirondotinae          
Cheirodon australe 52 8m+6sm+4st+33a La Poza Lake - Chile Present Soto et al. (2018)
Cheirodon galusdae 52 6m+6sm+4st+34a Andalién River - Chile Present Soto et al. (2018)
Cheirodon interruptus 52 6m+6sm+4st+34a Marga-Marga River - Chile Present Soto et al. (2018)
Cheirodon kiliani 52 8m+6sm+4st+33a Calle-Calle River - Chile Present Soto et al. (2018)
Cheirodon pisciculus 52 6m+6sm+4st+34a Angostura River - Chile Present Soto et al. (2018)
Odontostilbe pequira 52 14m+20sm+14st+4a Onça stream - MS Absent Nishiyama et al. (2015)
Odontostilbe pequira 52 24m+12sm+12st+4a Cuiabá River - MT Absent Troy et al. (2010)
Serrapinnus calliurus 52 36m+12sm+6st  Bento Gomes River - MT Absent Troy et al. (2010)
Serrapinnus heterodon 52 16m+20sm+14st+2a São Francisco River - MG Absent Peres et al. (2007)
Serrapinnus kriegi 52 24m+18sm+10st Cuiabá River - MT Absent Troy et al. (2010)
Serrapinnus microdon 52 30m+12sm+8st+4a Bento Gomes River - MT Absent Troy et al. (2010)
Serrapinnus piaba 52 16m+20sm +14st+2a São Francisco River- MG Absent Peres et al. (2007)

Subfamily Stethaprioninae          
Astyanax abramis 50 4m+30sm+8st+8a Iguaçu River - PR Present Gavazzoni et al. (2018)

Astyanax altiparanae 50 6m+28sm+4st+12a Pântano Stream and Jordão River - 
PR, Feijão Stream - MG Present Ferreira-Neto et al. (2009)

Astyanax altiparanae 50 6m+28sm+8st+8a Tibagi River - PR Present Domingues et al. (2007)
Astyanax altiparanae 50 6m+30sm+8st+6s Iguaçu River - PR Present Domingues et al. (2007
Astyanax altiparanae 50 16m+24sm+4st+6a Queixada River - PR Present Da Silva et al. (2016)
Astyanax altiparanae 50 16m+20sm+4st+10a Esperança stream - PR Present Da Silva et al. (2016)
Astyanax altiparanae 50 16m+20sm+4st+10a Jacutinga River - PR Present Da Silva et al. (2016)
Astyanax altiparanae 50 6m+28sm+4st+12a Paraná River - PR Present Gavazzoni et al. (2018)
Astyanax asuncionensi 50 18m+22sm+6st+4a Miranda River - MS Present Da Silva et al. (2016)
Astyanax asuncionensis 50 8m+24sm+6st Iguaçu River - PR Present Gavazzoni et al. (2018)
Astyanax aff. bimaculatus 50 4m+14sm+24st+8a Dois de Agosto stream - PA Present Sousa et al. (2023)
Astyanax bimaculatus 50 8m+34sm+2st+6a São Francisco River - PR Present Peres et al. (2012)
Astyanax bimaculatus 50 8m+32sm+2st+8a Grande River - PR Present Peres et al. (2012)
Astyanax bimaculatus 50 8m+33sm+2st+7a Piumhi River - PR Present Peres et al. (2012)
Astyanax bimaculatus 50 8m+31sm+2st+9a Piumhi River - PR Present Peres et al. (2012)
Astyanax bimaculatus 50 8m+30sm+2st+10a Piumhi River - PR Present Peres et al. (2012)
Astyanax bimaculatus 50 10m+18sm+12 st+10a Aguapeí River - SP Present Alberdi and Fenocchio (1997)
Astyanax bimaculatus 50 6m+28sm+8st+8a Caeté River - PA Present Sousa et al. (2023)
Astyanax lacustris 50 10m+24sm+6st+10a Itaipu Lake, Paraná River basin - PR Present Tonello et al. (2022)
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Species 2n Karyotype Locality Distinctive 
large m pair Reference

Astyanax lacustris 50 6m+12sm+14st+18a Pirassununga River - SP Present Goes et al. (2020)
Astyanax jacuhiensis 50 10m+26sm+6st+8a Tramandaí River basin - RS Present Da Silva et al. (2012)
Astyanax jacuhiensis 50 8m+30sm+4st+8a Guaíba Lake - RS Present Pacheco et al. (2010)
Astyanax jacuhiensis 50 8m+28sm+6st+8a Ijuá River - PR Present Gavazzoni et al. (2018)
Astyanax scabripinnis 50 8m+20s+8st+14a Macacos River - PR Present Kavalco and Moreira-Filho (2003)
Astyanax scabripinnis 50 6m+22sm+10st+12a Córrego das Pedras stream - SP Present Mestriner et al. (2000)
Astyanax scabripinnis 50 8m+22sm+12st+6a Mogi-Guaçu River basin - SP Present Pazza et al. (2008)
Astyanax scabripinnis 50 12m+20sm+10st+4a Paranapanema River basin - SP Present Pazza et al. (2008)
Astyanax scabripinnis 50 6m+22sm+10st+12a Córrego das Pedras stream - SP Present Salvador and Moreira-Filho (1992)

Astyanax scabripinnis 50 10m+20sm+8st+12a São Francisco River - PR Present Klassmann and Martins-Santos 
(2017)

Astyanax scabripinnis 48 11m+18sm+9st+10a São Francisco River - PR Present Klassmann and Martins-Santos 
(2017)

Astyanax scabripinnis 48 10m+20sm+8st+10a Ivaí River - PR Present Alves and Martins-Santos (2002)

Astyanax sp. 50 4m+22sm+8st+16a Piraquara, Upper Paraná River 
basin - PR Present Kantek et al. (2008)

Astyanax sp. 50 4m+22sm+8st+16a Bicudo River, Upper Paraná River 
basin - PR Present Kantek et al. (2008)

Astyanax sp. 50 4m+24sm+6st+16a Bicudo River, Upper Paraná River 
basin - PR Present Kantek et al. (2008)

Astyanax sp. 52 22m+26sm+4a Upper Paraná River basin - PR Absent Tenório et al. (2013)
Brachychalcinus retrospina 50 6m+24sm+6st+4a Angelim River - MT Present Krinski and Miyazawa (2012)
Ctenobrycon hauxwellianus 50 10m+6sm+34st São Francisco stream - AC Present Carvalho et al. (2002)
Deuterodon (Astyanax) giton* 50 6m+8sm+8st+28a Paraitinga River - SP Present Kavalco and Moreira-Filho (2003)
Deuterodon (Astyanax) 
intermedius* 50 6m+18sm+12st+10a Paraitinga River - SP Present Kavalco and Moreira-Filho (2003)

Deuterodon (Astyanax) 
janeiroensis* 50 6m+14sm+14st+16a Betari River - SP Present Carvalho et al. (2002)

Deuterodon pedri 50 12m+12sm+20st+6a Santo Antônio - River Present Coutinho-Sanches and Dergam 
(2015)

Deuterodon pedri 50 14m/sm+36st/a Pedri River - SP Present Portela et al. (1988)
Deuterodon stigmaturus 50 8m+6sm+2st+34a Maquiné River - RS Present Mendes et al. (2011)
Gymnocorhimbus ternetzi 50 14m+12sm+6st Paraná River - PR Present Alberdi and Fenocchio (1997)
Hasemania crenuchoides 50 6m+26sm+16st+2a Alto-Tocantins River Present Duarte et al. (2018)

Hasemania marginata 50 12m+18sm 
+10st+10a. Not Informed Present Arefjev (1990)

Hasemania nana 50 8m+42sm São Francisco River basin - MG Present Moreira et al. (2007)
Hemigrammus hyanuary 52 22m/sm+30st/a. Not Informed Present Arefjev (1990)
Hemigrammus marginatus 50 10m+34sm+6a Upper Paraná River basin -PR Present Portela-Castro and Júlio-Jr (2002)
Hollandichthys multifasciatus 50 8m+10sm+32st Iguapé River - SP Present Soares et al. (2021)
Hollandichthys multifasciatus 50 10m+12sm+28st Grande River - SP Present Carvalho et al. (2002)
Hyphessobrycon anisitsi 50 6m+16sm+12st+16a Upper Paraná River - PR Present Centofante et al. (2003)
Hyphessobrycon anisitsi 50 10m+2sm+20st+18a Pirassununga River -SP Present Goes et al. (2020)
Hyphessobrycon anisitsi 50 18m+10sm+6st+16a Tibagí River - PR Present Mendes et al. (2011)
Hyphessobrycon eques 52 10m+20sm+8st+14a Piracicaba River - SP Absent Piscor et al. (2020)
Hyphessobrycon eques 52 14m+16sm+4st+18a Capivara River - SP Absent Martinez et al. (2012)
Hyphessobrycon eques 52 12m+26sm+8st+14a Ribeirão Claro River - SP Absent Piscor and Parise-Maltempi (2015)
Hyphessobrycon flammeus 52 18m/sm+32st+2a. Not informed Present Arefjev (1990)
Hyphessobrycon herbertaxelrodi 52 10m/sm+42st/a. não informado Absent Arefjev (1990)
Hyphessobrycon luetkenii 50 6m + 8sm + 36a Maquiné River - RS Present Mendes et al. (2011)
Hyphessobrycon reticulatus 50 14m+20sm+16st Jequiá River - SP Present Carvalho et al. (2002)
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Hyphessobrycon scholzei 50 8m+20sm+14a Not Informed Present Arefjev (1990)
Hyphessobrycon vinaceus 50 8m+12sm+30a Pardo River - BA Present Nishiyama et al. (2015)
Moenkhausia cosmops 50 14m+30sm+6st Verde River - MT Present Nascimento et al. (2020)
Moenkhausia costae 50 50m/sm São Francisco River – MG Present Portela et al. (1988)
Moenkhausia dichroura 50 22m+22sm+6st Upper Paraná River - Argentina Present Sánchez et al. (2021)
Moenkhausia forestii 50 10m+32sm+8st Sangue River - MT Present Nascimento et al. (2020)
Moenkhausia intermedia 50 16m+28sm+6st Upper Paraná River - Argentina Present Sánchez et al. (2021)
Moenkhausia intermedia 50 50m/sm Lagoa do Mato - SP Present Portela et al. (1988)
Moenkhausia intermedia 50 16m+34sm Paraná River - PR Present Portela-Castro and Júlio-Jr (2002)
Moenkhausia nigromarginata 50 14m+32sm+4a Verde River - MT Present Nascimento et al. (2020)
Moenkhausia oligolepis 50 12m+32sm+6st Xapuri River- AC Present Nascimento et al. (2020)
Moenkhausia sanctaefilomenae 50 6m+23sm+12st Batalha River, Tietê River basin - SP Present Voltolin et al. (2012)
Moenkhausia sanctaefilomenae 50 48m/sm+2a Capivara and Tietê River - SP Present Forestii et al. (1989)
Moenkhausia sanctaefilomenae 50 12m+36sm+2a Paraná River - PR Present Portela-Castro and Júlio-Jr (2002)
Moenkhausia sanctaefilomenae 50 12m+32sm+6st Upper Paraná River - Argentina Present Sánchez et al. (2021)
Moenkhausia sanctaefilomenae 50 48m/sm+2st/a Aguapeí River - Argentina Present Alberdi and Fenocchio (1997)
Nematobrycon palmeri 50 8m/sm+10st+32a Not Informed Present Arefjev (1990)

Nematocharax venustus 50 8m+26sm+14st+2a Contas River - BA/Jequitinhonha 
- MG Present Barreto et al. (2016)

Oligosarcus acutirostris 50 4m+14sm+18st Paraibuna River - ES Present Cunha et al. (2021)

Oligosarcus hepsetus 50 6m+10sm+16+18a Paraitinga and Paraíba do Sul River 
basin -SP Present Kavalco et al. (2005)

Oligosarcus hepsetus 50 2m+16sm+16st+16a Paraíba do Sul River - SP Present Hattori et al. (2007)
Oligosarcus jenynsii 50 2m+24sm+10st+14a Uruguay River - SC Present Hattori et al. (2007)
Oligosarcus longirostris 50 4m+10sm+16st+20a Iguaçu River - PR Present Rupert and Margarido (2007)
Oligosarcus paranensis 50 8m+18sm+10st+14a Tibagi River basin - PR Present Usso et al.  (2018)
Oligosarcus paranensis 50 4m+10sm+16st+20a Piquiri River basin - PR Present Rupert and Margarido (2007)
Oligosarcus pintoi 50 4m+10sm+16st+20a Piquiri River basin - PR Present Rupert and Margarido (2007)
Oligigosarcus pintoi 50 4m+12sm +14st +20a Ivaí River - PR Present Mari-Ribeiro et al. (2022)
Oligosarcus pintoi 50 2m+20sm+12st+16a Mogi-Guaçu River - SP Present Hattori et al. (2007)

Oligosarcus sp. 50 6m+14sm+18st+12a  Velhas River basin - Ouro Preto 
- MG Present De-Barros et al. (2015)

Oligosarcus sp. 50 4m+14sm+20st+12a Doce River basin - MG Present De-Barros et al. (2015)
Orthospinus franciscensis 50 22m+20sm+2st+6a São Francisco River - MG Present Moreira et al. (2007)
Poptella paraguayensis 50 10m+26sm+8st+6a Miranda River - MT Present Freitas and Galetti (1998)

Psalidodon (Astyanax) 
bockmanni* 50 10m+12sm+12st+16a

Paranapanema River basin, São 
Miguel Arcanjo and Pilar do Sul 

- SP
Present Kavalco et al. (2008)

Psalidodon (Astyanax) 
bockmanni* 50 8m+14sm+12st+16a Capivara River, Tietê River basin 

- SP Present Silva et al. (2013)

Psalidodon (Astyanax) 
bockmanni* 50 8m+14sm+14st+14a Água Madalena stream, 

Paranapanema River basin - SP Present Silva et al. (2013)

Psalidodon (Astyanax) 
bockmanni* 50 6m+20sm+8st+16a Iguatemi River basin - MS Present Fernandes et al. (2010)

Psalidodon (Astyanax) aff. 
fasciatus* 50 16m+12sm+6st+16a Tributary of Cabeça River - SP Present Piscor et al. (2017)

Psalidodon (Astyanax) aff. 
fasciatus* 48 10m+20sm+8st+10a Tributary of Ribeirão Claro River 

- SP Present Piscor et al. (2017)

Psalidodon (Astyanax) 
eigenmanniorum* 48 14m+24sm+4st+10a Araguari River Basin - MG Present Torres-Mariano and Morelli (2008)

Psalidodon (Astyanax) 
eigenmanniorum* 48 10m+16sm+10st+12a Laguna dos patos - RS Present Mendes et al. (2011)
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Psalidodon (Astyanax) 
fasciatus* 48 8m+20sm+16st+4a São Francisco River - MG Present Peres et al. (2009)

Psalidodon (Astyanax) aff. 
fasciatus* 50 8m+26sm+6st+10a Afluente do rio Corumbataí - SP Present Piscor et al. (2017)

Psalidodon (Astyanax) aff. 
fasciatus* 48 10m+12sm+12st+14a Pirassununga - SP Present Goes et al. (2020)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+20sm+12st+8a Preto do Costa River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+18sm+14st+8a Mutum River- BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+24sm+10st+6a Oricó River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+28sm+8st+4a Criciúma River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+18sm+16st+6a Gongogi River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+16sm+16st+8a Mineiro River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+16sm+18st+6a Itapicuru River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+24sm+10st+6a Braço River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+22sm+10st+8a Cachoeira River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) aff. 
fasciatus* 48 8m+20sm+16st+4a Contas River - BA Present Medrado et al. (2015)

Psalidodon (Astyanax) 
marionae* 48 4m+24sm+10st+6a Rio claro stream, Paraguai River 

basin - MS Present Piscor et al. (2017)

Psalidodon (Astyanax) 
parabybae* 48 8m+18sm+12st+10a Paraitinga River - SP Present Kavalco and Moreira-Filho (2003)

Psalidodon (Astyanax 
scabripinnis paranae) paranae* 50 4m+34sm+4st+6a Araquá River - SP Present Maistro et al. (1992)

Psalidodon (Astyanax) 
schubarti* 36 10m+10sm+10st+6a Pirassununga -SP Present Goes et al. (2020)

Psalidodon (Astyanax) 
schubarti* 36 14m+14sm/6st+2a Paraná River - PR Present Alberdi and Fenocchio (1997)

Rhoadsia altipinna 50 10m+26+14a Das Bocas River - Equador Present Sanchez-Romero et al. (2015)

Subfamily Stevardiinae          
Bryconamericus aff. exodon 52 16m+12sm+6st+18a Tibagí River - PR Absent Paintner-Marques et al. (2002)
Bryconamericus aff. exodon 52 10m+24sm+6st+12a Tibagí River - PR Absent Paintner-Marques et al. (2002)
Bryconamericus aff. iheringii 52 12m+10sm+16st+14a Três Bocas Stream - PR Absent Da Silva et al. (2014)
Bryconamericus aff. iheringii 52 18m+14sm+10st+10a Três Bocas Stream - PR Absent Da Silva et al. (2014)
Bryconamericus aff. iheringii 52 20m+18sm+4st+10a Três Bocas Stream - PR Absent Da Silva et al. (2014)
Bryconamericus aff. iheringii 52 20m+14sm+12st+6a Três Bocas Stream - PR Absent Da Silva et al. (2014)
Bryconamericus aff. iheringii 52 22m+18sm+8st+4a Três Bocas Stream - PR Absent Da Silva et al. (2014)
Bryconamericus aff. iheringii 52 18m+24sm+6st+4a Três Bocas Stream - PR Absent Da Silva et al. (2014)

Bryconamericus aff. iheringii 52 12m+18sm+8st+ 14a Maringá stream, Paraná River basin 
- PR Absent Capistano et al. (2008)

Bryconamericus aff. iheringii 52 8m+28sm+6st+ 10a Keller River, Paraná River basin - 
PR Absent Capistano et al. (2008)

Bryconamericus aff. iheringii 52 8m+20sm+8st+16a Tatupeba stream, Paraná River 
basin - PR Absent Capistano et al. (2008)

Bryconamericus aff. iheringii 52 10m+16sm+14st+12a Upper Uruguai River basin Present Prestes et al. (2009)
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Bryconamericus aff. iheringii 52 12m+18sm+8st+14a Ocoí River - PR Absent Nishiyama et al. (2015)
Bryconamericus aff. iheringii 52 10m+14sm+18st+10a Corumbataí River - SP Absent Piscor et al. (2013)
Bryconamericus coeruleus 52 14m+20sm+8st+10a Upper Paraná River basin - PR Present Prestes et al. (2009)
Bryconamericus ecai 52 10m+16sm+8st +18a Forquetinha River - RS Absent Santos et al. (2017)
Bryconamericus ecai 52 8m+16sm+14st+14a Forquetinha River - RS Absent Santos et al. (2017)
Bryconamericus ecai 52 10m+16sm+8st+18a Forquetinha River - RS Absent Santos et al. (2017)
Bryconamericus ecai 52 10m+10sm+8st+24a Forquetinha River - RS Absent Dos Santos et al. (2012)
Bryconamericus ecai 52 10m+18sm+8st+16a Forquetinha River - RS Absent Dos Santos et al. (2012)
Bryconamericus ecai 52 14m+14sm+6st+18a Forquetinha River - RS Absent Dos Santos et al. (2012)
Bryconamericus ecai 52 10m+24sm+14st+4a Forquetinha River - RS Absent Dos Santos et al. (2012)
Bryconamericus ecai 52 10m+16sm+14st+12a Upper Uruguai River basin - PR Absent Prestes et al. (2009)
Bryconamericus eigenmanni 52 6m+16sm+16st+14a Upper Uruguai River basin - PR Present Prestes et al. (2009)

Bryconamericus sp. 52 16m+14sm+10st+12a Vermelho stream, Ivaí River basin 
- PR Absent Santos et al. (2017)

Bryconamericus sp. 52 2m+12sm+20st+20a Cambuta River, Ivaí River basin - 
PR Absent Santos et al. (2017)

Bryconamericus sp. A 52 6m+30sm+6st+10a Piracicaba river - SP Absent Wasko and Galetti-Jr (1998)
Bryconamericus sp. B 52 6m+10sm+20st+16a Piracicaba river - SP Absent Wasko and Galetti-Jr (1998)
Bryconamericus sp. C 52 6m+18sm+14st+14a Tibagi River - PR Absent Wasko and Galetti-Jr (1998)
Bryconamericus sp. D 52 8m+14sm+16st+14a Garças River - MT Absent Wasko and Galetti-Jr (1998)
Bryconamericus sp. E 54 10m+16sm+22st+6a Garças River - MT Absent Wasko and Galetti-Jr (1998)
Bryconamericus sp. A 52 6m+30sm+ 6st+10a Piracicaba river - SP Absent Wasko et al. (1996)
Bryconamericus sp. B 52 10m+6sm+18st+18a Piracicaba river - SP Absent Wasko et al. (1996)
Bryconamericus stramineus 52 26m/sm+26st/a Mogi Guaçu River - SP Absent Portela et al. (1988)
Bryconamericus stramineus 52 6m+10sm+16st+20a Iguatemi River basin - MS Absent Fernandes et al. (2010)

Bryconamericus stramineus 52 6m+10sm+16st+20a Guaçu stream, Iguatemi River basin 
- MS Absent Piscor et al. (2013)

Bryconamericus turiuba 52 8m+10sm+14st+20a Passo-Cinco River - SP Absent Piscor et al. (2013)
Glandulocauda melanogenys 52 4m+12sm+22st+14a Paranapiacaba - SP Absent Guimarães et al. (1995)
Knodus cf. chapadae 52 14m+14sm+ 14st+10a Tangará da Serra - MT Absent Krinski et al. (2008)
Markiana nigripinnis 52 8m+22sm+22st/a Miranda River - MT Absent Monteiro et al. (2022)
Mimagoniates laterallis 52 6m+20sm+16st+10a Itanhém - SP Absent Guimarães et al. (1995)

Mimagoniates microlepis 52 12m+18sm+14+8a Iguaçu River basin and Piraquara 
River - PR Absent Torres et al. (2008)

Piabina anhembi 52 8m+10sm+16st+18a Salesópolis - SP Absent Pazian et al. (2012)
Piabina argentea 52 26m/sm+26st/a Mogi Guaçu - SP Absent Pazian et al. (2012)
Piabina argentea 52 8m+14sm+16st+14a São Francisco - MG Absent Pazian et al. (2012)
Piabina argentea 52 4m+22sm+10s+16a Itatinga - SP Absent Pazian et al. (2012)
Piabina argentea 52 8m+18sm+18st+10a Botucatu - SP Absent Pazian et al. (2012)
Piabina argentea 52 4m+24sm+10st+14a Bauru - SP Absent Pazian et al. (2012)
Piabina argentea 52 26m/sm+26st/a Mogi Guaçu River - SP Absent Portela et al. (1988)
Piabina argentea 52 8m+14sm+16st+14a São Francisco River - MG Absent Moreira et al. (2007)
Piabina argentea 52 6m+24sm+12st+10a Iguatemi River - MS Absent Fernandes et al. (2010)

Subfamily Tetragonopterinae          
Tetragonopterus argenteus 52 16m+4sm+4st+28a Cuiabá River - MT Absent Miyazawa (2015)
Tetragonopterus argenteus 52 24m+8sm+4st+16a Bento Gomes River - MT Absent Miyazawa (2015)
Tetragonopterus argenteus 50 14m+4sm+4st+28a Cuiabá River - MT Absent Miyazawa (2015)
Tetragonopterus argenteus 52 16m/sm+2st+34a Paraná River - PR Absent Alberdi and Fenocchio (1997)
Tetragonopterus franciscoensis 52 12m+26sm+14a Itapicuru River - BA Absent Present study
Tetragonopterus franciscoensis 
(chalceus)* 52 13m/sm+13st/a São Francisco River - MG Absent Portela et al. (1988)
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Family Bryconidae          
Brycon amazonicus 50 22m+14sm+14st Orinoco basin -Venezuela Present Mariguela et al. (2010)
Brycon cf. cephalus 50 26m+24sm/st Amazon basin - AM Present Almeida-Toledo et al. (1996)
Brycon cf. reinhardti 50 22m+28sm/st  Paraíba do Sul River - SP Present Almeida-Toledo et al. (1996)
Brycon insignis 50 24m+21sm/st Paraíba do Sul River - SP Present Almeida-Toledo et al. (1996)
Henochilus wheatlandii 50 26m+12sm+12st Santo Antônio River - MG Present Silva et al. (2012)

Family Gasteropelecidae          
Carnegiella strigata 50 Not Informed Manaus - MA Absent Yano et al. (2021)
Gasteropelecus levis 54 Not Informed Manaus - MA Absent Yano et al. (2021)
Thoracocharax stellatus 54 Not Informed Barra do Bugres - MT Absent Yano et al. (2021)

Family Triportheidae          
Agoniates halecinus 52 Not Informed Manaus - AM Absent Yano et al. (2021)
Lignobrycon myersi 52 28m+18sm+6a Almada River - BA Absent Dos-Santos et al. (2016)
Triportheus auritus 52 Not Informed Ponta do Araguaia - MT Absent Yano et al. (2021)
Triportheus nematurus 52 13m+23sm+16st Piracicaba River - SP Absent Diniz et al. (2008)
Triportheus pantanensis 52 Not Informed Paraguay basin Absent Yano et al. (2016)
Triportheus aff. rotundatus 52 Not Informed Paraguay basin Absent Yano et al. (2016)
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