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Karyotypic investigation concerning five
Bromus Species from several populations in Iran
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Abstract. Karyotypes of five taxa (fourteen populations) of the genus Bromus from
different geographic origins is presented: B. scoparius, B. japonicus, B. madritensis, B.
rubens and B. tomentellus. The ploidy levels were different. B. scoparius and B. japonicus were found 2n=2x=14, B. madritensis and B. rubens were found 2n=4x=28 and B.
tomentellus were found 2n=6x=42. Detailed karyotype analysis allows us to group the
different populations and to postulate relationships among them.
Keywords. Bromus, Chromosome, Karyology, Iran.

INTRODUCTION

The genus Bromus L. belongs tribe Bromeae and Poaceae family. The
taxon includes about 160 annual and perennial species (Acedo and Liamas,
2001) distributed all over the world. Bromus species are distributed in temperate regions and are always exist with rangeland species (Verloove, 2012).
It is an important rangeland plant species in Iran, which are placed in 6 sections; Bromus, Genea, Nevskiella, Neobromus, Ceratochla and Pnigma (Bor,
1970) (Table 1). The Genea section is the widest section of the Bromus genus
in terms of geographic distribution (sales, 1994).
Bromus species are known as the species with various intra-specific
ploidy levels and form different ecotypes with various characteristics. Hill
(1965) recorded up to 112 chromosomes for B. erectus. Devesa et al. (1990)
indicates the importance of cytological studies for understanding the evolution of the genus Bromus. Naganowas ka (1993) used genetic distances estimated based on centromeric index and total chromosome length to investigate interrelationships of several species of Bromus. Yang and Dunn (1997)
recorded various levels of polyploidy in B. inermis Leyss. Martinello and
Schifino-Wittmann (2003) studied 14 accessions of Bromus auleticus. Their
accessions were all hexaploid and the high symmetry and homogeneity of the
karyotypes made it difficult to detect possible intraspecific differences.
Massa et al. (2004) proposed a taxonomic treatment within Bromus sect.
Ceratochloa of South America. Their plant materials included 28 hexaploid
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(2n=6x=42) populations and 2 octaploid (2n=8x=56)
populations. Oja and Laarmann (2002) also recorded
different ploidy levels within species of Bromus (2n=14,
28, 42 and 56). Sheidai and Fadaei (2005) studied ten
populations of six Bromus species and the species possess karyotypes varying from 2n = 2x = 14 (diploid) to
2n = 4x = 28 (tetraploid).
Mirzaie-Nodoushan et al. (2006a) investigated karyotypic of some Bromus species in Iran and indicated that
populations of the species were differed in their karyotypic characteristics and ploidy levels of the populations
were varied from 2n=14 to 2n=84. Mirzaie-Nodoushan
et al. (2006b) also reported evolutionary karyotypic
variation in B. tomentellus populations in Iran and
confirmed the existence of high levels of ploidy as well
as existence of dodecaploid karyotypes in the species.
Sadeghian and et al. (2010) studied nine populations
of three Bromus species (B. danthoniae, B. sterilis and
B. tectorum) and reported that all species were diploid
with 2n=2x=14. Artico et al. (2017) also reported that the
chromosomal number of B. Linnaeus was 2n = 6x = 42.
Since the karyological information is the basic
requirement of a breeding program, in this study, 14
populations of Bromus were surveyed for the karyological data as a part of an ongoing work on the populations.
Cytogenetic studies play an important role in determining the relationship between species especially wild
and native plants and as a first step in the analysis of
the phylogeny and evolution of species is relative. Considering that the species studied in different climates of
southwest Iran and Fars province are abundant they are
considered as the main vegetation cover of these areas.

Therefore, to investigate the relationship between species, these species have been used in this study.
MATERIALS AND METHODS

Fourteen populations of five Bromus species: B.
tomentellus (three populations) belong to Pnigma section, B. madritensis (two populations) and B. rubens
(three populations) belong to Genea section and B. scoparius (three population) and B. japonicus (three population) belong to Bromus section were studied (Table 1).
Voucher specimens were deposited in the Herbarium of
Fars Research and Education Center for Agriculture and
Natural Resources and in gene bank RIFR (Research
Institute of Forest and Rangelands) of Iran.
Root tip meristems from seedling obtained by the
germination of ripe seeds collected from natural populations (14 populations, representing 5 species) on wet
filter paper in Petri dishes and left at 22°C temperature.
When they reached 1-1.5 cm in length, rootlets were collected. The material was pretreated in %0.5 saturated
α-Bromo naphthalene at 4°C for 4 h, fixed in %10 formaldehyde and chromium trioxide (1:1 volume ratio)
for 16 to 20 h at 4°C. Then, the roots tips were rinsed for
3 h in distilled water. Hydrolysis was carried out with
NaOH (1 Normal) at 60ºC for 20-30 min (Sadeghian et
al. 2010)) and used hematoxylin-iron for chromosome
staining for 1-2 h. Squashed in a droplet of %45 acetic
acid and lactic acid (10:1) (Wittmann 1965). At least, five
well-spread metaphase plates from different individuals were analyzed per population. The best metaphasical

Table 1. The origin of materials used in chromosome studies of Bromus.
Species (population)

Section

Origin

Altitude

Herbarium code

B. japonicus (16462)
B. japonicus (16525)
B. japonicus (16587)
B. madritensis (3668)

Bromus
Bromus
Bromus
Genea

430 m
-15 m
1216 m
2000 m

16462
16525
16587
3668

B. madritensis (Arjan)

Genea

1300 m

-

B. rubens (15169)
B. rubens (15317)
B. rubens (2125)
B. scoparius (5983)
B. scoparius (5984)
B. scoparius (5985)
B. tomentellus (Bavanat)
B. tomentellus (Simakan)
B. tomentellus (Eghlid)

Genea
Genea
Genea
Bromus
Bromus
Bromus
Pnigma
Pnigma
Pnigma

Golestan, Maraveh tapeh, station
Golestan, Gomayshan, seidabad
Golestan, Tooskasetan
Fars, Shiraz, Dasht-e Arjan
Fars, Shiraz rosd of Dasht-e Arjan to Tang- e Abolhayat, about Kandee
village
Fars, Kazeroon, kotal dokhtar
Fars, Fasa, Mianjangal
Fars, Kazeroon
Gilan, Talesh, subatan yelagh
Gilan, Talesh, khotbesara, lapehkara
Gilan, Masal
Fars, Bavanat, Simakan, Lakposhti range
Fars, Simakan, Lakposhti range
Fars, Eghlid, Dozkord, Pasahlaki

1400 m
1750 m
530 m
1800 m
1800 m
1900 m
2300 m
2350 m
2200 m

15169
15317
2125
5983
5984
5985
-
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plates were selected and measured by Micromeasure 3.3
software (Reeves et al. 2000). In each mitotic metaphase
(at least 5 plates) the arm’s length of each chromosome
was measured.
The following parameters were estimated in each
metaphase plate to characterize the karyotypes numerically: long arm (LA), short arm (SA), total length (TL),
relative length percentage (RL %), arm ratio (AR), centromeric index (CI) (Huziwara, 1962), value of relative
chromatin (VRC). Karyotype asymmetry was estimated
by three different methods namely, total form percentage
(TF %) (Huziwara, 1962); difference of relative length
(DRL), intra-chromosomal asymmetry index (A1) and
inter-chromosomal asymmetry index (A 2). Both indices
(A1 and A 2) (Romero Zarco, 1986) were independent to
chromosome number and size. Also karyotypic evolution has been determined using the symmetry classes
of Stebbins (SC) (Stebbins, 1971). Karyotype formula
was determined by chromosome morphology based
on centromere position according to classification of
Levan (Levan et al. 1964). For each population, karyograms were drawn based on length of chromosome size
(arranged large to small).
In order to determine the variation between populations, one-way unbalanced ANOVA was performed on
normal data and parameter means were compared by
Duncan’s test. The principal components analysis (PCA)
was performed to evaluate the contribution of each
karyotypic parameter to the ordination of species. Clustering was performed using the unweighted pair group
method with arithmetic (UPGMA) after calculation of

Cophenetic correlation coefficient (r) to examine karyotype similarity among populations. Numerical analysis
was performed using SAS ver. 6.12 (1996), JMP ver. 3.1.2
(1995) and StatistiXL ver. 1.7 (2007) softwares.
RESULTS

There was no different among basis chromosome
number of the species (x=7). The somatic chromosome
numbers (2n), karyotype formula and parameters for the
studied species are summarized in Table 2. Two species
as B. scoparius and B. japonicus were diploid, two species as B. madritensis and B. rubens were tetraploid and
one species as B. tomentellus was hexaploid.
The studied species included metacentric (m) and
sub-metacentric (sm) chromosomes regarding the chromosomal types (Table 2). Satellites were observed in one
chromosomes pair in B. scoparius and B. japonicus and
two chromosomes pairs in B. madritensis and B. rubens
and for B. tomentellus species which has three chromosomes pairs having satellites (Fig 1). According to the
Stebbin’s bilateral table, populations of B. rubens (15317)
included the highest value regarding the intra-chromosomal asymmetry index (0.288) and was classified as
group 1B and population of B. japonicus (16462) included the lowest value regarding the intra-chromosomal
asymmetry index (0.180) and was classified as group 1A.
The results of analysis of variance indicated that
there was a significant difference (P≤1%) between the
populations in terms of chromosomal traits (TL, LA,

Table 2. Karyotypic characters of different Bromus taxa and population.
Taxon (population)
B. japonicus (16462(
B. japonicus (16525(
B. japonicus (16587)
B. madritensis (3668)
B. madritensis (Arjan)
B. rubens (15169)
B. rubens (15317)
B. rubens (2125)
B. scoparius (5983)
B. scoparius (5984)
B. scoparius (5985)
B. tomentellus (Bavanat)
B. tomentellus (Simakan)
B. tomentellus (Eghlid)

2n

A1

A2

%TF

DRL

VRC

SC

K.F.

2x=14
2x=14
2x=14
4x=28
4x=28
4x=28
4x=28
4x=28
2x=14
2x=14
2x=14
6x=42
6x=42
6x=42

0.180
0.197
0.250
0.206
0.238
0.252
0.288
0.257
0.233
0.227
0.214
0.215
0.204
0.225

0.129
0.145
0.144
0.213
0.199
0.241
0.256
0.230
0.116
0.124
0.126
0.110
0.122
0.140

45.174
44.700
42.950
43.022
41.988
41.486
38.797
39.904
42.493
42.113
44.062
42.523
44.354
41.278

5.369
6.131
6.193
4.353
4.757
5.583
5.332
5.389
4.722
5.722
5.479
1.698
2.278
2.146

9.605
8.704
8.249
5.358
5.329
6.114
6.013
6.390
8.166
7.929
6.866
6.271
6.894
6.878

1A
1A
1A
1A
1A
1B
1B
1B
1A
1A
1A
1A
1A
1A

12m+2sm
14m
14m
28m
28m
28m
28m
24m+4sm
14m
12m+2sm
14m
38m+4sm
42m
42m

2n: Diploid chromosome numbers A1: intrachromosome asymmetry index, A2: interchromosome asymmetry index, TF%: total form percentage, DRL: difference of relative length, VRC: value of relative chromatin, symmetry classes (SC) of Stebbins and karyotype formula (K.F.).
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Figure 1. Representative mitotic plates of Bromus – (a) B. scoparius (5983), 2n=2x=14, (b) B. scoparius (5984), 2n=2x=14, (c) B. scoparius (5985) 2n=2x=14, (d) B. japonicus (16462), 2n=2x=14, (e) B. japonicus (16525), 2n=2x=14, (f) B. japonicus (16587), 2n=2x=14, (g) B.
rubens (15169), 2n-4x=28, (h) b. rubens (15317), 2n=4x=28, (i) B. rubens (2125), 2n=4x=28, (j) B. tomentellus (Bavanat), 2n=6x=42, (k) B.
tomentellus (Simakan), 2n=6x=42, (l) B. tomentellus (Eghlid), 2n=6x=42, (m) B. madritensis (3668). 2n=4x=28, (n) B. madritensis (Arjan),
2n=4x=28.
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SA) which revealed large variations among the germplasms in regard to studied traits. Symmetry type of
Stebbins (1971) and asymmetry indices of Romero-Zarco
(1986) are given in Table 2.
Difference in the relative length percentage (DRL) of
the highest and the smallest chromosomes varied from
6.19 in B. japonicus (16587) to 1.69 in B. tomentellus
(Bavanat). According to Table 2, B. rubens (15317) was
placed in 1B and had the highest values of intra- chromosomal asymmetry index. Similarly, high DRL value
leads to more changes in the construction of chromosomes. It had the lowest TF%. The TF% and A1 values
had inverse ratio (Table 2).
The mean value of chromosome’s long arm was
varied from 5.27 in B. japonicus (16462) to 2.92 in B.
madritensis (3668). Averages of chromosome’s short
arm were different from 2.24 in B. madritensis (Arjan)
to 4.34 in B. japonicus (16462). The total length of the
chromosome was varied from 9.61 in B. japonicus
(16462) to 5.17 in B. madritensis (Arjan) and the mean
value of chromosome’s arm ratio was in range from
1.41 in B. rubens (15317) to 1.22 in B. japonicus (16462)
(Table 3).
The results showed that the highest VRC amongst
all populations was obtained for B. japonicus (16462)
and the lowest was obtained for B. madritensis (Arjan).
Based on intra-chromosomal asymmetry, some populations had the most asymmetrical and evolutionary karyotype. According to inter-chromosomal asymmetry, B.
rubens (15317) had the most asymmetrical karyotype in
all of the populations.

The ratio of long arm/short arm chromosomes (AR)
showed a high significant difference among some species
belong to different sections, while other species are not
clearly distinct (Table 3). Diploid species of B. japonicus
(16462) for instance, had the lowest AR value (1.22), the
highest TF% value (45.17) and the lowest A1 value (0.18),
exhibiting the most symmetrically karyotypes, while B.
rubens (15317) with the highest AR value (1.41), the lowest TF% value (38.80) and the highest A1 value (0.29)
were introduced as the most asymmetrical karyotypes
(Table 3). The pattern of variation of A1 and A 2 values
has been compared with the pattern of Stebbins’ system.
The statistical comparison based on completely randomized design showed that there were significant differences among the populations for TL, LA and SA traits
(P ≤ %1) (Table 4).
The principal component analysis (PCA) of the karyotypic parameter shows the first two principal components account for 0.81% of total variance. Component
one (0.59%) put emphasized on the A1, A 2 and DRL.
While component two (0.23%) accentuates, chromosome
total length, long arm length, short arm length and TF%
values which had the highest coefficients of Eigen vectors (Table 5).
The diagram of the population’s dispersion, based
on two first components showed that the populations
separated in four groups, which completely fits with the
results obtained through the average grouping analysis
method (Fig. 2).
The dendrogram obtained from the cytogenetic
studies of 14 populations of Bromus indicated the for-

Table 3. Mean of chromosomes analysis of Bromus population.
Populations

TL

LA

SA

AR

CI

DRL

%TF

A1

A2

B. japonicus (16462)
B. japonicus (16525)
B. japonicus (16587)
B. madritensis (3668)
B. madritensis (Arjan)
B. rubens (15169)
B. rubens (15317)
B. rubens (2125)
B. scoparius (5983)
B. scoparius (5984)
B. scoparius (5985)
B. tomentellus (Bavanat)
B. tomentellus (Simakan)
B. tomentellus (Eghlid)

9.61
8.71
8.24
5.23
5.17
5.91
5.62
5.97
8.02
7.62
6.87
6.08
6.90
6.52

5.27
4.82
4.71
2.92
2.94
3.38
3.29
3.42
4.55
4.29
3.84
3.42
3.84
3.68

4.34
3.90
3.55
2.31
2.24
2.54
2.34
2.55
3.48
3.34
3.03
2.67
3.06
2.84

1.22
1.24
1.32
1.27
1.32
1.33
1.41
1.35
1.31
1.29
1.27
1.28
1.26
1.30

0.46
0.45
0.43
0.44
0.43
0.42
0.41
0.42
0.43
0.43
0.44
0.43
0.44
0.43

5.37
6.13
6.19
4.35
4.76
5.58
5.33
5.39
4.72
5.72
5.48
1.69
2.28
2.15

45.17
44.70
42.95
43.03
41.99
41.49
38.80
39.90
42.49
42.11
44.06
42.52
44.35
41.28

0.18
0.20
0.25
0.21
0.24
0.25
0.29
0.26
0.23
0.23
0.22
0.22
0.20
0.22

0.13
0.15
0.14
0.21
0.20
0.24
0.26
0.23
0.12
0.12
0.13
0.11
0.12
0.14

TL: total length of chromosome, LA: long arm, SA: short arm, AR: arm ratio, CI: centromeric index, DRL: difference of relative length,
TF%: total form percentage, A1: intra-chromosome asymmetry index, A2: inter-chromosome asymmetry index.
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Table 4. The results of variance analysis for karyotypic data based on CRD design.
S.O.V
Populations
Error
%C.V.

Mean of squares

D.F

TL

LA

SA

AR

CI

DRL

TF

A1

A2

13
56

11.50**

2.677**

2.032**

0.014**

0.001**

10.383**

0.50
2.57

0.131
0.61

0.115
0.48

0.009
0.01

4.64E-04
5.51E-04

3.987
5.19

9.7ns
6.869
7.40

0.004ns
0.002
2.57E-03

440.55**
86.161
152.93

**: Significant at 1%.

Table 5. Specific values of variance percentage and coefficients of
specific vectors in analysing main components.
Name of traits

First component Second component

SA
LA
TL
AR
CI
A1
A2
DRL
TF
Specific values
Percentage of Variance
Cum Percentage of Variance

0.93
0.87
0.90
0.050.89
0.82-0.77
0.09
0.89
5.28
0.59
0.59

0.32
0.44
0.38
0.72
-0.27
0.52
0.22
0.79
-0.23
2.07
0.23
0.81

DISCUSSION

Score Plot
4
B.j. 16587

3
2
Princ2

B.r. 15317

1

B.r. 2125
B.r. 15169

B.s. 5984

B.j. 16525
B.j. 16462

B.s. 5983

0

B.s. 5985
B.m. Arjan

-1

B.t. Eghlid
B.m. 3668

-2
-5.0

-2.5

B.t. Bav anat

0.0
Princ1

B.t. Simak an

2.5

lations which showed a close kinship. The third cluster
consists of the populations B. madritensis (3668, Arjan)
and B. rubens (15169), the two populations of 3668 and
Arjan are closely related to each other, with a relatively
short distance from the population of 15169. The populations of B. scoparius (5983, 5984, 5985) and B. japonicus (16587) formed the fourth cluster. The populations of
5983 and 5984 are located close to each other with a relatively short distance from the population of 5985. The
population of 5985 is located in a longer distance than
the three mentioned populations. The two populations
of B. japonicus (16462 and 16525) with a short distance
from each other, formed the fifth cluster (Fig. 3).

5.0

Figure 2. Scatter plot of 14 populations for the first two principals.

mation of five clusters in the Euclidean distance of 0.05.
The first cluster consists of the B. tomentellus populations (Simakan, Eghlid and Bavanat). The populations
of Bavanat and Eghlid showed the most kinship, and
the population of Simakan is located in a relatively short
distance to these two populations. The second cluster
consists of B. rubens (15317) and B. rubens (2125) popu-

This study reveals a detailed picture of the chromosome features in five Bromus species of Iran. The
knowledge of chromosome numbers, karyotype evolution, ploidy level and genome size can provide additional
information that not only gives further insight into the
functioning of the genome, but also have considerable
predictive powers.
In this genus, the basic chromosome number is x=7,
as were found for fourteen populations of five species
of Bromus (2n=2x=14, 2n=4x=28 and 2n=6x=42). This
study confirmed that the Bromus species show great variations in the number of chromosomes. At the interspecific level, quantitative and qualitative data allowed us
the differentiation of several of the taxa studied. Among
species, the most variable characters were the number of
“m”, and “sm” chromosomes, as well as the number and
position of satellites (Table 2; Fig. 1). As a result, the species also could be differentiated by the number, type and
position of satellites.
This study revealed that three populations of B.
rubens and B. madritensis were tetraploid (2n=4x=28)
species (Table 2 and Fig. 1). This is in agreement with the
results of an investigation recorded by Sheidai and Fadaei
(2005). Three populations of B. tomentellus was the only
hexaploid (2n=6x=42), but Mirzaie-Nodoushan et al.
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Figure 3. Dendogram of 14 populations of Bromus by analyzing nine karyotipic parameters using Ward ‘s cluster analysis method.

(2006b) recorded different ploidy levels within this species (2n=42, 70 & 84). Three populations of B. japonicus
and B. scoparius species studied were diploid (2n=2x=14),
supporting the earlier report of Safari et al. (2017). The
present study confirmed that the Bromus species show
great variations in the number of chromosomes both at
inter and intra-specific levels. This kind of genetic and
cytogenetic variability can confer an adaptive advantage
against variable climate and other ecological elements in
the region (Mirzaie-Nodoushan et al. 2006a).
The Duncan’s test applied to the chromosome morphometric traits (LA, SA, TL, AR, DRL, TF%, A1 and
A 2) showed a highly significant difference among all
examined populations of different sections (Table 3). The
study revealed cytogenetic differences (P≥1%) in ANOVA for karyological data as well as the ratio of long arms
to short arms among populations. So these results indicate a significant quantitative change in amount of chromatin in Bromus species diversification (Tables 2 and 4).
Considering the changes of intrachromosome asymmetry index (A1) among diploid and tetraploid species, the lowest value exists in the diploid (B. japonicus,
16462) and the highest value exists in the tetraploid species (B. rubens, 15317) (Table 2).

The results of analysis of variance showed that
except for A1 and TF%, there was a significant difference
(P≤1%) between genotypes in terms of chromosomal
traits (LA, SA, TL, AR, DRL and A 2) which indicated
large variations among the germplasms in regard to
studied traits.
Cluster analysis based on chromosomal characteristics separated, the fourteen investigated populations of Bromus species into two major groups consistent of statistical analysis of chromosome morphometric
traits (Fig. 3). The first group has eight populations of
Bromus species (B. madritensis, B.rubens and B. tomentellus) which are tetraploid and hexaploid (2n=4x=28
& 2n=6x=42) and belong to Genea and Pnigma sections. The second group has six populations of Bromus
species (B. scoparius and B. japonicus) that are diploid
(2n=2x=14) and belong to Bromus section. Cluster analysis based on cytological data showed that the populations with the lowest metric distance may lead to use
populations in crosses for inducing the highest genetic
variations (Fig.3). However, grouping of the Bromus populations based on karyotypic data, agrees with either the
taxonomic treatment of the genus Bromus of the same
species based on morphological characters.
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These genomic differences could be used for breeding purposes. In general, cytological studies of the Bromus species growing in Iran indicate the importance of
polyploidy, chromosome structural changes, presumably
quantitative changes in the amount of DNA and probably the role of growing sites in species diversification
and suggest that such data may be used in the taxonomy
and phylogenetic consideration of the genus (hesamzadeh and Ziaei Nasab 2010).
Acknowledgments: The authors are grateful to Mrs
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Abstract. Corsica and Sardinia form one of the areas with highest biodiversity in
the Mediterranean and are considered one of the priority regions for conservation in
Europe. In order to preserve the high levels of endemism and biological diversity at
different hierarchical levels, knowledge of the evolutionary history and current genetic structure of Corso-Sardinian endemics is instrumental. Microsatellite markers were
newly developed and used to study the genetic structure and taxonomic status of Ruta
corsica and Ruta lamarmorae, rare endemics of Corsica and Sardinia, respectively, and
previously considered a single species. Our analyses identified high levels of genetic
variation within each species (P=0.883, He=0.543 for R. corsica; P=0.972, He=0.627 for
R. lamarmorae). Intrinsic traits of the species (hermaphroditism, proterandry and polyploidy) and island-dependent factors (i.e. age, origin and history of the islands) might
explain the detected high levels of genetic variation. We discovered differentiation
between R. corsica and R. lamarmorae, and genetic structure within each species, which
are consistent with the observation of low dispersal ability for both species. Our genetic
results support the recent taxonomic classification of R. corsica and R. lamarmorae as
separate species and suggest that they diverge at only few loci. One R. corsica population
(SA) strongly differed from all other studied populations and appeared to be the product of hybridization between the two species in STRUCTURE analyses. Our results provide important insights for the conservation of the two rare endemics. Further genetic
analyses are recommended for R. lamarmorae and for population SA (R. corsica).
Keyword. Genetic diversity, endangered species, Ruta, Corsica, Sardinia, microsatellite.

Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 11-26, 2020
ISSN 0008-7114 (print) | ISSN 2165-5391 (online) | DOI: 10.13128/caryologia-510

12

Marilena Meloni et al.

INTRODUCTION

The Mediterranean Basin is characterised by high
species richness (10.8 species/1000 km 2 , Médail and
Quézel 1999) and considered one of the main “hot
spots” of biodiversity in the world (Médail and Myers
2004, Thompson 2005). Additionally, this area is particularly rich in endemic taxa (about half of the approximately 25000 plant species native to this region are
endemics), which are mainly concentrated in mountain chains and islands (Médail and Quézel 1997, 1999,
Thompson 2005, Cañadas et al. 2014).
Corsica and Sardinia (Figure 1), the two largest
islands of the Western Mediterranean Basin, form one of
the areas with highest plant diversity in the Mediterranean and are particularly rich in endemics (Médail and
Quézel 1997, Thompson 2005, Blondel et al. 2010). The
Sardinian flora consists of 2498 taxa, with about 11.61%
endemic (290 species) to the island (Conti et al. 2005,
2007; Bacchetta et al. 2012; Fenu et al. 2014). Corsica’s
flora consists of 2325 taxa, of which ca. 10% are endemics (230 species; Jeanmonod and Gamisans 2013). Both
islands are considered a major glacial refugium (Médail
and Diadema 2009) and together host nine of the 50
most threatened plant species occurring in Mediterranean islands (de Montmollin and Strahm 2005).
The high level of biodiversity and the number
of endemics found in Corsica and Sardinia are often
ascribed to their noteworthy ecosystem diversity (Bacchetta and Pontecorvo 2005) and to past geologic and
paleoclimatic processes. Indeed, tectonic movements
during the Tertiary (from 66 to 2.58 million years ago,
MYA), the Messinian Salinity Crisis (MSC, ca. 5 MYA),
the establishment of a Mediterranean climate type in the
Pliocene (2-3 MYA), and climate changes associated with
glacial and interglacial phases (Pleistocene: 0.01-2 MYA)
have shaped the history of Mediterranean plant lineages
(Hewitt 2000, Gentili et al. 2015, Médail and Quézel
1997, Thompson 2005).
Corsica and Sardinia are continental fragment
islands belonging to a single microplate (the CorsoSardinian (C-S) microplate; Alvarez et al. 1972) and are
currently separated by a narrow (11 km) and shallow
(less than 50 m deep) water channel through the Bonifacio Strait. The C-S microplate was attached to Southern France and Northeastern Spain until the late Oligocene (28-30 MYA), when it broke off and rafted eastward, until it collided with the Apulian microplate (i.e.,
the current Italian peninsula) ca. 18-20 MYA (Rosenbaum and Lister 2004, Speranza et al. 2002). It reached
its current position in the middle of the Western Mediterranean ca. 9 MYA (Rosenbaum and Lister 2004).

Figure 1. Localities of populations taxonomically assigned to R. corsica (green dots) and R. lamarmorae (red dot) sampled for this study.
Ruta lamarmorae population was divided in two subpopulations.
Detailed information on each population is provided in Table 1.

The separation between Corsica and Sardinia may have
begun as early as 15 MYA and was complete by 9 MYA
(Alvarez 1972, 1976, Cherchi and Montadert 1982, Orsini et al. 1980).
Species that now occur in Corsica and Sardinia
could have originated in different ways: 1) they were
present in the region before the split of the C-S microplate from the Iberian peninsula; 2) they reached
the C-S microplate when it was temporarily connected with the Apulian microplate during the Miocene (ca.10-20 MYA, Rosenbaum et al. 2002); 3) they
reached the C-S microplate through the land bridges
that formed among Corsica, Sardinia, the Apulian plate
and the African continent during the MSC (5 MYA;
Hsü et al. 1977, Krijgsman et al. 1999, McKenzie 1999)
or 4) during the glacial marine regressions concomitant with the glacial cycles of the Pleistocene (Thompson 2005); 5) they reached the islands via long distance
dispersal at any point in time (LDD). If insular populations differentiated sufficiently from their closest relatives due to isolation and/or extinction, they gave origin to island endemics.
Although Corsica and Sardinia are one of the priority regions for conservation in Europe (Myers et al.
2000, Mittermeier et al. 2005), knowledge of the evolu-
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Table 1. Description of populations of R. corsica and sub-populations of R. lamarmorae surveyed in this study.
Species
R. lamarmorae

R. corsica

Population
abbreviation

Location

Population size

Sample number

BC

Broncu Spina

~1000

30

SS

Su Susciu

~1000

30

MU

Muvrella

20

8

MC

Monte Cinto

150

16

SA

Saltare

20

8

GH

Ghisoni

40

23

AL

Albertacce

120

20

BA

Bastelica

750

21

tion and genetic characteristics of their endemic flora,
instrumental for the long-term conservation of these
species, is still poor. Some molecular phylogenetic analyses have been performed to infer when and how C-S
endemics reached the two islands (Yesson et al. 2009,
Mansion et al. 2008, Salvo et al. 2008, 2010) and few
studies focused on the more recent history of these species (Bacchetta et al. 2008; Coppi et al. 2008; Mameli et
al. 2008; Bacchetta et al. 2011; Garrido et al. 2012). Nevertheless, several questions remain unanswered, including: How did C-S endemics evolve after island colonization? What is their current genetic structure? Are
Corsican and Sardinian populations of the same species
genetically differentiated?
Ruta corsica DC. and R. lamarmorae Bacch., Brullo
& Giusso are endemics of Corsica and Sardinia, respectively. The two species belong to the small genus Ruta,
which also includes four species widely distributed in
the Mediterranean (R. angustifolia Pers., R. chalepensis
L., R. montana L., and R. graveolens L.) and three species endemic to the Canary Islands (R. oreojasme Webb
& Berth, R. pinnata L.f. and R. microcarpa Svent.). Ruta
corsica and R. lamarmorae exhibit some features not
found in the other species of the same genus (i.e. pulvinate, subspinescent habit; green-glaucescent leaves; white
to pale yellow petals) and have been interpreted by taxonomists as relictual paleo-endemics (Bacchetta et et al.
2006, Cardona and Contandriopoulos 1979), in other
words as ancient lineages that were more widespread in
the past and are now restricted to a local region (Nekola
1999, Mishler et al. 2014), in this case to the C-S micro-

Coordinates
40° 07’ 34’’ N
9° 31’ 26’’ E
40° 01’ 02’’ N
9° 19’’ 33’’ E
42° 24’ 0” N
8° 54 0”’ E
42° 23’ 0’’ N
8° 55’ 0’’ E
42° 21’ 41” N
8° 52’ 53”E
42° 6’ 37” N
9° 9’ 16”E
42° 17’ 39” N
8° 52’ 44”E
42° 0’ 26” N
9° 6’ 4”E

Altitude
1650m
1620m
1050m
1750m
1180m
1650m
1300-1500m
900m

plate (Arrigoni 1983, Thompson 2005). They were treated as one species (i.e., R. corsica) until 2006, when they
were split in two different taxa based on morphological
(i.e., leaf shape and size of flowers, stamens and ovaries; Bacchetta et al. 2006) and karyological differences
(R. corsica is diploid, R. lamarmorae is tetraploid; Contandriopoulos 1957, Honsell 1957). Phylogenetic analyses
of chloroplast DNA sequences from only two individuals each from Corsica and Sardinia supported the separation of R. corsica and R. lamarmorae, with individuals
from the two islands grouped in mutually exclusive sister clades (Salvo et al. 2008).
Molecular dating analyses and inference of ancestral areas of distribution for Ruta species suggested that
the genus originated during the Eocene in Eurasia and
subsequently expanded westward and southward, colonising several landmasses of the forming Mediterranean
Basin (Salvo et al. 2010). The ancestor of the two endemics likely colonised the C-S block from the Apulian plate
(i.e., the emerging Italian peninsula) during the early
Miocene. The divergence between the C-S endemics and
the remaining Ruta species apparently occurred during the middle Miocene (ca. 14 MYA). Finally, R. corsica
diverged from R. lamarmorae most likely in the Pliocene
(ca. 3.7 MYA), when Corsica and Sardinia had already
attained their current position in the middle of the
Western Mediterranean sea and were separated by the
Bonifacio strait. The two islands were occasionally connected by land corridors during the MSC of the Miocene
and during the glacial maxima of Pleistocene climatic
oscillations (Salvo et al. 2010).
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Given the inferred biogeographic history of R. corsica and R. lamarmorae and their current distribution
in Corsica and Sardinia, respectively, these species represent an ideal case study to gain new knowledge on the
genetic characteristics of the Corso-Sardinian endemic
flora. The aims of the present study are thus to: (1) assess
the current amount and distribution of genetic diversity
for the two species, testing whether the taxonomic status of R. corsica and R. lamarmorae as separate species is
warranted; and (2) use the results of genetic analyses to
recommend proper conservation strategies for these species, with a particular focus on R. lamarmorae, recently
listed as endangered according to the IUCN criteria and
categories (Dettori et al. 2014a).
MATERIALS AND METHODS

Study species
Ruta lamarmorae was described as a species separate
from R. corsica in 2006 (Bacchetta et al.). It is a small,
erect, perennial shrub, 15-50 cm tall, with woody, subspinescent branches. It is characterised by bipinnate,
obovate-rounded leaves, 1.5-8 cm long. The whitish, pale
yellow flowers (12-13 mm in diameter) are hermaphroditic and proterandrous. The capsules, 6-7 mm long, are
obtuse at the apex. As with most members of its genus, R.
lamarmorae is tetraploid, with 2n=36 (Honsell 1957). It
blooms in June-July, fruiting in August-October. It occurs
mainly on siliceous substrates, at an altitude of 1500-1750
m a.s.l. Ruta lamarmorae is found in a single, fragmented
population in the Gennargentu massif (central-eastern
Sardinia). It is categorized as endangered (EN) according
to the IUCN criteria (2013; Dettori et al. 2014a). The main
threats to this species are habitat fragmentation, overgrazing and fires (Bacchetta et al. 2006; Dettori et al. 2014a).
Ruta corsica, first described in 1824 by De Candolle,
shares the same habit with R. lamarmorae and has overall similar leaves, flowers and fruits. It differs from R.
lamarmorae in leaf shape (obovate to cuneate-oblong),
smaller flower size (8-10 mm in diameter) and fruit size
and shape (7-8 mm long, with apiculate apex; Bacchetta
et al. 2006). Ruta corsica is the only diploid species of
the genus, with 2n=18, while the other karyotyped species are tetraploid (Contandriopoulos 1957). It blooms
and fruits slightly later than R. lamarmorae (September-November vs. July-August, respectively). The species occurs at an altitude of 1000-1900 m asl, mainly on
siliceous substrates, and is widespread on the main Corsican massifs with about 15 populations. It is listed as
Least Concern (LC) under the French red list of threatened species (UICN, France 2013).

To date, no information is available on the mating
system, the pollination biology and the mode of dispersal of the diaspores of neither of the two species.
Sample collection and DNA extraction
Plant material was collected during summer 2010
(see Table 1). Since the only existing population of R.
lamarmorae has a scattered distribution on the Gennargentu massif, we sampled plants from the two opposite
sides of the massif, in other words from the Northwestern (BC, 30 individuals) and Southwestern slopes (SS, 30
individuals; Figure 1). Because sub-populations BC and
SS are large (thousands of individuals; Gianluigi Bacchetta, pers. obs.), sampling was carried out in order to
minimize collection of related individuals and cover the
entire occupied area. Samples of R. corsica were collected
from a total of 96 individuals from six populations chosen in order to cover the entire distribution range of the
species (see Figure 1 and Table 1 for details on each population). Leaf-tissue samples were dried and preserved in
silica gel. Total genomic DNA was isolated from dried
leaves using the QIAGEN® DNeasy plant mini kit, following the manufacturer’s guidelines, with minor modifications. In particular, an increased volume of buffer
AP1 (from 400 μl to 600 μl), buffer AP2 (from 130 μl
to 200 μl) and RNase A (from 4 μl to 6 μl), as well as a
longer incubation time with buffer AP1 (30 minutes) for
cell lysis were applied.
Microsatellite development and genotyping
DNA isolated from one specimen of R. lamarmorae sampled from population BC was used by Genetic
Marker Services (Brighton, UK, www.geneticmarkerservices.com) to develop an enriched library, design and
test microsatellite primer pairs. Enrichment involved
incubating adaptor-ligated restricted DNA with filterbonded synthetic repeat motifs, (AG)17, (AC)17, (AAC)10,
(CCG)10, (CTG)10 and (AAT)10. Twenty-one positive
library colonies were selected for sequencing, from
which 15 microsatellites were designed and tested. The
primer sets were designed using PRIMER 3.0 (Rozen
and Skaletsky, 2000). Each primer pair was tested for
amplification ability and polymorphism on eight individuals of R. lamarmorae (four from BC and four from
SS). Cross-species amplification was tested on four individuals of R. corsica and four individuals of R. chalepensis (another species of the same genus with wider distribution also occurring in Sardinia; Salvo et al. 2010).
Polymerase chain reactions (PCRs) for primer screening
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were performed in 25 μL and contained approximately
50 ng of DNA, 5 pmol of each unlabelled primer, 1.5
mM of MgCl 2 , 0.2 mM of each dNTP, 1X PCR buffer
and 0.5 U of SupraTherm DNA Polymerase (GeneCraft,
Cologne, Germany). In-vitro amplifications consisted of:
60 s denaturation at 95°C, followed by 25 cycles of 95°C
for 60 s, annealing at 55°C for 60 s and 72°C for 60 s,
ending with a final extension at 72°C for 5 min. This
first screening of microsatellites was performed on highresolution agarose gels.
The primer pairs able to amplify polymorphic products were then used to genotype all sampled individuals
via amplification with fluorescently labelled primers and
separation of PCR products by capillary electrophoresis. Amplifications were performed following the twostep method described by Schuelke (2000), using ca. 20
ng of genomic DNA, 2.5 μl of 10X reaction buffer, 0.5 μl
of each dNTP (10 mM), 1 μl of MgCl 2 (50 mM), 0.2μl
of the forward primer with M13(−21) tail at the 5’ end
(10 μM), 0.5 μl of the reverse primer (10 μM), 0.5 μl of
the fluorescently labelled M13(−21) primer (FAM, NED,
VIC, PET; 10 μM) and 0.1 μl of Taq DNA polymerase (5
U/μl; Bioline GmbH, Luckenwalde, Germany) in a final
volume of 25μl. Amplification reactions started with
94°C for 3 min, followed by 30 cycles of 94°C for 30 s,s
55°C for 45 s (see Table 2), and 72°C for 1 min. The fluorescently labelled M13(−21) primer was incorporated in
the following eight cycles of 94°C for 30 s, 53°C for 45
s, and 72°C for 1 min, followed by a final extension step
of 72°C for 5 min. Up to four PCR products of different
primer sets were pooled for each individual and separated by capillary electrophoresis on an AB3130xl Genetic
Analyzer. Alleles were sized against the internal size
standard GeneScan™ LIZ500™ (Applied Biosystems) and
scored using GeneMapper® software Version 4.0 (Applied
Biosystems). The observed allele size of all genotyped
individuals was decreased by 18bp in order to account
for the M13(−21) universal sequence tag.
Population genetic analyses
Even though R. lamarmorae is known to be tetraploid (Honsell 1957), a maximum of two alleles per locus
and per individual were detected in all populations, thus
showing disomic inheritance. Because genetic analyses
can be performed with standard population genetic tools
developed for diploid organisms in tetraploid species
characterised by disomic inheritance (Stift et al. 2008;
Meloni et al. 2013), our analyses were conducted assuming a diploid status for R. lamarmorae.
We assessed genetic diversity by quantifying the
number of alleles (NA), proportion of polymorphic loci
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(P), number of private alleles (A P), observed (Ho) and
expected (He) heterozygosity for each population across
loci. Populations were tested for deviations from HardyWeinberg (HW) equilibrium using Fisher’s exact test
with the Markov chain algorithm (Guo and Thompson
1992). The fixation index, FIS, was estimated in order to
assess departure from Hardy-Weinberg expectations due
to non-random mating. Fisher’s exact test was performed
within each population to check for linkage disequilibrium (LD) between all different pairs of loci. These
analyses were performed with the web-based Genepop
(Raymond and Rousset 1995; Rousset 2008) and GenAlEx v. 6.5 (Peakall and Smouse 2012). The program BOTTLENECK (Piry et al. 1999) was used to detect recent
genetic bottlenecks in the studied populations. Based on
the observed number of alleles and the sample size of a
population, the program computes the gene diversity
expected under the assumption of mutation-drift equilibrium and compares it to Hardy–Weinberg gene diversity (He; Nei 1978) to establish whether there is a significant deficit of gene diversity resulting from a recent
bottleneck. As recommended by the authors of the program, a Wilcoxon sign-rank test (Luikart et al. 1998)
was performed using 1000 bottleneck simulation replicates under the stepwise mutation model (SMM).
FSTAT 2.9.3 (Goudet 1995) was used to estimate
genetic differentiation among populations by FST. We
also measured RST, an analogue of FST specific for microsatellite data, employing a stepwise mutation model
(SMM, Slatkin 1995); RST was measured using the software SPAGeDi 1.4 (Hardy and Vekemans 2002). The
same program was used to perform an allele-size permutation test (10000 permutations) to evaluate the contribution of stepwise mutations to the observed genetic
differentiation, hence the relative suitability of FST vs. RST
(Hardy et al. 2003). In addition, since FST can considerably underestimate differentiation when loci are highly
variable (as commonly found with microsatellite markers; Hedrick 2005; Jost 2008; Meirmans and Hedrick
2011), we also calculated Jost’s Dest (Jost 2008) using
1,000 bootstrap replicates in SMOGD (Crawford 2010).
An Analysis of Molecular Variance (AMOVA) was
performed to assess the hierarchical partitioning of
genetic variation among populations and species. We
followed the procedure of Excoffier et al. (1992), Huff
et al. (1993), Peakall et al. (1995), and Michalakis and
Excoffier (1996) by estimating FST and using 999 random permutations of the data in GenAlEx v.6.5 (Peakall
and Smouse 2012). With the same program, a Principal
Coordinate Analysis (PCoA) based on a genetic distance
matrix was performed to visualise genetic relatedness
among individuals. To test for isolation by distance, a
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Mantel test (Mantel 1967) was applied to the matrix of
pairwise Nei’s genetic distances (Nei 1972, 1978) and the
matrix of geographical distances with 999 random permutations in GenAlEx v. 6.5 (Peakall and Smouse 2012).
Population structure was inferred using the Bayesian clustering method implemented in STRUCTURE (v.
2.3; Pritchard et al. 2000; Hubisz et al. 2009). The program uses a Markov Chain Monte Carlo (MCMC) procedure to estimate P(X|K), the posterior probability that
the data fit the hypothesis of K clusters, and assigns
individual genotypes to clusters by estimating the membership coefficient Q for each individual based on allele
frequencies at unlinked loci (independent of locality
information). We tested all possible values of K from 1
to 9; for each K we ran an admixture model (each individual draws some fraction of the genome from each of
the K populations) with correlated allele frequencies 20
times with a length of burnin period of 100,000 followed
by 100,000 MCMC repetitions. To identify the best K,
we measured ΔK (the rate of change in the log probability of data between successive K values), as suggested by
Evanno et al. (2005) and implemented in STRUCTURE
HARVESTER (Earl and vonHoldt 2012). This method
provides the most accurate estimate of the number of
clusters K (Evanno et al. 2005), but does not allow for
discrimination between K=1 and K=2. Therefore we also
calculated the average posterior probability of the data
for each value of K, Ln P(X|K), as proposed by Pritchard
et al. (2000). After determining the most effective number of genetic groups (K) for our data, we ran STRUCTURE with the admixture model and default parameter
settings; the inferred genetic composition of individuals was then determined using 100,000 iterations after a
burnin period length of 100,000.
RESULTS

Microsatellite development and cross-species amplification
Of the 15 microsatellites newly developed for R.
lamarmorae, 13 were suitable for genetic analyses on the
target species (Table S1). Tests on cross-species amplification showed that 13 markers could be used for R. corsica while 11 could be amplified in the more distantly
related R. chalepensis (Table S1).
Genetic diversity
Eleven microsatellites showing a clear amplification
pattern after capillary electrophoresis on both R. corsica and R. lamarmorae were used for genotyping (Table

2). Because all studied individuals of R. corsica and R.
lamarmorae were heterozygotes for the same two alleles
in locus RL9, this marker was excluded from population
genetic analyses. In R. lamarmorae, all amplified loci
were polymorphic; in R. corsica, locus RL16 was fixed
in populations SA, GH, AL, BA; population SA showed
fixed alleles also at loci RL15, RL17 and RL18. The number of alleles identified across all loci ranged from 22 to
61 in R. corsica populations, and from 55 to 68 in the
two R. lamarmorae sub-populations (Table 3). Private
alleles were found in all populations except SA (Table 1).
All populations, except for GH, were at HW equilibrium (p>0.05). F IS values were positive in the two
sub-populations of R. lamarmorae, as well as in four out
of six populations of R. corsica (MU, MC, GH and BA;
Table 3), meaning that the departure of genotype frequencies from Hardy-Weinberg expectations was always
associated with a deficit of heterozygotes. Conversely, an
excess of heterozygotes was found in populations SA and
AL (R. corsica; Table 3).
Significant linkage-disequilibrium (LD) at the 5%
level was detected at one pair of loci for populations GH
(RL6-RL18), AL (RL13-RL15) and MU (RL12-RL17),
three loci for population BC (RL4-RL6, RL13-RL15,
RL11-RL17), four loci for SA (RL4-RL12, RL4-RL13,
RL11-RL13, RL12-RL13) and BA (RL6-RL11, RL12-RL15,
RL13-RL15, RL15-RL18), and eight loci for SS (RL4-RL5,
RL5-RL11, RL5-RL13, RL6-RL13, RL11-RL13, RL15RL17, RL12-RL18, RL15-RL18). It was impossible to perform most of the tests for populations MU (25 out of 45
pairs of loci) and SA (30 out of 45 pairs of loci).
Gene diversity (He) was high in all populations, with
a mean value of 0.627 for R. lamarmorae and 0.543 for
R. corsica; the only population showing a relatively low
value was SA (R. corsica), with He= 0.323 (Table 3).
The only population showing significant signs of a
recent bottleneck was BA (R. corsica, p = 0.032), while
all other populations were at mutation-drift equilibrium.
Genetic structure
Genetic differentiation among populations measured with FST was always statistically significant (P <
0.05); it was 0.086 between the two sub-populations of
R. lamarmorae and ranged between 0.012 (MU-MC) and
0.240 (AL-SA) in R. corsica (Table 4). Genetic differentiation among populations across the two species ranged
between 0.050 (MU-SS) and 0.212 (SA-BC). Population
SA was the most differentiated, with 0.173<FST<0.240
(Table 4). The overall genetic differentiation among
populations was significant (p=0.01), with F ST=0.097
for R. corsica and FST=0.086 for R. lamarmorae. Simi-
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Table 2. Characteristics of 15 microsatellite markers developed in Ruta lamarmorae. Shown for each marker are the GenBank accession
number, forward and reverse sequences of the primer pair, repeat motif, and size of the expected PCR product (bp). Primers in bold were
used for genotyping; locus RL9 was excluded from statistical analyses as all genotyped individuals of R. corsica and R. lamarmorae were heterozygotes for the same two alleles.
Locus

GenBank
accession no.

RL4

KP098574

RL5

KP098575

RL6

KP098576

RL7

KP098577

RL9

KP098579

RL10

KP098580

RL11

KP098581

RL12

KP098582

RL13

KP098583

RL15

KP098585

RL16

KP098586

RL17

KP098587

RL18

KP098588

RL19

KP098589

RL20

KP098590

Primer sequence (5’-3’)
F: ACATCAGCCCTTCAACTACG
R: CCTAAAGAATCAATTATAAGCAACC
F: TCGTAGAGCCAATCACAGGA
R: GCTGCTTCATTTGCTTTGAA
F: CTCGATCGGGAAGAACTTACA
R: ATCCAATCCCAACCCAACTT
F: TTGAGTGAGGAGGGTTAGGG
R: TGAGACACGCCAATTTCAGA
F: CTTGCTCATGCCACCTTTTA
R: ACCCACAAGCTCCTCCTGTA
F: ACATGTTGCAGAATTTGAAAGG
R: TTAAAGAGGCAACAACCTGGA
F: GAAACGGGCTTCTTCAACAG
R: GTACAGGACATGATGCAAA
F: CTCCGTTCGCAGAAAGACAC
R: TTACGACCCACACGCAAGTA
F: CAACCCCATCTGTGAATCCT
R: GCTTGCACTTTGGAGTTTTTG
F: CGCCTTTCTTACTTGAAAAGGTT
R: TCAACAAGACACTGCAACCA
F: TTTCGTCAAAATTGACATCAGC
R: TCAACAAGACACTGCAACCA
F: TGGAGTTTCATGTCGGATTG
R: TGAGATAACCGCCTCCTACC
F: TCCCAACGCACAGTGAAATA
R: GTGTTTCCTCGAAGCTGCTC
F: CGTCTTGAAATGATGTTACCTG
R: CCTAACAAACAACACAAATAATAAATG
F: TGTTTTCGTGCAAAAATTCG
R: GGACTTACCTATCCGAAAATGG

Repeat

Expected size
(bp)

(TC)13

182

(AG)14

219

(GA)14

131

(GA)7

140

(GT)9

145

(AG)13

160

(GA)15

113

(GT)8(GA)8

204

(TC)12

185

(TC)13

194

(TG)7

170

(TG)7

242

(TG)10

166

(TC)16

225

(GT)19

246

Table 3. Genetic diversity parameters inferred from microsatellite analysis. NA total number of alleles across loci, P proportion of polymorphic loci, AP number of private alleles, Ho observed heterozygosity, He expected heterozygosity, FIS fixation index; SD, standard deviation.
For abbreviations of populations see Table 1.
Population

NA

P

AP

Ho ± SD

He ± SD

FIS ± SD

BC
SS
Overall R. lamarmorae
MU
MC
SA
GH
AL
BA
Overall R. corsica

55
68
123
51
55
22
53
61
53
295

1
1
0.967
1
1
0.6
0.9
0.9
0.9
0.883

4
8
12
2
3
0
1
1
3
10

0.554 ± 0.082
0.587 ± 0.076
0.571 ± 0.055
0.623 ± 0.075
0.578 ± 0.077
0.350 ± 0.118
0.546 ± 0.082
0.624 ± 0.085
0.497 ± 0.080
0.536 ± 0.036

0.614 ± 0.078
0.639 ± 0.083
0.627 ± 0.056
0.688 ± 0.072
0.630 ± 0.073
0.323 ± 0.105
0.593 ± 0.084
0.624 ± 0.086
0.533 ± 0.081
0.543 ± 0.035

0.097 ± 0.100
0.082 ± 0.027
0.109± 0.052
0.094 ± 0.056
0.081 ± 0.076
-0.083 ± 0.073
0.080 ± 0.041
-0.001± 0.031
0.070 ± 0.061
0.160 ± 0.024
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Table 4. Pairwise population estimates of FST (diagonal below) and Dest (above diagonal). All values are statistically significant (95% CI). For
abbreviations of populations see Table 1.
R. lamarmorae
BC
BC
SS
MU
MC
SA
GH
AL
BA

0.086
0.087
0.102
0.212
0.130
0.129
0.160

R. corsica

SS

MU

MC

SA

GH

AL

BA

0.179

0.146
0.278

0.155
0.121
0.003

0.303
0.208
0.177
0.179

0.234
0.156
0.076
0.048
0.168

0.256
0.099
0.065
0.060
0.238
0.131

0.254
0.193
0.103
0.077
0.158
0.124
0.156

0.050
0.065
0.173
0.083
0.060
0.136

0.012
0.176
0.052
0.046
0.092

0.173
0.038
0.044
0.071

Figure 2. Analysis of Molecular Variance (AMOVA) based on ten
microsatellite markers used to genotype 96 individuals taxonomically assigned to R. corsica (six populations) and 60 individuals taxonomically assigned to R. lamarmorae (one population divided in
two sub-populations). The two regions considered in this analysis
represent the two islands.

larly, the AMOVA (based on FST) displayed that most
of genetic variation was partitioned within-population
(88%), while only 9% was found among populations
and 3% between islands (Figure 2). Values of RST (analogous to FST, but specific to microsatellite data; Slatkin
1995) were slightly smaller than those of FST (0.003< RST
<0.253) (Table S2). However, observed RST values were
not significantly higher than permuted RST, suggesting
that stepwise mutations did not contribute to population differentiation and that FST (based on allele identity) explains genetic differentiation among populations
better than RST (based on allele-size information; Hardy
et al. 2003). Although FST is widely used as a measure of
population structure, its dependency on expected het-

0.184
0.240
0.213

0.085
0.088

0.122

erozygosity might underestimate the genetic differentiation among populations. Higher levels of genetic differentiation among populations were detected, in fact,
when the partition of diversity was based on the effective
number of alleles (i.e. Dest, Jost 2008) rather than on the
expected heterozygosity. We found Dest=0.179 between
the two sub-populations of R. lamarmorae, and 0.003
<Dest<0.238 for R. corsica (Table 4). Across populations,
total Dest for R. corsica was 0.162.
The PCoA showed some genetic structure among R.
corsica populations: while MU, MC and GH appeared
strongly genetically interconnected, AL and BA overlapped only slightly, and SA was well separated from all
other populations (Figure 3A). A clear genetic differentiation was also present between the two sub-populations
of R. lamarmorae (Figure 3B). When considering both
species together, population structure was still clearly
present, although less marked: overall, the individuals
of the two species diverged, but showed a certain degree
of overlapping, populations within each species overlapped slightly more, and population SA, taxonomically
assigned to R. corsica, remained well separated from all
remaining populations (Figure 3C).
The Mantel test for correlation between genetic differentiation and geographic distances among populations was not significant (p=0.579, R 2 =0.0076).
For both R. corsica and R. lamarmorae the Ln probability of the data (Ln P(X|K)) did not allow for discrimination between different values of K (Table S3) while,
based on the ΔK statistic, the best-supported number
of a posteriori genetic clusters was K=3 for R. corsica
(Figure S1 A) and K=2 for R. lamarmorae (Figure S1 B).
For K=3, populations of R. corsica MU, MC, GH and
AL were grouped together, while SA and BA appeared
genetically distinct (Figure 4A). Very little admixture
seemed to occur between the two R. lamarmorae subpopulations for K=2 (Figure 4B). When R. corsica and
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Figure 4. Proportional membership (Q) to clusters identified by
STRUCTURE for: (A) 96 individuals from the six studied populations of R. corsica; (B) 60 individuals from the two studied subpopulations of R. lamarmorae. Colours distinguish between the
different clusters identified for each of the above three scenarios.
Each individual is represented by a single vertical bar and grouped
by locality, indicated on the x-axis. Information on each population
(locality) is provided in Table 1.

Figure 3. Principal Coordinate Analysis (PCoA) based on the multilocus genotypes of 96 individuals of R. corsica (A), 60 individuals of R. lamarmorae (B), and the two species together (C). The
percentage of the total variability explained by the first two components is indicated on brackets. Each symbol represents a single
plant from one of the eight studied populations. Information on
each population is provided in Table 1.

R. lamarmorae were pooled together, the most effective number of genetic groups was K=4 according to
Pritchard’s method (Pritchard et al. 2000, Table S3) and
K=2 according to Evanno’s method (Evanno et al. 2005,
Figure S1 C). Figure 5 shows subfigures for K=4 and
K=2; subfigures were included also for K=3 and 5<K<7,
because populations subdivision was informative also
for these values of K. For K=2, populations of the two
species were well separated in two distinct R. corsica
and R. lamarmorae clusters, except for population SA,
taxonomically classified as R. corsica, whose individuals were genetically assigned with higher probability to
populations of R. lamarmorae (Figure 5). Values of K=3
showed the separation of the two R. lamarmorae subpopulations, while population SA (of R. corsica) clustered with sub-population SS (of R. lamarmorae; Figure
5). For K=4, R. lamarmorae sub-populations were geneti-

cally distinct, population SA was separated from all populations, while the remaining populations of R. corsica
formed a single cluster (Figure 5). Values of K=5 showed
the separation of the R. corsica population BA (Figure
5). Values of K=6 and K=7 showed more admixture. It is
notable that population SA, taxonomically assigned to R.
corsica, remained separated from all other populations
for all K values (Figure 5)
DISCUSSION

Microsatellite development and cross-species amplification
Most of the microsatellites developed for this study
were suitable for genetic analyses on R. lamarmorae (13
out of 15), R. corsica (13 out of 15) and the more distantly related R. chalepensis (11 out of 15), being amplifiable and polymorphic (Table S1). Despite the difference in ploidy level between R. corsica (diploid) and R.
lamarmorae (tetraploid), the high transferability of the
molecular markers suggests a low divergence between
the genomes of the two species.
Genetic diversity
Among the microsatellite markers developed for the
present study, 11 were useful for population genetic analyses on R. corsica and R. lamarmorae. Our study revealed
high levels of genetic diversity in both R. corsica (P=0.883,
He=0.543) and R. lamarmorae (P=0.972, He=0.627). Even
though each species is restricted to a single island (Fig-
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Figure 5. Proportional membership (Q) to clusters identified by
STRUCTURE for 2<K<7. Colours distinguish between the different
K clusters. All studied individuals of R. lamarmorae (sub-populations BC and SS: 60 individuals) and R. corsica (populations MU,
MC, SA, GH, AL and BA: 96 individuals) are represented by vertical bars and grouped by locality, indicated on the x-axis. Information on each population (locality) is provided in Table 1.

ure 1), most populations showed fewer genetic signatures
of isolation and small population size than typically
expected for insular endemics (i.e., low gene diversity,
high homozygosity, high LD; Ellstrand 1993, Frankham
1998, Bouzat 2010). Unexpectedly high values of genetic
diversity were also found in the congener R. oreojasme, an
endangered species endemic to the island of Gran Canaria
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in the Canarian archipelago (A=7.625, P=0.984, Ho=0.558,
He=0.687; Meloni et al. 2015).
The occurrence of another endangered, insular
endemic with high genetic diversity within the same
genus suggests that R. corsica and R. lamarmorae share
some intrinsic traits maintaining high levels of genetic
variation with R. oreojasme. Hermaphroditism and proterandry, characterising all three endemics, favour outcrossing, thus increasing genetic diversity. Furthermore,
polyploidy, occurring in all Ruta species except R. corsica, might also contribute to elevated genetic variation,
for polyploids are usually characterised by higher genetic
diversity than diploids (Soltis and Soltis 2000). Hermaphroditism, proterandry and polyploidy were associated with high levels of genetic variation also in other
insular endemics outside of Ruta (Pérez de Paz and Caujapé-Castells 2013). Conversely, genetic analyses of R.
microcarpa, a critically endangered species endemic to
the island of La Gomera (also in the Canarian archipelago), revealed levels of genetic diversity lower than those
observed in R. corsica, R. lamarmorae and R. oreojasme
(Ho =0.651, He =0.410; Meloni et al. 2014). The relatively
low genetic diversity found in R. microcarpa, resulting
mainly from the almost total absence of sexual reproduction in this species (Meloni et al. 2015), highlights
the role of outcrossing in maintaining variation within
and among populations.
Despite the relatively low number of population
genetic studies on C-S species, a general trend of high
genetic diversity was detected in published analyses
of Corsican and/or Sardinian endemics. High levels of
genetic variability were found, for example, in the Sardinian Centaurea horrida (He=0.780, Mameli et al. 2008)
and Centaurea filiformis (He=0.678, Pisanu et al. 2011; He
= 0.576; Giorgio Binelli, pers. comm.), in the Corso-Sardinian Ferula arrigonii (P=0.92, Hw = 0.317, Dettori et al.
2014b), and in the Corsican Mercurialis corsica (Migliore
et al. 2011).
The occurrence of high genetic diversity in several
C-S species suggests that also some geographic factors
(i.e., age, physical dimension, geologic origin and history of the islands) might have contributed to the genetic
diversity of R. corsica and R. lamarmorae as well as of
several other C-S endemics.
The complex geologic history of Corsica and Sardinia most likely influenced the evolution and current
genetic diversity of their endemics in different ways.
Corsica and Sardinia are considered old islands (they
broke off from the Iberian peninsula as the C-S microplate ca. 30-28 MYA) and have been proposed to harbour many relictual endemics (Médail and Quézel 1999,
Grill et al. 2007). Because they are continental fragment
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islands, it has been suggested that they might have hosted the ancestors of many of their current endemic taxa
before their separation from the Iberian peninsula in
the Oligocene, although this hypothesis has been corroborated by molecular dating analyses only in a few
cases (for example, in Araceae; Mansion et al. 2008).
Subsequent to its split from the Iberian peninsula, the
C-S microplate was temporarily connected with the
Apulian microplate during the Miocene. The vicariant origin of some C-S species during the Oligocene
and Miocene might have favoured relatively high levels
of genetic diversity, because they did not experience the
loss of genetic variation associated to LDD and founder
events typical, for example, of oceanic island colonization. Furthermore, the long time-spans since colonisations (from either the Iberian peninsula in the Oligocene
or the Apulian microplate in the Miocene) might have
increased opportunities to accumulate genetic variation
through mutation, recombination, drift and selection
in CS endemics. Additionally, multiple overland migrations might have occurred while Corsica and Sardinia
were connected to neighbouring continental masses via
land bridges at different points in time during the Miocene and Pleistocene, thus favouring genetic exchanges
also within species with limited dispersal ability, as in
the case of R. corsica and R. lamarmorae (Gianluigi Bacchetta, pers. obs.).
Furthermore, the relatively stable climate characterising Corsica and Sardinia during Quaternary glacial/
interglacial periods (Taberlet 1998, Grill et al. 2007)
might also have contributed to the high genetic diversity detected in their endemics, for it allowed populations of many species to persist through several climatic
cycles and accumulate genetic differences via mutation
and recombination. Finally, climatic changes during
the Miocene and Pleistocene might have also contributed to the high genetic variation detected in C-S species. Indeed, land bridges among Corsica, Sardinia, the
Apulian plate and the African continent during the MSC
(Hsü et al. 1977, Krijgsman et al. 1999, McKenzie 1999)
and Quaternary glacial marine regressions (Thompson
2005) may have decreased the genetic effects of isolation by favouring genetic exchange between C-S populations and populations of the same species occurring on
other land masses. Among the above mentioned islanddependent factors, the vicariant origin of the ancestor of
R. corsica and R. lamarmorae following the MSC, supported by molecular dating and biogeographic analyses (Salvo et al. 2010), and the climatic stability of Corsica and Sardinia during Pleistocene glacial cycles might
have contributed to the relatively high levels of genetic
diversity detected in the two species.
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Ruta lamarmorae showed slightly higher values
for most diversity parameters than R. corsica (P=0.967,
Ho=0.571, He=0.627 vs. P=0.83, Ho=0.536, He=0.543). As
mentioned above, the higher ploidy of the former might
explain this difference. In addition to intrinsic traits, the
small size of most R. corsica populations (Laetitia Hugot,
pers. obs.) and its scattered distribution could also
explain the lower diversity found in R. corsica, because
its populations might be more affected by inbreeding
and isolation than the larger population of R. lamarmorae (Hamrick and Godt 1989; Ouborg et al. 2006).
An exception to the trend of relatively high genetic
diversity found in R. corsica and R. lamarmorae is represented by population SA (taxonomically assigned to
R. corsica), which showed some genetic erosion, being
characterised by values of polymorphism, allelic diversity and heterozygosity much lower than the other
populations analysed in this study (NA =22, P=0.6,
Ho =0.350, He =0.323, Table 3). The low genetic diversity and the presence of alleles fixed at four loci suggest
that genetic drift and inbreeding strongly influenced the
genetic structure of this small population (20 individuals in total; Laetitia Hugot, unpublished data; Ellstarnd
et al 1993). They also suggest that the rate of genetic
exchange between SA and other R. corsica populations,
even the closest ones from a geographical point of view,
is extremely low, and it seems unable to counteract the
genetic effects of small population size.
Population genetic structure
Genetic differentiation among populations measured
with FST and AMOVA (Table 4 and Figure 2 respectively) was lower than expected, when considering the low
dispersal ability of R. corsica and R. lamarmorae (Gianluigi Bacchetta, unpublished data). Because FST is strongly influenced by levels of heterozygosity (Meirmans and
Hedrick 2011), we cannot rule out the possibility that FST
values (and AMOVA, accordingly) may simply reflect the
high levels of heterozygosity detected in our study species (Table 3), and that in this case Dest (which is based
on the effective number of alleles and thus independent
of levels of heterozygosity; Jost 2008; Table 4) might better describe genetic differentiation among populations.
Indeed, Dest values are approximately two times larger
than FST values (FST=0.097, D est=0.162 for R. corsica;
FST=0.086, D est=0.179 for R. lamarmorae), suggesting
that the studied populations might be more differentiated than implied by FST. High values of heterozygosity
and lower levels of FST than Dest were also found in the
congener R. oreojasme (He = 0.687, FST = 0.097, Dest =
0.275; Meloni et al. 2015).
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The differentiation among populations described
by Dest (high for R. lamarmorae, relatively lower for R.
corsica; Table 4) was supported by PCoA (Figure 3) and
Bayesian analyses (Figures 4 and 5). The population
structure detected in the two species (Figures 3, 4 and
5) and the absence of isolation by distance reiterates that
limited gene flow probably due to low dispersal ability
has played a significant role in shaping current patterns
of genetic differentiation. Low dispersal ability seems
to characterise particularly R. lamarmorae, whose subpopulations, showing the highest value of within-species
Dest and appearing genetically well separated in PCoA
and Bayesian analyses (Figures 3B and 4), are only ca. 3
km apart from each other. Analyses that included both
species indicated some genetic differentiation between R.
corsica and R lamarmorae (Table 4, Figures 3C and 5),
lending some support to their taxonomic classification
as separated species. However, some degree of admixture between them was detected. The difference in ploidy
level (R. corsica is diploid, R. lamarmorae is tetraploid;
Contandriopoulos 1957, Honsell 1957) and their geographic separation through the Bonifacio strait suggest
that relatively low levels of admixture detected might not
be the effect of gene flow between islands. Instead, this
result might be better explained by the possibility that
R. corsica and R. lamarmorae diverged at only few loci,
probably as a consequence of low mutation rate and/
or the long generation time that characterises the two
species. Further analyses would be required to test this
hypothesis. The high transferability of the newly developed microsatellite markers between the two species
(Table S1) supports the hypothesis of low divergence.
In all genetic analyses, population SA (of R. corsica) strongly differed from all other studied populations
(Table 4), forming a distinct group in both PCoA (Figures 3A and 3C) and STRUCTURE analyses (Figures 4
and 5). This result reinforces the conclusion that SA is
more genetically isolated than the other studied populations. Because geographic distance does not explain this
genetic isolation, other factors seem to affect gene flow
in this population. Interestingly, in STRUCTURE analyses that included R. corsica and R. lamarmorae, population SA showed evidence of genetic admixture between
the two species for K=2 (the most accurate estimate of
the number of clusters obtained measuring ΔK; Evanno
et al. 2005), was assigned to the same genetic group of
R. lamarmorae sub-population SS for K=3, and resulted
genetically differentiated from all other studied populations of both species for 4<K<7 (Figures 5). Further
genetic and karyotype studies are required to clarify
the reasons of the genetic differentiation of SA. Genetic
analyses on the congener R. chalepensis, occurring in
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both islands, might also help to clarify the occurrence
and amount of gene flow between Corsica and Sardinia.
Conservation implications
This study provides important insights into the genetic
structure of R. corsica and R. lamarmorae, with potential
applications for their effective conservation. The medium
to high genetic diversity characterising these endemics
suggests that both species are not at high risk of extinction
due to genetic factors. Nevertheless, their isolation, their
very restricted distribution, the small size of R. corsica
populations and, in the case of R. lamarmorae, the continued anthropogenic and environmental threats to its population (i.e., overgrazing, fires, presence of skiing infrastructures; Bacchetta et al. 2006) might jeopardize conservation. Moreover, mountain habitats are considered particularly sensitive to climatic change and are likely to show the
effects of temperature increase earlier and more markedly
than other ecosystems (Grabherr et al. 2000; Thuiller et al.
2005; Patsiou et al. 2014). Germination tests in R. lamarmorae show that an increase in winter temperatures could
lead to reduced reproductive capability, because seeds may
not experience the vernalization period required for germination (Bacchetta et al., unpublished data). We expect a
similar negative effect on germination in R. corsica, given
the close relatedness with R. lamarmorae, the phenotypic
traits they share, and the shared ecological preference for
mountain habitats. Similarly, a reduction in seed germination rate with increasing temperatures has been observed
in other Sardinian taxa that occur at medium to high altitudes, including Lamyropsis microcephala (Mattana et al.
2009), Rhamnus persicifolia (Bacchetta et al. 2011), Ribes
multiflorum subsp. sandalioticum (Mattana et al. 2012),
and Vitis vinifera subsp. sylvestris (Orrù et al. 2012).
In situ conservation is essential to the long-term
persistence of these two island endemics and should be
aimed at preserving all extant populations, for they all
carry unique alleles (a particular case is represented by
population SA, whose low genetic diversity and high differentiation require further genetic analyses; Tables 3
and 4, Figures 3 and 5). For R. lamarmorae, seeds from
sub-population BC were already collected for longterm storage at the BG-SAR (the Sardinian Germplasm
Bank, University of Cagliari). Given the high differentiation detected between sub-populations BC and SS of R.
lamarmorae, germplasm collection should be planned
also from SS. Genetic studies on the eastern part of the
Gennargentu massif are also advisable, because sub-populations from this area might show genetic differentiation as high as that found in the two R. lamarmorae subpopulations analysed here. Finally, more detailed studies

Genetic diversity and structure of Ruta corsica and Ruta lamarmorae

on the reproductive biology and dispersal ability of these
species are fundamental for planning specific, and thus
potentially successful, conservation programs and guarantee their long-term survival.
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Abstract. Xylene is a readily flammable and poisonous liquid with a chemical formula
of C6H4 (CH3)2. It is used as raw material or auxiliary raw material in many industrial products such as dye, pencil, agricultural chemicals, rubber, fiber, glue and diaper.
In this study, cytogenetic effects of xylene, on the meristematic cells of root tips of V.
faba L. used as food have been investigated. For this purpose, the seeds of the plant
have been treated with xylene solutions prepared in different concentrations for different time periods. Chromosomes at the root tips have been looked and the effect of
xylene has been determined. The abnormalities as chromosome breaking, chromosome
dispersion, bridge chromosome, chromosome adherence, ring chromosome have been
observed. Abnormalities have been seen at each treatment depended on the time periods. In addition to these visible damages of xylene in the study, possible damages on
chromosomes carrying genetic codes of living beings to future generations have been
investigated and mathematical analyzes has been made. The results obtained have been
evaluated statistically.
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1. INTRODUCTION

Xylene is a colorless, characteristic solvent odorous and liquid form raw
material with a chemical formula of C6H4 (CH3)2 and molecular weight of
106.17 GR / MOL. It is formed by bonding two methyl groups to benzene
and it is a readily flammable and poisonous liquid. Xylene may leak to surface, surface water or groundwater, where it may remain for months or
more. Xylene is widely used industry and medical technology as a solvent,
but concerns about its safety have been raised from time to time (Jenifer
1994). Health and safety authorities in most countries recommend a threshold limit value (TLV) of 100 ppm in the working environment. Xylene
vapour is absorbed rapidly from the lungs, and xylen1. e liquid and vapour
are absorbed slowly through the skin. Of the xylene absorbed, about 95%
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is metabolised in the liver to MHA and 70 to 80% of
metabolites are excreted in the urine within 24 hours.
Differences are suspected between animal species, and
between animals and humans, in the metabolism of,
and sensitivity to, xylene (Langman 2009). There have
been different studies about that the cytogenetic effects
of some metals and chemical substances except to xylene
on plant in literature. Various chemical substances
which may be used in Medicine, Biology and Agricultural fields can affect negatively growth of both plants
beside their positive effects (İnceer et al. 2003; Kıran and
Şahin 2005). İnceer and Beyazoğlu (2000) have investigated cytogenetic effects of copper chloride on root cells
of Vicia hirsuta (L.) S.F. Gray and they detected that this
compund affects cell division negatively and also leads
to chromosomel abnormalities. The researchers reported that compounds with mercury affect spindle threads
during cell division in V. faba and Allium cepa L. (Leonard et al. 1983). Some researchers have made some
investigations about the effects of heavy metal pollution
on plants, resulted from different factors at environment and enterence of these elements into soil and plant
(Çelik et al. 2004; Özdemir 2008; Özdemir et al. 2015;
Şutan 2018).
In this study, we investigated the effects of xylene
used as raw materials or auxiliary raw materials in many
industrial products such as dye, pencil, agrochemicals,
rubber, fibers, glue and diaper on chromosomes of V.
faba used as food. Faba bean is one of the most important grain legumes in the world because of its multiple
uses and its ability to grow over a wide range of climatic conditions (Kursheed et al.2018) The results of
the research have been determined mathematically and
the as statistical have been evaluated. For this purpose,
xylene solutions have been prepared in different concentrations, and the seeds of the V. faba have been germinated with treatment with these solutions. Chromosomes at at the root tips have been looked and the effect
of xylene has been determined.
The environment where xylene, a carcinogenic substance, is present at 100 ppm or more than 435 mg/m3 in
air is harmful to human health (Haglund et al. 1980). In
addition to these visible damages of xylem in the study,
possible damages on chromosomes carrying genetic
codes of living beings to future generations have been
investigated and mathematical analyzes have been made.
The results obtained have been evaluated statistically.
2. MATERIAL AND METHODS

In our study, we determined the concentration of
xylene by taking into consideration the application peri-

od and the level of harm to human health in the literature. The amounts given in the literature belong to the
direct xylene effect of the human. We tried to determine
this effect by applying on seed of V. faba, which commonly used by people as food. Thus, we used 10 ml / L,
10 ml / L, 12h and 24h values for the application. The
seeds of V. faba have been treated with these concentrations of xylene during 12 and 24 hours. Then, the seeds
have been has beenhed by distiled water and germinated in petri dish at 20-25 ºC. The root tips obtained,
have been put in 70 % ethyl alcohol after the fixation of
they. Stock root tips have been stained by Feulgen method (Darlington and La Cour 1976) and have been got
ready for microscopic examination. Homoligous areas
have been chosen on these preparations for cytogenetic
examination; the cells in these areas have been counted
and the number of mitotic cells have been also detected.
Chromosomel abnormalities have been tried to detected
in the cells counted. Preparates has been photographed
with motorized Leica DM 3000 microscope. Chromosome abnormalities detected in the study have been coded as A, B, C, D, E, F, G, H and I (Table 3). The concentrations and times of treatment have been coded as 1-4
(10 ml/L -12h): 1, (10 ml/L -24h): 2, (100 ml/L -12h): 3,
(100 ml/L -24h): 4
We used following formulas for calculating the
mitotic index and the percentage of total abnormalities. In this the study the cell numbers in per unit area
(24x24mm) have been considered.
Mitotic index =

Number of dividing cells
Total number of cells

% of total abnormalities =

x 100

Number of cells with
abnormal chromosome
Total number of cells

x 100

Statistical analyses have been performed using
MINITAB software package.
3. RESULTS

At the end of the study, it has been observed that
different concentrations of xylene treatment on the seeds
have been increased mitotic cell division at the different periods of time, compared with the control group
(Figure 1). This situation has been reached on the top
point at 12 hour of 100ml/L treatment. At the 12 hour
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Figure 1. Photomicrographs of V. faba root tip meristem cells. Normal mitotic phases: (A) prophase, (B) metaphase, (C) anaphase, and (D)
telophase.

Table 1. The mitotic index and total chromosome abnormalities in the root tip cells of V. faba.
10 ml/L

Control
Mitotic index (%) ± SD
Total abnormalities (%)
The number of different chromosome abnormalities

12.02 ± 7.84
0.00
0.00

100 ml/L

12h

24h

12h

24h

25.23 ± 11.12
03.13
2

20.02 ± 10.12
10.21
9

32.02 ± 17.14
07.05
6

27.03 ± 19.64
18.03
4

S.D.- Standart Deviation, Time (h): hour.
Table 2. Number (%) of cells in each mitotic stage of V. faba roots treated with xylene.
Stages (%)

Control

Prophase
Metaphase
Anaphase
Telophase

10.00
1.30
0.82
0.42

10 ml/L

100 ml/L

12h

24h

12h

24h

22.12
2.03
0.72
0.02

18.00
1.20
0.87
0.60

27.06
1.60
0.13
1.12

20.02
1.70
1.20
2.02

Time (h): hour.

for 100ml/L of treatment, mitotic cell division has been
decreased. Mitotic division increased again at the 12
and 24 hour of 100ml/L of treatment (Table 1,2). In the
cells of the root tips of treated with xylene investigated seeds various chromosomel abnormalities as sticky
chromosome, ring chromosome, chromosome breaking,
bridge chromosome, vagrant chromosome, polar deviation, binucleated cell and scattered anaphase at different stages of mitotic division have been detected (Figure
2-8). Total abnormalities (%) has been observed high
level all treatment for 24 hours of time according to 12
hours of time (Table 1-3). The number of different chromosome abnormalities have been observed the highest
level at 10ml/L and 24 hour treatment time. Whereas
the at least number of different chromosome abnormalities have been observed at 10ml/L and 12 hour treatment
time. The chromosomel abnormalities with the highest percentage have been seen in sticky chromosome

and ring chromosome. Bridge chromosomes have been
seen as single, binary, triple and multiple bridge shaped
in the all treatment except to control and 12h- 100ml/L
treatment. Chromosome shrinking, ring chromosome
and chromosome breaking have been seen all treatment
times except to 10ml/L and 12 hour and control. Binucleated cell and Scattered anaphase have been seen in the
all treatment except to control and 12h- 10ml/L treatment (Table 1-3; Figure 3,7)
Also, according to the statistical results derived,
there is a considerable positive relation between the
increase concentration of treatment and the mitotic
index (%). On the other hand, there are positive relation between the time of treatment and the chromosome
abnormality (%) (Table1-3).
The statistical analysis of the results are shown in
Tables 1-8. According to Table 4 and 8 based on the
Pearson’s correlation and analysis of variance method
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Figure 2. The xylene induced abnormalities: Anaphase bridges

Figure 3. The xylene induced abnormalities: Binucleated cells

Table 3. The xylene induced chromosome abnormalities in the root tip cells of V. faba.
10 ml/L

Chromosome abnormalities (%)
Sticky chromosome
Ring chromosome
Chromosome breaking
Bridge chromosome
Vagrant chromosome
Polar deviation
Binucleated cell
Scattered anaphase

A
B
C
D
E
F
G
H

100 ml/L

12h (1)

24h (2)

12h (3)

24h (4)

1.30
1.30
0.53
0.00
0.00
0.00
0.00
0.00

2.30
3.20
2.80
1.21
0.00
0.00
0.20
0.10

1.50
1.20
0.60
1.10
1.40
0.30
1.30
0.10

3.20
2.10
1.50
4.30
3.20
2.20
0.70
0.80

Treatment time (h): hour. Abbreviations: A-H: Codes of chromosome abnormalities.
Abbreviations: 1-4 : Codes of Treatment (10 ml/L -12h): 1, (10 ml/L -24h): 2, (100 ml/L -12h): 3, (100 ml/L -24h): 4.
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Figure 4. The xylene induced abnormalities: Chromosome breaking.

Figure 5. The xylene induced abnormalities: Vagrant chromosome.

Table 4. Pearson’s correlation based on chromosome abnormalities.
A
B
C
D
E
F
G
H

0,966
0,034*
0,938
0,062
0,012*
0,988
0,342
0,658
0,266
0,734
0,220
0,780
0,142
0,858

B

C

D

E

F

Table 5. Pearson’s correlation based on chromosome abnormalities.

G
2

0,894
0,106
0,195
0,805
0,539
0,461
0,419
0,581
0,441
0,559
0,298
0,702

3
0,264
0,736
0,117
0,883
0,031*
0,969
0,313
0,687
0,161
0,839

4
0,916
0,084
0,964
0,036
0,326
0,674
0,985
0,015

0,950
0,050*
0,579
0,421
0,921
0,079

1

2

3

0,851
0,007**
0,412
0,310
0,028*
0,762

0,272
0,514
0,135
0,750

0,470
0,239

* Significant at the level of P< 0.05. ** Significant at the level of P<
0.01. Abbreviations: 1-4 : Codes of Treatment.
0,301
0,699
0,991
0,009**

0,249
0,751

* Significant at the level of P< 0.05. ** Significant at the level of P<
0.01. Abbreviations: A-I : Codes of chromosome abnormalities.

(Correlation), there are important correlations among
(A-B, D; C-F; D-F, D-H; E-F; F-H) the investigated chromosome abnormalities at levels of 0.01 and 0.05 (Table
4, 8). According to Table 5, based on the Pearson’s cor-

32

Cihangir Alaca et al.

Figure 6. The xylene induced abnormalities: Ring chromosome.

Figure 7. The xylene induced abnormalities: Polar deviation and Scattered anaphase.

relation method there are important correlations among
(1-2; 1-4) the treatment time and treatment concentrations at levels of 0.01 and 0.05 According to Table 9,
based on the analysis of variance method, there are
important correlations among only 1-2 the treatment
time and treatment concentrations at levels of 0.01.

4. DISCUSSION

In this study, we studied the cytogenetic effects of
xylene on which human beings are exposed in different way on chromosome of plant. For this aim we used
meristematic cells of root tips belonging to the V. faba
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Figure 8. The xylene induced abnormalities: Sticky chromosome.

Table 6. Regression Analysis: A versus B.

Table 7. Regression Analysis: 1 versus 2.

The regression equation is C5 = 0,899 + 0,435 C6

The regression equation is C1 = - 0,065 + 0,370 C2

Predictor

Coef

SE Coef

T

P

Predictor

0,030
0,034

Constant
0,8995
0,1588
5,66
C6
0,43508
0,08255
5,27
S = 0,140751; R-Sq = 93,3%; R-Sq(adj) = 89,9%
Analysis of Variance
Source
Regression
Residual Error
Total

Coef

SE Coef

T

P

Constant
-0,0654
0,1645
-0,40
C2
0,36970
0,09332
3,96
S = 0,334601; R-Sq = 72,3%; R-Sq(adj) = 67,7%

0,705
0,007

Analysis of Variance

DF

SS

MS

F

P

1
2
3

0,55038
0,03962
0,59000

0,55038
0,01981

27,78

0,034

Source
Regression
Residual Error
Total

DF

SS

MS

F

P

1
6
7

1,7570
0,6717
2,4288

1,7570
0,1120

15,69

0,007

Abbreviations: A-B : Codes of chromosome abnormalities

Abbreviations: 1-2: Codes of Treatment.

which widely used as food by humans. The researchers
have pointed out that Allim cepa has as an advantage

due to its large chromosomes, easily observed with a
light microscope (Bonciua 2019). For the same reason,
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Table 8. Correlation between 8 investigated chromosome abnormalities (Analysis of Variance).

A-B
A-C
A-D
A-F
B-F
B-H
C-D
D-F
D-H
E-F
F-H
G-H

MS

F-value

0.5503
0.5187
45.134
0.0418
0.5120
0.2580
0.2370
9.5300
9.9522
6.2427
3.3103
0.0624

27.78
14.56
482.2
01.15
0.430
0.190
0.150
26.47
66.84
18.71
115.7
0.130

Probability Significance
0.034
0.062
0.050
0.734
0.581
0.702
0.736
0.036
0.015
0.050
0.009
0.751

*
NS
*
NS
NS
NS
NS
*
**
*
**
NS

MS: Mean Square; *P<.05; **P<.01; A-H: Codes abnormalities; NS:
Not Significant.
Table 9. Correlation between treatment time and concentrations
(Analysis of Variance).

1-2
1-3
1-4
2-3
2-4
3-4

MS

F-value

1,7570
0,4128
0,0398
0,9520
0.2340
0.4380

15,69
1.230
0.100
0.480
0.110
0.710

Probability Significance
0,007
0,310
0,762
0,514
0,750
0,239

**
NS
NS
NS
NS
NS

MS: Mean Square; **P<.01; Abbreviations: 1-4: Codes of Treatment;
NS: Not Significant.

we have used V. faba which has this feature in this study.
We think that the results of the study are quite important. Because chromosomes are the passwords that keep
the viability. We have been determined that xylene has
been caused to some chromosamal abnormality on root
tip cells of the plant as bridge chromosome, chromosome breaking, sticky chromosome, ring chromosome,
vagrant chromosome, scattered anaphase. Similarly, the
researchers investigated the cytotoxic effect of benzene
and thinner, the toxic chemical used in the painting of
steel furniture such as xylene. The effect were evaluated
using root tip cells of Allium cepa. They observed Chromosomal abnormalities induced were early separation,
exclusion, laggard, sticky bridge and persistent bridge
(Barbhuiya et al. 2018). Some other the researchers
reported that copper chloride has caused to some chromosamal abnormality on root tip cells of Vicia hirsuta
(L.) Gray. According to the same researchers the most
observed abnormalityes have been chromosome adher-

ence and bridge chromosome (İnceer and Beyazoğlu
2000). In other study, it has been determined that
increase of the lead (PbCl2) concentrations cell division
has been decreased, several mitotic anomalies such as
c mitosis, lagging chromosomes, multipolar anaphases
and chromosome bridges on root tip cells of Lens culinaris Medik (Kıran and Şahin 2005). In another study,
It has been determined that the frequency of mitotic
cell division have been affected by uranium depending
on the different treating time and uranium led to chromosomel abnormalities in the V. faba cells (Özdemir et
al. 2008). Similarly, in our study, the mitotic division
of the seed treated with xylene gradually increased in
comparision to the control group. On the other hand,
the chromosome abnormalities vary in parallel with
the concentration while the chromosome abnormalities
changes irregularly with the time periods of the treatment in our study. As a result of the study, xylene has
been shown to induce cleavage in plant meristematic
cells and cause abnormal cell division and chromosomel
abnormalities. Statistical analysis have been performed
using Analysis of Variance, Regression and Pearson Correlation tests. The differences have been evaluated with
the same tests. The reason for the application of this statistical method is to see if there is a difference between
the groups on the variables studied. These statistical
methods have been used to test the differences between
two or more groups for our investigated. The results
have been taken into account in the significance evaluations at P <0.05 and P <0.01 levels. Thus, we have tried
to prove and evaluate the results obtained from laboratory studies numerically. Also, according to the statistical
results derived, different concentrations of xylene treatment on the seeds have been increased mitotic cell division at the different periods of time, compared with the
control group. However, mitotic division of these treated
seeds decreased with increasing application time. This
result shows that the application time in mitotic division is important. On the other hand there is a considerable positive relation between the treatment time (hour)
and the chromosome abnormality (%). As shown in the
tables According to analysis of variance, regression analysis and pearson correlation tests it has been found that
there have been statistically important differences at levels of 0.01P between Scattered anaphase and Polar deviation (Table 4,6,8). We can say that these chromosomal
abnormalities are interrelated and trigger each other.
We did not find any detalied study on the effect of
xylene on plant chromosomes except for a few studies
on the effect of xylene on animal cells in our literature
review (Mohtashamipur et al. 1985; Dean 1985; Nise
1991). In literatüre some researchers have done studies
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on the health damages of xylene through various routes
of exposure. The researchers indicated that xylene, an
aromatic hydrocarbon, is widely used in industry and
medical laboratory as a solvent and it is a flammable
liquid that requires utmost care during its usage. Also
researchers pointed that prolonged exposure to xylene
leads to a significant amount of solvent accumulation in
the adipose and muscle tissue ( Rajan and Malathi 2014).
Thus, we think that we are trying to close this deficiency
in the literature with this study.
The researchers observed the damage of chromosome in bone marrow cells of rats after dosing with
xylene (Lebowitz et al. (1979). Similarly Donner et al.
(1980) exposed rats to technical-grade xylene by inhalation at 300 ppm, 6 h/day, 5 days/week for up to 18 weeks.
The chromosome damage has been detected in animals
examined after 9, 14 or 18 weeks exposure. The occurrence of these disorders in the chromosomes shows that
this negativity will be transmitted from generation to
generation. People who have been reluctantly exposed to
xylene could have similar effects. Therefore, the use of
this chemical in our lives should make us think.
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Abstract. Pesticides are highly noxious materials.Their poisonousness might not be
unequivocally precise to the target entities but can unfavorably disturb various procedures in the non-target host plants. In the present study, the effect of application of
clethodim on pollen sterility and meiotic anomalies of Pisum sativum L are studied.
Pisum sativum L seeds are treated with different concentrations of clethodim varying
from 0.01%, 0.02%, 0.03%, and 0.04% for exposure time of 1 hour and their effect on
pollen sterility and chromosomal anomalies were investigated. The outcomes reveal
that treatment of clethodim on Pisum sativum L seeds induces pollen sterility (PS) and
chromosomal anomalies (CA) in a dose-dependent manner. Also in clethodim treated
seeds, an elevation in the proportion of abnormal meiotic phases were observed which
was time and concentration dependent. Secondary association (SeA), precociuos separation (PS), clumped nuclei (CNu) were reported in metaphase I & II, stickiness (Stc),
bridges (Br) and laggards (Lg) in anaphase I & II. The results of the present study
reveal that frequently used herbicide clethodim has a substantial cytotoxic effect on
meiotic cells of Pisum sativum L.
Keywords. Herbicide, Clethodim, Pollen sterility, Meiotic abnormality, Pisum sativum L.

INTRODUCTION

The application of herbicides has led to an alteration in the phytosociological properties of weeds and to a choice of biotypes resilient to herbicides.
In addition, it also causes effects in the health of humans and environment
although they are categorized as an extremely efficient means in the regulation of weeds. According to He et al. (2012), all over the world, the most
applied chemical materials are the herbicides. In the 90’s, the worldwide pesticide sales continued to stay moderately persistent, amongst 270 to 300 billion american dollars, 79% of this amount is related to herbicides. Amongst
the three foremost groups of pesticides i.e. herbicides, fungicides and insecticides; herbicides have taken the top slot since 2007 (Zhang et al. 2011). In
order to upsurge agricultural output, the application of herbicides for regulating weeds is the most widely used practice in worldwide agriculture. Nevertheless, when these chemical substances are applied in an unrestrained
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way, they can influence and disturb other organisms,
particularly aquatic creatures (Nwani et al. 2011; Van
Bruggen et al. 2018).
Earlier reports have shown that much of the noxious
effects of herbicides on plants and animals were inadequately explored (Chevreuil et al. 1996; Kim and Feagley
1998; Abdel-Rahman et al. 1999). As a result of the
absence of evidences about the effect of herbicides in the
biotic environments, they can also epitomize a setback
to health of human beings (Munger et al. 1997; Gorell et
al. 1998). The influence of pesticide in the environments
is determined by its noxiousness, concentration and dispersion manner (Van der Werf 1996). The mutagenic
effects of the herbicides can result from several reactions
within the organism, as a direct action of the compound
on the nuclear DNA; incorporation in the DNA during
cell replication; interference in the activity of the mitotic
or meiotic division, resulting in incorrect division of the
cell (Timbrell 1999). A few herbicides affect directly the
elongation, cell differentiation and cell division of plants.
Herbicide clethodim falls into the cyclohexanedione oxime class. From post-emergence, clethodim
is active as an herbicide against various species of grass
weeds mostly in sunflower, soybean, cotton and other
broad-leaved plants (Edwards 2005). Earlier studies have
emphasized the adverse effects of the herbicides on plant
physiology and cytogenetics. Maleic hydrazide (MH) is
one of the few herbicides which prevents the synthesis of
proteins and nucleic acids (Siddiqui et al. 2008). Mutagenic action of glyphosate, alachor and maleic hydrazide
has been reported by Siddiqui et al. (2012), diclofopmethyl and lindane has been stated by Anila and Ditika
(2013) and anilofos has been described by Arzu et al.
(2014) on root tip cells of plant.
Pisum sativum L, (Fabaceae) is a plant useful in the
manure production, ayurvedic medications and food
(Davies et al. 1985). It is one of the most used leguminous plant and is a source of protein. There are no
studies available in the literature which have assessed
the adverse effects of clethodim on Pisum sativum L, a
potential multipurpose crop. In the current investigation, we have assessed the noxious consequences of
clethodim on meiotic cells of Pisum sativum L.
MATERIALS AND METHODS

Seeds and chemical
Pisum sativum L seeds, variety ARKIL were obtained
from the Indian Council of Agricultural Research Bbhoj Krishi Vigyan Kendra, Near Village Naktara, P. O.
Bankhedi, NH-86 Ext., Raisen Sagar Road, Bhopal, India.

Clethodim herbicide was obtained from the Delta
Chemical Company based in Riyadh, Saudi Arabia.
Treatment of Pisum sativum L with clethodim
Healthy and even sized seeds of Pisum sativum L
were taken and submerged for 6 hours in double distilled water of pH 6.7. In a glass beaker of 250 mL, seeds
of Pisum sativum L were immersed for 1 hour in 150
mL clethodim solutions of various concentrations (0.01,
0.02, 0.03 and 0.04%). The seeds were shaken frequently
for providing ample air to the seeds. For eliminating any
remaining amount of clethodim, the treated seeds were
properly cleaned with double distilled water. For control,
a set of seeds were submerged in distilled water. In order
to eradicate any remaining chemical sticking to the seed
coat, the seeds were cleaned with tap water. Each set of
seeds comprising of 10 seeds per pot were seeded in pots
having a height of 24 cm and width of 17 cm. The entire
experiment was repeated thrice under similar conditions.
Pollen grain analysis
For experiments related to pollen grains, flower
buds of similar age were collected from treated plants
and control group. They were fixed in 70% alcohol. For
identifying pollen sterility as well as fertility, pollens
were stained with 1% propionocarmine. Pollens having
uniform size and shape which were stained dark purple in colour and filled with nuclei and cytoplasm were
considered as fertile whereas pollen grains which were
stained pale yellow colour or colourless, having irregular
size and shape and without nuclei and cytoplasm were
defined as sterile. Pollen sterility was calculated as the
ratio of non viable pollen grains to the total number of
pollens and expressed in percentage.
No. of non viable
pollen grains

No. of sterile pollen grains =
x 100
Total no. of pollen grains
Meiotic analysis
To assess the effect on meiotic cells, flower buds of
similar size were fixed in 1:3 acetic acid saturated with
iron and absolute alcohol for 24 hours and than passed to
70% alcohol. The meiotic cell preparations were prepared
by traditional acetocarmine squash technique (Man-

39

Clethodim induced pollen sterility and meiotic abnormalities in vegetable crop Pisum sativum L.

Table 1. Percentage of meiotic abnormality in metaphase I & II and anaphase I & II plate of Pisum sativum L in PMCS exposed to different
concentrations of clethodim for 1 hour.

(%)

Concentration Treatment
time
PMC cells

Total

Metaphase I/II (Mean ±S.E)

Anaphase I/II (Mean ±S.E)

Sec. asso.

Pre.sep.

Clumped
nuclei

Stickiness

Bridges

Laggards

Total
anomalies

0.0 ± 0.00
1.5 ± 0.34
2.8 ± 1.20
3.2 ± 1.70
6.5# ± 2.80

0.0 ± 0.00
2.6 ± 0.29
3.8 ± 0.93
4.2 ± 1.04
6.1$ ± 2.1

0.0 ± 0.0
3.5 ± 0.2
4.6 ± 0.9
6.4$ ± 1.3
7.4$ ± 2.4

0.0 ± 0.0
1.8 ± 0.3
2.2 ± 0.7
3.5 ± 1.2
6.7¥# ± 2.0

0.0 ± 0.0
2.4 ± 0.4
3.1 ± 0.7
3.8 ± 0.3
6.5# ± 2.7

0.0 ± 0.0
1.4 ± 0.2
2.8 ± 0.6
3.4 ± 1.2
6.2$# ± 2.1

00.0 ± 0.0
13.2 ± 1.73
19.3 ± 5.03
24.5 ± 7.34
39.4$ ± 14.1

1h
0.00
0.01
0.02
0.03
0.04

110
125
115
128
130

p≤ 0.05; $ p≤0.01; ¥ p≤0.001 compared to control. Data are mean of three replicates ± SE; 0.0 = Control group.

ton 1950). By squashing the anther in an acetocarmine
stain, slides were prepared. In normal butnyl alcohol
(NBA) series, permanent slides were made and they were
mounted in Canada balsam and than dried up at 45°C.
Statistical analysis
Statistical analysis was performed employing one
way ANOVA test using GPIS software 1.13 (GRAPHPAD,
California, USA) to detect the significance of differences
of variables. All values are expressed as mean ± SE.
RESULTS

The occurrence of pollen sterility and meiotic chromosomal abnormalities were listed in (Figs 1, 2 and

Table 1). It is clear from the results that clethodim was
proficient in inducing pollen sterility and different types
of meiotic chromosomal abnormalities such as secondary association (SeA) (Fig. 2, A and B), precociuos separation (PS) (Fig. 2, C and D), and clumped nuclei (CNu)
(Fig. 2, E and F) in metaphase I & II and stickiness (Stc)
(Fig. 2, G and H), bridges (Br) (Fig. 2, I and J) and laggards (Lg) (Fig. 2, K and L) in anaphase I & II.
Effect of clethodim on pollen sterility of Pisum sativum L.
The observation reveals that the percentage of pollen
mother cells (PMCS) showing pollen sterility increased
with increase in concentrations of clethodim at different
exposure times and was null in control (Fig. 1). A lower percentage of pollen sterility were observed at 0.01%
concentration which was 60% at one hour and it was
highly significant (p>0.001) when compared to control.
In addition, at highest concentration high increase in
pollen sterility were reported which reached 83% at one
hour in clethodim treated PMCS.
Pollen sterility is a sign of disturbance in reproductive process which was observed in clethodim treated
pollen mother cells of Pisum sativum L at 1 hour (Fig.
1). The increase in the ratio of sterile pollen grains in the
clethodim treated groups as the dose increases might be
due to their toxic effects on pollen grains.
Effect of clethodim treatment on chromosomal aberration
(CA) of Pisum sativum L

Figure 1. Pollen sterilty of Pisum sativum L PMCS exposed to different concentrations of clethodim for 1 hour. ¥ p≤0.001 compared to
control. Data are mean of three replicates ± SE; 0.0 = Control group.

Cytological analysis also documented numerous
anomalies in the PMCS of clethodim treated plants at
one hour, as shown in Table 1. Different types of CA
such as SeA, PS, and CNu were noticed in metaphase I
& II and Stc, Br and Lg were observed in anaphase I &

40

Sazada Siddiqui, Sulaiman Al-Rumman

A

B

C

D

E

F

G

H

I

J

K

L

Figure 2. (A-L) Meiotic aberrations induced by clethodim in Pisum sativum L PMCS. (A-B) Secondary association; (C-D) Precocious separation; (E-F) Clumped nuclei at Metaphase I & II, (G-H) Sticky chromosome; (I-J) Bridges; (K-L) Laggards at Anaphase I & II in PMCS in
Pisum sativum L.

II (Table 1 and Fig. 2). Cytological investigations clearly
revealed that the level of CAs gradually increased along
with increasing concentrations of clethodim at one hour.
Studies of different stages of meiotic division shows that
almost all the stages of division were affected to a certain extent.
The percentage of formation of SeA, PS, and CNu
in metaphase I & II were reported maximum in 0.04%
(6.5% - significant p≤0.05, 6.1% - very significant p≤0.01
and 7.4% - very significant p≤0.01) as compared to control, at one hour and reported minimum in 0.01% (1.5%,
2.6% and 3.5%) at one hour of clethodim treated plants.
The percentage of formation of Stc, Br, and Lg in
anaphase I & II were reported maximum in 0.04% (6.7%
- very significant p≤0.01 and significant p≤0.05, 6.5% significant p≤0.05 and 6.2% - very significant p≤0.01) as
compared to control at one hour and reported minimum
in 0.01% (1.8%, 2.4% and 1.4%) at one hour of clethodim
treated plants.
Increased incidence of CAs were in the following
order for 1 hour clethodim treatment: CNu > Stc > BR =
SeA > Lg > PS.

DISCUSSION

In the present study, the occurrence of laggards and
bridges in anaphase I & II were strictly correlated with
sterility. Similar finding were reported by Liang et al.
(1967) on sorghum by Atrazine treatment which affected
meiotic stability. Çalli (2008) reported that the Equation
Pro (22.5% Famoxadone+30% Cymoxanil) fungicide
instigates abnormalities in the meiosis of pollen grains
and thus resulting in pollen sterility. Dubey et al. (1977)
reported a decrease in viability of about 60% in the pollen of eggplants, indicated by the joint effect of a dinitro
herbicide and two organophosphate insecticides. Fungicide propiconazole produced damaging effects on pollen
tube development and pollen germination of Tradescantia virginiana (He et al. 1995). Rana and Swaminathan
(1964) and Ramanna (1974) found that any deviance in
cytokinesis or karyokineses could generate non-viable
microspores. Sinha and Godward (1969;1972) found
that translocations were liable for reduced pollen fertility. In H.orientalis, tube growth and in vitro pollen germination was disturbed and affected by the herbicide
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Quizalofop-p-ethyl (QPE) treatments. Especially, the
maximum QPE concentration instigated alterations in
the morphological attributes of H. orientalis. Pollen germination is decreased by three times by utmost vigorous
QPE application. Within the pollen tube morphological
anomalies were also detected (Deveci et al. 2017).
Pisum sativum L and Allium cepa L are generally
used in order to check the genotoxicity and cytotoxicity
of several chemicals (Bonciu et al. 2018 a and b; Siddiqui
2018). Previous works have revealed that herbicides have
mutagenic effect on Pisum sativum L and Allium cepa
L (Siddiqui et al. 2008; Rosculet et al. 2019). Cytological abnormalities in plants can be a useful monitoring
method for the recognition of chemicals present in the
environment that might cause a genetic threat. In the
current study, we found numerous kinds of chromosomal irregularities such as SeA, PS, CNu in metaphase I &
II, Lg, Br, and Stc in anaphase I & II in Pisum sativum L
after treatments with clethodim of one hour.
The prevalence of secondary association has been
found in treated plants. Incidence of secondary association is a regular attribute occurring primarily because
of the existence of more than two homologous chromosomes. In the course of secondary pairing, there is a
debate on the participation of homologous chromosomes
amongst the researchers. Hirayoshi (1957) differed with
the postulation that contemplates the participation of
homologous chromosome in secondary association and
after investigating thorough outcomes in Zizanieae and
Oryzeae offered the inference that secondary association might be an incidence effective under physico and
bio-chemical effects and has got no relation to the exact
homology of chromosomes.
Secondary pairing within bivalents is well thought
to be a sign of polyploid attribute of a species as found
in Kidney bean (Girjesh and Nitu, 2014), Ocimum
(Mukherjee and Datta 2005), Uraria picta (Bhattacharya and Datta 2010). As per Stebbins (1950), secondary
association may be contemplated to be a phenomenon
that illustrates the polyploid attribute of a species but
detailed phylogenetic estimations may not be framed
from this since secondary pairing within bivalents is
substantially altered by further chromosomal alterations.
In the present study, the occurrence of precocious
movement also appeared enhanced with rising clethodim concentations. Precocious separations were formed
due to unstable spindle process or inactivation of spindle formation and interrupted homology for pairing of
chromosomes that might lead to the precocious motion
of chromosomes (Umar and Singh 2003). It might also
be attributed due to the occurrence of breakage of chro-
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mosomes or because of the heavy metals breaching the
protein moiety of the nucleoprotein backbone.
In the current study, the prevalence of clumped
nuclei also get boosted with rising clethodim concentations. Because of the turbulences at the cytochemical level, clumped nuclei were created. Clumping of the
chromosomes can occur with regular arrangement at
metaphase and separation may result in the creation of
bridges. Some types of gene mutations that cause incorrect coding of some non-histone proteins involved in
chromosomal organization can lead to chromosomal
clumping. There is a possibility that the mutagen reacts
with the available histone proteins and results in an
alteration in the surface property of the chromosomes
because of incorrect folding of DNA and hence causing
the chromosomes to stick or clump (Grant 1978).
Stickiness was also reported with increase in the
clethodim concentrations. Stickiness could occur
because of incomplete detachment of the nuclear proteins and changes in their design of association or
because of incomplete detachment of the nucleoproteins
and amendment in their design of association or because
of depolymerization of nucleic acids instigated by clethodim treatment. Stickiness might result from disorders in
cytochemical balance reaction (Dewitte et al. 2010; Rosculet et al. 2019). Depolymerisation of nucleic acids due
to herbicidal treatment or by incomplete detachment of
nucleoproteins (Kaufman et al. 1955) or by the limited
separation of nucleoprotein variation in their design of
organization (Evans 1962) may cause stickness.
Numerous bridges were formed in anaphase I & II
in the treated plants. Bridges were probably created by
breaking and combination of chromosomes bridges
which augmented with the treatment of clethodim. Formation of chromosomal bridges could occur because of
the chromosomal stickiness and consequent failure of
free anaphase division or because of inversion of chromosome fragments or irregular translocation (Gomurgen 2000). Rosculet et al. (2019) reported that the origin
of bridges were mainly because of the merger amongst
broken chromosomes.
The laggards noticed within the current investigation could be due to the failure of the movement of
chromosomes or because of the deferred termination of
stickiness of the ends of chromosomes. Lagging of chromosomes might occur because of the interruption of the
motion of bivalents towards equatorial plate at metaphase I. The utmost regular occurence was the lagging of
single univalent (Zeyad et al. 2019). Barthelmess (1957)
reported that more than one lagging chromosomes in
meiosis might occur because of the interruption of the
prometaphase motion of chromosomes supplemented by
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union of the centromeric to the adjoining inner surface
of plasma. Bridges and laggards might have been formed
because of deferred terminalisation of stickiness of the
ends of chromosomes (Kaur and Grover 1985). Creation of micronuclei at telophase I is caused by laggards.
Generation of micronuclei at telophase II is caused by
laggards or acentric fragments and thus it results in the
alteration in numeral and size of pollen grains ensuing
from mother cells.
As reported in previous findings, our outcomes
suggest the possibility of these chemicals to instigate
meiotic anomalies (Namrata and Alka 2014; Das et al.
2018). The chromosomal abnormalities caused by these
herbicides might be because of their impeding effect on
spindle proteins and their capability to instigate swap
over of sister chromatids (Tartar et al. 2006; Siddiqui et
al. 2009). Previous investigations have revealed that free
radicals might be the reason for genomic uncertainty
in cells. Damages in DNA, disarray in the cytoskeleton
and disproportion in energy metabolism might result in
chromosomal anomalies as reactive oxygen species are
extremely unstable (Siddiqui et al. 2012; Siddiqui 2015).
Due to genetic and physiological disarrays, numerous types of meiotic abnormalities might have been created. It has become clear from the above findings that
clethodim used in the current work is probably capable
of instigating several types of chromosomal anomalies.
CONCLUSION

Within the experimental settings applied in the current work, clethodim displayed a sturdy genotoxic effect
on Pisum sativum L. It is obligatory to do additional
research work on the attribute of the harvests resulting
from seeds and plants subjected to these chemicals in
relation to their nutritive worth and their vulnerability
to acclimatize with diseases. Additionally, it is significant to note that the pesticide preparations encompassing these active constituents may or may not have a parallel effect on the plant cells. Regarding this, supplementary researches are essential to evaluate their outcome
on biological procedures.
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Abstract. Aluminum (Al) is the third most elements found in the earth crust and
Al toxicity is one of the most dangerous toxicants in terms of plants. As soil acidity
increases due to a number of environmental factors, Al becomes soluble and transforms into toxic forms. In the present study, barley (Hordeum vulgare L.) roots were
exposed to 100 µM AlCl3 solution for short (1/2, 1, 2, 3, 4, 5, 6 and 7 h) and long (24,
48, 72 and 96 h) term to reveal time dependent programmed cell death evidences. At
the end of time periods, Al+3 accumulations, loss of plasma membrane integrity and
lipid peroxidation increased time dependently. On the other hand, increase in caspase-1 like enzyme activities were observed in Al toxicity beginning from ½ h. Similar
to apoptosis seen in animals, cytochrome c release from mitochondria to cytoplasm
was also determined quantitatively. As a result of our research, increase of cytochrome
c release from mitochondria to cytoplasm was time dependent which is one of the
indicators of programmed cell death. Finally, under Al stress, genomic DNA fragmentation was measured by Flow Cytometry, and it was determined that DNA fragmentation was visible at first hours, but it was more significant after long term application in
barley roots. In conclusion; the presented study highlights the adverse effects of Al on
barley roots and importance of clarifying the relationship between Al toxicity and time
dependent programmed cell death mechanism.
Keywords. Aluminum, caspase-1 like activity, cytochrome c, DNA fragmentation,
lipid peroxidation, programmed cell death.

INTRODUCTION

Aluminum (Al), as an abiotic stress factor, exists as third most abundant
mineral forming 8% in earth’s crust (Matsumoto 2000; Abate et al. 2013). It
has been known that Al is the primary limiting factor on plant growth and
development in acidic soils. Considering the 67% of the world’s potential arable lands are acid soil, most of the agronomic plants are face to Al toxicity
(Kochian et al. 2004; Abate et al. 2013; Ma et al. 2014). Non-toxic Al appears
as insoluble aluminosilicates or oxides, but when soil pH decreases (pH<5)
Al solubilized into reactive and phytotoxic forms being in a range of 10–100
μM (Matsumoto 2000; Ciamporova 2002; Vardar and Ünal 2007). Several
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researches revealed that Al adversely affects the plant
within a few minutes even at low micro-molar doses; as
a result of this Al is considered as major constraint for
crop yield (Vitorello et al. 2005; Abate et al. 2013).
Considering the whole plant, root apex (root cap,
meristem and elongation zone) is the first target organ
and accumulates more Al (Matsumoto 2000; Vardar
et al. 2006). Several studies prove that Al induce morphological, biochemical and physiological alterations.
Besides, it is a genotoxic agent leading adverse effects
on DNA structure and function. Moreover, Al toxicity
decreases mitotic index and causes chromosome aberrations (Frantzios et al. 2000; Vardar et al. 2011). Recent
works also revealed that Al also adversely affects DNA
methylation and polymorphism on LTR retrotransposons suggesting these alterations may be a defense mechanism to Al stress (Guo et al. 2018; Taşpınar et al. 2018).
There is a close relation to Al toxicity and ROS
(reactive oxygen species) production triggering oxidative damage in the cell. Over accumulation of ROS cause
damage on lipid, protein, carbohydrate, photosynthetic
pigments and DNA leading to programmed cell death
(PCD) (Darko et al. 2004; Sharma and Dubey 2007;
Gupta et al. 2013).
PCD is considered as an alternative adaptive mechanism in plants to enable the survival of whole organism under extreme environmental stresses (Jackson and
Armstrong 1999; Drew et al. 2000; Vardar et al. 2018).
PCD is a genetically regulated cell suicide process and
coordinated by specific proteases and nucleases (Wang
et al. 2011; Vardar and Ünal 2012; Wituszyńska and
Karpiński 2013; Petrov et al. 2015). It has been identified
by common characteristics in eukaryotes such as cell
shrinkage, vacuolization, cytochrome c release, specific
protease activation, chromatin condensation, DNA fragmentation and finally breakdown of the cell (Vardar and
Ünal 2008; Papini et al. 2011; Wang et al. 2012; Poor et
al. 2013). There are several researches concerning abiotic
stress induced PCD in plants, but Al stress-induced PCD
is still need to be investigated to clarify its toxicity and
tolerance mechanism. Even if there are a few research on
temporal occurrence of Al-induced PCD (Vardar et al.
2015; 2016), more detailed time dependent analyses are
of the essence. Therefore, we designed a detailed analysis
addressing Al-induced PCD in the course of short and
long term exposure in Hordeum vulgare roots.
MATERIAL AND METHODS

Plant material
The seeds of barley (Hordeum vulgare L. cv Çetin

2000) which were obtained from The Field Crops Central Research Institute (Ankara, Turkey) were sterilized
with 1% sodium hypochloride solution for 10 min. After
rinsing, seeds were placed on moistened filter paper in
petri dishes for germination. The petri dishes were kept
in a plant growth room with fluorescent tubes giving an
irradiance of 5000 lux (day/night 16/8 respectively), temperature of 23 ± 2 °C, and relative humidity 45–50% for
48 h. The barley seedlings which reached 0.5-1 cm root
elongation were immersed in 100 µM AlCl3 (pH 4.5)
with different time intervals. In the present study the
exposure time designed in two groups: short (½, 1, 2,
3, 4, 5, 6 and 7 h) and long time (24, 48, 72 and 96 h)
exposure. Distilled water was used for the control group.
Fifty seeds were used for each experimental group. All
of the analyses were assessed with three replicates for
statistical validity. Analysis of variance of all the experimental data was performed with SPSS 13.0 computer
program. Student t- test was used to determine the statistical significance of differences among the means at P
< 0.05.
Determination of Al uptake
Al+3 ion uptake in control and treated roots was
assessed by hematoxylin staining method (Ownby 1993).
The intact barley roots were stained with solution containing 0.2% (w/v) hematoxylin and 0.02% (w/v) KIO3
for 15 min in dark. Then the roots were washed with
distilled water and 10 root tips (1 cm) immersed in 4 mL
1N HCl (v/v) for 1 h. After immersion, HCl solution was
measured at 490 nm spectrophotometrically.
Determination of loss of plasma membrane integrity
The loss of plasma membrane integrity in control
and treated roots was detected by Evans blue staining
method (Pandey et al. 2013). The intact barley roots were
stained with 0.25% (w/v) Evans blue solution for 30 min.
After rinsing in distilled water for 10 min, 10 root tips
(1 cm) were homogenized in 1 mL of 1% (w/v) sodium
dodecyl sulphate (SDS) solution. After centrifugation at
13500 rpm for 10 min, the supernatant was measured at
600 nm spectrophotometrically.
Determination of lipid peroxidation
Lipid peroxidation was measured by the amount of
malondialdehyde (MDA) produced after reaction with
thiobarbituric acid (TBA) (Cakmak and Horst 1991). The
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control and treated roots (0.4 g) were homogenized in 2
mL 0.1% (w/v) trichloroacetic acid (TCA). After centrifugation at 12000 g for 20 min, the supernatants (0.5 mL)
were added on 0.6% (w/v) TBA in 20% (w/v) TCA (2 mL)
and boiled at 95 °C for 30 min. The mixture was transferred to ice immediately. After color change the samples
centrifuged at 12000 g for 10 min. Absorbance of the
TBA-reactive substance was determined as TBA-MDA
complex at 532 and 600 nm.
Determination of caspase-1 like activities
Control and AlCl 3 treated root tips (0.3 g) were
ground in ice-cold mortar with 1 mL extraction buffer (50 mM HEPES-KOH – pH 7, 10% sucrose, 0.1%
CHAPS, 5 mM DTT, and 1 mM EDTA) according to
Lombardi et al. (2007). The homogenates were transferred on ice for 10 min and centrifuged at 14000 rpm
(+4 ºC) for 10 min. Protein concentration was determined by Nano photometer. For determination of caspase-1 activity, ENZO’s Caspase-1/ICE Colorimetric
Protease Activity Assay Kit was used. According to
manufacturer’s instructions, equal amounts of protein
extracts were incubated at 37 °C for 90 min with p-NA
(p-nitroaniline)-labeled substrates YVAD. The caspase-1 like activity was measured at 400 nm and calculated according to the standard curve. Comparison of
the absorbance of p-NA from an apoptotic sample with
an un-induced control allows determination of the fold
increase in caspase activity.
Determination of cytochrome c release
Control and AlCl 3 treated root tips (0.2 g) were
ground in ice-cold mortar with 3 mL 0.1 M phosphate
buffer saline (PBS, pH 7.7). The homogenates were centrifuged (+4°C) for 15 min and the supernatant re-centrifuged at 16000 rpm for 15 min. After centrifugation,
supernatant was collected as cytoplasmic phase and pellet is collected as mitochondrial phase. The pellet was
re-suspended with 200 µL PBS (Huang et al. 2014). For
determination of cytochrome c (cyt c) release, MyBioSource’s Plant Cyt C ELISA Kit was used. According to
manufacturer’s instructions, both cytoplasmic and mitochondrial phases were incubated with HRP-conjugated
reactive at 37°C for 60 min. After rinsing with washing
solution, chromogen A and B solution were added and
incubated at 37°C for 15 min. Along with stop solution,
cytochrome c was measured at 450 nm and calculated
according to the standard curve.
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Determination of DNA fragmentation
DNA fragmentation was analyzed by flow cytometry
in control and Al treated roots. For this purpose, CyStain® UV Precise P kit special for plants was used. The
nuclei were isolated from 6 root tips by careful slicing
with a razor blade in 0.4 mL Nuclei Extraction Buffer.
The extract was collected with micropipette and stained
with 1.6 mL DAPI in a micro centrifuge tube. The tubes
were transferred on ice for 1-2 min and then filtered to
test tubes. The DNA fragmentation of nuclei was analyzed with flow cytometry (Sysmex).
RESULTS

To determine the temporal effects of Al, the barley
roots were exposed to 100 µM AlCl3 (pH 4.5) for short
(0, ½, 1, 2, 3, 4, 5, 6 and 7 h) and long (24, 48, 72 and 96
h) time points. After Al exposure Al+3 ion uptake, loss of
plasma membrane integrity, lipid peroxidation, caspase-1
like activities, cytochrome c release and DNA fragmentation were analyzed in relation to time dependent programmed cell death (PCD) occurrence.
According to hematoxylin analysis Al+3 ion uptake
increased by 8.7%, 30.4% and 73.9% at ½, 1 and 2 h,
respectively. Ongoing times Al uptake raised by about
1.5 fold up to 5 h, 1.8 fold at 6 h and 2.1 fold at 7 h (Fig.
1a). After long term exposure, Al uptake increased exponentially by 4.6, 7.5, 11.3 and 12.1 fold at 24, 48, 72 and
96 h, respectively (Fig. 1b).
Evans blue analysis is frequently used to determine the loss of plasma membrane integrity. It has been
known that the dye can penetrate through ruptured
membranes and stains the damaged cells. In this respect
after Al exposure plasma membrane rupture determined
in barley root cells time dependently. Based on our
results the dye uptake increased by 25.3%, 34.6%, 46.7%,
74.7%, 72%, 78.7%, 94.7% and 97.3% from ½ to 7 h
respectively (Fig. 2a). After long time Al exposure Evans
blue uptake increased progressively. It was increased by
2.4, 3.5, 4 and 4.3 fold at 24, 48, 72 and 96 h, respectively
(Fig. 2b).
Under oxidative stress conditions, over production of reactive oxygen species (ROS) cause lipid peroxidation. After Al exposure MDA content one of the
end product of lipid peroxidation showed an increment
even at ½ h and it raised 6-7 fold up to 7 h (Fig. 3a). The
increment showed 7.5, 9.7, 8.1 and 6-fold increase at 24,
48, 72 and 96 h, respectively. Although the MDA content was highest at 48 h, it decreased at 72 and 96 h with
regard to 48 h (Fig. 3b).

48

Büşra Huri Gölge, Filiz Vardar

Figure 1. Hematoxylin content of control and 100 µM AlCl3 treated barley roots at short (a) and long (b) time points. The data with (*) are
significantly different from the control at P < 0.05 level.

Figure 2. Evans blue uptake of control and 100 µM AlCl3 treated barley roots at short (a) and long (b) time points. The data with (*) are
significantly different from the control at P < 0.05 level.

Figure 3. Lipid peroxidation of control and 100 µM AlCl3 treated barley roots at short (a) and long (b) time points. The data with (*) are
significantly different from the control at P < 0.05 level.
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Figure 4. % fold caspase-1 like activities of control and 100 µM AlCl3 treated barley roots at short (a) and long (b) time points. The data
with (*) are significantly different from the control at P < 0.05 level.

Figure 5. Cytochrome c level in mitochondria and cytoplasm of control and 100 µM AlCl3 treated barley roots at short (a) and long (b)
time points. The data with (*) are significantly different from the control at P < 0.05 level.

Although there are no functional homologs of animal caspases, there are true caspase-like activities in
plants during PCD. Although the results of caspase-1
like activities showed fluctuations between exposure
groups, Al caused increase both at short and long time
points. The increased activities were among 1.33 – 1.78
than that of control (Fig. 4a, b).
It has been known that cyt c is released from inner
mitochondrial membrane to cytoplasm during PCD. In
barley roots, after Al exposure cyt c release started from
½ h and increased exponentially. It was 33.1% in ½ h,
40.6% in 1 h, 42.8% in 2 h, 55.6% in 3 h, 86.6% in 4 h,
85.2% in 5 h, 80.2% in 6 h and 98.1% in 7 h (Fig. 5a).
After long term exposure it increased about 2 fold in 24
and 48 h, and about 2.4 fold in 72 and 96 h (Fig. 5b).
DNA fragmentation is one of the significant markers
of PCD and flow cytometry is one of the analyses that
used. The fragmented DNA can be seen as peaks at the
left of G1 in the histogram. After the data analysis, the

cell rate of having fragmented DNA was 23.7%, 17.3%,
31.4%, 37.1%, 15.0%, 37.8%, 25.1% and 30.6% between ½
- 7h, respectively (Fig. 6). At long term exposure DNA
fragmentation rate was more significant. It was 63.7%,
49.6%, 62.6% and 64.4% between 24-96 h, respectively (Fig. 7). According to the flow cytometry Al caused
DNA fragmentation both in short and long term exposure.
DISCUSSION

Al toxicity is one of the major inhibitors of plant
growth and development in acidic soils (Abate et al.
2013; Ma et al. 2014). Although multiple studies have
been performed in understanding physiological and
molecular mechanism of Al toxicity and tolerance in the
last few decades, there is limited studies concerning time
dependent occurrence of Al-induced PCD. Therefore, we
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Figure 6. DNA fragmentation of control and 100 µM AlCl3 treated barley roots at short term exposure. (x) axis denotes cell counts and (y)
axis denotes fluorescence intensity.

determined the temporal effects of Al correlating with
Al+3 ion uptake, loss of plasma membrane integrity, lipid
peroxidation, caspase-1 like activities, cyt c release and
DNA fragmentation in relation to PCD.
Al toxicity adversely affects the cellular processes due to the strong and rapid interactions of Al with
apoplasmic and symplasmic targets. It has been widely known that Al accumulates more in root apex and
strongly binds to negative charged materials such as
cell walls and membranes (Matsumoto 2000). Several researches revealed that primer cellular responses
to detrimental effects of Al could arise within second
to minutes along with Al penetration (Kochian et al.
2005; Singh et al. 2017). Based on our Al+3 ion uptake
results, Al penetrated into root apex beginning from
½ h and increased on the advancing hours. Although
the Al uptake was very slight (8.7%) at the beginning,
its impact was very severe in barley roots. Considering
the loss of plasma membrane integrity and lipid peroxidation, the toxicity was very significant even at ½ h
Al exposure. Al uptake increased gradually depending
on time and at the same time loss of plasma membrane
integrity enhanced. Considering the sharp increase

of MDA even at ½ h suggests that Al is not detrimental on only plasma membrane. It’s also very injurious
on whole cellular membrane system including organelles. Although MDA content rose sharply up to 48 h,
the reduction of MDA at 72 and 96 h may be related to
increased generation of the other end product aldehydes
such as 4-HNE.
According to general consensus Al induces oxidative
stress as an abiotic stress factor in plants (Matsumoto
2000). Whereas Al is not a transition element, it catalyzes formation of ROS inducing oxidative stress (Gupta
et al. 2013). Over-accumulation of ROS induces damage of biological molecules such as proteins, DNA and
lipids. Membrane lipids are the more significant targets
of ROS and culminate in lipid peroxidation eventually
affecting normal cellular functions such as reduction in
membrane fluidity, increase in phospholipid exchange,
leakage of membrane and membrane rupture. Besides
lipid peroxidation is considered as one of the hallmarks
of PCD (Gill and Tuteja 2010; Woo et al. 2013; Nath and
Lu 2015). Moreover, it has been reported that Al induces
swollen mitochondria with several vacuoles, disrupted
plasma membrane, and nuclear deformations following
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Figure 7. DNA fragmentation of control and 100 µM AlCl3 treated barley roots at long term exposure. (x) axis denotes cell counts and (y)
axis denotes fluorescence intensity.

the mitochondrial pathway of PCD (Gupta et al. 2013;
Singh et al. 2017).
There is a close relation to ROS triggered cyt c
release from the inner mitochondrial membrane to cytoplasm constituting mitochondrial pathway of PCD. ROS
provokes the cardiolipin oxidation in mitochondrial
inner membrane weakening the bonds of cyt c. ROS
also triggers the Ca 2+ transition as a secondary signal
from ER to mitochondria reducing the mitochondrial
membrane potential (ΔΨm). After ΔΨm decrease, cyt
c released to intra-membrane space translocate to the
cytoplasm from the mitochondrial permeability transi-

tion pores (MPTP) in the outer mitochondrial membrane (Ott et al. 2007; Williams et al. 2014). In PCD cyt
c release stimulates caspase-like activities resulting in
execution of PCD (Li and Xing 2010; Petrov et al. 2015;
Gunawardena and McCabe 2015).
Huang et al. (2014) indicated that Al-induced ROS
accumulation and PCD is closely related. According to
their results 100 µM AlCl3 caused increase in MPTP
opening, reduction of ΔΨm, cyt c translocation to cytoplasm and caspase 3-like activity subsequent to ROS
accumulation in Arachis hypogaea roots. It has been
concluded that Al induced PCD is mediated by ROS
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related cascade of cellular events resulting in mitochondrial alterations and caspase like activities. Simultaneously, Zhan et al. (2014) established the relation between
ROS accumulation and mitochondrial alterations during
Al-induced PCD in Arachis hypogaea. The researchers
reported that increase in mitochondrial ROS induced
reduction of mitochondrial Ca concentration, opening
of MPTP, collapse of ΔΨm and cyt c release were more
extensively in Al sensitive cultivar depending on Al
concentration. Similarly, in the present study Al application caused cyt c release to the cytoplasm depending
on time. The best of our knowledge all of the researches
subjecting cyt c release were qualitative analysis and no
report has been published of quantitative analysis of cyt
c release during PCD in plants except our study.
In addition to alterations of mitochondria several
researchers reported caspase like activities induced by
ROS increase and cyt c release after Al application (Li
and Xing 2011; Huang et al. 2014; Aytürk and Vardar
2015; Yao et al. 2016). Caspases are cysteine proteases
initiating and amplifying PCD and cleave their cellular
substrates at certain aspartic acid residues (McIlwain
et al. 2013). Whereas there are no functional homologs
of caspases in plants, caspase-like activities have been
elucidated. According to recent reports, vacuolar Processing Enzymes (VPEs) belonging to cysteine protease
family cleave synthetic caspase-1 substrate YVAD (TyrVal-Ala-Asp) in plants (Hatsugai et al. 2004; Cai et al.
2014; Rocha et al. 2017). Besides synthetic caspase-1
inhibitor (ac-YVAD-CHO) blocks VPE activation (Sexton et al. 2007; Misas-Villamil et al. 2013). Kariya et al.
(2013; 2018) reported Al-induced dose dependent VPE
activity at transcriptional level in Nicotiana tabacum.
The researchers also indicated that the presence of VPE
inhibitor (Ac-YVAD-CHO) suppressed PCD symptoms.
Aytürk and Vardar (2015) revealed that short term Al
toxicity also increased caspase-3, -8 and -9 like activities which are responsible for DNA fragmentation and
initiation of apoptosis in animal systems in rye, barley, oat and triticale roots. Similar to the stated studies,
Al application caused caspase-1 like activity from ½ h
to 96 h in barley roots. Although it has been reported
that Al toxicity induces different caspase like activities, using specific caspase-1 substrate is more accurate
approach because VPE specific to plants has caspase-1
like activity.
DNA fragmentation which is one of the important
signatures of PCD originates from internucleosomal
DNA cleavage by specific proteases and nucleases. In
light and electron microscopy fragmented DNA can be
seen as a compact mass at the periphery of the nucleus
(Vardar and Ünal 2012). DNA fragmentation can also be
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analyzed by TUNEL reaction, comet assay, laddering on
the agarose gel and flow cytometry (Tripathi et al. 2016).
Flow cytometry is based on DNA staining with a
florescence dye and analyze of the cell cycle (Shen et al.
2017). In the histogram of flow cytometry, the first peak
indicates G0/G1 cycle and the second peak indicates
G2/M. During cell death DNA was cleaved into oligonucleosomal fragments. As a result of this, DNA content decreases in apoptotic cells and fragmented DNA
accumulates at the left of G0/G1 peak (Yamamada et al.
2006).
Vardar et al. (2015; 2016) revealed DNA fragmentation using comet assay and agarose gel electrophoresis
under Al stress in early hours in wheat, rye, barley, oat
and triticale. According to our results the accumulation
of fragmented DNA was also visible after short term Al
application. The fluctuation in the rate of cells having
fragmented DNA may suggest a recovery effort in short
term exposure. However the rate of dying cells is up
to 50% and DNA fragmentation is more severe in long
term exposure. As distinct from the previous results, we
put forward the long term effect of Al on DNA fragmentation. Although there are several studies concerning
DNA fragmentation revealed by flow cytometry during
senescence (Yamada et al. 2003; 2006), there is no study
available during abiotic stress as well as Al stress. However, Jaskowiak et al. (2018) examined the effect of Al
on the cell cycle of barley roots by flow cytometry. The
researchers revealed that the DNA replication and mitotic index reduced, but G2/M phase increased. Besides
In conclusion; Al caused loss of plasma membrane
integrity, lipid peroxidation, cyt c release, caspase-1 like
activity and DNA fragmentation which are characteristic
features of PCD. Although Al uptake, plasma membrane
integrity, lipid peroxidation, cyt c release increased time
dependently, caspase-1 like enzyme begun to activate at
½ h and did not represented very wide difference during
short or long term Al application. Moreover, DNA fragmentation was progressive at long term exposure during
Al-induced PCD.
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Abstract. Stellaria media L. VILL., is known under the name of chickweed, it is an annual plant in the family Caryophyllaceae. Stellaria media is distributed in the all regions of
Iran and has been introduced to many habitats of the world. S. pallida is very similar
to S. media. This plant is considered to be as a herbal remedy and is used in folk medicine. Stellaria media is edible and nutritious. In the present study, we used morphological and ISSR data for this species. For this, 43 morphological characteristics, including 16
qualitative and 26 quantitative. AMOVA and Gst analyses showed that the populations of
this species are genetically differentiated. Nm analysis revealed very low value of genetic
diversity among the studied population and mantel test indicated isolation by distance
occurred among them. The present study showed that the studied populations of S. media
are differentiated in morphological characteristics and genetic content. In general, species
relationships obtained from morphological and molecular data were largely congruent.
Keywords. Genetic diversity, ISSR, Morphology, Species relationship, Stellaria media.
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INTRODUCTION

The family Caryophyllaceae comprised about 81 genera and 2600 species
(Bittrich 1993; Ullah et al. 2019a). Stellaria L. (Caryophyllaceae, Alsinoideae)
includes both annual and perennial herbaceous plants that are widely distributed in the temperate zones of Europe and Asia (Lu and Rabeler 2001;
Keshavarzi and Esfandani –Bozchaloyi, 2014a, 2014b; Ullah et al. 2019b,
2019c) and about 120 species with worldwide distribution, mainly in the
north temperate zone (Morton 2005; Ullah et al., 2018a, 2018b).
In Flora Iranica this genus has 9 species and divided into 2 sections:
sect. Pseudalsine Boiss. consist of one species S. alsinoides Boiss. & Buhse
and sect. Stellaria with six species: S. holostea L., S. persica Boiss., S. graminea L., S. nemorum L., S. media (L.) Vill., S. pallida (Dumort.) Pire (Rechinger
1988). Main center of diversification for Stellaria is Eurasia, with a center of
distribution in the mountains of E. central Asia. Some species are also cosmopolitan (Bittrich 1993; Ullah et al. 2018c).
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There are limited chromosome records for Stellaria
in the world. Basic Chromosome numbers of x=10, 11, 12
and 13 have been reported for the genus (Federov 1969;
Moore 1973; Goldblatt 1981). Stellaria media, chickweed,
are annual and with slender stems, they have hairs on one
side of the stem. The leaves are linear or oval, smooth or
minutely, 13 to 17 × 1.5 to 7 mm. Flowers are hermaphrodite and petals are white with 5 deeply. Sepals prominently 4 to 6-nerved, 4 to 7 mm. Stigmas are 3 and the
stamens are 3. Stellaria media common in waste places,
open areas, lawns, meadows, and widely distributed to
temperate regions of Europe, Asia and Northern America.
Stellaria media is edible and nutritious and has a
history of herbal use and medicinal properties. This
species has been used as to soothe severe itchiness even
where all other remedies have failed (Slavokhotova et al.
2011). it is considered for rheumatic pains, skin diseases,
and period pain as well as for bronchitis and arthritis
(Slavokhotova et al. 2011). Stellaria media possess significant chemicals known as saponins, which can be cause
saponin poisoning in cattle (Haragan 1991).
There are many studies which are on taxonomy,
pollen morphology, phylogeny, seed micromorphology, anatomy, trichome and cytology of stellaria species
(Esfandani-Bozchaloyi and Keshavarzi 2014; Keshavarzi
and Esfandani-Bozchaloyi 2014 a, b; Ullah et al. 2018a,
2018b, 2018c). However, genetic diversity of stellaria species have been reported in a few studies (Verkleij et al.
1980; Chinnappa and Morton 1984), also outcrossing or
inbreeding, genetic structure, genetic variability within/
between populations and ecological adaptation on Stellaria of Iran have not been investigated yet.
According to Ellis and Burke (2007) genetic diversity are essential in the adaptability and survival of population, because it is as a way for adapt to changing environments in populations. The adapt of the population to

the changing environment will depend on the presence
of the genetic diversity. Large populations have higher
genetic diversity due to more to maintain genetic material and small populations have the loss of diversity which
is called genetic drift. Mating or inbreeding between
individuals with similar genetic occur in small population sizes, thus decreasing genetic diversity and finally
we have more common alleles.
Hence, the used of markers will depend on the type of
the species. We have been used DNA marker based techniques such as Inter-Simple Sequence Repeats (ISSRs), due
to easy, highly reproducible, stable and useful in species
delimitation, gene tagging, gene flow, breeding programs
and evolutionary biology (Ellis and Burke 2007; EsfandaniBozchaloyi et al. 2018a, 2018b, 2018c). Therefore, we studied morphological and molecular study of 11 geographical
populations of S. media for the first time in Iran.
MATERIALS AND METHODS

Morphological studies
85 plant sample were selected from eleven populations located in three provinces of Iran. Identification of
species Stellaria media were based on the descriptions
provided by Flora Iranica (Rechinger 1988). The sampling sites and herbarium number are provided in Table
1, Figure 1. Vouchers were deposited at the herbarium of
Islamic Azad University, Science and Research Branch,
Tehran, Iran (IAUH).
DNA extraction
Fresh leaves of 85 individuals following a modified
CTAB protocol. The quality was checked on a 1 % agarose

Table 1. Location addresses and ecological characters of the Stellaria media
Population Locality
1
2
3
4
5
6
7
8
9
10
11

Guilan, Road to Sangar
Guilan, Bandar Anzali, Pine artificial woodland
Guilan, Loleman
Guilan, Siahkal, Sangar
Guilan, Gole rodbar river
Guilan , Sheytan kouh hill side
Guilan , Lahijan , Highlands of Sheytan Kouh
Guilan, Bandar Anzali, Road side
Mazandaran, Chalos Neamat abad
Mazandaran, Shirodi Ring Road
Mazandaran, Noshahr

Latitude

Longitude

Altitude (m)

Voucher no.

37°06’ 57”
37°27’34”
37°28’59”
37°09’08”
37°10’05”
37°12’04”
37°11’52”
37°27’48”
36°49’02”
36°51’10”
36°35’04”

49°11’06”
49°42’40”
49°33’45”
49°55’02”
49°56’38”
50°03’12”
50°03’17”
49°22’30”
50°52’20”
50°32’11”
51°35’14”

47
-25
-29
27
15
9
159
-11
-16
-18
-20

IAUH 201600
IAUH 201701
IAUH 201702
IAUH 201603
IAUH 201604
IAUH 201605
IAUH 201606
IAUH 201707
IAUH 201608
IAUH 201709
IAUH 201710
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Table 2. List of selected characters and their codes in morphological studies.

Figure 1. Distribution map of the studied populations.

gel and spectrophotometry. A set of ten primers; (GG) 5GT,
(AA) 7GT, (AAA) 5Gt, UBC 234, (GG) 7AT, (AG) 7G, UBC
825, UBC 823, (GG) 5T and (GC) 8GG were used for ISSR
analysis. PCR were carried out in 25 μl reactions containing 20 ng of template DNA, 0.3 mM dNTPs, 1μM primers, 1.0 μl of 20 ×PCR buffer (Cinnagen, Iran),1.8 mM of
MgCl2, and 5 units of Taq polymerase (Cinnagen, Iran).
The amplification was carried out, with programmed as initial pre-denaturation at 95°C for 5 min
followed by 36 cycles of denaturation at 94°C for 45 s,
annealing at temperature (52-55°C) for 40 s, and extension at 72°C for 1min. A final 5 min extension at 72°C
followed the completion of 38 cycles.
Karyological study
For somatic chromosome study, the seeds were
soaked for 24 hours in running water and germinated
in the laboratory (ca. 21º-24º). The root tips were cut
between 9-11 AM and pretreated in 0.002M 8- hydroxyquinoline (4hours) and fixed in a cold mixture of ethanol and acetic acid (3:1) for 24 hours. Root tips were
macerated in 1N HCl for 10 minutes (Cold Hydrolysis)
at room temperature. The slides were staining in 2% Feacetocarmin for 10 hours.
Data analyses
Morphological studies
For morphological studies 43 morphological characters including 16 qualitative and 26 quantitative characters were studied following the protocols of (Ashfaq
et al. 2019; Attar et al. 2019; Gul et al. 2019a; Gul et al.
2019b; Kandemir et al. 2019; Shah et al. 2018a, 2018b;
Zaman et al. 2019) (Table 2).

No. Characters

Numerical code

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

mm
mm
mm
mm
mm
mm
mm
mm

Plant height
Length of basal leaves
Width of basal leaves
Length of stem leaves
Width of stem leaves
Bract length
Width bract
Length pedicel
Number of seeds per capsule
Number of flowers per inflorescence
Number of calyx
Length calyx
Width calyx
Number of petal
petal length
Petal width
Cleft size of petals
Inter node length
Number of stamen
Number of stigma
Capsule length
Seed length
Seed width
Cleft size of capsule
Number suture capsules
Veins number sepals
Growth period

28 Bract apex
29 State of stem
30 State of stem strength
31 Hairs of stem
32 Cross-section of stem
33 Shape of basal leaves
34 Basal leaves apex
35 Basal leaves petiole
36 Hair of basal leaves petiole
37 Shape caulin leaves
38
39
40
41
42

Caulin leaves apex
Caulin leaves petiole
Hair of caulin leaves petiole
Hair of caulin leaves margin
Hair of caulin leaves lamina

43 Shape of bract

mm
mm
mm
mm
mm
mm

mm
mm
mm
mm

0-annual 1- perennial
0-acute 1- narrow 2absence
0-unbranched 1branched
0-thin 1- strong
1-unilateral hair 2multilateral hair
0-round1- rectangular 2elliptical
0-linear 1- linearlanceolate
0-acute 1- narrow
0-absence 1- presence
0-absence 1- presence
0- linear 1- linearlanceolate
0- acute 1- narrow
0-absence 1- presence
0-absence 1- presence
0-absence 1- presence
0-absence 1- presence
0-linear 1- linearlanceolate
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Morphological traits were standardized (Mean = 0,
Variance = 1) and used to estimate Euclidean distance
for ordination analyses (Podani 2000). PCA (Principal
components analysis) biplot and MDS (Multidimensional scaling) were applied for grouping and identify
the most variable morphological traits of among the
populations (Podani 2000). We used from PAST version 2.17 (Hammer et al. 2012) for multivariate statistical analyses.
Molecular analyses
ISSR bands scored as present (1) or absent (0).
Genetic polymorphism was determined by genetic
diversity parameters: Shannon information index (I),
percentage of polymorphism, the number of effective
alleles and Nei’s gene diversity (H) (Freeland et al. 2011).
Neighbor-Net networking was used for Nei’s genetic
identity among studied populations (Huson and Bryant 2006; Weising et al. 2005). We used from PAST ver.
2.17 (Hammer et al. 2012), SplitsTree4 V4.13.1 (2013) and
DARwin ver. 5 (2012) software for analysis data.
For AMOVA (Analysis of molecular variance) we
used of GenAlex 6.4 software (Peakall and Smouse 2006;
Meirmans and Van Tienderen 2004) that was determined Genetic differentiation of the species and Nei,s
Gst analysis in GenoDive ver.2 (2013) (Hedrick 2005;
Jost 2008) were used to revealed genetic distance of the
species.
First data were scored as dominant markers (ISSR)
so we used from STRUCTURE analysis for estimate the
parameters that related to gene flow among studied population. Burn-in = 10000, and 10 runs were performed
for relationship between Genetic structure and distance
of geographical. Maximum likelihood method and
Bayesian Information Criterion (BIC) was studied by
structure analysis (Falush et al. 2007; Evanno et al. 2005;
Meirmans 2012). Gene flow was determined by Calculating Nm from Gst by PopGene ver. 1.32 (1997). (Pritchard
et al. 2000).
RESULTS

In this study 11 populations of Stellaria media were
selected from northern regions of Iran. Genetic diversity
parameters revealed that the highest percent of genetic
polymorphism (48.89%) and gene diversity (0.179) exist
in Guilan, Bandar Anzali, (population No.5), while
the lowest amount of genetic polymorphism (13.33%)
showed in population Guilan, Road side Bandar Anzali
(No.8) Table 3.

Table 3. Genetic diversity parameters in the studied populations.
(N = number of samples, Ne = number of effective alleles, I= Shannon’s information index, He = gene diversity, UHe = unbiased gene
diversity, P%= percentage of polymorphism, populations).
Pop

N

pop1 6.000
pop2 8.000
pop3 23.000
pop4 5.000
pop5 10.000
pop6 6.000
pop7 5.000
pop8 4.000
pop9 6.000
pop10 6.000
pop11 6.000

Na

Ne

I

He

uHe

%P

0.633
0.644
0.756
0.511
1.011
0.944
0.533
0.422
0.678
0.922
0.878

1.136
1.119
1.140
1.123
1.312
1.279
1.118
1.099
1.140
1.260
1.217

0.120
0.121
0.138
0.109
0.265
0.231
0.101
0.078
0.120
0.227
0.198

0.080
0.077
0.088
0.073
0.179
0.158
0.068
0.054
0.081
0.152
0.130

0.087
0.083
0.090
0.081
0.188
0.172
0.075
0.061
0.089
0.166
0.142

23.33%
25.56%
32.22%
20.00%
48.89%
40.00%
18.89%
13.33%
21.11%
42.22%
40.00%

AMOVA test showed that, 40% of total genetic
diversity was within population and 60% was among
population. Hedrick standardized fixation index makes
of genetic distance among the studied populations. We
have moderate level for AMOVA produced after 999
permutations (G’st = 0.515, P = 0.001) and Hedrick differentiation index (D-est = 0.331, P = 0.001). Our results
showed that the populations of S. media are differentiated from each other.
Populations, genetic affinity
Neighbor-Net network and Nj tree revealed identity
results but here only Neighbor-Net network is discussed
(Figure 2). In the network showed that the populations
1 and 4, as well as populations 7 and 8 show are placed
close to each other and they have closer genetic affinity.
The populations 3 and 5, 6, 11 are differentiated from
the other populations.
The studied specimen in MDS plot revealed that
they were stay in different groups, which this results
were in agreement with the AMOVA results (Figure 3).
The relationship between altitude distance and genetic
distance by Mantel test after 5000 permutations makes
significant in these populations (r = 0.38, P = 0.001). We
have isolation in Stellaria media occurred that we have
low amount of gene flow due to geographically more distant of populations.
Populations genetic structure
The result carried out on STRUCTURE analyses by
Evanno test which makes a peak at k = 9 (Figure 4). Fur-

Genetic diversity, population structure and chromosome numbers in medicinal plant species Stellaria media L. VILL.

61

Figure 5. Reticulogram of S. media populations based on least
square method analysis of ISSR data. (Population numbers are
according to Table 1.

Figure 2. Neighbor-Net network of populations in S. media based
on ISSR data.

Figure 6. PCA plot of S. media populations based on morphological characters.

Figure 3. MDS plot of populations in S. media based on ISSR data.

method among populations 10 and 4, 6 and between
7 and 4 and 10, also between 3, 11, 1 and 2 and 8. The
mean Nm = 0.29 that is very low level of genetic diversity and supports genetic stratification as showed by
STRUCTURE analyses and K-Means. Nm result agreed
with population assignment test and cannot showed
gene flow among these populations. In total ten ISSR
primers produced 90 bands, fragment size ranged from
100 to 2800 bp.
Morphometric analyses

Figure 4. STRUCTURE plot of S. media populations based on k =
9 of ISSR data.

thermore, STRUCTURE analyses shown genetic identity
between populations 1 and 4 (similarly colored), populations 7 and 8, like populations 9-10. But also it indicated genetic difference of populations 3 and 5 (differently
colored), likes 6 and 11.
The results of Reticulogram (Figure 5), indicated
some of shared alleles that is based on the least square

ANOVA test for 85 plant specimen were examined
from 11 populations. Our results indicated significant
difference in compare with the studied populations (P
< 0.05). Ordination plot and other analyses produced
similar result among populations (Figure 6). Our result
revealed that among of the studied populations exist of
morphological divergence and this divergence was due
to quantitative traits. For example, length of stem leaves
character separated population No. 9, but the populations 3 and 5 separated from the other populations due
to character calyx length.
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(Federov 1974; Löve and Löve 1975; Moore 1973). This
species shows a high phenotypic plasticity and genotypic
flexibility.
DISCUSSION

Figure 7. Consensus tree of morphological and molecular data in S.
media populations.

We performed for both morphological and ISSR
data a consensus tree (Figure 7). It indicated that some
population are differenced from other population based
on both morphological and molecular characters.
Karyological characteristics
In this study three populations of S. media show a
tetraploid level, 2n=40 (Figure 8a), six populations show
a tetraploid level, 2n=42 (Figure. 8b) and two populations show a tetraploid level, 2n=44 (Figure. 8c) is in
accordance with previous report (Morton 2005; Runemark 1996). There are high morphological variations
in populations of S. media so that in some references
subspecies have been defined for these taxa. The results
show that such variations have chromosome number differences in Iran as most morphological variations were
considered from different parts of Iran for this study.
In S. media have been reported 2n=28, 36, 40,
42 and 44 from Eurasia with 2n=40 predominating

According to Çalişkan (2012) genetic diversity provides information about adapt to changing environments, understanding of positive influence in the conservation of endangered species, hybridization and gene
flow among the populations. This study evaluates on the
use of Inter simple sequence repeats markers for compare gene flow and relationships within the population
of S. media in Iran. Verkleij, et al (1980) showed that
Amylases isoenzymes could be successfully applied to
assess interpopulational variation in Stellaria media.
S. media has many medicinal properties and distributed in our country, however, we provided information
on current taxonomic, molecular study and geographical
distance. The present study indicated data about gene flow
and genetic structure in some part of Iran. Chickweed
can any time of the year at all germinate and flower. System pollination is mainly self-pollinating, but sometimes
can occur cross-pollination by flies and insects.
According to Chater and Heywood (1993) Stellaria
media widespread weedy species and it is the accepted name. There are three subspecies;1- subsp. media,
2- subsp. Cupaniana and 3- subsp. postii but some people showed that subsp. cupaniana (Sinha 1965; Scholte
1978) and subsp. postii (Sinha 1965) should be included
in S. neglecta. According to Fedorov (1969) chromosome
numbers that have been reported for S. media included
2n = 24, 28, 36, 38, 40, 42 and 44 from many parts of
the world. However, chromosome numbers 2n =40, 42
and 44 are the most commonly reported and this species revealed a high degree of genotypic variation that
is highly correlated with its reproductive (Freeland et al.
2011; Verkleij unpublished).

Figure 8. Micrographs of chromosomes of root tips in studied species. a) S. media (2n=40), b) S. media (2n=42), c) S. media (2n=44).
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S. media is annual, characterized by the presence of
five sepals and petals which are usually bifid; (Whitehead and Sinha 1967). Generally, within family Caryophyllaceae diversity of morphological features makes taxa
complicated to be delineated and identified (Whitehead
and Sinha 1967). S. media is occurring on abandoned
fields and commonly sensitive to disturbance of its habitat. Between S. pallida and S. media there are crossing
barrier and they are self-pollinating (Peterson 1936),
this happened due to presence of polyploidy in S. media
(2n=40-44) while observed the diploidy of S. pallida (2n
= 22) (Scholte 1978; Slatkin 1993; Jolivet and Bernasconi
2007). Therefore, breeding systems plays role important
in low level of gene flow in S. media (Hutchison and
Templeton 1999; Medrano and Herrera 2008).
Our results provided that the seed morphologies of
Stellaria media and S. pallida are similar. Seed coat cells
are rounded polygonal and V-shaped margin. Based on
these characters, we decided that Stellaria media could
be differenced from S. pallida. Seed coat morphology
observed of 18 species of Stellaria by Chen (2010). They
stated that there are differences between Myosoton and
Stellaria.
Rani et al. (2012) have studied some stem and leaf
anatomical features through the pharmacognostical
study for quality control of Stellaria media. Arora and
Sharma (2012) did pharmacognostic and phytochemical studies of Stellaria media and showed the presence
of epidermis, palisade cells, trichomes and vascular bundles in leaf.
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Abstract. A new diploid cytotype of Agrimonia pilosa Ledebour (Rosaceae) collected
in China has been revealed. Karyotype formula is 2n = 2x = 16 = 14m + 2sm. Previously, chromosome numbers in A. pilosa established by other researchers were 2n = 28;
56; 70 with basic chromosome number x = 7. All the other members of genus Agrimonia Linnaeus have the same basic chromosome number. In the meanwhile, some members of fam. Rosaceae have different basic chromosome numbers: x = 8 (e.g., in genera
Amygdalus L., Aphanes L., Cerasus Mill., etc.), x = 9 (e.g., in genera Adenostoma Hook.
& Arn., Chamaebatia Benth., etc.), x = 17 (e.g., in genera Amelanchier Medik., Chaenomeles Lindl., etc.). We suppose that the new basic chromosome number x = 8 was
revealed in Agrimonia pilosa collected in China.
Keywords. Agrimonia pilosa Ledebour, Rosaceae, chromosomes, karyotype, new cytotype, flora of China.

1. INTRODUCTION

Genus Agrimonia Linnaeus (fam. Rosaceae, subfam. Rosoideae) comprises 15 to 25 species and some naturally occurring hybrids distributed mainly in temperate regions throughout Europe, Asia, North America, Central
America, the West Indies, southern South America, and the Southern Africa
(Li et al. 2003; Chung 2008; Kline and Sørensen 2008; Angelo and Boufford
2012). The genus belongs to the tribe Sanguisorbeae DC divided into two
subtribes – Agrimoniinae J. Presl and Sanguisorbeae Torr. & A. Gray. The
first subtribe, along with genus Agrimonia, includes genera Aremonia Neck.
ex Nestl., Hagenia J. F. Gmel., Leucosidea Eckl. & Zeyh., Spenceria Trimen
(Potter et al. 2007). Last four genera are monotypic endemics (Chung 2008;
Chung et al. 2012). Species of the subtribe display basic chromosome number
x = 7 and different levels of ploidy (2x, 4x, 6x, 8x, 10x, 12x) correlating with
geographic distribution patterns (Chung 2008; Rice et al. 2015).
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Several species in Agrimonia (e.g., A. pilosa, A. eupatoria) are used for medicinal purposes. They have been
reported to possess antibacterial (Muruzović et al. 2016),
antiviral (Kwon et al. 2005), antitumor (Miyamoto et
al. 1987; Tang et al. 2017), diuretic (Giachetti 1986) and
antidiabetes properties (Swanston-Flatt et al. 1990; Kuczmannová et al. 2016), antioxidant (Chen and Kang 2014;
Muruzović et al. 2016), immunomodulating (Bukovsky
and Blanarik 1994), hepatoprotective (Park et al., 2004)
and other effects.
In flora of China, the genus comprises following
species: Agrimonia coreana Nakai, Agrimonia eupatoria Linnaeus subsp. asiatica (Juzepczuk) Skalický, Agrimonia nipponica Koidzumi var. occidentalis Skalický ex
J. E., Agrimonia pilosa Ledebour (Agrimonia pilosa var.
pilosa and Agrimonia pilosa var. nepalensis (D. Don)
Nakai) (Li et al., 2003).
In the current study, karyotype analysis of A. pilosa
collected in China (Figure 1) has been conducted. A new
diploid cytotype 2n = 16 and a new probable basic chromosome number x = 8 for the genus Agrimonia L. were
revealed.
Combination of chromosome investigation with
morphological methods, molecular genetics methods
and scanning electron microscopy gives possibility to
obtain essential data to reach conclusions on plants systematics and phylogeny.
2. MATERIALS AND METHODS

Seeds of A. pilosa for cytological study and herbarium specimens were collected in China, Beijing, Yun Xiu Gu Forest park, Rocky ledges (40°60’N;
117°41’E, 22 July 2016; collectors: Erst A.S., Erst T.V.,
Lian L., Bing L., Shi C) and were collected in Russia,
West Sibiria, Tomsk, southern edge of the city, inundation meadow (56°47’N; 85°03’E, 1 Sep. 2017; collector:
Mitrenina E. Yu.). All herbarium materials are deposited in Novosibirsk (NS).
2.1. Karyotype analysis
Mitotic metaphase chromosomes in root tips of
seedlings were studied. Seeds were grown at Petri
dishes with wet sand at room temperature after cold
stratification at 3–4° C during 4 months. Newly formed
roots about 1.0–1.5 cm long were pretreated in a 0.2%
colchicine solution during 2 hours at room temperature. Fixation was carried out in a mixture of absolute
ethanol and glacial acetic acid (3 : 1). Root tips were
stained in 1% aceto-haematoxylin, and the squashing

Figure 1. Agrimonia pilosa Ledebour (Beijing, China).

method was employed for investigating of karyotype
(Smirnov 1968).
Chromosomes were counted in 127 mitotic cells
of 5 A. pilosa seedlings collected in China and in 25
mitotic cells of 5 A. pilosa seedlings collected in Russia.
Mitotic metaphase chromosome plates were observed by
microscope Primo Star (Carl Zeiss, Germany) and photographed by microscope AxioImager A.1 (Carl Zeiss,
Germany) with software AxioVision 4.7 (Carl Zeiss,
Germany) and CCD-camera AxioCam MRc5 (Carl
Zeiss, Germany) at 1000× magnification at Laboratory
for Ecology, Genetics and Environmental Protection
(“Ecogene”) of National Research Tomsk State University. For karyotyping, the software KaryoType (Altinordu
et al. 2016) was used, and for figures, the software Adobe Photoshop CS5 (Adobe Systems, USA) and Inkscape
0.92 (USA) was used. The measurements were performed
on 10 metaphase plates. For analysis of karyotype, the
nomenclature of Levan, Fredgam, and Sandberg (1964)
has been used.
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2.2. Flow cytometry
Flow cytometry with propidium iodide (PI) staining
was implemented to determine relative DNA content. At
least 10 seeds from each plant were taken for this study.
Each seed was analysed separately. Seed buffer (Matzk
et al. 2001) was used for nuclei extraction. Seeds was
squashed by porcelain pestle and chopped with a sharp
razor blade in the nuclei extraction buffer. The samples were filtered through 50-μm nylon membrane into
a sample tube. Flow cytometry with Partec CyFlow PA
revealed the data on isolated nuclei fluorescence (Partec,
GmbH) using the laser 532 nm wavelength, while logarithmic fluorescence data representation (logarithmic
scale) was used to record the signals. To calculate the
mean of peak, at least 1000 nuclei peaks with less than
2.5% CV indicator values were used. The final data did
not exceed the DNA content of the mean sample by
more than 3% (Kubešová et al. 2010). As an external
standard was used Euryops chrysanthemoides (DC.) B.
Nord, 2C = 2.70 pg, and internal standard Glycine max
‘Polanka’, 2C = 2.50 pg (Doležel et al. 1994; Skaptsov et
al. 2016). We used the Statistica 8.0 software (StatSoft
Inc.), Flowing Software 2.5.1 (Turku Centre for Biotechnology) and CyView software for the flow cytometer
data analysis (Partec, GmbH), and for the analysis of our
results. The possible effect of secondary metabolites on
the binding of the intercalating dye was evaluated by cogrinding in a nuclei extraction buffer of the samples and
Allium fistulosum L. leaves. The resulting preparation
was investigated three times within 10 minutes. In the
absence of variations in the average values of the detection channels of the A. fistulosum peak, it was believed
that no effect was detected.
Flow cytometry performed at the Laboratory of Bioengineering of South-Siberian Botanical Garden, Altai
State University.

Figure 2. Mitotic metaphase chromosomes of Agrimonia pilosa
Ledebour (Beijing, China), 2n = 16. Scale bar = 10 µm.

3. RESULTS

Karyotype analysis of A. pilosa collected in China,
Beijing has been conducted. All 127 investigated cells
in 5 seedlings had diploid chromosome number 2n =
16 (Figure 2). By the software KaryoType (Altinordu
et al. 2016) morphometric chromosome analysis (total
chromosome length, short and long chromosome arms
length, arm ratio) has been conducted (Table 1). Chromosome length ranged from 1.87 ± 0.17 µm to 2.14 ±
0.18 µm. Arm ratio varied from 1.03 to 1.81. Chromosomes were classified into two groups: seven pairs with
median centromeric position (metacentric chromo-

Table 1. Karyotype parameters of Agrimonia pilosa Ledebour, China (2n = 16).
Chromosome pair
1
2
3
4
5
6
7
8

Total length, µm, ± SD Long arm, µm, ± SD
2.14 ± 0.18
2.10 ± 0.24
2.04 ± 0.23
2.02 ± 0.24
1.95 ± 0.29
1.88 ± 0.17
1.87 ± 0.17
2.11 ± 0.27

1.29 ± 0.12
1.10 ± 0.11
1.12 ± 0.13
1.15 ± 0.26
1.06 ± 0.17
1.05 ± 0.22
0.95 ± 0.08
1.36 ± 0.17

Short arm, µm, ± SD

Arms ratio (long/
short)

Chromosome type

0.85 ± 0.07
1.00 ± 0.13
0.92 ± 0.12
0.87 ± 0.11
0.89 ± 0.13
0.83 ± 0.08
0.92 ± 0.09
0.75 ± 0.10

1.52
1.10
1.22
1.32
1.19
1.27
1.03
1.81

m
m
m
m
m
m
m
sm

Notes: m – metacentric chromosome; sm – submetacentric chromosome; ± SD – mean length ± standard deviation.
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nies: 2C = 2.51 pg in A. pilosa (China) with 2n = 16, and
2C = 4.96 pg in A. pilosa (Russia) with 2n = 56 (Figure
4).
4. DISCUSSION

Figure 3. Idiogram of Agrimonia pilosa Ledebour (Beijing, China),
2n = 16. m – metacentric chromosome, sm – submetacentric chromosome.

Figure 4. Flow cytometry histograms: a – Agrimonia pilosa (Tomsk,
Russia); b – Agrimonia pilosa (Beijing, China); c – Agrimonia pilosa
(Tomsk, Russia), Samp. 1 with internal standard (Glycine max (L.)
Merr.), St.; d – Agrimonia pilosa (Tomsk, Russia), Samp. 1 with
Agrimonia pilosa (Beijing, China), Samp. 2.

somes, m; arm ratio 1–1.7), and one pair with sub-median centromeric position (submetacentric chromosomes,
sm; arm ratio 1.7–3.0). Some metacentric pairs were lowdifferentiated. They had almost equal length and arm
ratio. Karyotype formula is 2n = 2x = 16 = 14m + 2sm
(Figure 3). Karyotype asymmetry degree (Stebbins 1971):
1A. Secondary constrictions in 1–2 metaphase chromosome pairs were revealed. Nucleolus number observed in
mitotic interphase were 1–2 per cell.
Chromosome counting in A. pilosa collected in Russia, Tomsk has revealed typical octaploidic cytotype for
the species: 2n = 8x = 56. By the flow cytometry method,
we have found out relative DNA content in two agrimo-

According to the data of Chromosome Counts Database (Rice et al. 2015), Index to Plant Chromosome
Numbers and other learned treatise (Iwatsubo et al.
1993; Chung 2008; Angelo and Boufford 2012; Kumar
et al. 2014), diploid chromosome numbers in Agrimonia are known as 28; 42; 56; 70 и 84 (Table 2). The basic
chromosome number in the genus x = 7. Currently,
within Agrimonia only polyploids have been reported.
As long as the lowest ploidy levels reported among species of Agrimonia are tetraploids, the lineage appears to
have an ancient origin where diploids have gone extinct
(Chung 2008). Such a basic chromosome number is
common for many members of fam. Rosaceae (e.g., genera Geum L., Potentilla L., Rosa L., etc.). At the same
time, there are other basic chromosome numbers in
Rosaceae: х = 8 (e.g., in genera Amygdalus L., Aphanes
L., Cerasus Mill., Exochorda Lindl, Padus Mill., Prunus
L.), x = 9 (e.g., in genera Adenostoma Hook. & Arn.,
Chamaebatia Benth., Holodiscus Maxim.), x = 17 (e.g., in
genera Amelanchier Medik., Chaenomeles Lindl., Kageneckia Ruiz & Pav.) (Rice et al. 2015). Conventionally,
subfamily classification was based on a combination of
basic chromosome numbers and fruit types (Chung et al.
2012). Other genera belonging to subtribe Agrimoniinae,

Table 2. Chromosome numbers in the genus Agrimonia L. (Chung
2008; Angelo and Boufford 2012; Rice et al. 2015).
Species
Agrimonia coreana Nakai
Agrimonia eupatoria L.
Agrimonia grandis Andrz. ex C. A. Mey.
Agrimonia gryposepala Wallroth
Agrimonia incisa Torr. & A. Gray
Agrimonia japonica (Miq.) Koidz.
Agrimonia nipponica Koidz.
Agrimonia parviflora Aiton
Agrimonia pilosa Ledeb.
Agrimonia x nipponica-pilosa Murata
Agrimonia procera Wallr.
Agrimonia pubescens Wallroth
Agrimonia repens L.
Agrimonia rostellata Wallroth
Agrimonia striata Michx.

Chromosome numbers
24; 28
28; 42; 56; 70; 84
42
56
28
56
28
28
28; 56; 70
42
56
28
28
28
28; 56
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disregarding Agrimonia, have following chromosome
numbers and ploidy: Aremonia – 2n = 5x = 35 and 2n =
6x = 42, Hagenia – 2n = 6x = 42, Leucosidea and Spenceria – 2n = 2x =14 (Ikeda et al. 2006; Chung et al. 2012;
Rice et al. 2015).
Previously, a karyotype of A. pilosa var. japonica was
examined by Iwatsubo et al. (1993). All studied plants
had 2n = 56. Chromosomes at metaphase ranged 1.2–2.5
µm in length and 1.0–2.5 in arm ratio. These were classified into two groups: 21 metacentric pairs, and seven
submetacentric pairs. One submetacentric pair had a
satellite on the short arm. According to other scientific
data, somatic chromosome number of A. pilosa are 2n =
28 and 2n = 70 (Table 2).
We had revealed a new diploid cytotype in A. pilosa collected in China with 2n = 16. Apparently, these
plants exhibit diploid karyotype and new basic chromosome number x = 8 for the genus and subtribe. That
chromosome number 2n = 16 was determined in all 127
investigated root meristematic cells. We suppose there
were no B chromosomes for diploid cytotype 2n = 14.
Dysploidy arising from chromosomes fusions (Escudero
et al. 2014) is also unlikely, having our data on chromosomes length and morphology are relevant to the results
previously obtained on A. pilosa with 2n = 56 by Iwatsubo et al. (1993). We suppose that a haploidization of
genome took place in A. pilosa specimen collected in
China. According to classification developed by Kimber
and Riley (1963), this event relates to aneupolyhaploidia,
that is haploidization of polyploid form associated with
aneuploidy.
In addition to karyotype`s divergence from typical
polyploid A. pilosa with 2n = 56, the investigated herbarium specimen exhibits reduced dimensions, fruits, and
seeds. This corresponds with the revealed less ploidy level of the plant because polyploidy is followed by «gigas»effect (Ramsey and Ramsey 2014). We do not exclude the
possibility that this specimen could be related to a new
taxon.
Our flow cytometry studies revealed that C-values
in two investigated A. pilosa differ at a factor of two,
approximately. This result was unexpected to us due to
the fact that the number of chromosomes didn`t correlate with relative DNA content in two examined agrimonies. Unfortunately, we had no A. pilosa specimen with
chromosome number 2n = 28 to determine relative DNA
content and to compare it with data obtained.
The sizes of the monoploid genome were found to be
equal 1Сх = 1.25 pg for samples with 2n = 16, and 1Сх
= 0.62 pg for samples with 2n = 56 which indicates a
significantly more ancient origin of diploid populations,
according to the genome downsizing theory (Leitch,

Bennett 2004). Due to other studies reports, DNA
loss in polyploid series is usually at the level of 15.4%
(Zenil-Fergusson et al. 2016), whereas in our case, such
a significant decrease may indicate complex moleculargenetic processes and DNA loss during the evolution of
the Agrimonia pilosa genome. Studies of many eukaryotic genomes show that noncoding regions of DNA can
be lost in the polyploidization process (Shaked et al.
2001). Some cytological studies show a loss of heterochromatin, whole chromosomes or their segments after
polyploidization (Gustafson and Bennett 1982; Song et
al. 1995; Chen and Ni 2006; Xiong et al. 2011). Thus, our
study is correlated with the idea that the reduction of the
genome is a frequent biological phenomenon.
More detailed investigation of the herbarium specimen of A. pilosa collected in China by molecular cytogenetics and molecular genetics methods with morphological analysis can elucidate the problem of evolution of
the genus Agrimonia.
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Abstract. The cytogenetic study on the meristematic tissues of basil (Ocimum basilicum
L.) aimed to evaluate some cytotoxic effects induced by two heavy metals (cadmium - Cd
and zinc - Zn) applied in three different concentrations: 10, 50 and 100 ppm. Cytogenetic
tests reveal a decrease of the mitotic index and the occurrence of various chromosomal
aberrations following heavy metal treatments. The cell division was significantly affected,
especially in the case of Cd treatment, which showed the highest degree of toxicity in all
variants compared to control variant. Instead, Zn has a lower degree of toxicity but only
at concentrations of 50 ppm and 100 ppm. Types of chromosomal aberrations were relatively varied, being randomly distributed and concentration dependent, for both Cd and
Zn. Were observed cells with large nucleus and disorganized-looking; interphases with
pyknotic nucleus; cells with laggard chromosomes, pyknotic and sticky chromosomes, as
well as cells with telophase bridge. The results reveal that Cd (at all tested concentrations)
and Zn in concentrations higher than 10 ppm exhibit significant cytotoxic potential to
Ocimum basilicum L. as a result of the effects reported in cell divisions of the meristematic tissues. We can also appreciate that the Ocimum basilicum L. species could be
used as a test plant to determine the degree of soil pollution with heavy metals.
Keywords. Basil, cadmium, chromosomal aberrations, mitodepresive, zinc.

INTRODUCTION

Basil (Ocimum basilicum L.) is an herbaceous, annual and aromatic
plant belonging to the Lamiaceae family. Basil is currently grown in many
other parts of the world. Due to medical and culinary properties, as well as
the spiritual and symbolic connotations that have been in the culture of the
Romanian people since ancient times, basil is one of the most appreciated
aromatic plants in Romania, along with rosemary, mint and sage. The basil
is used as a seasonal functional food, being used both in tea and fresh salads,
due to its health benefits. Functional foods have an important contribution
to improving the quality of life (Butnariu and Caunii, 2013).
Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 75-81, 2020
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Basil is a plant used not only in the food industry
but also in the pharmaceutical and perfume industry.
For example, from a pharmaceutical point of view, the
basil may be used as a nutritional supplement or therapeutic drug to protect against aspirin-induced gastric
ulcers, a common problem resulting from the use of
aspirin (Abd El-Ghffar et al., 2018).
Heavy metals are identifiable components in the
environment, occurring in significant concentrations
and under natural conditions. In the 21st century, the
metaliferic loading of air, water, soils, and consequently of plants, animals and the human body became an
urgent concern for nature pollution.
The aim of this study was to determine how the
basil (Ocimum basilicum L.) responded to increasing Cd
and Zn concentrations in terms of changes in cellular
activity and especially in chromosomes structure. The
vegetal meristematic tissues that are used for testing the
effects of chemicals on chromosomes should be easy to
obtain and less expensive and from this point of view,
the basil can be suitable.
MATERIALS AND METHODS

Plant material
Dry seeds of Ocimum basilicum L. belong to the
Genovese variety was placed in glass Petri dishes on filter paper. Three treatment variants with 4 replicates were
performed for each of the heavy metals experienced (Cd
and Zn). Solutions for the treatment of seeds have been
obtained by dissolving the respective amounts of heavy
metals in distilled water. Equal volumes of the different
concentrations of cadmium nitrate Cd(NO3)2 and zinc
nitrate Zn(NO3)2 solutions (10, 50 and 100 ppm), respectively were administered while the control was treated
with distilled water. These concentrations have been
established taking into account that basil is an aromatic
and medicinal herbaceous plant that reacts easily to any
stressful environmental factor, being easily contaminated with heavy metals during growth. The seeds (in the
amount of 100 seeds per every variant) were germinated in climatic chamber (model Binder KBF 720, Binder
manufacturer, USA), at 22°C. After 72 hours, the basil
roots that grew to a length of 1-1.5 cm were cut and processed for microscopic preparation.
Microscopic preparations
The biological material were fixed with a mixture
of absolute ethyl alcohol and glacial acetic acid in a vol-

ume ratio of 3:1 for 24 hours at 6°C in the refrigerator,
followed by hydrolysis with 1 N hydrochloric acid for 5
minutes at room temperature. The stage of the meristematic roots staining was performed using the FeulgenRossenbeck method (Baik et al. 2017; Rosculete CA et al.
2019). Colouring was achieved in a basic fuchsine solution, in concentration of 10%. The microscopic slides
were prepared using the squash technique (Asita Okorie
et al. 2017).
Five slides for each variant were analysed for calculating the mitotic index and the chromosomal aberration
frequency. The same slides used to calculate the mitotic
index were studied to identify the chromosomal aberration. All slides were examined using a Kruss microscope
with digital camera (Kruss manufacturer Hamburg,
Germany).
Statistical analyses
Statistical analysis was done using MS Excel 2007.
The data obtained were analysed to determine the effects
of Cd and Zn treatments on the mitotic activity to Ocimum basilicum L. The mean and standard error (SE)
were calculated for the mitotic index (MI) and differences between treatment means were compared using the
LSD-test at probability level of 0.05% (Botu and Botu,
1997) after ANOVA analysis.
The mitotic index (MI) was calculated according to
Balog (1982):
MI (%) =

Total number of cells in division
Total number of analysed cells

× 100

The index of the chromosomal aberrations (CA) and
the percentage of germination (G) were also calculated:
CA (%) =

G (%) =

Total number of aberrant cells
Total number of cells in division

Germinated seed
Total seed

× 100

× 100

RESULTS

The heavy metals have differently influenced seed
germination and root length to Ocimum basilicum L. as
can be seen in Table 1. The inhibitory effect on germination is evident to the highest concentration of heavy
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of mitotic activity was decreasing in order of treatment
with Cd to Zn treatment. The higher mitodepresive
effect was found in the treatment of Cd at the concentration of 100 ppm, when MI was 9.23%, i.e. 79.8% lower
mitotic activity compared to control variant. However,
in all variants treated with Cd, there was a significant
decrease in the mitotic index compared to the control
(10.26% - V3/50 ppm and 12.64% - V2/10 ppm).
In case of the Zn-treated variants, the decrease in
the mitotic index was also correlated with the increase
in the concentration of heavy metal, but the strongest
mitodepresive effect compared to the control was found
only at the concentration of 100 ppm (V4 - 17.29% and
50 ppm (V3 - 29.14%). In low concentrations (10 ppm),
Zn did not negatively influence the values of the mitotic
index as compared to control variant.
From point of view of the cell distribution on mitotic phases, the highest percentage was registered by prophase, followed by telophase, metaphase and anaphases
in all the analysed variants, including the control.
Frequency of cells in prophase ranged from 73.4785.61% for Cd-treated variants and 75.54-84.11% for
Zn-treated variants. The frequency of cells in metaphase
ranged from 7.33% (V4/Zn/100 ppm) to 10.29% (V2/
Cd/10 ppm). On the other hand, the frequency of cells in
anaphase stage ranged from 1.58% (V4/Cd/100 ppm) to
4.82% (V3/Zn/50 ppm). The smallest values of the mitotic index of telophase compared to control were recorded at the highest concentrations of heavy metals: 3.70%
(V4/Cd/100 ppm) and 6.54% (V4/Zn/100 ppm) respectively.
Heavy metals tested induced a high number of
mitotic aberrations when compared with control. The
increase of mitotic aberrations was dependent on the
increasing treatment concentrations (Table 3). The types
of chromosomal aberrations identified in meristematic

Table 1. Influence of cadmium and zinc on the seeds germination
and root length to Ocimum basilicum L.
Variants
V1 (Control)
V2/Cd/10 ppm
V3/Cd/50 ppm
V4/Cd/100 ppm
V2/Zn/10 ppm
V3/Zn/50 ppm
V4/Zn/100 ppm

Germination
(%)

Root length
(X ± SE)
(cm)

93.33
80.00
56.66
23.31
93.33
74.11
70.00

2.26±0.37
1.16±0.19
0.26±0.04
0.21±0.04
1.28±0.13
1.18±0.19
0.65±0.09

metals (V4/100 ppm) at which the germination percentage was 23.33% for Cd and 70.00% for Zn. Also the concentration of 50 ppm, both to Cd and Zn, inhibited the
germination of basil seeds in the proportion of 56.66%
(Cd) and 74.11% respectively (Zn).
The highest germination percentage was recorded to
V2/Zn/10 ppm variant (93.33%, percentage equal to that
of the untreated control).
As for the increase in length of the roots, the highest
values were recorded in the variants with the lowest concentrations of heavy metals: V2/Zn/10 ppm (1.28 ± 0.13
cm) respectively V2/Cd/10 ppm (1.16 ± 0.19 cm). The most
powerful inhibitory effect was found in the V4/Cd/100
ppm variant, where the average length of the roots was
0.21 ± 0.04 cm, compared to the control (2.26 ± 0.37).
Table 2 presents the results of the effects of Cd and
Zn on the mitotic index and the cell division phases to
Ocimum basilicum L. A significant reduction (p=0.05) of
the mitotic index compared to the control was observed
in all treatment variants.
Mitotic index value decreased with the increase concentration of heavy metal solutions. Thus, the intensity

Table 2. Mitotic index (%) and the cell division phases (%) to Ocimum basilicum L. treated with different concentrations of cadmium and
zinc nitrate.
Variants

TCN

MI ± SE
%

MIP
%

MIM
%

MIA
%

MIT
%

V1 (Control)
V2/Cd/10 ppm
V3/Cd/50 ppm
V4/Cd/100 ppm
V2/Zn/10 ppm
V3/Zn/50 ppm
V4/Zn/100 ppm

500
500
500
500
500
500
500

45.82±0.68
12.64±0.42*
10.26±0.35*
9.23±0.34*
43.61±0.63
29.14±0.60*
17.29±0.58*

75.35
73.47
78.36
85.61
76.28
75.54
84.11

6.35
10.29
9.74
9.11
7.46
9.22
7.33

1.93
1.86
1.64
1.58
2.01
4.82
2.02

16.37
14.38
10.26
3.70
14.25
10.42
6.54

TCN = Total cells number; MI = Mitotic index; MIP = Mitotic index of Prophase; MIM = Mitotic index of Metaphase; MIA = Mitotic index
of Anaphase; MIT = Mitotic index of Telophase; SE = Standard error; * Significant at level 5% (p=0.05).
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Table 3. Type and percentage of mitotic aberrations induced by
cadmium and zinc on the meristematic roots to Ocimum basilicum
L.
Mitotic aberrations
(%)
PN

PC

L

S

B

Total
aberrations
(%)

0
4.03
6.21
8.15
0
3.05
2.84

0
5.27
8.63
12.86
1.04
1.01
2.63

0
3.89
4.03
6.23
1.53
2.03
3.82

1.05
5.09
7.26
10.04
2.01
2.34
4.01

0
1.23
1.58
2.42
0
0.89
1.21

1.05
19.51*
27.71*
39.70*
4.58
9.32
14.51

Variants
V1 (Control)
V2/Cd/10 ppm
V3/Cd/50 ppm
V4/Cd/100 ppm
V2/Zn/10 ppm
V3/Zn/50 ppm
V4/Zn/100 ppm

PN = Pyknotic Nucleus; PC = Pyknotic Chromosomes; L = Laggards; S = Stickiness; B = Bridges; * Significant at level 5% (p=0.05).

cells of Ocimum basilicum L. were interphases with pyknotic nucleus; pyknotic and sticky chromosomes, cells
with laggard chromosomes, as well as cells with telophase bridge.
The most common types of chromosomal aberrations were stickiness and pyknosis while the least frequent were bridges. Compared with the control variant,
total chromosomal aberration rate recorded insignificant
values for all variant exposed to Zn, from 4.58% (V2/
Zn/10 ppm) to 14.51% (V4/Zn/100 ppm). On the other
hand, in all variants exposed to Cd treatment total chromosomal aberration recorded significantly positive values from 19.51% (V2/Cd/10 ppm) to 39.70% (V4/Cd/100
ppm) respectively.
DISCUSSION

The contamination of soil and water by heavy metals is a major environmental problem. In this regard it
presents an ecotoxicology risk for food chains because of
strongly toxic properties of these elements for all human
beings (Lassoued et al. 2014; Bonciu et al. 2018; Coroian
et al. 2017; Puia et al. 2019). Understanding the phenomenon of bioaccumulation of heavy metals in living substance is of extremely complex. This contamination can
have very long-term effects (Bilal et al. 2014; Lassoued et
al. 2014; Bonciu et al. 2018).
Heavy metal pollution is one of the most serious
problems of industrialization, who affects significantly
soil and biodiversity and its impact continues to increase
(Bae et al. 2016), due to these metals’ non-biodegradability and high toxicity (Chul Kong, 2013). Generally,
heavy metals are dangerous because they tend to bioac-

A

C

B

D

Figure 1. Some chromosomal aberrations identified in meristematic
cells of Ocimum basilicum L. exposed to Cd and Zn: pyknosis (A);
sticky metaphase whit laggards chromosomes (B); bridges (C); disturbed telophase whit pyknotic chromosomes (D).

cumulate and can cause altered physiological and metabolic processes to plants or disturbing the metabolism of
essential elements (Petrescu et al. 2015; Sarac et al. 2015;
Wójcik and Tukiendorf 2014; Butnariu 2012; Mohanpuria et al. 2007; Dong et al. 2006).
In our experiment, the seed germination of Ocimum
basilicum L. was heavily affected by the concentration
of heavy metals, especially by Cd, which exhibited the
highest degree of toxicity. Instead, zinc recorded a lower
degree of toxicity and only at concentrations of 50 ppm
and 100 ppm. The inhibition of seed germination with
increasing concentration of Cd has been found also in
other plants: Vigna radiata (Maheswari et al. 2017); Triticum aestivum (Guilherme et al. 2015); Suaeda salsa (Liu
et al. 2012); Spartiana alterniflora (Mrozek and Funicelli,
1982), etc.
We can appreciate that the highest toxicity in basil
seed germination as well as the increase in length of
meristematic roots was induced by Cd at the concentration of 100 ppm. In other authors’ opinion, at low concentrations Cd is not toxic to plants, but at higher concentrations it is toxic and preferentially accumulates in
the meristematic and elongation root zones (Xu et al.
2009; Karcz and Kurtyka, 2007). The heavy metals can
disturb the nucleolar cycle. Indirect immunofluorescence detects nucleolar material and their movement
into the cytoplasm following heavy metal stress (Liu et
al. 2016).
The length roots of Ocimum basilicum L. was influenced differently from one heavy metal to another and
from one concentration to the other, the most power-
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ful inhibitory effect being found at the highest Cd concentrations. Results suggest that Cd is highly toxic and
can affect the metabolism of meristematic roots. Similar
results have been reported by Gharebaghi et al. (2017)
to two basil species (Ocimum basilicum L. and Ocimum
basilicum var. Purpurescens).
Cytogenetic tests on Ocimum basilicum L. show
a decrease of the mitotic index following heavy metal
treatments. The mitodepresive effect of cadmium was
obvious even at the lowest concentration (10 ppm). The
other authors results showed that Cd causes irregularities in mitotic activity to Pisum sativum (Fusconi et al.
2007) and Allium sativum (Xu et al. 2009) and can
induce increased frequency of the chromosomal aberrations to Allium cepa (1.5 times more than in control
group), while mitotic index was significantly decreased
(Evseeva et al. 2001). To Allium cepa, Cd affected the
spindle and decreased anaphase and telophase stages
while the metaphase stage was increased.
In the presence of certain external stimuli, the cellular progress can be blocked in one of the phases of
the cell cycle or cell division, and their action is called
mitoinhibition. Mitogens act to overcome intracellular
braking mechanisms that block cell cycle progression,
and their action is called mitostimulatory. Any deviation from the orderly and directed progression of the
cell cycle, and respectively, of mitosis and cytokinesis, is
reflected in a state of cytotoxicity and genotoxicity (Bonciu et al. 2018; Rosculete E et al. 2019) and some chromosomes variation (Bouziane et al. 2019).
Some research shows that the electron energy loss
spectroscopy (EELS) and electron spectroscopic imaging
(ESI) are good methods for identifying sites of localization of heavy metals at the sub-cellular level in cell organelles, cytoplasm or cell walls and clarifying the process
involved in their uptake, transport and deposition or
detoxification in plant cells (Liu and Kottke 2003, 2004).
The results of previous investigations indicate that
heavy metals including Cd and Zn at excessive concentration can disturb cell division process and induce CA
comprising c-mitosis and lagging chromosomes, anaphase bridges, and chromosome stickiness in the root
tips of A. cepa (Liu et al. 1995). During mitosis, metal
ions can interfere with the proper positioning of nucleolar organizing regions on chromosomes. Under metal
stress, an obviously toxic phenomenon appears in nucleoli of root tips of A. cepa (Bonciu et al. 2018).
The results of this study highlight the strong cytotoxic effect of Cd to Ocimum basilicum L. even at low
concentrations of 10 and 50 ppm. The most common
types of chromosomal aberrations were stickiness; sticky
chromosomes can lead, in opinion of some authors, to
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cell death (Singh, 2015; Karaismailoğlu, 2017). In most
cases the percentages of abnormal mitotic phases were
seen to increase with increasing concentration, this
result being recorded in other studies also (Samanta and
Bandyopadhyay, 2012; Verma et al. 2016; Șuțan et al.
2018).
The cytotoxicity effect of Zn occurred only at concentrations higher than 10 ppm. In low concentrations,
Zn did not negatively influence the values of the mitotic
index, the percentage of chromosome aberrations being
insignificant.
Of the two heavy metals tested, Cd showed the
highest degree of cytotoxicity and inhibits normal
growth to Ocimum basilicum L. The results also suggest
that basil may be used for bio-greening of soil, since it
absorbs the heavy metals and synthesizes them in the
cells. Besides, the decontamination of soils polluted with
heavy metals through phytoremediation is one of the
cheapest and simplest methods, and from this point of
view, the cultivation of basil involves very low costs.
REFERENCES

Abd El-Ghffar EA, Al-Sayed E, Shehata SM, Eldahshan
OA, Efferth T. 2018. The protective role of Ocimum
basilicum L. (Basil) against aspirin-induced gastric
ulcer in mice: Impact on oxidative stress, inflammation, motor deficits and anxiety-like behaviour. Food
Funct. 9(8):4457-4468.
Asita Okorie A, Moramang S, Rants’o T, Magama S. 2017.
Modulation of mutagen-induced genotoxicity by vitamin C and medicinal plants in Allium cepa L. Caryologia. 70(2):151-165.
Bae J, Benoit DL, Watson AK. 2016. Effect of heavy metals on seed germination and seedling growth of common ragweed and roadside ground cover legumes.
Environ Pollut. 213(1):112-118.
Baik N, Maamri F, Bandou H. 2017. Karyological study
and meiotic analysis of four species of Aegilops
(Poaceae) in Algeria. Caryologia. 70(4):324-337
Balog C. 1982. The mitotic index in diploid and triploid
Allium roots. Cytologia. 47(3/4):689-697.
Bilal E, Guenolé–Bilal I, Bounahkla M, Iatan LE, Machado de Mello F, Doumas M, Tahri M, Gallice F, Graillot D, Piegay H, Lassoued N. 2014. The freshwater
mussels are a good bioindicator for monitoring the
water pollution by heavy metal (The Saint– Victor–
sur–Loire Lake, France). Banat¢s Journal of Biotechnology. V(10):5-11.
Bonciu E, Firbas P, Fontanetti CS, Wusheng J,
Karaismailoğlu MC, Liu D, Menicucci F, Pesnya DS,

80

Popescu A, Romanovsky AV, Schiff S, Ślusarczyk
J, De Souza CP, Srivastava A, Sutan A & Papini
A. 2018. An evaluation for the standardization of
the Allium cepa test as cytotoxicity and genotoxicity
assay. Caryologia. 71(3):191-209.
Botu I, Botu M. 1997. Statistical parameters used in the
evaluation of the research of fruit plants. In: Methods
and techniques of research in pomiculture. Rm. Valcea (RO): Conphys Publishing. p. 213-236.
Bouziane Z, Issolah R, Tahar A. 2019. Analysis of the
chromosome variation within some natural populations of subterranean clover (Trifolium subterraneum
L., Fabaceae) in Algeria. Caryologia. 72(4):93-104.
Butnariu M. 2012. Vegetable Bioindicators of Heavy Metal Pollution. J Ecosys Ecograph. 2(5):e114.
Butnariu M, Caunii A. 2013. Design management of
functional foods for quality of life improvement.
Annals of agricultural and environmental medicine.
20(4):736-741.
Chul Kong, I. 2013. Joint effects of heavy metal binary mixtures on seed germination, root and shoot
growth, bacterial bioluminescence, and gene mutation. J Environ Sci. 25(5):889-894.
Coroian A, Miresan V, Cocan D, Raducu C, Longodor
AL, Pop A, Feher G, Andronie L, Marchis Z. 2017.
Physical-chemical parameters and the level of heavy
metals in cow milk in the Baia Mare area. Banat¢s
Journal of Biotechnology. VIII(16):69-74.
Dong J, Wu FB, Zhang GP, 2006. Influence of cadmium
on antioxidant capacity and four microelement concentrations in tomato seedlings (Lycopersicon esculentum). Chemosphere. 64(10):1659-1666.
Evseeva TI, Geras’kin SA, Khramova ES. 2001. Cytogenetic effects of separate and combined action of
232Th and Cd nitrates on Allium cepa root meristem
cells. Tsitologiia. 43(8):803-808.
Fusconi A, Gallo C, Camusso W. 2007. Effects of cadmium on root apical meristems of Pisum sativum L.:
cell viability, cell proliferation and microtubule pattern as suitable markers for assessment of stress pollution. Mutat Res. 632 (1-2):9-19.
Gharebaghi A, Alborzi Haghighi MH, Arouiee H. 2017.
Effect of Cadmium on seed germination and earlier
basil (Ocimum basilicum L. and Ocimum basilicum var.
Purpurescens) seedling growth. Trakia J Sci. 15(1):1-4.
Guilherme de Souza MF, Habyhabanne de Oliveira M,
Da Silva E. 2015. Cadmium toxicity on seed germination and seedling growth of wheat Triticum aestivum. Acta Sci. 37(4):499-504.
Karaismailoğlu MC. 2017. Assessments on the potential
genotoxic effects of Fipronil insecticide on Allium
cepa somatic cells. Caryologia. 70(4):378–384.

Irina Petrescu et al.

Karcz W, Kurtyka R. 2007. Effect of cadmium on growth,
proton extrusion and membrane potential in maize
coleoptile segments. Biol Plant. 51(4):713-719.
Lassoued N, Khelil MN, Rejeb S, Bilal E, Chaouachi M,
Rejeb MN, Guenolé–Bilal I. 2014. Transfert heavy
metal sewage sludge as fertilizer from soil to ray
grass. Banat¢s Journal of Biotechnology. V(9):86-95.
Liu D, Jiang W, Wang W, Zhai L. 1995. Evaluation of
metal ion toxicity on root tip cells by the Allium test.
Israel J Plant Sci. 43:125-133.
Liu D, Kottke I. 2003. Subcellular localization of chromium and nickel in root cells of Allium cepa by EELS
and ESI. Cell Biol Toxicol. 19:299-311.
Liu DH, Kottke I. 2004. Subcellular localization of cadmium in the root cells of Allium cepa by electron
energy loss spectroscopy and cytochemistry. J Biosci.
29:329-335.
Liu S, Yang C, Xie W, Xia C, Fan P. 2012. The Effects of
Cadmium on Germination and Seedling Growth
of Suaeda salsa. Procedia Environ Sci 16(0):293-298.
Liu X, Shi Q, Zou J, Wang J, Wu H, Wang J, Jiang W, Liu
D. 2016. Chromosome and nucleolus morphological
characteristics in root tip cells of plants under metal
stress. Fresenius Environ Bull. 25:2419–2426.
Maheswari UL, Subramani A. 2017. Inhibitory effects
of cadmium on seed germination characteristics of
Vigna radiata (L.) Wilczek. Int J of Current Research.
9(03):48551-48554.
Mohanpuria P, Rana NK, Yadav SK. 2007. Cadmium
induced oxidative stress influence on glutathione
metabolic genes of Camellia sinensis (L.) O. Kuntze.
Environ Toxicol. 22(4):368-374.
Mrozek E, Funicelli NA. 1982. Effect of lead and on germination of Spartiana alterniflora seeds at various
salinities. Env Exp Bot. 22 (1):23-32.
Petrescu I., Sarac I, Chereches B, Madosa E. 2015. Effect
of lead on the growth of Coriandrum sativum L. J of
Hortic Forest and Biotechnology 19(4):93-95.
Puia M, Mihon B, Ionescu B, Butucel E, Chicinas A, Farcas E, Puskas H, Raducu C, Longodor AL, Coroian
A. 2019. Assessing the level of heavy metals in different geographical areas in Romania. Banat¢s Journal
of Biotechnology. X(19):5-10.
Rosculete CA, Bonciu E, Rosculete E, Olaru LA. 2019.
Determination of the environmental pollution potential of some herbicides by the assessment of cytotoxic
and genotoxic effects on Allium cepa. Int J Environ
Res Public Health. 16(1):75.
Rosculete E, Olaru AL, Rosculete CA, Bonciu E. 2019.
Assessment of Cytological Effects of Food Preservative Potassium Metabisulphite to Allium cepa. American Journal of Plant Sciences. 11(1):11-23.

Study regarding the cytotoxic potential of cadmium and zinc in meristematic tissues of basil (Ocimum basilicum L.)

Samanta A, Bandyopadhyay B. 2012. Prevention of Cadmium induced genotoxicity with Emblica officinalis L.
(Amla) in Allium Test.. RJPBCS. 3(2):890-897.
Sarac I, Petrescu I, Madosa E, Antonie IF. 2015, Copper
effects at seed germination of Secale cereale L. J of
Hortic Forest and Biotechnology 19(4):84-88.
Singh P. 2015. Toxic effect of chromium on genotoxicity and cytotoxicity by use of Allium cepa L. IJREAS.
5(10):1-10.
Şuţan NA, Uţă G, Bărbuceanu D. 2018. Oxidative stress
and cytogenetic effects in root tip cells of Allium
cepa L. induced by alcoholic extracts of Leptinotarsa
decemlineata (Say). Caryologia. 71(4):405-413.
Verma S, Arora K, Srivastava A. 2016. Monitoring of genotoxic risks of nitrogen fertilizers by Allium cepa L.
mitosis bioassay. Caryologia. 69(4):343–350.
Xu P, Liu D, Jiang W. 2009. Cadmium effects on the
organization of microtubular cytoskeleton in interphase and mitotic cells of Allium sativum. Biol Plant.
53(2):387-390.
Wójcik M, Tukiendorf A. 2014. Phytochelatin synthesis
and cadmium localization in wild type of Arabidopsis
thaliana. Plant Growth Regul. 44(1):71-80.

81

Caryologia

International Journal of Cytology,
Cytosystematics and Cytogenetics

Citation: N.A. Şuţan, A.N. Matei, E.
Oprea, V. Tecuceanu, L.D. Tătaru, S.G.
Moga, D.Ş. Manolescu, C.M. Topală
(2020) Chemical composition, antioxidant and cytogenotoxic effects of
Ligularia sibirica (L.) Cass. roots and
rhizomes extracts. Caryologia 73(1):
83-92. doi: 10.13128/caryologia-116
Received: January 9, 2019
Accepted: February 22, 2020
Published: May 8, 2020
Copyright: © 2020 N.A. Şuţan, A.N.
Matei, E. Oprea, V. Tecuceanu, L.D.
Tătaru, S.G. Moga, D.Ş. Manolescu,
C.M. Topală. This is an open access,
peer-reviewed article published by
Firenze University Press (http://www.
fupress.com/caryologia) 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 relevant data are within the paper and its
Supporting Information files.
Competing Interests: The Author(s)
declare(s) no conflict of interest.

Firenze University Press
www.fupress.com/caryologia

Chemical composition, antioxidant and
cytogenotoxic effects of Ligularia sibirica (L.)
Cass. roots and rhizomes extracts
Nicoleta Anca Şuţan1,*, Andreea Natalia Matei1, Eliza Oprea2,
Victorița Tecuceanu3, Lavinia Diana Tătaru1, Sorin Georgian Moga1,
Denisa Ştefania Manolescu1, Carmen Mihaela Topală1
1 University of Piteşti, Faculty of Sciences, Physical Education and Informatics, Department of Natural Sciences, 1 Targu din Vale Str., 110040 Pitesti, Romania
2 University of Bucharest, Faculty of Chemistry, Department of Organic Chemistry, Biochemistry and Catalysis, Blvd. Regina Elisabeta, No. 4-12, 030018, Bucharest, Romania
3 Organic Chemistry Centre of the Romanian Academy “Costin D. Nenitescu”, 202B
Splaiul Independentei, 78100 Bucharest, Romania
*Corresponding author. E-mail addresses: ancasutan@yahoo.com, mateiandreeanatalia@gmail., eliza_oprea2003@yahoo.com, vichi_tecu@yahoo.com, lavinia.tataru@upit.ro,
sorin.g.moga@gmail.com, stefaniamanolescu@yahoo.com, carmen.topala@gmail.com.

Abstract. Through time, in the traditional medicine Ligularia genus has been used
as a remedy to cure several diseases and affections. The paper represents an essential
step in offering more information about the antioxidant activity, chemical composition and cytogenetic activity of L. sibirica (L.) Cass. rhizomes and roots extracts. The
antioxidant activity of the extracts has been achieved by analyzing the total phenolic
content, total flavonoids, the organic chemical compound and trolox equivalent antioxidant capacity and their major polyphenolic constituents were quantified by liquid
chromatography electrospray ionization-tandem mass spectrometry. The extracts were
obtained by the Supercritical Fluid Extraction (SFE-CO2) technique, SFE-CO2 extraction with co-solvent and absolute ethanol extraction. The best results for the antioxidant activity have been fulfilled through the last two techniques. High Performance
Liquid Cromatography (HPLC) has been applied in order to identify and quantify
selected phenolic acids and flavonoids in the ethanolic extracts of L. sibirica (L.) Cass.
The cytogenotoxic effects of the extracts completed the present study, with a furtherance of antiproliferative potential highlighted by the statmokinetic effect and an additional genoprotective effect.
Keywords. antioxidant activity, phenols, SFE extraction, HPLC, cytogenotoxic effects,
Ligularia sibirica.
Abbreviation: TP - total phenols, TF - total flavonoids, DPPH - the organic
chemical compound 2,2-diphenyl-1-picrylhydrazyl, TEAC - Trolox Equivalent
Antioxidant Capacity, FTIR - Fourier Transform Infrared spectroscopy, HPLC
- High-performance liquid chromatography, SFE - Supercritical fluid extraction,
MIR - middle infrared region, ATR - Attenuated total reflection, GAE - gallic acid equivalents, ABTS - 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid), MI - mitotic index.
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INTRODUCTION

The genus Ligularia from the Asteracae family has
been extensively researched from phytochemical point
of view especially in the last years, having a real significance in the traditional medicines as a remedy for bronchitis, asthma, tuberculosis, haemoptysis, soothing pain,
rheumatoid arthritis, coughs, inflammations, jaundice,
scarlet fever and hepatic diseases (Pinglin et al. 2008;
Xie et al. 2010). Ligularia genus has many biological
activities such as antibacterial activity, antifeedant and
insecticidal activities, antihepatotoxicity, antioxidant,
antithrombotic and anticoagulant activity (Yang et al.
2011). The pharmaceutical studies as well as the chemical studies on Ligularia species demonstrate the specific
presence of constituents such aseremophilane-type sesquiterpenes (Wu et al. 2016).
Over the glacial and interglacial period, a large
number of species migrated from the Asian continent
to Europe, including the glacial relict Ligularia sibirica (L.) Cass. which is the target of the present study. L.
sibirica (L.) Cass., a perennial hemicryptophyte species,
has a short and thick rhizome with long lateral fasciculated roots, leaves with long petioles, and inflorescence
stem straight up to 200 cm. The blooming period starts
from July till the end of August (Pop, 1960; Šmídová et
al. 2011).
An overall small number of studies have been published with regards to the chemical composition and
cytogenotoxic effects of L. sibirica (L.) Cass. Scientific literature highlights the use of this species as a cure
for treating phlegm and for reducing cough (Liao et al.
1002; Tori et al. 2008; Yuan et al. 2013).
It is worth to mention here that there is not a clear
situation regarding the L. sibirica (L.) Cass. populations
in Romania related to its distribution in the Natura 2000
sites (Brînzan et al. 2013), and the protection of the species through the Bern Convention, Annex I - Strictly
Protected Flora Species (Berne Treaty No. 104), complemented by the IUCN threat status, Data Deficient (Bilz
et al. 2011). Due to the fact that the species of community interest is protected by the Habitats Directive through
Annexes IIb and IVb, GEO 57/2007 (Law 49/2011):
Annexes 3, 4 A and mentioned in the Carpathian List
of Endangered Species in the category Near Threatened
(Mihăilescu et al. 2015), the material used in our study
was collected after a complex survey regarding the quantitative and qualitative analysis of L. sibirica (L.) Cass.
population in each site, as follows: Apa Roşie Peat Bog,
Hărman Marsh and Zănoaga Gorges. The necessary
material for study was harvested in minimum amounts,
in order to preserve the existing vegetal communities.

In the present study, we analyzed the chemical composition, antioxidant activity and cytogenotoxic properties of ethanol extracts obtained from roots and rhizomes of L. sibirica (L.) Cass. Our study represents a
first step in estimating the possible phytotherapeutic
applications of L. sibirica (L.) Cass., and to understand
to what extent this species can be incorporated into
farming systems as a medicinal herb.
MATERIALS AND METHODS

Plant material
Roots and rhizomes of L. sibirica (L.) Cass were
harvested in August 2017, from 3 distinct sites, both in
terms of habitat, pedo-climatic conditions, but also with
the same level of anthropogenic activity, in order to
decide which of them hold a higher potential for further
studies. The first sample was collected from Zănoagei
Gorges (Lat N45°28’, Long E25°25’), which are part of
Bucegi Natural Park an interesting limestone mountain
system, the studied area being characterized by a coolwet climate type, the average annual temperature being
of 4.9°C where the rainfalls varies with the altitude, covered by rendzina soils (Beldie, 1967). The second sample of L. sibirica (L.) Cass. was collected from Hărman
Marsh (Lat N45°43’, Long E25°39’), an eutrophic marsh
with hydric and alluvial soils and CaCO3 deposits, located in the Braşov Depression, with an annual temperature of 7°C and low rainfall. The last sample was collected from Apa Roşie Peat Bog (Lat N46°10’, Long E26°15’),
located in Nemira Mountains and characterized by a
cool-wet climate type rich in precipitations, with an
average annual temperature of 2–4°C, occupying hydric
soils without CaCO3 deposits (Brînzan et al. 2013).
After weighing the plant material, the fresh rhizomes and roots were washed in tap water to remove the
soil, rinsed well in distilled water, pat dried with paper
towel, and then minced at room temperature.
Reagents and Chemicals
The reagents used: gallic acid monohydrate ACS reagent ≥ 98% and Folin Ciocalteu’s phenol reagent of 2M
concentration, caffeic, cinnamic, ferulic, rosmarinic and
syringic, catechin, myricetin, naringenin, methanol, and
ethanol were from Sigma-Aldrich (USA). Chlorogenic
acid and quercetin were from Alfa Aesar (Germany) and
Fluka, respectively. Ethanol (HPLC degree) was obtained
from Merck Co. (Darmstadt, Germany). The used water
was double-distilled. The carbon dioxide (99.5% purity)
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used in SFE extraction and the rest of the reagents used
in the experiments were purchased from commercial
sources. The weight of the samples was measured on an
analytical balance of Shimadzu Corporation with a precision of 0.1 mg.
Extraction Procedures
Ethanolic extract was prepared by mixing 5 g of
each type of plant material, roots and rhizomes, in 50
mL absolute ethanol stored for 8 h at room temperature
(22°C). Using Whatman filter paper no. 1, the extracts
were filtered and the resulted filtrates were used to indicate their cytogenotoxic potential using Allium cepa test.
The SFE extracts were achieved through the specific equipment, a pilot unity called SFT-110 Supercritical
Fluid Extractor (Supercritical Fluid Technologies, Inc.).
The temperature of the restrictor valve was adjusted
to 50° or 60°C for all extraction processes. The extract
was collected in a 50 mL glass vial. The output of CO2
in the system was of 6.0 g/min. The yields of extraction
were around 2%. For the co-solvent extraction (sample
4), using 1% and 2% ethanol in relation to the CO2 the
experiment was performed in conditions of 50°C, 250
bar and flow of CO2 at 6 g/min (Erdogan et al. 2011).
In this case the extraction yield was 2.5% from the raw
material.
Five samples of extracts were prepared: Hărman
Mash – 1, Zănoagei Gorges – 2 and Apa Roşie Peat Bog
– 3 through SFE extraction with CO2, then it was added
a SFE extraction with CO2 and EtOH as cosolvent from
Apa Roşie Peat Bog – 4 and the last one was the absolute ethanol extraction from Apa Roşie Peat Bog – 5.
The extracts of every single assay were individualized by
studying the antioxidant activity through: TP, TF, DPPH
and TEAC. The functional groups were analysed using
FTIR in the region 4000–400 cm-1. The ethanolic extract
(sample 5) was used to evaluate cytogenotoxic activity.
Evaluation of chemical composition of the rhizome and
roots extracts FT-MIR
The extracts of L. sibirica (L.) Cass. were investigated for their chemical composition: extract with CO2
(1, 2, 3), CO2 and ethanol (4), ethanolic extract (5). For
FTIR spectroscopy, was used a Jasco 6300 spectrometer. The FTIR spectroscopy of each rhizomes and roots
extract was recorded in the MIR region. An ATR accessory equipped with a diamond crystal (Pike Technologies) was used for sampling. Samples were carried out
at 100 scans with resolution of 4 cm-1 in the regions of
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4000-400 cm-1. Spectra Manager II software was used
for processed the spectra data.
Total phenolic content
In order to assess the TP content of the material
extract, it has been used the Folin-Ciocalteu method
(Singleton and Rossi, 1965). The TP content was brought
out by mixing 0.5 mL of sample or standard (gallic acid)
with 5 mL of Folin - Ciocalteu reagent and 4 mL of 1M
sodium carbonate. It was measured the absorbance at
746 nm (Shimadzu UV-1800 Spectrophotometer) and the
calibration curve with standard solutions of gallic acid
concentrations ranging from 0.05 to 1 mgL-1 was traced.
Equation of standard curve was y=0.0067x+0.0105
(R2=0.9960). The results were expressed as mg of GAE
in 100 g of the rhizomes and roots.
Extract constituents
The identification and quantification of selected phenolic acids and flavonoids in the plant extracts was performed by high performance liquid chromatography
(HPLC) using a Varian 310-MS LC/MS/MS triple quadrupole mass spectrometer (USA) fitted with an electrospray ionization interface (ESI). A sample of each dry
plant extract was dissolved in HPLC-grade methanol. The
mobile phase was double distilled water/methanol, fr =
20:80. A Varian C18 column (150 mm 9 3.0 mm; 5 mm)
was used at a flow-rate of 0.6 ml/min, in an isocratic elution. The injection volume was 20 ml and triplicate injections were used for each sample. The drying gas was air at
a pressure of 131 kPa and 250 °C, and the nebulizing gas
was nitrogen at 276 kPa. The capillary voltage was set at
the potential -4500 V for negative ionization. The resulting deprotonated molecular ion was selected by the first
quadrupole; in the second quadrupole, the deprotonated
molecular ion was fragmented by collision with an inert
gas (argon) at a pressure of 0.2 Pa; the fragments were analyzed in the third quadrupole. Prior to these experiments,
the tuning of the mass spectrometer was performed using
a polypropylene glycol standard for both positive and negative modes. The determinations have been carried out in
triplicate. The results are expressed as μg of selected phenolic acid or flavonoid per 1 g of dry extract.
Determination of antioxidant activity
1. DPPH Antioxidant activity. In order to determine the radical scavenging activity of the ethanol
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extract of L. sibirica (L.) Cass. the Brand-Williams
DPPH assay has been used (Brand-Williams et al. 1995).
DPPH is stable organic nitrogen radical, with a purple
colour solution, which reacts with the antioxidant compounds. The method it stands on the measurement of
the reducing ability of antioxidants toward this radical.
The ability can be evaluated by measuring the decrease
of DPPH absorbance at 517 nm. The percentage of the
DPPH remaining was calculated using the equation: I%
= [(Ablanck-Asample)/Ablanck] x100, where: Ablank is
the absorbance for the blank (ethanol - DPPH. ethanolic
solution) and Asample is the absorbance for the sample
mixed with 0.04 mg/mL DPPH solution.
The results were expressed as IC50 (the extract concentration which inhibits the activity of DPPH by 50%).
In short, to 4 mL of extract at 1 mL of DPPH (0.04 mg/
mL) ethanol solution was added. After incubating for 30
min in dark, the absorbance of the resulting solutions
was measured at 517 nm using UV-VIS Jasco 730 Spectrophotometer (Kedare and Singh 2011).
2. TEAC assay. A stock solution of ABTS•+ was
obtained after reacting the ABTS chemical compound
with potassium persulfate. Then the mixture has been
left at dark at room temperature for 12–16 hours before
use. The ABTS•+ used solution was prepared by dilution of this solution with ethanol till the absorbance was
around 0.70 (Pellegrini et al 2003). The absorbance was
measured at 734 nm. The calibration curve was made
with Trolox (with concentrations between 0.125 and 2
mM). The results were done in mmol of Trolox per 100g
rhizomes and root. Equation of standard curve was
y=45.432x+20.334 (R2=0.9896).
Evaluation of cytogenetic effects of L. sibirica ethanol
extract
The two samples extracted with ethanol (sample 4
and 5) showed the best antioxidant properties, taking
into account a higher volume of extraction, the sample
5 was studied in order to evaluate the cytogenotoxic
effects of L. sibirica (L.) Cass. extracts.
The cytogenotoxic effects were evaluated through
the changes of the mitotic indices and through the frequency of the phases of mitosis (prophase, metaphase,
anaphase, telophase), as well as through the chromosomal aberrations frequency and the nuclear anomalies
induced in root tip cells of A. cepa L.
The onion bulbs (a local variety), about 4 cm diameter, have been checked to fit in the phytosanitary standards. In order to expose root primordia, the outer scales
have been gently removed and the bulbs were placed in
30 mL containers, with the discoid stem being in con-
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tact with distilled water. The Allium test was performed
through static exposure, initially at the action of distilled water for 24 or 48 hours as well as at various concentrations of L. sibirica (L.) Cass. ethanol extracts for
24 or 48 hours. Further the samples were defined by
the extracts concentration, respectively 5%, 10%, and
15%, as well as by the incubation time of onion roots, 24
hours and 48 hours (L 5% 24h, L 5% 48h, L 10% 24h, L
10% 48h, L 15% 24h, L 15% 48h).
For the cytogenetic analysis roots with a length of
about 10 mm were used. The roots were fixed in a mixture of absolute ethanol: glacial acetic acid 3:1 overnight
and then transferred to 70º ethanol for long-term preservation. For each experimental variant, a number of 5
roots were subjected to attenuated hydrolysis with HCl
1N for 15 minutes at 60°C. Fixed and macerated roots
were stained with aceto-orcein solution 1% at 60°C for
15 minutes. The root tips were cut on a glass slide, in
a drop of 45% glacial acetic acid, and used to perform
microscopic slides using the squash technique. The
coverslips were glued with several layers of nail polish,
and the resulted microscopic slides were analyzed on
an Olympus CX-31 microscope, at a 400x magnification. The microscopic analysis aimed at establishing the
numbers of cells at different stages of mitosis, the frequency of chromosomal and nuclear aberrations related
to about 3000 cells for each experimental sample. The
MI was determined as the percentage ratio between the
number of cells in mitosis and the total number of analysed cells (Tedesco et al. 2012). Depending on the total
number of cells that carry out mitosis, it was determined
the percentage of the cells mitosis stages. The frequency
of chromosomal aberrations and nuclear abnormalities
was calculated as the percentage between the number of
damaged cells and total number of cells in the appropriate stage of the cell cycle and mitosis.
The results were statistical analysed using the IBM
SPSS Statistics 20 program. Significant differences
among samples were determined using the analysis of
variance (one-way ANOVA), as well as the Duncan multiple comparison test. The P≤0.05 values were considered
statistically significant. The graphs and tables were elaborated based on average values ± the standard error (SE)
of more independent experiments.
RESULTS AND DISCUSSION

Evaluation of chemical composition of the rhizome and
roots extracts by FT-MIR
The ATR-MIR spectra (4000-400 cm-1) of each
extract was registered and the specific wavenumbers
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Figure 1. ATR-MIR spectra registered for sample 3 (SFE extraction
with CO2).

and intensities were considered in order to present the
FTIR-ATR spectra of alcoholic and CO2 extracts (Figure
S1 in the Supplementary Material), as well as the FT-IR
absorption bands for rhizomes and roots extracts (Table
S1 in the Supplementary Material). The vibrational
assignments for extracts were compared with literature
data (Szymanska-Chargot and Zdunek 2013). The identification of the functional groups was based on the FTIR
peaks attributed to stretching and bending vibrations.
Eight areas were identified in the MIR domain and the
fingerprint region was localized between 900 and 1760
cm-1 (areas 1-6) (Zavoi et al. 2011). Figure 1 shows the
spectral regions 1-7 for sample analysis.
Area 1 (< 1000 cm-1) corresponds to C-H bending vibrations from isoprenoids, area 2 (997-1140 cm-1)
to stretching vibrations C-O of carbohydrates, with signals at 1005, 1009, 1040, 1080 and 1136 cm-1, while area
3 (1150-1270 cm-1) corresponds to stretching vibrations of
carbonyl C-O or O-H bendings. The intense peaks at 1040
cm−1 and to nearly 1080 cm-1 are attributed to characteristic functional groups of polyphenols. C-O (amide) and
C-C stretchings vibrations appear in the region 4 (13001450 cm-1) Region 5 (1500-1600 cm-1) corresponds to aromatic group and N-H bending vibrations. Domain 6 is a
complex one (1600-1760 cm-1) and corresponds to bending
vibrations N-H (amino acids), C=O stretchings (aldehydes
and ketones, esters) as well to free fatty acids (1766 cm-1)
and glycerides (1738 cm-1). Area 7 (2800-2900 cm-1), corresponds to C-H stretching vibrations of CH3 and CH2
from lipids, lipid derivatives, C-H (aldehydes). Region 8
(3350-3600 cm-1) is assigned to stretching vibrations of
OH (from water, alcohols, phenols, carbohydrates).
The spectra show relatively more bands in the
region of 400-700 cm-1. The inorganic constituents can
be observed in the region between 470-480 and 530-540
cm-1. The variation may be due to the differences in the
extraction and purification methods.

There are a few studies about compounds with antioxidant activity from the genus Ligularia. According to
them, L. fischeri (Ledeb.) Turcz. showed high total phenolic contents (215.8 ± 14.2 mg gallic acid equivalent/g)
with low contents of total flavonoid (86.9 ± 3.8 mg rutin
equivalent/g) (Lee et al. 2013). Liu (2010) has reported
the isolation and structural elucidation of the furanoeremophilane-type sesquiterpenes and benzofuran
derivatives (part of them with phenol groups) from L.
veitchiana (Hemsl.) Greenm., and some results about
its biologic activity (Liu et al. 2010). L. macrophylla
(Ledeb.) DC. has been reported to contain at least two
flavonoids: 6-acetyl-8-methoxy-2,3-dimethylchromen4-one and 4-14 (2S)-3’-hydroxy-5’,7-dimethoxyflavanone
in root and rhizome, while in L. duciformis’s root have
been identified some derivatives of sinapyl alcohol and
coniferyl alcohol, with known antioxidant activities
(Yang et al. 2011). From our knowledge, phenols, flavonoids or other compounds with antioxidant activity
from L. sibirica (L.) Cass. were not assessed. The Table
1 presents the TP and TF content of L. sibirica (L.) Cass.
rhizome and root extracts and its TEAC. The highest
concentrations of TP and TF were obtained for extracts
of L. sibirica (L.) Cass. prepared by the co-solvent method (EtOH), as expected.
Our results have also shown that supercritical CO2
extractions were the least efficient, predictable since
phenols are polar compounds and thus are less extractible by CO2 . Something more effective than this was
the extraction method at cold temperatures with ethanol (method used for extraction of phenols from vegetal
matrix (Santos-Buelga et al. 2012).
The polyphenol constituents present in extract 5, as
identified and quantified by LC–ESI–MS/MS, are listed
in Table 2. Based on these results, it was concluded that
the antioxidant properties of the extract originate in
Table 1. TP, TF and TEAC assay for L. sibirica rhizome and root
extracts.

Sample

TP
(mg gallic acid
equivalent/100g
root)

TF
(mg quercetol
equivalent/100g
root)

TEAC assay
(mmoli Tolox
equivalent/100g
root)

1
2
3
4
5

2.13
3.08
10.01
494.26
49.25

n. d. a
n. d.
n. d.
5.25
n. d.

0.03
0.04
0.09
1.42
0.47

a

not detected.
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Table 2. The phenolic profile of the plant extract-5, as determined
by LC–ESI–MS/MS.
Class
compound

Compound

Phenolic acids Caffeic acid
Chlorogenic acid
Cinnamic acid
Ferulic acid
Gallic acid
Rosmarinic acid
Syringic acid
Flavonoids
Catechin
Myricetin
Naringenin
Quercetin

Concentration
(μg compounds/g dry extract)
69.778±1.0229
189.114±1.7604
0.438±0.0177
1.856±0.0764
7.420±0.1071
25.359±0.1292
2.532±0.0955
6.901±0.0124
0.343±0.0158
0.704±0.0283
13.032±0.6992

two main classes of compounds, namely flavonoids (catechin, myricetin, naringenin, quercetin) and, to a greater
extent, phenolic acids (caffeic, chlorogenic, cinnamic,
ferulic, gallic, rosmarinic, syringic acid).
Evaluation of cytogenetic effects of L. sibirica ethanol
extracts
Starting with Fiskejio (1988) the Allium test was
considerably used for the evaluation of cytotoxic and
genotoxic effects, as well as for the genoprotective potential of various natural or synthetic chemical compounds.
The Allium test follows some endpoints, such as the
mitotic index, chromosomal aberrations and the nuclear
anomalies (Bonciu et al. 2018).
For each experimental sample, the results were compared with the control. Figure 2 shows the MI variation
in onion roots exposed for 24 or 48 hours at the action
of L. sibirica (L.) Cass. extracts of 5%, 10% and 25% concentration. Statistical analyzis of the microscopic results
revealed that ethanol extracts of L. sibirica (L.) Cass.
have determined a significant decrease in the frequency
of cells in various phases of mitosis. The highest MI was
determined for the control for which the calculated percentage was 7.64%. L. sibirica (L.) Cass. extracts had a
statistically important mitoinhibitory effect, when compared to the control, showing an indirect correlation
with their concentration. The lowest MI (0.7%) was calculated after the roots incubation in the extract with the
concentration of 5% for 48h. This decreased frequency of
cells in the mitosis was followed at a statistically significant difference by that determined in the experimental
sample, defined by the 5% concentration, respectively
24h. In the root tip cells incubated in L. sibirica (L.)

Figure 2. The influence of L. sibirica extracts on the mitotic index
in root meristem cells of Allium cepa L. (The data are the averages ±
SE of three repetitions; a, b, c, d, e, - the interpretation of statistical
significance and of significant differences through the Duncan test,
p <0.05).

Cass. extracts, the highest MI with a 6.19% value was
calculated for the L 15% 24h experimental sample. The
overall interpretation of the microscopic results revealed
that the variation of the mitotic index was independent
of the exposure time. The decrease of the MI in A. cepa
L. meristematic root cells demonstrates the presence of
bioactive substances with antiproliferative potential.
The effects of L. sibirica (L.) Cass. extracts on the
distribution of the mitotic division phases in the onion
meristem cells are summarized in Figure 3. The frequency of prophase and metaphase has significantly varied,
in a concentration dependent manner. Therefore L 5%
24h has induced the highest percentage of prophases,
significantly different compared to the other tested concentrations. When compared to the control, the ethanol
extracts of L. sibirica (L.) Cass. have induced an increase
and a significant increase of metaphases frequency. The

Figure 3. The influence of L. sibirica extracts on the distribution of
mitotic division phases in the radicular meristem cells of A. cepa L.
(the data are ± SE averages of three repetitions; a, b, c, d, e, f, g, h,
i, j, k – the interpretation of statistical significance and of significant
differences through the Duncan test, p <0.05).
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Figure 4. Chromosomal aberrations and nuclear abnormalities identified in meristematic root cells of A. cepa L. (a) telophase bridge – L
5% 24h; (b) C-mitosis – L 5% 48h; (c) laggards – L 5% 24h; (d) micronucleus and nuclear buds - L 5% 48h; (e) giant cell – L 10% 48h; (f)
vagrant – L 10% 24h; (g) anaphase bridges – L 15% 24h; (h) altered nuclear shape – L 10% 48h; (h) fragments – L 5% 24h.

highest metaphases percentage was determined in L 10%
24h and L 10% 48h variants. The calculated percentage
values for anaphase and telophase were not significantly
different compared to the control.
On the basis of these observations it can be appreciated that the MI decline is due to cells arresting in the
metaphase at a 5% extracts concentration. The overall
interpretation of the results also reveals a global slowdown of mitotic progression at a higher concentration
of the extracts. The decrease of the MI may be reflecting a cytogenotoxic effect of L. sibirica (L.) Cass. ethanol extracts and could be interpreted as cellular death
(Yuet Ping et al. 2012). According to Nieva-Moreno et al.
(2005) cited by Stojković et al. (2013) the main mecha-

nisms of cancer chemoprevention are anti-mutagenesis
and anti-proliferation or mitotic anti-progression.
An extensive review by Yang et al. in 2011, as well as
other recent studies (Dong et al. 2015) shows that among
the bioactive chemical constituents of Ligularia species,
the most common phytochemical types are sesquiterpenes, which have demonstrated a strong cytotoxic or
inhibitory activity on some tumor cell lines.
Among the volatile compounds identified by Gas
chromatography with mass spectrometry detection in
the L. sibirica (L.) Cass. extracts obtained by microwave
assisted hydrodistillation, there were sabinene, limonene
and terpinolene (monoterpenoids), as well as alkaloids
that were most likely tussilagine and isotussilagine. In
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our study, the statmokinetic effect may be attributed to
these terpenoids. Many of the isolated terpenoids from
natural sources have chemopreventive effects (Akihisa et
al. 2003; Yang et al. 2011).
Nuclear and chromosomal aberrations observed in
the root tip meristem cells of A. cepa L. are shown in
Figure 4. Their frequency in the various experimental
samples is shown in Supplementary Material (Table S2).
The average percentage value of the nuclear and
chromosomal aberrations calculated for the control it
was only 0.35 ± 0.07, and the percentages 1.53 ± 0.12,
3.46 ± 0.55, 3.25 ± 0.94, 1.83 ± 0.22, 1.25 ± 0.42 and 1.26
± 0.35 for L 5% 24h, L 5% 48h, L 10% 24h, L 10% 48h,
L 15 % 24h, L 15% 48h. The significant higher frequency of the chromosomal and nuclear aberrations in L 5%
48h, L 10% 24h, L 10% 48h variants, may be attributed
to the potentially lower antioxidant activity as a result
of the dilution of the tested extracts. This antimutagenic
activity may be attributed to the secondary metabolites
or to synergistic action of the antioxidant compounds.
Besides that, the FT-MIR analysis has revealed the existence of OH group characteristic for phenols, to which
may be due the genoprotective activity. Oxidative DNA
damage can contribute to single double strand breaks
formation or to oxidation of the purines or pyrimidines
bases, inducing a genomic instability and also the development of cancer (Chobotokova 2009). The biologically
active phenols are known for the antioxidant properties
exerted by the absorption of the free radicals (Hidalgo
and Almajano 2017; Shahidi et al 2015) as well as for the
wide spectrum of biological and physiological actions
(Durazzo 2017).
Mitoinhibitory effect of L. sibirica (L.) Cass. extracts
was supported by the C-mitosis high percentage, which
indicates the spindle disturbance in metaphase (Firbas
and Amon 2014; Bonciu 2018). However, the nuclear
aberrations identified in the meristematic root cells were
much more varied and had a higher frequency compared
to chromosomal aberrations. The nuclear abnormalities
defined by the nuclear morphology alterations in the
interphase, such as micronuclei, nuclear buds, altered
nuclei shape may be an indicator of some processes such
as cell death or tumorigenesis (Pellegrini 2003; Nefic et
al. 2013).
In our study, except for the L 10% 24h experimental sample, changes in the shape of the nucleus was
observed with a very low frequency. Nuclear envelope
proteins ensure the nucleus rigidity to the distortion
associated forces caused by the cytoplasmic microtubules. These changes may be the consequence of microtubule generated forces in the cytoplasm, if any of the
membrane nuclear proteins is inactive (Nefic 2013; King
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et al. 2008). Other studies have shown that the inactivation of the associated proteins with the endoplasmic
reticulum affects the nucleus form (Higashio et al. 2000;
Matynia et al. 2002; Webster et al. 2009).
Moreover, the chromosomal aberrations and nuclear abnormalities identified by microscopic analysis are
indicative of both clastogenic and aneugenic effects and
of genotoxic damage. In this context, for a deeper estimation of the potential of this species additional in vitro
and in vivo studies are required, aiming the extraction
conditions, extract concentration and exposure time.
CONCLUSION

The paper represents an essential step in offering
more information about the antioxidant activity, chemical composition and cytogenotoxic activity of ethanol
extracts obtained from roots and rhizomes of L. sibirica (L.) Cass. The best results for phenols and flavonoids extraction from roots and rhizomes of L. sibirica
(L.) Cass. were obtained in supercritical CO2 extraction
with cosolvent (ethanol) followed by ethanol extraction.
The ethanol extracts of L. sibirica (L.) Cass. have demonstrated a very strong mitoinhibitory effect on in vitro
root meristem cells of A. cepa L. Chromosomal aberrations and nuclear abnormalities identified by the microscopic analysis are key indicators of both clastogenic
and aneugenic effects, and of genotoxic damage.
SUPPORTING INFORMATION

The version of this article contains supplementary material: vibration assignments for the rhizome
and roots of L. sibirica (L.) Cass. extracts; the FTIR
fingerprint of the studied rhizome and roots extracts,
the chromosomal aberrations and nuclear anomalies
observed in root meristem cells of A. cepa L. incubated
in L. sibirica (L.) Cass. ethanolic extracts.
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Abstract. Microbial infections induced humoral and cell- mediated immune events
in hemocytes. After infection by the microsporidian Nosema bombycis in the commercially important silkworm, Bombyx mori, hemocytes exhibited deformed nucleus
and degranulation of structural granules by exocytosis. Granulocytes showed signs
of phagocytosis included formation of microvilli, pseudopodia, engulfment of spores,
phagosome formation and membrane porosity. Association of membrane disintegration with infection – induced lipid peroxidation (LPO) was revealed by testing level
of malondialdehyde, a byproduct of LPO. LPO activity enhanced significantly (P <
0.0002) throughout infection with peak activity in later stages of infection from day 11
accompanied by hemocyte plasma membrane disintegration. Partial increase in LPO
activity coupled with increased peroxidase activity recorded in early and mid stages of infection. In later stages, peroxidase activity decreased however LPO increased
accompanied by phagocytosis events. In hemocytes, phagocytic events are initiated by
activation of genes encoding recognition proteins, aggregation factors and immuneassociated proteins. ß-GRP expression was down regulated after the infection whereas
CTL-11 enhanced expression on day 10. Humoral lectin enhanced expression on day
6 whereas apolipophorin showed 2.59 fold increase on day 10 after infection. Gene
encoding cytoskeletal protein, ß- Actin showed stable enhanced expression throughout
infection showing positive correlation (R2 = 0.65) with age after infection. Phagocytosis- associated gene Eater from Drosophila showed enhanced heterologous expression.
Altogether phagocytic events induced by microsporidian infection are accompanied by
increased LPO, decreased peroxidase activity and modulated gene activity in hemocytes of B. mori.
Keywords. Phagocytosis, lipid peroxidation, peroxidase activity, Bombyx mori, microsporidian infection, hemocytes.
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INTRODUCTION

Insects have developed functionally active immune
system for survival in the widespread habitat. Insect
immune system comprises humoral and cellular responses as well as phenol oxidase cascade culminates in melanisation. Innate immunity components included activation of different pathways such as Toll, IMD and JAKSTAT pathways effecting in production of antimicrobial
proteins (Hoffmann 2003; Govind 2008). Cell- mediated responses, facilitated instantaneously by hemocytes
against pathogens (Barillas-Mury et al. 2000) involved
nodulation, encapsulation and phagocytosis depending
on size of the pathogen/ parasite (Rosales 2011). Phagocytic response of a cell is evolutionarily conserved from
protozoan to mammals (Faurschou and Borregaard 2003;
Nazario-Toole and Wu 2017) which involved recognition,
binding and ingestion of parasites (Rosales 2011; Kwon et
al. 2014). Phagocytic receptors evoke different signalling
pathways such as Draper activated Draper/Src/Syk/CED-6
pathway (Fullard et al. 2009) whereas TEP (thioester containing protein) activated CSD6 pathway (Blandin et al.
2004). Activation of signalling leads to cytoskeletal rearrangement, insertion of new membrane for pseudopodia
and microvilli formation for parasitic engulfment (Bajno
et al. 2000). In Drosophila, plasmatocytes and granulocytes act as major phagocytic cells against bacteria (Castillo et al. 2006; Lamprou et al. 2007) whereas in lepidopterans granulocytes are modified to become phagocytic
cells (Ling and Yu 2006; Rebeiro and Brehelin 2006).
Though commercially important silkworm, Bombyx
mori (Lepidoptera) is domesticated and reared under
protected conditions, worms are exposed to pathogenic
attack causing major losses to silk industry. In B. mori,
infection by the obligate intracellular microsporidian
parasite Nosema bombycis causes devastating disease,
pebrine. N. bombycis infects either through transovarian
transmission or through secondary contamination by
feeding contaminated mulberry leaves (Hukuhara 2017).
On reaching midgut, spores germinate and inject sporoplasm into midgut epithelial cells (Franzen 2005) where
it multiplies and spread to other host tissues including
haemolymph and hemocytes. Though pathogens spread
through eggs to newly hatched larvae, symptoms or
presence of spores could not be identified in initial stages of infection and spores could be identified only after
six days of infection (Ma et al. 2013).
In B. mori, infection by N. bombycis suppressed host
responses, inhibited melanization events and down regulated immune genes in midgut (Pan et al. 2013; Ma et
al. 2013). However hemocyte- mediated cellular responses against microsporidian infection is not known. In

this investigation, cellular, biochemical and molecular immune responses of hemocytes in B. mori were
revealed showing induction of LPO activity and peroxidase activity in association with phagocytosis events
against N. bombycis infection.
MATERIALS AND METHODS

Infection and sample collection
B. mori larvae were reared on mulberry (Morus sp)
leaves under standard rearing conditions of 25 ± 2oC,
70% relative humidity and natural photoregime (13L
: 11D). Initially larvae were grown till third instar and
separated after third moulting to fourth instar. Day
0 fourth instar larvae were collected and exposed to
experimental infection by feeding spores of N. bombycis
(standard strain: NIK-1s_mys) smeared on mulberry leaf
with a dose of 1 x 106 spores / larva that induced 50%
mortality within the lethal time LT50 (Rao et al. 2004).
Non-infected B. mori larvae of the same age group were
used as control and reared separately.
In order to analyse hemocyte responses after N.
bombycis infection, haemolymph samples were collected from control and infected larvae on day 0, 2, 6, 8, 9,
10, 11 and 12 after the infection. Haemolymph was collected by piercing first abdominal proleg using a sterilized needle. Haemolymph of pupae were collected from
newly formed pupa (14 days after infection) by puncturing leg impressions on ventral side. The hemocytes were
separated by centrifugation at 880 g for 10 min at 4oC.
The hemocyte pellets were washed with anticoagulant
solution (0.098M NaOH, 0.186M NaCl, 0.017M EDTA,
0.041M Citric acid, pH 4.5 adjusted using NaCl) twice
and stored at -80oC for protein analysis. For total RNA
extraction, hemocyte pellets were stored in RNA stabilization reagent RNA later (Qiagen).
Light microscopy and transmission electron microscopy
(TEM)
Hemocytes of infected and non-infected control larvae were observed under inverted tissue culture microscope (Leica) and the hemocytes and spores were counted using hemocytometer. In order to carryout TEM
analysis, hemocyte samples were processed essentially as
described earlier (Pradeep et al. 2013). Briefly, hemocytes
were fixed in 3 % glutaraldehyde upto 24 h before fixation in 1% osmium tetroxide. The samples were dehydrated through alcohol series, brought to acetone and then
stained with 2 % uranyl acetate. Using an embedding kit
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(Araldite Embed- 812) hemocyte samples were embedded
in araldite for 48h. Ultrathin sections (100nm) were cut
using Ultramicrotome (Leica –EM UC6) and placed on
a copper grid. The ultrathin sections were stained with
uranyl acetate and lead citrate and observed under TEM.
Ultrastructural variations in the hemocytes (n = 50 each)
were observed at 60 kV in a Tecnai G2 transmission electron microscope attached with Megaview Soft Imaging
System and photographed (at the TEM facility in National Institute for Mental Health and Neuro Sciences (NIMHANS), Bangalore, India).
Lipid peroxidation
In order to examine lipid peroxidation in the hemocytes of B. mori larva infected with N. bombycis, hemocyte samples were collected at different time points
after infection along with sample from same aged noninfected control. The assay was performed using EZAssayTM TBARS lipid peroxidation estimation kit following
manufacturer’s (HiMedia) protocol. Membrane lipids
are destructed by phagocytes to form lipid peroxides
(Mylonas and Kouretas 1999) which in turn breakdown to form a by-product malondialdehyde (MDA)
which is measured by absorbance. The lipid peroxidation
was estimated as malondialdehyde (MDA) equivalents
(Hodges et al. 1999) in a 96 well microtiter plate using
absorbance reading at 532 nm in a microtiter plate reader (Multiskan spectrum, Thermo). From 1- 10 µM MDA,
a standard curve was obtained by using a slope of standard curve (y = 0.00457+0.00416x) and MDA concentration in the sample was calculated (Yagi 1998; Fatima et
al. 2011).
Ascorbate peroxidase activity
In order to test whether peroxidase activity varied in hemocytes after the infection, ascorbate peroxidase (PRX) activity was determined as described earlier
(Nakano and Asada 1981). Hemocyte pellet was collected
from haemolymph at different time points after the infection and then lyzed in Insect cell lysis buffer and quantified the protein (Lowry et al. 1951). Briefly, PRX assay
was performed using 750 µl 100 mM phosphate buffer
(pH- 7.0), 150 µl of 5.0 mM ascorbate and 300 µl 0.5 mM
of H2O2. The reaction was carried out in 1.5 ml Eppendorf tubes using 300 µl of hemocyte lysate sample containing 100 µg protein. The reaction mixture was transferred to 96 well plate. The rate of decrease in absorbance
was read at 290 nm at every one minute interval for ten
minutes duration. The enzymatic activity was calculated
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using a molar extinction coefficient of 2.8 mM-1 cm-1
and the result was expressed as micromoles per minute
per milligram of protein (Nakano and Asada 1981).
Hydrogen peroxide activity
In order to test variation in hydrogen peroxide
(H2O2) level after infection, assay was performed using
hemocyte extract in phosphate buffered saline (PBS)
buffer (pH 7.1) as described earlier (Velikova et al. 2000;
Pooja et al. 2017). The absorbance was measured at 390
nm in the microplate reader and H2O2 content was calculated based on a standard curve.
Total RNA extraction and cDNA synthesis
Total RNA was extracted from hemocytes collected
from control and N. bombycis- infected B. mori larva.
Genomic DNA contamination was removed from total
RNA by incubation with RNAse free – DNAse I (Takara). Complementary DNA (cDNA) was synthesized from
1 µg total RNA using oligo d(T) primer and M-MuLV
(Moloney Murine Leukemia virus) reverse transcriptase
using cDNA synthesis kit as per manufacturer’s protocol (Primescript; Takara). RT-PCR was performed to
analyse semiquantitative expression on 0, 2, 6, 8 and 10
days after infection using gene- specific primers (Table
1) which was validated by qPCR.
Quantitative PCR (qPCR)
qPCR was performed using DyNaMo SYBR GREEN
qPCR Master Mix (Thermo - Finzyme) with 0.3X Rox
as passive reference dye, on Agilent Stratagene Mx3005P
qPCR system. A 25 μl reaction mixture contained 2.5 μl
cDNA template, one pmol each of forward and reverse
primers and 12.5 μl SYBR Green qPCR master mix (1X)
containing 4 mM MgCl 2. The thermal program was set
as 95°C for 15 min, followed by 40 cycles of 95°C for
30 seconds and at primer- specific annealing temperature (Tm) for a minute (Table 1).The PCR products were
resolved by 1.5 % agarose gel electrophoresis and confirmed target-specific amplification. For housekeeping
gene, ribosomal protein gene was used and fold change
in expression relative to calibrator was calculated.
Cloning and sequencing
From B. mori genome phagocytosis- associated
genes TEP-1 and Eater are not reported. In order to con-

Nucleotide
Primer
Accession No. (Left (L) and right (R))

Tm
Protein
Functions
(°C) Accession No.

Reference

TEP- 1

AY433751

Hemocyte mediated complement like protein,
5’GTGGCTAAGCCCAGTTTCAG3’L
59.4 ABG-0034413 Plasmodium berghei binding and mediates
Blandin et al, 2004
5’AGTCACTCGGAAGCACTCGT3’R
killing
5’ATAGCCGCTGCTGATGACTC3’
Transmembrane protein, scavenger receptor,
Eater
NM_143276
56.5
Q9VB78
Kocks et al, 2005; Chung et al., 2011
5’TCTTCGATCCGGCAAAAC3’
bacterial recognition and phagocytosis.
5’AATGACACTGTTCGCGTTCC3’
Recognition of β- 1, 3 glucan from fungi and Kim et al, 2000
βGRP- 2
NM_001043985
57.3
H9JQ04
5’TCGCACTCTCGTCTTTGTTG3’
mediate cellular responses.
Xiang-Jun Rao et al 2014
5’ACCTTGTCGAATCCAGAGGC3’
Recognition of β- 1, 3 glucan from fungi and Kim et al, 2000
βGRP- 4
NM_001166142
59.4
Q9NL89
5’CGGGTCTATTGTTGAAGCCG3’
mediate cellular responses.
Xiang-Jun Rao et al 2014
5’TCTGGTCGGTCGGCTGTATA3’
CTL- 11
BGIBMGA006623
59.4
D2X2F7 Acts as opsonin and increase phagocytosis.
Pendland et al, 1988
5’GAGCTGCTCCGCTATGAACT3’
5’ACGTCCTGCATACCGAAAAG3’
58.3
Q06FJ6
Acts as opsonin and increase phagocytosis.
Pendland et al, 1988
CTL- 17
NM_001130899
5’GCCTCGTCTAACGATTCAGG3’
5’TGGCGGATAAATGCTCGTTG3’
Act as pattern recognition protein and binds to Whitten et al. 2004; Barabas and
57.3
G1UIS8
Apolipoph-orin I/II
AB640623
fungal β- 1, 3 glucan, aid in phagocytosis.
Cytryńska, 2013
5’TCTTCTTCCGCGCAAATCTG3’
Adhesive protein and relates to hemostasis or
5’GGCGGTACAACGTTAAGGAG3’
58.3
P98092
encapsulation of foreign substances for selfKotani et al. 1995
Humoral lectin
NP_001104817.1
5’AACGAGCACCGACACAAGTA3’
defense.
5’ATCCTGCGTCTGGACTTAGC3’
P84183
Cytoskeletal protein, helps in formation of
May et al. 2001; May and Machesk
Beta Actin A4
NM_001126255
59.4
cellular projections.
2001
5’AAGACTTCTCGAGGGAGCTG3’
5’TGGAGCGCCTTACAAACTCT3’
Ribosomal protein NP_001037259.1
57.3 Q5UAN9 House- keeping gene
Lu et al 2013
5’GCCAGATTGCTTGGTTGACT3’

Gene name

Table 1. Key to the genes and encoding proteins associated with phagocytosis induced in hemocytes of B. mori larva after infection with the microsporidian N. bombycis.
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firm heterologous expression of TEP-1 and Eater, mRNA
sequence of TEP-1 of Aedes aegypti (Acc No.AY432915.1)
and Eater of Drosophila melanogaster (Acc. No.
HM165182) were collected from NCBI database and primers were designed (Primer 3 program) and used for qPCR
(Table 1). The amplicons were resolved on 1.2 % agarose
gel containing the fluorescent dye ethidium bromide. The
Eater gene amplified at expected product size. In order to
confirm the sequence identity Eater amplicon from RTPCR was purified using a PCR purification kit (QIAquick,
Qiagen) and cloned into a vector pJET 1.2/blunt using
CloneJet PCR cloning kit (Thermo Scientific) as per manufacturer’s protocol. The cloned product was transformed
into JM 109 competent cells. Through colony PCR, plasmids were confirmed and the plasmid DNA was isolated
using QIAprep spin miniprep kit (Qiagen). Presence of
the fragment was confirmed by PCR and sequenced using
Sanger method at a facility (Applied Biosystems) available
at Eurofins Genomics India Pvt. Ltd., Bangalore, India.
The nucleotide sequence was used to perform
BLASTN 2.8.1+ (NCBI) search against non-redundant
database. The nucleotide sequence was then translated to
protein sequence using Expasy – Translate tool (https://
web.expasy.org/translate/). The 3’5’ Frame 2 of the translated sequence was used for analysis by BLASTP 2.8.1+
(NCBI) and searched against non-redundant GenBank
CDS translations, PDB, SWISSPROT, PIR and PRF.
Statistical analyses
The data were presented as Mean ± SD. Significance
of difference between means was evaluated by Students’
t- test or single factor ANOVA. Correlation between variables was analysed by linear regression (y = a + bx).
Quantitative gene expression was performed using
cDNA synthesized from total RNA of hemocytes of
control and infected B. mori larva, relative to the calibrator using Mx3500P Real Time PCR system (Agilent).
Average threshold cycle (Ct) value of transcript expression was calculated from triplicates using ΔΔ Ct method
(Livak and Schmittagen 2001) and normalized by housekeeping gene encoding ribosomal protein. Comparative
Ct values of the genes were standardized by Ct values
for the house keeping gene encoding ribosomal protein.
Ct values were standardized with average control value,
providing ΔCt value which is standardized to make the
average control value ‘1’ (the ΔΔ Ct values) (Gerardo et
al. 2010). Fold change in gene expression was calculated
with reference to the calibrator, which in turn presented
down regulated relative quantities as negative values. The
data (mean ± SD) denoted is the gene expression induced
by infection after eliminating the changes in control.
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RESULTS

Organismal variations
Day 0 fourth instar larvae were experimentally
infected by feeding spores of N. bombycis smeared on
mulberry leaf with LD50 dose of 1 x 106 spores / larva.
After the infection, changes were not observed in larval behaviour and activity till day 2. Larval death was
recorded from four days after infection. Moulting of
infected larvae to fifth instar delayed by 24 h in comparison to control. Infected larvae were smaller in size and
showed reduced growth from day 8. Infected larvae initiated cocoon spinning at 24 h after control larvae spun
silk. Cocoons of infected larvae were smaller and flimsy
with lower silk content. Infected larvae were black and
showed melanization under cuticle. Infected pupae were
smaller in size and acutely melanized (Fig 1 A-C).
N. bombycis spores were absent in non- infected
control larval haemolymph and tissue samples. In N.
bombycis- infected larvae (n = 30 each), spores were not
found till day 6. On day 6, spore count was 0.1 x 105 / ml
haemolymph. On day 9 the count was 0.95 x 105 spores/
ml showing significant (P< 0.001) increase in comparison to day 6. Spore count then enhanced significantly (P
< 0.001) to 4.4 x 105 spores / ml on day 10 and to 5.6
x 105 spores / ml on day 11 after infection showing the
increase in a sigmoid fashion. Within 11 days, average of
60% larval mortality was recorded after the infection.
Cellular variations in hemocytes
Total hemocyte count of control and N. bombycis- infected larvae did not vary significantly on day 0
of infection, however significant (P < 0.005; ANOVA)
decrease observed in later stages (8 to 11 days) of infection. In control, total hemocyte count on day 0 fourth
instar larvae was 14.4 x 105 cells/ml, which did not
vary significantly (P < 0.1), on day 0 after infection. The
count increased to 16.55 x 105 cells/ ml on day 6 however hemocyte count significantly (P< 0.002) increased
to 17.95 x 105 cells/ml after infection. In control, hemocyte count significantly (P < 0.001) increased on day 8 to
37.05 x 105 cells/ ml whereas after infection it decreased
to 32.35 x 105 cells/ ml. On day 9 the count was 49.15 x
105 cells / ml in control and 45.05 x 105 cells / ml after
infection. In control on day 10 and 11, mean hemocyte
count was 50.4 x 105 cells/ ml in comparison to 42.1x 105
cells/ ml after infection.
Under light microscope, four types of hemocytes
viz., granulocytes, plasmatocytes, spherulocytes and
oenocytes were observed in addition to the precursor
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Figure 1. Organismal effects of microsporidian infection on B. mori
larva: In comparison to control larva (A), infected larvae showed
retarded growth and both larvae and pupae melanised (B – C).
Control larval hemocytes illustrate clear cytoplasm and less granules (D) whereas infected larval hemocytes were with granulated
cytoplasm and few showed degranulation (E).

Figure 2. Transmission electron microscopy (TEM) of hemocytes
of control fifth instar larvae of B. mori (A) showed smooth plasma
membrane, clear cytoplasm and cells with few granules and electron dense particles (EDP), nucleus (N) with oval or branched
nuclear membrane and evenly distributed chromatin, several mitochondria (M) with developed cristae (B) and rough endoplasmic
reticulum (RER) (C).

prohemocytes. In control, hemocytes appeared intact
with clear cytoplasm and less granules whereas after
infection, cytoplasm becomes granulated on day 6.
Many cells ruptured and degranulated from day 8 after
infection (Fig.1 D - E).
In order to examine subcellular variations induced
by N. bombycis infection, infected and control hemocytes were examined under TEM on day 6, 8 and 11
after infection. In hemocytes of control day 6 larvae,
cytoplasm was clear. RER and mitochondria with well
developed cristae distributed in cytoplasm (Fig. 2 AC). In plasmatocytes, nuclei were round or ovoid and
in granulocytes, smooth or branched. Chromatin was
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Figure 3. TEM observations on hemocytes of fifth instar larvae of
B. mori showing subcellular variations after infection with N. bombycis: Granulocytes turn phagocytic on day 6 (A-B) showing highly
deformed nucleus with condensed chromatin (CC), cellular projections (CP) and few vacuoles (V) in cytoplasm. On day 10 well
differentiated pseudopodia (C; black arrow heads), multivesicular
body (MV) and phagosomes (P) in association with lysosomes (L)
were found. On day 11, hemocytes (D - F) with dense cytoplasmic contents, invaginated nucleus (NI) with condensed chromatin,
packets of structured granules (SG), engulfed mature spores (S;
white arrows), ghost spores (GS) and whirled sporoplasm (WS) in
vacuoles found. Cytoplasm was with RER, mitochondria (M), and
vacuoles with cellular remnants (E).

uniformly spread in nucleoplasm. Granulocytes showed
presence of few granules and plasmatocytes with few
electron dense particles (EDP). Plasma membrane was
smooth and with pinocytic vesicles showing active membrane transport.
On day 6 after infection, several packs of structured
granules appeared in granulocytes. Large- sized vacuoles
occupied major cytoplasmic area. Mitochondria increased
in number. Many granulocytes featured highly irregular branched nucleus with condensed chromatin. Plasma
membrane showed few cellular projections (Fig. 3 A).
On day 8 after infection, granulocytes showed plasma membrane with cytoplasmic extensions, lysosomes
and phagosomes with engulfed spores (Fig. 3 B). More
granulocytes were with pseudopodia and microvilli (Fig.
3 C). Phagosomes enclosing spores were observed and
were associated with lysosomes (Fig. 3 B).
On day 11 after infection, hemocytes showed porous
plasma membrane that lost integrity. In few cells, cell
membrane completely degenerated. Degranulation by
exocytosis observed in close vicinity of spores (Fig. 4
A-B). Many phagocytic granulocytes were observed
with cytoplasmic extensions, developed pseudopodia, whirled sporoplasm, engulfed mature spores and
ghost spores (Fig. 3 D - F). Rough endoplasmic reticulum (RER) and several mitochondria were observed in
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Figure 4. TEM observations on hemocytes of fifth instar larvae of
B. mori showing subcellular variations after infection with N. bombycis. Hemocytes (A) showed degranulation by exocytosis (arrow)
to the microsporidian infection locale; (B) Plasmatocyte (PC) and
granulocytes (GC) showed membrane disintegration (arrows) after
infection with N. bombycis. S- spore; GS- ghost spore; SG- structured granules; N- nucleus.

dense cytoplasm. Nucleus demorphed, highly intended
and showed deep invagination (Fig. 3D). Number of lysosomes increased and located adjacent to spores or fused
with vacuoles formed phagosomes.
Lipid peroxidation
In order to examine involvement of lipid peroxidation (LPO) in inducing membrane permeability, LPO
was assayed by measuring malondialdehyde (MDA)
which is a by-product of lipid peroxidation. After N.
bombycis infection, MDA levels significantly (P < 0.012;
ANOVA) increased from day 2 to day 14 with significantly (P < 0.000004) larger increase from day 11 indicating increased LPO activity after infection (Fig. 5 A).
The increase in LPO activity showed positive correlation with increase in age after infection (R 2 = 0.58) as
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Figure 5 A-B. Lipid peroxidation in hemocytes of B. mori larva
induced after infection by N. bombycis indicated by the variation
in malondialdehyde which is a bye-product of lipid peroxidation
(A): Lipid peroxidation was at significantly higher level from initial stages of infection and at peak level from day 11 onwards. (B):
Variation in ascorbate peroxidase (PRX) activity in hemocytes of B.
mori larva induced after infection by N. bombycis: PRX activity was
significantly higher after infection with peak activity on day 2 and
10 followed by decline from day 11 onwards.

well as number of spores increased exponentially (y =
0.0003e0.5572x; R² = 0.80) with increasing age. In order to
verify relation between infection level and LPO increase,
correlation analysis was performed which showed significant linear correlation (R 2= 0.65) between increase in
spore number and LPO activity.
Ascorbate peroxidase activity
In order to examine change in activity of ascorbate
peroxidase (PRX) with increase in infection, PRX activity was measured in hemocytes using ascorbic acid as
substrate. PRX activity significantly (P < 0.025; ANOVA)
enhanced from day 2 to 10 after infection with peak activity on day 10 (Fig. 5 B) whereas control hemocytes showed
PRX activity at basic level and increased activity on day
12, during spinning duration. Relation between increase
in LPO activity (MDA level) with changes in PRX activity
in infected hemocytes was analyzed by correlation- regression which showed positive linear correlation though with
low correlation coefficient value (R² = 0.294) during initial
ten days of infection. Notably, from day 11 after infection
PRX activity significantly decreased and LPO increased.
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Figure 6 A-D. Modulation in expression of immune genes in
hemocytes of B. mori larva after infection with N. bombycis: (A)
RT-PCR profile of gene expression of different genes including
cytoskeletal protein gene β- Actin and the house keeping gene
encoding ribosomal protein resolved from hemocytes collected
from control and infected larvae at 2, 6, 8 and 10 days after infection. M- Massruler DNA marker (Thermo). (B) qPCR showed
relative expression of different immune genes in hemocytes at
6 and 10 h after infection. (C) β- Actin, the cytoskeletal protein
gene showed gradual increase in expression represented by densitometric units. Increase in expression was correlated with age
after infection shown by allometric line. The linear regression
formula and correlation coefficient are inserted. (D) Relative
expression pattern of the phagocytosis associated gene Eater like
after standardization with expression of the house keeping gene,
ribosomal protein and after elimination of control value.

Hydrogen peroxide assay
In order to quantify reactive oxygen species level
in hemocyte- phagocytes, level of hydrogen peroxide
(H2O2) in the hemocytes was tested at 0, 2, 6, 8 and 10
days after the infection using hemocyte lysate extracted
in PBS. In hemocytes of N. bombycis- infected larvae,
H2O2 levels did not show significant variation from control (data not provided).
Expression of phagocytosis- associated genes
Humoral immune responses of hemocytes are initiated with recognition of pathogen followed by signalling and effector action. Expression of genes encoding
recognition proteins β- glucan recognition proteins
(BGRP2 and BGRP4), opsonins C- type lectin (CTL11
and CTL 17), hemocyte aggregation factor humoral
lectin, phagocytosis enhancer apolipophorin, cytoskeletal protein β- Actin, hemocyte mediated complement
like protein that bind and kill Plasmodium berghei in
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Figure 7. Alignment of nucleotide sequence (A) of amplification
product from heterologous expression profile of Eater gene of Drosophila (query) with nucleotide sequence (subject) of the most similar gene, B. mori uncharacterized transcript variant X2 (Accession
No. XM_004928120.3) revealed by NCBI-BLASTn analysis, showed
98 % similarity. (B) Protein sequence of the uncharacterized transcript variant (subject) is aligned with translated sequence of the
Eater like gene (query) showing 97% similarity.

Aedes aegypti Thioester containing protein (TEP-1) and
bacterial phagocytosis associated Eater from Drosophila melanogaster was analysed by RT- PCR (Table 1) and
qPCR (Fig. 6).
RT-PCR profile and qPCR revealed down regulation of βGRP2 and BGRP4 expression after N. bombycis infection. CTL genes showed low level of expression in earlier days of N. bombycis infection whereas
0.334 fold increase in expression was noticed on 10 th
day after infection (Fig. 6 B). Humoral lectin enhanced
relative expression on day 6 (0.79 fold) after infection
followed by down regulation (-1.97 fold) on day 10.
After infection by N. bombycis, apolipophorin showed
increase in expression by 1.96 fold on 6th day and by
2.59 fold on 10 th day. Expression of β- actin showed
stable increase from early to late stages of infection
with strong positive correlation (R 2 = 0.65) with age
after infection (Fig. 6 C).
In the dipterans A. aegypti and D. melanogaster,
TEP1 (Blandin et al. 2004) and Eater (Kocks et al. 2005;
Juneja and Lazzaro 2010) respectively are closely associated with phagocytosis however these genes are not
reported from B. mori. Primers derived from TEP of A.
aegypti and Eater of Drosophila was used for amplification with template cDNA from hemocytes of B. mori
after infection with N. bombycis. In this study TEP did
not show expression in hemocytes of B. mori whereas
Eater showed enhanced relative expression on day 2
and 6 after infection followed by significant (P < 0.005)
decrease (Fig. 6 D).
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Sequence analysis
In order to confirm presence of Eater like gene in B.
mori, amplification products were ligated, cloned and
sequenced. The nucleotide sequence was analysed by
NCBI-BLAST. Eater like sequence showed 98 % similarity with B. mori uncharacterized transcript variant
X2 (Accession No. XM_004928120.3) with an expect
value 7e-110. The translated sequence of Eater like (3’5’
frame 2) showed 97 % similarity with translated amino
acid sequence of Bm uncharacterized protein (BmUCP)
BmUCP LOC101736235 isoform X2 (H9JFY7_BOMMO of
Uniprot; BGIBMGA008434 of B. mori) revealing existence
of Eater like sequence in B. mori genome (Fig. 7). This
sequence showed orthology in the lepidopterans Heliconius melpomene and Danus plexippus with unknown function (EggNOG 4.5.1). However complete sequencing of the
gene has to be performed for gene structure confirmation.
DISCUSSION

In the initial stages of microsporidian infection in
B. mori, spores were not detected microscopically for six
days after infection. In the mid and later stages, exponential increase in spore count was recorded. In insects
host responses in hemocytes initiated with activation of
cell surface receptors and signal transduction (Lamprou
et al 2007; Tsakas and Marmaras 2010). Hemocytes recognize pathogens entered in larval body with assistance
from recognition proteins. The proteins that recognize
Nosema sporoplasm / spores have not been identified in
B. mori though microbial recognition proteins such as
peptidoglycan recognition proteins (PGRPs) have role
in host responses of honey bees against infection by N.
ceranae through Toll / IMD pathways (Li et al 2017). βGRP (β-1,3-glucan recognition proteins) are recognition
proteins in Toll/ Dif pathway (Gobert et al 2003) and are
associated with detection of bacterial endotoxin in Drosophila (Kim et al. 2000) and phenol oxidase activation
in B. mori (Yoshida et al. 1986) indicating multiple role
associated with immune reactions. Following recognition, hemocytes initiated cellular immune events such as
cell aggregation, nodulation, cytokine release, melanization and encapsulation depend on size of the pathogen /
parasite (Lavine and Strand 2002). Similarly, hemocytes
initiate phagocytosis against bacteria and fungi particularly against those with size less than five microns (Pech
and Strand 1996; Scapigliati and Mazzini 2009). Notably,
N. bombycis spores infecting B. mori larva are of 2.6 to
3.8 microns (breadth x length) (Rao et al. 2007) which
could be phagocytosed by hemocytes though mechanism
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of parasite destruction is not clearly known. Phagocytic uptake of KOH treated- or cold storaged Nosema
spores is found in insect cell line (Cai et al. 2012) however phagocytosis of live Nosema spores by larval hemocytes in vivo had not been reported in B. mori. After N.
bombycis infection in B. mori larva, TEM observation
showed symptoms of phagocytosis in granulocytes such
as formation of pseudopodia and appearance of phagosomes with lysosomal bags. Spores and ghost spores
were observed within phagosomes of hemocytes indicative of lysosomal activity on spores. Phagosomes enclosing spore / meront were found in granulocytes of B.
mori as noticed in A. aegypti after infection by Plasmodium gallinaceum (Hillyer et al. 2003) and in the coleopteran Rhynchophorus ferrugineus infected with the yeast
Saccharomyces cerevisae (Manachini et al. 2011). In the
coleopteran flower chafers Protaetia brevitarsis seulensis,
development of autophagic vacuoles observed in association with phagocytosis by granulocytes indicative of
autophagic elimination of pathogens (Kwon et al. 2014).
After N. bombycis infection, granulocytes showed cytoplasmic projections, pseudopodia, microvilli, membrane
porosity and disruption as characteristics of phagocytic
cells (Castillo et al. 2006; Williams 2007). Moreover
granulocytes showed degranulation by exocytosis in
spore ‘locales’ indicating active transportation of structural granules to the plasma membrane and degranulation in the site of infection by the spores as observed
in mouse models (Dias et al. 2018). Hemocytes with
extended pseudopodia, cytoplasmic projections and
phagosomes were observed in Anopheles quadrimaculatus infected with nematode, Romanomermis culicivorax
(Shamseldean et al. 2006), Culex quinquefasciatus infected by Wuchereria bancrofti (Brayner et al. 2007) and
in plasmatocytes of the tick Rhipicephalus sanguineus
infected with Leishmania infantum (Feitosa et al. 2015).
Stable increase in expression of the cytoskeletal protein
gene β- actin with age was noticed in hemocytes of B.
mori after N. bombycis infection indicated continuous
requirement of actin to redistribute the cytoskeletal protein during formation of pseudopodia and microvilli
after N. bombycis infection and to meet rearrangement
of cytoskeletal proteins for engulfment (Moore et al.
1992; Kwon et al. 2014). Variation in actin protein content and its critical role was reported in association with
formation of pseudopodia in other models also (May
and Machesky 2001; Baranov et al. 2016).
LPO and peroxidase activity associated with phagocytosis
Infection with N. bombycis increased malondialdehyde production in hemocytes revealed increased lipid
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peroxidation (LPO). Lipoprotein structure of the membrane is disrupted by LPO, which caused membrane
porosity and disintegration in association with phagocytosis. LPO activity significantly increased with age in
early and mid stages of infection however it was higher
in later stages of infection. Moreover spore count is
increased exponentially after six days of infection and
lipid peroxidation increased simultaneously showing
correlated increase. During lipid peroxidation, carboncarbon double bonds present in the polyunsaturated
fatty acids of plasma membrane are attacked (Yin et al.
2011; Wong-ekkabut et al. 2007) which is initiated with
oxidation of few lipid molecules and subsequently continued as a chain reaction leading to disintegration of
cell membrane (Mylonas and Kouretas 1999; Ayala et al.
2014). Though infection induced oxidative stress caused
lipid peroxidation (Milei et al. 2007; Pooja et al. 2017),
increment in reactive oxygen species (H 2O2) was not
observed in hemocytes of B. mori larva after N. bombycis
infection indicating a direct effect of LPO on hemocyte
membrane integrity probably through accumulated toxic
products (Clark et al 1987). Similar direct impact of lipid
peroxidation on tissue damage was reported in liver of
the fish Pimephales promelas infested by liver trematode
Ornithodiplostomum sp (Stumbo et al. 2012). Accumulation of LPO toxic products could suppress the phagocytic action of hemocytes which defend parasite survival. A
possibility for less H2O2 content observed in the infected
hemocytes might be due to relatively shorter half life
induced by its reactivity with biomolecules (Lennicke et
al. 2015).
In order to protect the cells from peroxidation,
enzymatic antioxidant peroxidases are activated (Brigelius-Flohe and Maiorino 2013; Jablonska et al. 2015).
Ascorbate peroxidase removed lipid peroxides in the lepidopteran Helicoverpa zea (Mathews et al. 1997) through
ascorbate recycling system (Summers and Felton 1993;
Krishnan and Kodrik 2006; Lukasik et al. 2009). After
N. bombycis infection, in hemocytes of B. mori, peroxidase activity was significantly higher in early and
mid- stages of infection which regulated LPO activity to
comparatively lower level. In the later stages of infection,
peroxidase activity significantly reduced, in contrast,
lipid peroxidation increased significantly indicating negative interaction between lipid peroxidation and ascorbate peroxidase activity, corroborating with the negative
relation noticed between LPO and peorxidase activity in
humans under diseased conditions (McCay et al. 1976;
Motghare et al. 2001). The peroxidase regulation of LPO
in association with phagocytic events is unknown in
invertebrates after parasitic infection.
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Modulation in gene expression after infection
In order to enhance immune reactions after N. bombycis infection, genes encoding proteins associated with
humoral and cellular immune response were activated
before eliciting the host responses (Brown and Gordon
2003; Manachini et al. 2011). Notably β-GRP genes did
not show significant variability in expression after infection showing an ambiguity in its role in immune reactions against N. bombycis infection. On the other hand
CTL genes showed upregulated expression on day 6
after infection and its role was suggested to be in spore
recognition and signal trasnsduction (Ma et al. 2013).
CTL-11 and 17 implicated in opsonising blastospores of
the fungus, Beauveria bassiana to make fungal spores
susceptible to phagocytosis (Pendland et al. 1988).
Notably, taxonomic position of N. bombycis is shifted
from protozoan to fungus (Han and Weiss 2017) based
on molecular phylogeny. CTL proteins activated during infection by other fungus could be effective during
infection by N. bombycis probably due to activation of
similar immune mechanisms against different species of
fungi. Gene encoding hemocyte adhesive factor humoral
lectin (Kotani et al. 1995) and the phagocytosis enhancer Apolipoprotein III (Whitten et al. 2004) enhanced
expression after infection. Apolipophorin III together
with I/ II help in pattern recognition as well as enhances
phagocytic action of hemocytes in insects (Barabas and
Cytryńska 2013; Whitten et al. 2004).
In the dipterans Aedes and Drosophila, Thioester
containing protein (TEP1) (Blandin et al. 2004) and Eater (Kocks et al. 2005) respectively are associated with
phagocytosis however these genes have not reported
from B. mori. Though TEP1 did not show expression,
Eater like showed heterologous expression in hemocytes
of B. mori larva on day 2 and 6 after infection. Both
nucleotide sequence and translated amino acid sequence
of Eater like amplicon showed 98% similarity with that
of an uncharacterized transcript variant from B. mori
indicating activation of Eater like gene in B. mori in
association with hemocyte- mediated phagocytosis
against N. bombycis. In Drosophila, Eater is a transmembrane protein involved in binding and internalization of
bacteria in the phagosomes (Stuart et al. 2005; Kocks et
al. 2005; Chung and Kocks 2011) however role of Eater
like protein in B. mori immune responses is unknown.
N. bombycis infection induced subcellular variations
in hemocytes of B. mori including demorphed nucleus,
activation of phagocytosis including formation of pseudopodia, microvilli, porous plasma membrane and formation of phagosomes. In addition, lipid peroxidation
was increased in hemocytes with increase in age after

Phagocytosis and lipid peroxidation in hemocytes of B. mori induced by microsporidian infection

infection. Simultaneous increase in peroxidase reduced
the LPO activity. In the later stage, peroxidase activity reduced and LPO activity increased showing negative relation. Moreover infection by N. bombycis induced
modulation of phagocytosis- associated genes where
heterologous expression of Eater also observed indicating activation of phagocytic events and associated events
against N. bombycis infection in B. mori larva which are
potential novel targets for developing new control measures. The protein- based targets could be used to develop antibody- based mechanisms for early detection of
microsporidian infection.
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Abstract. In this research we studied the electrophoretic of seed storage proteins in the
genus Hypericum L. from Iran. The plant samples were collected from various phytogeographical regions of Iran to study the seed storage proteins. The study was performed
to determine the boundary among different species of genus Hypericum using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). All samples belong
to three species of H. perforatum, H. tetrapterum and H. androsaemum. A total of 22
protein bands were observed in the studied species. The results show that H. perforatum, H. tetrapterum are closely related based on seed storage proteins. A closely relationship and high protein similarity (J=0.66) were found between H. perforatum, H.
tetrapterum. Electophoretic results compared with earlier molecular and morphological
studies. The highest number of bands was observed in Kordkoy1 population (Pop12)
and Gardane heyran population (Pop20) of H. perforatum and the lowest in Gorgan/
Naharkhoran population (Pop 25) of H. androsaemum. Our results showed the species
of Hypericum were placed intermixed. The aim of this study to delimit species in the
genus Hypericum and used these seeds storage protein for the correct identification.
Keywords. Hypericum, North of Iran, Species relationships, SDS-PAGE.

INTRODUCTION

The genus Hypericum (Guttiferae, Hypericoideae) is perennial, belonging to the Hypericaceae family, having 484 species in forms of trees, shrubs,
and herbs, distributed in 36 taxonomic sections (Crockett and Robson 2011).
The species of the family are distributed worldwide in the temperate zones
but are absent in extreme environmental conditions such as deserts and
poles. Iranian species of this genus grow mainly in north, northwest and
center of Iran and form floristic elements of Hyrcanian mountainous areas,
Irano-Turanian, Mediterranean and Zagros elements. They generally prefer
steep slopes of rocky and calcareous cliffs and margin of mountainous forests (Robson 1968; Azadi 1999). Robson (1968) introduced 21 species in the
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area covered by Flora Iranica. Robson (1977) and Assadi (1984) reported H. fursei N. Robson and H. dogonbadanicum Assadi as two endemics of North and South
West of Iran. In Flora of Iran, Azadi (1999) identified 19
species, 4 subspecies arranged in 5 sections (comprising Campylosporus (Spach) R. Keller, Hypericum, Hirtella Stef., Taeniocarpum Jaub. & Spach. and Drosanthe
(Spach) Endl.), and two doubtful species including H.
heterophyllum Vent. and H. olivieri (Spach) Boiss.
Hypericum species are generally known locally in
Iran with the names “Hofariqun” which Ebn Sina (or Bo
Ali Sina) called it (Rechinger, 1986). Plants of the genus
Hypericum have traditionally been used as medicinal
plants in various parts of the world. Hypericum perforatum L. is the source to one of the most manufactured
and used herbal preparations in recent years, especially
as a mild antidepressant, and thus is the most studied
Hypericum species (Mozaffarian, 1998). According to
Brutovska´ et al. (2000), H. perforatum is probably originated from autopolyploidization of an ancestor closely
related to diploid H. maculatum. The chemical composition of H. perforatum oil has been the subject of many
researcher in recent past (Cakir et al. 1997; Baser et al.
2002; Osinska 2002; Schwob et al. 2002; Mockute et al.
2003; Smelcerovic et al. 2004). The methanolic extract
from the aerial parts of Hypericum plants typically contain hypericins, hyperforins and phenolic compounds
(Osinska 2002).
Proteins and enzymes, characterized as primary
gene products, are important parameters in biochemical
taxonomy. Storage proteins separated by electrophoretic
methods are thought to undergo the process of evolution with relative slowness due to their “non-essential
nature’’ (Margoliash and Fitch 1968), while enzymes
are thought to be extremely sensitive to selection pressures in evolution and thus to survival of the organism
(McDaniel 1970). Analysis of proteins and isozymes is
a tool for supplementing the evidence obtained by comparative morphology, breeding experiments and cytological analysis. Seed protein electrophoresis for the study
of phylogenetic relationship in Capsicum L. was performed by Panda et al. (1986).
Although phenotypic traits are important for diversity studies, they need to be supported by molecular markers to give robust genetic diversity estimates
(Esfandani-Bozchaloyi et al. 2018a, 2018b, 2018c, 2018d).
Genetic diversity studies in Capsicum using morphological, cytological and biochemical marker systems
(Kaur and Kapoor 2001; Gopinath et al. 2006) are also
conducted. The data on agronomic, morphological and
physiological plant traits are generally used to estimate
the magnitude of genetic diversity present in the germ-
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plasm. However, such data may not provide an accurate
indication of genetic diversity because of environmental
influences upon the expression of observed traits and
also the time consuming and laborious field evaluation
procedures. The introduction of biochemical techniques
like Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), isozyme markers has been
particularly helpful in deducing systematic relationships
between groups where morphological and cytological
data were not corollary. SDS-PAGE is an economical,
simple and extensively used technique for describing
the seed protein diversity of crop germplasm (Fufa et
al. 2005; Iqbal et al. 2005). Furthermore, seed proteins,
used as genetic markers convey greater precision to
measures of genetic diversity because they are the primary products of structural genes (Srivalli et al. 1999).
Seed protein electrophoresis for the study of phylogenetic relationship in Capsicum annuum was performed by
Panda et al. (1986) and of diploids and tetraploid hybrids
of Capsicum was initiated by Srivalli et al. (1999). There
is no report of SDS-PAGE in Hypericum species in Iran.
The present study was conducted on the genetic
diversity of Hypericum genotypes from different locations which will be useful for breeding programmes
and also for conservation of germplasm. To use genetic
resources adequately, it is necessary to understand the
extent and pattern of genetic diversity. Therefore, an
attempt with the present investigation was undertaken
to evaluate the extent of variability existing in 29 geographical populations belonging to three species of
Hypericum of North region of Iran through seed protein
analysis to provide a scientific basis for future selection
and crop improvement program. The objective of this
study was to assess the level of seed electrophoretic patterns of Hypericum taxa in Iran and used it for the correct taxonomy of the genus.
MATERIAL AND METHODS

Plant Material
Extensive field visits and collections were undertaken during 2016-2017 throughout the north of Iran.
In present study 63 plant samples from 29 geographical populations belonging to three species of Hypericum in Iran were collected from field: H. perforatum L.,
H. tetrapterum Fries. and H. androsaemum L. Different
references were used for the correct identification of species (Rechinger, 1999 , Azadi, 1999). The details of the
voucher specimens and their localities are given in Table
1 and Fig 1. All materials were examined with a stereomicroscope (NIKON-SMZ1) and all voucher specimens
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unknown proteins. The protein density was determined
by Bradford Protocol(Bradford, 1976).
Protein banding profile analysis
Number and location of each protein band were
identified and their RF (relative factor) and molecular
weight were estimated. In statistical analysis, each protein band was considered as a qualitative character and
coded as 1 (presence) versus 0 (absence). For grouping
of the plant specimens,Ward (minimum spherical characters) were used (Podani 2000). PCA (principal components analysis) biplot was used to identify the most variable characters among the studied populations (Podani
2000). PAST version 2.17 (Hammer et al. 2012)
RESULTS
Figure 1. Distribution map of Hypericum populations studied.

are deposited at the University of Mazandaran Herbarium (HUMZ).
Protein extraction & Electrophoresis
An amount of 0.1 g of mature seeds were selected
from each population and crushed in liquid nitrogen at
low temperature. After obtaining a fine powder, proteins
were extracted under cool conditions with 3 ml of TrisGlycin buffer (pH 8). The resulting samples were centrifuged twice for 5 min at 11000 g. The protein electrophoresis was based on Laemmlis procedure (1970), using
a discontinuous vertical slab gel. The separating gel comprises 12 ml of 30 % acrylamid
stock solution, 2.5 ml Tris-HCl 1.5 M (pH 8.8),
100 μl SDS 10 %, 2.3 ml water, 7 μl TEMED, and 60 μl
APS (Ammonium per Sulfate). After polymerization of
the separating gel, the stacking gel with 530 μl of 30 %
acrylamide stock solution, l ml Tris 0.5 M (pH 6.8), 40
ml SDS 10 %, 2.37 ml water, 5μl TEMED, and 40 μl APS
was polymerized on the separating gel.
The electrophoresis was carried out at a constant
voltage of 100V for 7-15h. Gels were stained in Coomasie
Brilliant Blue for 1-2 h and overnight distained with acetic acid and methanol (Laemmli 1970).
We used Jaccard similarity coefficient. Standard proteins (b-galactosisase, Ovalbumin, Lactate dehydrogenase, lactoglobulin-b, Lysozyme and Bovine serum albumin) were used to evaluate the molecular weight of the

A total of 22 protein bands were observed for these
taxa. (Fig. 2 and Table 2). All studied taxa had bands
76.12 KD and 45 KD except for Gorgan/Naharkhoran
population (Pop 25) of H. androsaemum. The highest
number of bands was observed in Kordkoy1 population
(Pop12) and Gardane heyran population (Pop20) of H.
perforatum and the lowest in Gorgan/Naharkhoran population (Pop 25) of H. androsaemum (Fig. 2 and Table 2).
In order to find out the most variable protein bands
in the studied taxa, a Principal Component Analysis was
implemented. Primitive analysis showed that three factors were responsible for 62.37 % of total studied variation in the taxa. In the first factor, with almost 37.81 % of
the total variation, bands 6.12, 9.87, 34.87, 51.12 KD had
the highest correlation. In the second factor, with about
14.63 % of the observed variation, bands 27.37, 30.19,
76.77 and 81.67 KD had the highest positive correlation.
In the third factor, with 9.92 % of the total variation,
bands 21.54, 78.14, 93.16 KD had the highest correlation.
Both clustering and PCA analyses of the Hypericum
species studied produced similar groupings and therefore only WARD clustering characters are presented here
(Fig. 3). Two major clusters were formed in WARD clustering (Fig.3). WARD clustering, of the studied populations did not entirely delimit the studied species and
revealed that plants in these species are intermixed. In
WARD dendrogram, a higher degree of intermixture
occurred between H. perforatum, H. tetrapterum and
H. androsaemum. Also WARD dendrogram revealed
that although population of the species H. perforatum is
more distinct than the other two species, but it showed a
high degree of intraspecific genetic variability as they are
positioned in different places of the dendrogram.
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Table 1. Voucher details of Hypericum species examined in this study from Iran.
Population
Species
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. perforatum L.
H. tetrapterum Fries.
H. tetrapterum Fries.
H. androsaemum L.
H .androsaemum L.
H. androsaemum L.
H. androsaemum L.
H. androsaemum L.

Population Locality / Voucher
cod
number
Hp1
Hp2
Hp3
Hp4
Hp5
Hp 6
Hp 7
Hp 8
Hp9
Hp10
Hp 11
Hp 12
Hp13
Hp14
Hp15
Hp16
Hp17
Hp18
Hp19
Hp20
Hp21
Ht22
Ht23
Ha24
Ha25
Ha26
Ha27
Ha28
Ha29

Mazandaran , Ramsar, 1723 HUMZ
Mazandaran , Ramsar/Javaherde1,1724 HUMZ
Mazandaran , Ramsar/Javaherde2/daryache ghoo,1725 HUMZ
Mazandaran , Savadkoh/Alasht,1726 HUMZ
Mazandaran , Babolkenar1,1727 HUMZ
Mazandaran , Babolkenar2,1728 HUMZ
Mazandaran , Galogah1,1729 HUMZ
Mazandaran , Galogah2,1730 HUMZ
Mazandaran , Aliabad katool,1731 HUMZ
Golestan , Gorgan,1732 HUMZ
Golestan , Ziarat,1733 HUMZ
Mazandaran ,Kordkoy1,1734 HUMZ
Mazandaran , Kordkoy2,1736 HUMZ
Mazandaran , Kelachay,1737 HUMZ
Guilan , Langrood,1738 HUMZ
Guilan , Lahijan/Bam Lahijan,1739 HUMZ
Guilan , Somesara,1740 HUMZ
Guilan , Asalem,1741 HUMZ
Guilan , Heyran,1742 HUMZ
Guilan , Gardane heyran,1743 HUMZ
Mazandaran , Nowshahr/Sisangan,1744 HUMZ
Guilan , Astara,1745 HUMZ
Mazandaran , Savadkoh/Alasht,1746 HUMZ
Guilan , Asalem,1747 HUMZ
Golestan , Gorgan/Naharkhoran,1748 HUMZ
Guilan , Astara,1759 HUMZ
Mazandaran, Ramsar/Bam Ramsar,1750 HUMZ
Mazandaran , Aliabad Katool/ Kabodval,1751 HUMZ
Mazandaran , Amol/Sangchal,1752 HUMZ

Figure 2. SDS-PAGE electrophoresis profiles of the studied population of Hypericum. Note: Populations abbreviations are according to Table 1.

111

Electrophoretic study of seed storage proteins in the genus Hypericum L. in North of Iran

Table 2. Band number and molecular weight for each studied population of Hypericum. (1- band is present in the seed sample, 0- band is
absent in the seed sample).
Band No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

MW(kd)
Pop
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

99

95

94

92

85

82

76

68

65

62

59

55

51

45

40

37

34

27

22

18

12

8

1
1
1
1
1
1
0
1
0
0
1
1
1
1
1
1
0
0
1
1
0
1
0
1
0
0
0
1
0

1
1
1
0
1
1
1
1
1
0
1
1
1
1
1
1
0
0
1
1
0
0
0
1
0
0
1
1
0

1
1
1
0
1
1
1
1
1
0
1
1
0
0
1
1
0
0
1
1
0
1
0
1
0
0
1
1
0

1
1
1
0
1
1
1
1
1
0
0
1
1
1
0
1
0
1
1
1
1
1
1
1
0
0
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1

1
1
1
1
1
1
0
0
0
0
0
1
1
1
1
1
0
1
1
1
1
1
1
0
0
0
0
0
0

1
1
1
1
1
1
0
0
0
0
0
1
1
1
1
1
0
1
1
1
0
0
0
1
0
0
1
1
0

1
1
1
1
1
1
0
0
0
0
0
1
1
1
1
1
0
1
1
1
0
0
0
1
0
0
1
1
0

0
0
0
0
1
1
1
1
0
0
0
1
1
0
0
1
0
0
0
1
0
0
0
0
0
1
1
1
0

1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
0
0
0
0
0
0

1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1

1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1

1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
0
1
1
1
0
0
0
0
0
0
0
1
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1

0
1
1
0
1
1
0
0
0
0
0
1
1
1
1
1
1
0
1
1
0
0
0
0
0
0
1
1
1

1
1
1
0
0
0
0
0
0
0
0
1
0
1
1
1
1
1
1
1
1
1
0
1
0
1
1
1
0

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0
0
1
1
1
1
1
1
1
0
1
1
1
1

1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
0
0
1
1
0
1
1
1
0
1
1
1
1

1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
0
0
1
1
0
1
1
0
0
0
0
0
0

DISCUSSION

In the present study, 29 geographical populations
belonging to three species of Hypericum of North region
of Iran was examined using sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). Electrophoretic data of the seed storage proteins presented
in this study have shown that the dendrogram obtained
from the studied species is not capable of the species
recognition. We found findings the seed storage was
often incongruent with the result of Faghir, et al. (2018)
and Mahmoudi Otaghvari & al, (2015) and Bayat & al.,
(2015) for pollen data.
In previous studies, the micromorphology of pollen
grains was performed in several species and their impor-

tance in plant taxonomy was emphasized (Faghir, et al.
2018; Mahmoudi Otaghvari & al,2015; Bayat & al., 2015).
Faghir, et al. (2018) pollen grains of ten species and
two subspecies of the genus Hypericum in Iran belonging to four sections were studied using light and scanning electron microscopy. Palynological analysis of
selected species of the genus Hypericum revealed important pollen morphological characters, especially pollen
outline, numbers and types of apertures, colpus length;
presence and absence of operculum; exine sculpturing
type, pore shape, size and arrangements. These traits can
be used for infrageneric classification, especially at sectional and species levels (Faghir, et al. 2018).
Different techniques including morphological, biochemical and especially molecular markers let scien-
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electrophoretic data of the seed storage proteins of three
species of Hypericum of North region of Iran.
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Abstract. Melissa officinalis (L) is used traditionally for different medical purposes
such as tonic, antispasmodic, carminative, diaphoretic, surgical dressing for wounds,
sedative hypnotic, strengthening the memory and relief of stress induced headache.
The methanolic extractof Melissa officinalis (Mo-ME) was investigated for antimutagenic activity. The extraction was done by Soxhlet extraction method and the extract
was evaluated for antimutagenic assay against EMS induced mice by micronucleus
and chromosomal aberration assay. Briefly, mice were treated with methanolic extract
of Melissa officinalis (Mo-ME) (100, 200 300 & 400 mg/kgbw) for 15 days. Without
the doses of EMS, no and mutagenic effects were observed in blood and bone marrow samples of the mice. Micronucleus and chromosomal aberration test revealed the
protective effects of Mo-ME when administered at high doses.The reduction profiles in
the MN induction of methanolic extract of Melissa officinalis at the concentration (100,
200, 300 and 400 mg/kgbw) with EMS were estimated as 14.5%, 28.0%, 47.7% and
81.5% respectively. The methanolic extract of Melissa officinalis exhibited no cytotoxic
and mutagenic effects but only have antimutagenic effects, an effect that can be attributed the presence of majorital compounds, and the antimutagenic property of Mo-ME
is an indication of its medicinal relevance.
Keywords. Melissa officinalis, GC-MS, EMS, mice, micronucleus test, chromosomal
aberration, antimutagenicity.

INTRODUCTION

Medicinal plants with antioxidant and antimicrobial properties are gaining a lot of attention as these properties are commonly assumed to play an
important role in preventing diseases caused by oxidative stress, such as
cancer, coronary arteriosclerosis and the ageing processes (Haraguchi et al.
2009). Derived forms of medicinal plants (extracts, syrups, etc.) have been
the basis of medical therapy for centuries. Traditionally used in the treatment
of several human disorders, their pharmacological and therapeutic properties are attributed to various chemical constituents isolated from their crude
extracts (Pereira et al. 2009, Kwak and Ju, 2015; Liu et al. 2015). NotwithCaryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 115-123, 2020
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standing, their correct use requires the manipulation of
plants selected for their efficacy and safety, based either
on folk tradition or scientific validation (Tovart, 2009).
The use of herbal infusions to cure various disorders is
very common in folk medicine especially to those who
live in upper reaches of Kashmir Himalayas (Dutt et al.
2015). Although the diversity of plant species in Kashmir Himalayas is a potential source of biologically active
compounds, the effects on human health and genetic
material are often unknown. There are indications that
the protective action on genetic material can lead, not
only to its repair, but also the preservation of its integrity
(Berhow et al. 2000; Fernandes and Vargas, 2003; Souza
et al. 2004). Not all are harmless, some even presenting
toxic and mutagenic substances in their phytochemical
composition (Bresolin and Vargas, 1993; Sa-Ferreira and
Vargas, 1999). Interest in such popular usage has recently
gained strength, through recent knowledge that chemicals, such as proteases and antioxidants may prevent or
reduce the development of cancer by blocking genetic
damage (Hernandez-Ceruelos et al. 2002).
Melissa officinalis belongs to Lamiaceae family, a
large group of medicinal plants. M. officinalis is native
to southern Europe and northern Africa; although, over
the last several centuries it has been successfully cultivated all over the world. Today it can be found growing wildly throughout North America, Europe, Asia,
and in the Mediterranean. The leaves of M. officinalis
have been used in folk medicine especially in Turkey
and Iran, for the treatment of some disease (Sadraei et
al., 2003). Also, the leaves of M. officinalis are often used
as herbal teas. M. officinalis contains some phenolic and
flavonoid compounds such as rosmarinic acid (Herodez
et al., 2003). The phenolic contents in plants have some
antioxidant properties (Chen et al., 2001). Essential oils
and extracts of this plant have been reported to have
antiviral (Schnitzler et al., 2008), antimicrobial and antioxidant properties (Dastmalchi et al., 2008). As little has
been done on the antimutagenicity of Melissa officinalis,
therefore, the purpose of this study was to determine the
antimutagenic activities of methanolic extract of Melissa
officinalis.
MATERIAL AND METHODS

sity of Kashmir, Srinagar, J&K and a voucher specimen
(JKASH/CBT/227 Dated 08. 08. 2014) was deposited
there. The parts were allowed to dry under shade (30 °C)
for 8-10 days.
Preparation of extracts
After shade drying, the aerial parts were macerated to fine powder, 1 kg of leaves were extracted successively with hexane for defatenning and methanol for
16 h using Soxhlet apparatus. The extracts were filtered
through a Buchner funnel using Whatman No. 1 filter
paper, and all the extracts were concentrated to dryness under vacuum using a Heidolph rotary evaporator,
yielding hexane, and methanol crude extracts of 65 and
48g respectively. All the extracts were stored at 4°C in
air tight glass bottles before use.
GC-MS analysis
GC-MS analysis was carried out with GCMS-QP2010
Plus, Shimadzu, Japan fitted with programmable head
space auto sampler and auto injector. The capillary column used was DB-1/RTX-MS (30 metre) with helium as
a carrier gas, at a flow rate of 3 mL/min with 1 µL injection volume. Samples were analysed with the column held
initially at 100°C for 2 min after injection, then increased
to 170°C with 10°C/min heating ramp without hold and
increased to 215°C with 5°C/min heating ramp for 8 min.
Then the final temperature was increased to 240°C with
10°C/min heating ramp for 15 min. The injections were
performed in split mode (30: 1) at 250°C. Detector and
injector temperatures were 260°C and 250°C, respectively.
Pressure was established as 76.2 kPa and the sample was
run for 70 min. Temperature and nominal initial flow for
flame ionization detector (FID) were set as 230 °C and 3.1
mL/min, correspondingly. MS parameters were as follows:
scan range (m/z): 40-650 atomic mass units (AMU) under
the electron impact (EI) ionization (70 eV). The constituent compounds were determined by comparing their
retention times and mass weights with those of authentic
samples obtained by GC and as well as the mass spectra
from the Wiley libraries and National Institute of Standards and Technology (NIST) database.

Collection and air drying of plant material
Aerial parts of M. officinalis were collected from
Bandzoo area of Pulwama from the garden of IIIM,
Srinagar and from SKUAST-K in the month July, 2013.
The plant was identified at the Centre of Biodiversity
and Plant Taxonomy, Department of Botany, Univer-

Experimental Animals
Both sex of albino mice, Balb/c strain useful for
research in cancer and immunology, age of 6 weeks, weighing 25-35 g were obtained from the Indian Institute of Inte-
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grative Medicine (IIM), Canal Road Jammu-India, kept in
plastic cages in an animal room under controlled conditions of temperature (22 ± 2°C), humidity (55 ± 10%), 12 h
light/dark cycles and access to food and water. They were
randomized at the beginning of the experiment.The study
design was approved by the Institutional Animal Ethical
Committee, and the experiments undertaken in accordance
with the ethical principles of the CPCSEA norms.
Treatment protocol
The mice were divided into 8 groups, with 5 animals
per group. Ethyl methane sulfonate (EMS, SigmaAldrich)
was used to induce mutations. Just before use, the EMS
was diluted in 0.9% NaCl. The exposure route was by
gavage(1/4thof LD50 of EMS; 117.5 mg/kgbw). Evaluation
of either DNA damage or protection by the methanolic
extracts of Melissa officinalis was according to protocol
developed by Azevedo et al. (2003), with the some adaptations. The mice in group 1 received only distilled water
(10 mL/kg bw. per day by gavage) for 2 weeks and acted as
negative control (Table 1). Mice in group 2 were exposed
to EMS (1/4thof LD 50) for 24 h and this group acted as
positive control. Group 3 and 4 were given different doses (100 & 400 mg/kgbw) of the extract to see the cytotoxic and mutagenic potential of M. officinalis and served
as positive control of plant extracts. Group 5, 6, 7 and 8
were treated with dose of 100, 200, 300 and 400 mg/kgbw
respectively for 15 days after treatment with EMS. The
mice were killed by cervical dislocation on 16thday for
evaluation of micronucleus and chromosomal aberrations.
The micronucleus test
The method of MacGregor et al. (1987) was used for
micronucleus test. Mice were sacrificed by cervical dis-

location. Slides were prepared with blood collected from
the jugular vein. The slides were air-dried, fixed in absolute methanol, stained in 10% Giemsa and then coded
for blind analysis. One thousand polychromatic erythrocytes (PCE) were analysed per mouse. The proportion of
PCE and normochromatic erythrocytes (NCE) in 1000
erythrocytes/group was calculated, to detect possible
cytotoxic effects. The slides were scored blindly, using a
light microscope with a 45x and 65x objectives. Photography was done using 100x immersion objective.
Chromosomal aberration
Mice were injected intraperitoneal with 0.5 ml of
0.06% colchicine and two hours later, were sacrificed by
cervical dislocation. Both the femurs were fleshed out
from the muscles and kept in HBSS (Hank’s balanced
salt solution). The femurs were then rinsed with 3 ml
0.056% KCl solution in a centrifuge tube. The tube was
then incubated at 37oC for 20 minutes. After incubation,
centrifugation at 800 rpm for 4 minutes was carried
out. Supernatant was discarded and fresh Carnoy’s fixative was added (3:1 methanol: acetic acid). The process
of centrifugation was repeated three times. Then slides
were prepared, stained with 4% Giemsa, air dried and
studied under compound microscope.
Statistical analysis
Variable normality was assessed using the Kolmogorov-Smirnov test. Micronucleus testing and chromosomal aberration involved multiple pair-wise comparison
between experimental groups and positive and negative
controls, with the Mann Whitney U test at a significance
level of <0.05. Lower the Mann Whitney statistic value
and Z score value, higher the difference.

Table 1. Grouping, dose (distilled water, EMS and Ab-ME in concentrations of 100, 200, 300 and 400 mg/kg bw) and duration of experiment.
Group

Dose

Purpose of group

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Group 7
Group 8

Distilled water
1/4th LD50 EMS
Mo-ME 100 mg/kg bw
Mo-ME 400 mg/kg bw
Mo-ME 100 mg/kg bw + EMS
Mo-ME 200 mg/kg bw + EMS
Mo-ME 300 mg/kg bw + EMS
Mo-ME 400 mg/kg bw + EMS

Negative control
Positive control EMS
Positive control Melissa officinalis
Positive control Melissa officinalis
Treated Group
Treated Group
Treated Group
Treated Group

Mo-ME = Methanolic extract of Melissa officinalis.

Duration
15 days
24 h
24 h
24 h
15 days
15 days
15 days
15 days
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RESULTS

GC-MS analysis
In order to find out the phytocomponents of Melissa officinalis, the methanolic extract was subjected to
GC-MS analysis. The active principals present in the
methanolic fraction of Melissa officinalis along with
their retention time (RT), molecular formula, molecular weight (MW) and peak area (%) are presented in
Table 2. The chromatograms of methanolic extract of
Melissa officinalis (Mo-ME) showed three major peaks
(Fig. 1): 2, 3-dihydro-3, 5-dihydroxy-6-methyl-4Hpyran-4-one (51.62%), 5-(hydroxymethyl)-2-furan carboxaldehyde (29.46%), hexadecanoic acid, methyl ester
(8.24%), constituting 89.32% of the total peak area. The
minor fractions of Mo-ME include octadecanoic acid
(3.26%), stigmast-5-en-3-ol (1.44%), tetradecanoic acid
(1.43%), 2, 4- cresotaldehyde (1.17), comprising 7.30%
of the total peak area. The phytoconstituents identified
in the methanolic fraction of Melissa officinalis along
with their retention time (RT), molecular formula,
molecular weight (MW) and peak area (%) are presented in Table 3.6.
Micronucleus test
According to MN testing of mouse blood cells the
low frequencies of micronucleated cells presumes the too
little effects of methanolic extract of Melissa officinalis
(Mo-ME) 100 and 400mg/kg (Table 3, Fig. 2), thereby
indicating the virtual absence of mutagenic or cytotoxic

Figure 1. GC-MS chromatogram of methanolic extract of Melissa
officinalis.

effects. In other words, no statistically significant difference in the frequency of MN polychromatic erythrocytes
(PCE) or the ratio of PCE to normochromatic erythrocytes (NCE), between the negative control and the
groups that ingested extracts could be detected. When
evaluating antimutagenicity inMo-ME, a significant
decrease in the frequency of EMS-induced MNPCE was
observed only in mice that had received 100, 200, 300
and 400 mg/kg ofMo-ME (p = 0.05 –Mann Whitney U
test). In the present study, the methanolic extract of M.
officinalis showed antimutagenic activities by reducing
the % age of micronuclei with increase in the dose of the
extract (Fig. 3).

Table 2. Phytocomponents identified in the methanolic extract of Melissa officinalis (Mo-ME) by GC-MS.
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Compound
2,4-Cresotaldehyde
D-allose
Dodecanoic acid
Tetradecanoic acid
2,6,10-Trimethyl,14-ethylene-14-pentadecne
Hexadecanoic acid, methyl ester
5- (hydroxymethyl)-2-furan carboxaldehyde
2, 3-dihydro-3, 5-dihydroxy-6-methyl-4H-pyran-4-one
Octadecanoic acid
Malonic acid, 3-hexyl tridecyl ester
9-Octadecenoic acid
9,12-Octadecadienoic acid
1,2-Benzenedicarboxylic acid
Tochopherol
Stigmast-5-en-3-ol

RT

% Area

MF

MW

18.52
19.41
21.32
25.79
27.37
29.13
30.07
33.47
33.76
34.05
34.22
34.77
40.36
51.97
57.19

1.17
0.56
0.58
1.43
0.49
8.24
29.46
51.62
3.26
0.38
0.12
0.50
0.34
0.41
1.44

C8H8O2
C6H12O6
C12H24O2
C14H28O2
C20H38
C38H68O8
C6H6O3
C6H8O4
C18H36O2
C22H42O4
C18H34O2
C18H32O2
C24H38O4
C29H50O2
C29H50O

136
180
200
228
278
652
126
144
284
370
282
280
390
430
414
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Table 3. Frequency profile of micronuclei induced alone by ethyl methanesulphonate and Melissa officinalis methanolic extract and their
simultaneous exposure for different doses to evaluate antimutagenicity in Mus musculus.
Treatment
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Group 7
Group 8

Negative Control (Distilled water)
Positive control (EMS)
Mo- ME 100 mg/kgbw
Mo- ME 400 mg/kgbw
Mo- ME 100 mg/kg + EMS
Mo-ME 200 mg/kg + EMS
Mo-ME 300 mg/kg + EMS
Mo-ME 400 mg/kg + EMS

Total No. of cells
analysed per mice

No. of cells with
micronuclei

% age of MN

% Reduction

1000
1000
1000
1000
1000
1000
1000
1000

2.35 ± 0.12
7.23 ± 0.89
2.28 ± 0.10
2.27 ± 0.09
6.52 ± 0.70
5.86 ± 0.58
4.90 ± 0.50
3.25 ± 0.43

90.1
81.0
67.7
44.9

14.5
28.0*
47.7**
81.5***

NC: Negative control (distilled water), PC: Positive control [Ethyl methane sulfonate (EMS) 117.5 mg/kgbw; dose is 1/4th LD50], MoME: Melissa officinalis Methanolic Extract. Values with different asterisks (*p < 0.05: significant, **p < 0.01: highly significant, ***p < 0.001:
extremely significant) differ significantly from the positive control (Mann-Whitney U test).

Figure 2. Graph showing number of micronucleated cells in different groups of mice treated with EMS alone, EMS + Mo-ME and
Mo-ME alone in different concentrations.

Chromosomal aberrations
The chromosomal aberrations induced by ethyl
methanesulphonate (EMS 117.5 mg / kg body weight;
positive control) were significant (p<0.05) to that of
the control group. The frequency of breaks per cell in
the EMS treated group at 24 h was 0.12 ± 0.010, which
was significantly higher when compared to that of total
number of breaks per cell in the control group (0.014 ±
0.002) (p<0.05). Our results also showed that in the MoME and EMS combined treatment group, the frequency
of chromosomal aberrations was significantly lower in
comparison to those observed for the EMS only treated
group at 24 h. The methanolic extract of Melissa officinalis reduced the chromosomal aberrations by 38.1%,
60.1%, 74.5% and 91.5% at 100, 200, 300 and 400 mg/
kgbw (Table 4, Fig. 4). The chromosomal aberrations

Figure 3. Bar diagram showing percentage reduction in EMS treated micronuclei with increase in concentration of Melissa officinalis
methanolic extract (Mo-ME).

induced by EMS are mainly chromatid breaks, exchanges, gaps, fragments and rings (Fig. 5).
DISCUSSION

From ancient times, medicinal plants are being used
as remedies for various diseases in human. In today’s
industrialized society, the use of medicinal plants has
been traced to the extraction and development of several drugs as they were used traditionally in folk medicine (Shrikumar and Ravi, 2007). Medicinal plants have
potent phytoconstituents which are important source
of compounds and are responsible for the therapeutic
properties (Jeeva et al., 2011; Florence et al., 2014; Sumathiet al., 2014, Ganaie et al, 2016; 2017). These phytoconstituents endow them with medicinal properties.
Many plants possess antioxidant properties because of
the presence of phenolic compounds (Brown and Rice-
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Table 4. Frequency profile of chromosomal aberrations induced by ethyl methanesulphonate and Melissa officinalis methanolic extract separately and by their combination for different doses to evaluate the antimutagenicity in Mus musculus.
Treatments
Concentration (mg/kgbw)
Distilled water
EMS 117.5 mg/kgbw
Mo-ME Alone100 mg/kgbw
Mo-ME Alone400 mg/kgbw
Mo-ME 100 mg/kgbw + EMS
A-ME 200 mg/kgbw + EMS
Mo-ME 300 mg/kgbw + EMS
Mo-ME 400 mg/kgbw + EMS

Chromosomal Aberrations
No. of cells

Rings

500
500
500
500
500
500
500
500

1
4
1
1
3
2
1
-

Fragments Exchange
3
18
3
3
13
9
7
4

14
10
7
5
3

Breaks

Gaps

7
62
7
6
44
32
22
10

31
14
8
6
4

Total
%age of
%
Aberrations Aberrations Reduction
11
129
11
10
84
58
41
21

2.2
25.8
2.2
2.0
16.8
11.6
8.2
4.2

38.1*
60.1*
74.5**
91.5***

NC: Negative control (distilled water), PC: Positive control [Ethyl methane sulfonate (EMS) 117.5 mg/kgbw; dose is 1/4 th LD50], MoME: Melissa officinalis Methanolic Extract. Values with different asterisks (*p < 0.05: significant, **p < 0.01: highly significant, ***p < 0.001:
extremely significant) differ significantly from the positive control (Mann-Whitney U test).

Figure 4. Bar diagram showing percentage reduction in chromosomal aberrations (CA) induced by EMS following post-treatment
with methanolic extract of Melissa officinalis (Mo-ME).

Evans, 1998; Krings and Berger, 2001). These phenolic
compounds possess biological properties such as antiapoptosis, anti-aging, anti-carcinogen, anti-inflammation, anti-atherosclerosis, cardiovascular protection and
improvement of endothelial function, as well as inhibition of angiogenesis and cell proliferation activities (Han
et al., 2007). Tannins bind to proline rich protein and
interfere with protein synthesis. Flavonoids are hydroxylated phenolic substances known to be synthesized by
plants in response to microbial infection and they have
been found to be antimicrobial substances against wide
array of microorganisms in vitro. The activity is probably due to their ability to complex with extracellular and
soluble proteins and to complex with bacterial cell wall
(Marjorie, 1999). They are also effective antioxidant and
show strong anticancer activities (Salah et al., 1995; DelRio et al., 1997).

Figure 5. Photomicrograph showing metaphase chromosome
preparation from bone marrow. a) Normal set of chromosomes, b)
Exchanges (arrow), c) Ring (arrow), d) Fragment (arrow), e) Micronuclei (arrow).

Previous reports show that the essential oil of M.
officinalis is composed of some important compounds
like (E)-caryophyllene and caryophyllene oxide in addition to major constituents such as citronellal, neral and
geranial (Sorensen, 2000; van de Berg et al., 1997). Literature reveals that the essential oil of M. officinalis subsp.
officinalis contains significant amounts of citral and/or
citronellal, whereas M. officinalis subsp. altissima contains only traces (van de Berg et al., 1997). Van de Berg
et al. (1997) identified b-caryophyllene, germacrene-D,
sabinene, and b-pinene as the main components in leaf
oils of M. officinalis subsp. altissima.
Marnewick et al. (2000) found that the aqueous
extracts of fermented and unfermented rooibos tea
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(Aspalathus linearis) and honey-bush tea (Cyclopia intermedia) possess antimutagenic activity against 2-acetylaminofluorine and aflatoxin B1. Vitamin C and E also
significantly reduced the CA frequency in mouse bone
marrow cells against rifampicin, an anti-tuberculosis
drug, (Aly and Donia, 2002).
According to Kaur et al. (2010), the phytoconstituents from Terminalia arjuna suppressed the mutagenic effect of the aromatic amine, i.e., 2-aminofluorene
(2-AF). The observed activity caused the inhibition of
the metabolic activation of pro-mutagens. Hong et al.
(2011) found that the extracts of Acanthopanax divaricatus were able to rapidly eliminate the mutagenic compounds from the cells before they induce the DNA damage. In a similar study, Nardemir et al. (2015) observed
that the methanol extracts of the lichens have antimutagenic effects against sodium azide.In another study,
Prakash et al. (2014) found that the different extracts of
Dioscorea pentaphylla significantly inhibited the effects of
methyl methanesulphonate (MMS) induced mutagenicity.
They also found that the methanolic extract was highly
mutagenic in comparison to Petroleum ether and chloroform. Entezari et al. (2014) compared the antimutagenic
and anticancer activities of Echinophora platyloba DC
on acute promyelocytic leukemia cancer cells and found
that the methanolic extract of this plant prevented the
reverted mutations and the hindrance was 93.4% in antimutagenic test. Akinboro et al. (2014) utilised the leaves
of Myristica fragrans (Houtt.) for antimutagenic activity
against benzo[a]pyrene and cyclophosphamide induced
mutagenicity in Salmonella typhimurium and Mus musculus and found that the aqueous extract significantly
suppressed more than 50 % of the mutations in all the
tested concentrations. Sarac, (2015) utilised an edible
wild plant, Tragopogon longirostis for the evaluation of
antioxidant, mutagenic and antimutagenic properties and
found that the ethanolic extract of its leaves exhibited
antimutagenic properties at 2.5, 0.25, and 0.025 mg/plate
concentrations. Habibi et al. (2014) found that the ethanolic extract of Origanum vulgare reduced the frequency
of MN PCR from 10.52 ± 1.07 for CP to 2.17 ± 0.6 for the
synergic test of CP and the ethanolic extract.
CONCLUSION

Based on the above results it can be concluded that
the methanolic extractof Melissa officinalis possess some
important phytoconstituents which possess antimutagenic activity.
The results of the present study clearly showed
that the methanolic extract of Melissa officinalis had

an antimutagenic and anticlastogenic potential against
the mutagenic activity of ethyl methane sulphonate
in mice. Our results suggest that there may be several
ways through which M. officinalis extract can work
against EMS. Selection of M. officinalis for the present
study on the basis of its folklore usage seems to be justified as it is scientifically proved to have much potentiality. The extracts from such plants could be seen as
a good source of useful drugs.However, further studies
are needed in other test systems so that in the future
M. officinalis can be used in reducing the occurrence
of cancers or even as a coadjuvant to chemotherapy to
reduce its side effects.
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Abstract. Olive is an important horticultural plant having both cultivated and wild
forms. The aim of the present study was investigating genetic diversity of 13 wild olive
trees belonging four geographical populations in IRAN using SRAP neutral molecular
markers as well as cp-DNA rpl intergenic sequences and ITS region. Genetic diversity
parameters determined for 76 SRAP loci within the studied olive populations identified the most variable loci. Population differentiation parameters determined for SRAP
loci, identified 13 SRAP loci with Gst value of 1, that means they differentiate the studied trees. PCoA analysis based on SRAP data separated olive trees from each other
due to genetic difference. Distribution of the samples in PCoA plot indicated that the
population 1 are more spread due to population genetic variability. However, the SRAP
result reveals that these molecular markers can be used in population genetic investigations and germ plasm analysis. AMOVA showed significant genetic difference among
the studied olive populations. Cp-DNA analysis produced 366 bp long sequences, out
of which 224 sites were segregating among the studied plants. The mean nucleotide
diversity was 0.32. TCS network based on cp-DNA separated most of the studied populations. Therefore, it seems that cp-DNA rpl sequences is a suitable barcode molecular
marker for population genetic studies. Phylogenetic tree of ITS data could partially differentiate wild olive population. In conclusion, a combined use of SRAPs and cp-DNA
sequences are suggested for wild olive population genetic investigation.
Keywords. SRAP, cp-DNA, ITS, Population genetic, Olive.

INTRODUCTION

Olive tree (O. europaea L.) of the genus Olea (O. europaea subsp. europaea var. europaea) is one of the most important horticultural crop plants.
It is an ancient plant species with grate economic value (Zohary and Hopf
2000), and has both cultivated and wild forms. Oleaster (O. europaea subCaryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 125-132, 2020
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sp. europaea var. sylvestris Miller) is the Mediterranean
wild olive and is possibly the progenitor of the cultivated olive. The non-Mediterranean wild olives are geographically isolated from the oleaster and show different morphological characters. Green (2002) grouped all
morphological forms of wild olive in a single aggregate
i.e. Olea europaea subsp. cuspidata, but the other investigators consider these intra-specific forms as ecotypes
both in Africa and Iran (Besnard et al. 2002; Sheidai et
al. 2010).
The occurrence of natural hybridization has been
reported between different sub spices within the genus
Olea. This holds true also for O. cuspidate and O. africana (Besnard and Bervill 2000). Moreover, (OmraniSabbaghi et al. 2007) suggested hybridization of subsp.
cuspidata and the cultivated olive in South Africa and
Iran and (Sheidai et al. 2010) identified a population
with intermediate morphological and molecular (RAPDs) characteristics.
The wild relatives of crop plants (CWRs) constitute
an important resource for improving agricultural production and for maintaining sustainable agro-ecosystems. Genetic material from CWRs has been utilized by
humans for to improve the quality and yield of crops.
For example, wild maize (Zea mexicana) is routinely
grown alongside maize to promote natural crossing and
improve yields. More recently, plant breeders have utilized CWR genes to improve a wide range of crops like
rice (Oryza sativa), tomato (Solanum lycopersicum) and
grain legumes (Hajjar and Hodgkin 2007). Therefore,
A CWR can be defined as “a wild plant taxon that has
an indirect use derived from its relatively close genetic
relationship to a crop. The CWRs comprise a wonderful
gene pool for future crop breeding programs.
Since natural populations of CWRs are at risk and
are threatened by habitat loss, deforestation, etc., population genetic study of these natural populations is important task as it provides insight about the genetic variability, population genetic structure, gene flow versus population fragmentation as well population genetic differentiation. The obtained information can be utilized in both
breeding as well as conservation strategies of the CWRs.

Recent population genetic studies use different
molecular markers to investigate the genetic diversity
as well as other population genetic features. This is also
true for olive (Bracci et al. 2011), for example, Random
Amplified Polymorphic DNA (RAPDs) (Sheidai et al.
2010) microsatellite (simple sequence repeat; SSRs) and
inter simple sequence repeat; ISSR markers, Amplified
Fragments Length Polymorphic markers (AFLPs) (Baldoni et al. 2006), cp-DNA (Besnard et al. 2011).
In the present study, genetic diversity, genetic divergence and genetic structure of four populations of O. europaea subsp. cuspidata from different localities are investigated using nrDNA ITS (Internal Transcribed Spacer) and
SRAP (sequence-related amplified polymorphism) markers.
Since, SRAP marker technique combines easiness,
reliability, high variability, moderate throughput ratio
and superficial sequencing of the selected bands, we
used this technique to amplify coding regions of DNA to
target open reading frames.
MATERIALS AND METHODS

Thirteen specimens belonging to four geographical
populations of subspecies Olea europaea subsp. cuspidata L. were collected from different localities that were
placed between three provinces Bakhtiari, Boyer-Ahmad
and Khuzestan. Details of geographical populations are
given in Table 1.
DNA extraction and PCR reactions
DNA was extracted from dried leaf specimens
(approximately 0.5 g material per sample) using CTAB
(Cetyl trimethyl-ammonium bromide) activated charcoal protocol (Krizman et al. 2006 and Sheidai et al.
2013). Extracted DNA was run on 0.8% agarose gel.
PCR reactions were carried in a 25μl volume containing
10 mM Tris-HCl buffer at pH 8; 50 mM KCl; 1.5 mM
MgCl2; 0.2 mM of each dNTP (Bioron, Germany); 0.2
μM of a single primer; 20 mg genomic DNA and 1 U of
Taq DNA polymerase (Bioron, Germany).

Table 1. List of 13 specimens of Olea europaea subsp. cuspidata L. from four populations accompanied by their distribution, altitude, longitude and herbarium number.
No.
1
2
3
4

Localities
Chaharmahal and Bakhtiari Province, Dehedz – Lordgan, Iran
Kohgiluyeh and Boyer-Ahmad Province, Khersaan Road, Iran
Chaharmahal and Bakhtiari Province, Lordgan, Monj, Gachahan, Iran
Chaharmahal and Bakhtiari Province, Lordgan, Monj, Gachahan, Iran

Altitude

Latitude

Longitude

Voucher no.

1713
1380
1151
1592

31°31’18”
31°26’59”
31°26’48”
35°55’41”

50°28’26”
50°28’57”
50°32’19”
57°41’53”

HSBU2018700
HSBU2018705
HSBU2018711
HSBU2018712
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SRAP study
Five sequences related amplified polymorphism
(SRAP) primer pairs including forward primers: Me1,
Me2, Me3, Me4, Me5 and reverse primers: Em1, Em2,
Em3, Em4, Em5 were used (Feng et al. 2014). PCR reactions were carried in a 25μl volume containing 10 mM
Tris-HCl buffer at pH 8; 50 mM KCl; 1.5 mM MgCl2;
0.2 mM of each dNTP (Bioron, Germany); 0.2 μM of a
single primer; 20 ng genomic DNA and 1 U of Taq DNA
polymerase (Bioron, Germany). Following programs
used for amplification of SRAP region in a PCR reaction: 94°C, 1 min, 35°C, 1 min, and 72°C, 1 min for first
five cycles then 5 min initial denaturation step 94°C, followed by 40 cycles of 1 min at 94°C; 1 min at 55°C and
2 min at 72°C and a final extension at 72°C for 7-10 mi
ITS study
The complete ITS region was amplified using forward
ITS5 (5’- GGA AGT AAA AGTCGT AAC AAG G- 3’) and
reverse primers ITS4 (5’- TCC GCT TAT TGA TAT GC3’) (White et al. 1990). Following program used for amplification of nuclear region in a PCR reaction: 5 min initial
denaturation step 94°C, followed by 40 cycles of 1 min at
94°C; 1 min at 53.5°C and 2 min at 72°C. The reaction was
completed by final extension step of 7 min at 72°C.
Cp- DNA study
The intergenic spacer of chloroplast genome rpl16
was amplified and sequenced with universal primers following the methodology of (Shaw et al. 2005; Timme
et al. 2007). Each 20 µl of PCR tube contained 10 µl of
2x PCR buffer, 0.5 mM of each primer, 200 mM of each
dNTP, 1 Unit of Taq DNA polymerase (Bioron, Germany), and 1 µl of template genomic DNA at 20 ng µl-1 .
The amplification reaction was performed in Techne
thermocycler (Germany) with the following program:
2 min 94°C, 1 min at 94°C; 1 min at 54°C and 1min at
72°C. The reaction was completed by final extension step
of 6 min at 72°C.
Data Analyses
SRAP bands were coded as binary characters (presence = 1, absence = 0) and used for genetic diversity analysis. Data obtained were analyzed for the genetic diversity
parameters like, Nei’s gene diversity (H), Shannon information index (I), number of effective alleles, and percentage of polymorphism (Weising et al. 2005; Freeland et al.
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2011). Principal coordinate analyses (PCoA) were performed using PAST ver. 2.17 (Hammer et al. 2012).
Nei’s genetic distance was used among populations.
AMOVA (Analysis of molecular variance) test (with
1000 permutations) as implemented in GenAlex 6.4
(Peakall and Smouse 2006).
The phylogenetic methods used to investigate the
species relationships were Maximum parsimony (MP),
Maximum likelihood (ML), Networking and Bayesian
approaches. The ITS sequences were firstly aligned and
used to test the proper nucleotide substitution model as
applied in MEGA 7. Program (Tamura et al. 2012). Networking was performed using Splits Tree 4 program
(Huson and Bryant 2006) and Bayesian analysis was done
using BEAST software v1.6.1 (Drummond et al. 2012a, b).
RESULTS

In total, 76 SRAP bands were obtained in olive trees
studied. Some of these bands were common while, few
bands were private in these trees. For example, SRAP
bands 51, 52 and 76 occurred only in trees of population
4, while SRAP band 7 happened only in one of the trees
in population 1. Similarly, SRAP band 4 was observed in
the tree of population 3.
Genetic diversity parameters determined for all
SRAP loci within the studied olive populations identified the most variable loci. The loci with highest value of
gene diversity (H) and Shanon information index (I) are
the most diverse SRAP loci (Table 2). The mean value
obtained for H = 0.34, while I = 0.52.
Population differentiation parameters determined
for SRAP loci in the studied olive trees (Table 3), identified the loci with highest migration/ exchange value
(Nm) and also SRAP loci with the highest differentiation value (Gst). In total, 13 SRAP loci had Gst value = 1,
that means they differentiate the studied trees. Similarly,
SRAP loci with Nm>1 are considered highly migrated
among the populations.
PCoA analysis of the studied olive trees after 99
times permutation, based on SRAP data is presented in
Figure 1. PCoA plot clearly separates olive trees of the
studied populations from each other due to genetic difference. Distribution of the samples in PCoA plot indicates that olive trees of population 1 are more spread
due to within population genetic variability. However,
in general, the SRAP result reveals that these molecular
markers can be used in population genetic investigations
and germ plasm analysis of olive.
Nei, genetic distance determined among olive trees
based on SRAP data (Table 4), revealed that the genetic
distance among trees of the population 1 varies from
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Table 2. Genetic variability parameters for SRAP loci studied in
olive populations.
Locus
5
8
30
36
39
53
54
55
57
58
59
64
65
67
72
Mean
St. Dev

Sample Size

Ne

H

I

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

1.9187
1.9299
1.9683
1.9882
1.8989
1.9882
1.8943
1.9928
1.9562
1.9216
1.8943
1.8943
1.9865
1.9562
1.8943

0.4788
0.4818
0.4920
0.4970
0.4734
0.4970
0.4721
0.4982
0.4888
0.4796
0.4721
0.4721
0.4966
0.4888
0.4721

0.6718
0.6749
0.6851
0.6902
0.6663
0.6902
0.6650
0.6913
0.6819
0.6726
0.6650
0.6650
0.6898
0.6819
0.6650

13
0.2911

1.5918
0.1268

0.3492
0.1506

0.5242

Ne = Effective number of alleles.
H = Nei’s (1973) gene diversity.
I = Shannon’s Information index [Lewontin (1972)].

Figure 1. PCoA plot of olive trees based on SRAP data revealing
genetic separation of populations.

0.30 to 0.54, while it varies from 0.46 to 0.76 in olive
trees of population 2.
AMOVA showed significant genetic difference (Phipt
= 0.43, P =0.01) among the studied olive populations. It
also revealed that 43% of total genetic variation was due
to among population genetic difference, whereas, 57%
occurred due to within population genetic variability.
Cp-DNA analysis
We obtained 366 bp long sequences, out of which
224 sites were segregating among the studied plants. The

Table 3. Genetic differentiation parameters in the olive trees studied based on SRAP loci.
Locus
2
3
4
7
10
13
14
17
22
23
24
28
31
32
34
36
39
41
43
44
45
47
48
50
51
52
53
58
62
68
69
75
76
Mean
St. Dev

Sample
Size

Ht

Hs

Gst

Nm

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

0.2633
0.3921
0.3750
0.0514
0.2633
0.3750
0.1669
0.2000
0.0514
0.3750
0.1064
0.1794
0.2086
0.3750
0.1000
0.5000
0.3750
0.1064
0.2086
0.5000
0.3750
0.1794
0.1669
0.3750
0.3750
0.3750
0.5000
0.4226
0.3625
0.2086
0.1000
0.5000
0.3750

0.2381
0.3145
0.0000
0.0472
0.2381
0.0000
0.1162
0.1746
0.0472
0.0000
0.0873
0.1508
0.1634
0.0000
0.0944
0.0000
0.0000
0.0873
0.1634
0.0000
0.0000
0.1508
0.1162
0.0000
0.0000
0.0000
0.0000
0.3434
0.2744
0.1634
0.0944
0.0000
0.0000

0.0958
0.1981
1.0000
0.0813
0.0958
1.0000
0.3036
0.1270
0.0813
1.0000
0.1791
0.1595
0.2164
1.0000
0.0557
1.0000
1.0000
0.1791
0.2164
1.0000
1.0000
0.1595
0.3036
1.0000
1.0000
1.0000
1.0000
0.1875
0.2431
0.2164
0.0557
1.0000
1.0000

4.7202
2.0240
0.0000
5.6481
4.7202
0.0000
1.1472
3.4365
5.6481
0.0000
2.2910
2.6340
1.8105
0.0000
8.4721
0.0000
0.0000
2.2910
1.8105
0.0000
0.0000
2.6340
1.1472
0.0000
0.0000
0.0000
0.0000
2.1669
1.5564
1.8105
8.4721
0.0000
0.0000

13
0.0172

0.3680
0.0085

0.1308

0.6445

0.2758

mean nucleotide diversity (p) was 0.32. TCS network of
the studied olive trees Figure. 2) separated most of the
studied populations. For instance, trees of the population 2 and the population 4 were grouped together, while
trees of population 1 were scattered in between these
two populations. Therefore, it seems that cp-DNA (rpl16)
sequences are a suitable barcode molecular marker for
population genetic studies of olive.
There has been no report of rpl16 sequences for the
cultivates olive. Therefore, we could not compare these
two forms together.
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Table 4. Nei genetic distance among the studied olives.
Pop

1

2

3

4

5

6

7

8

9

10

11

12

2
3
4
5
6
7
8
9
10
11
12
13

0.30
0.39
0.44
0.54
0.65
0.56
0.76
0.65
0.60
0.60
0.41
0.47

0.42
0.46
0.40
0.54
0.62
0.70
0.64
0.53
0.55
0.43
0.46

0.33
0.52
0.57
0.66
0.81
0.68
0.60
0.73
0.57
0.57

0.42
0.62
0.64
0.77
0.73
0.68
0.60
0.62
0.52

0.40
0.65
0.71
0.67
0.50
0.57
0.63
0.63

0.54
0.44
0.49
0.41
0.65
0.60
0.63

0.69
0.57
0.48
0.80
0.72
0.68

0.57
0.55
0.82
0.65
0.69

0.43
0.69
0.56
0.56

0.53
0.65
0.68

0.67
0.71

0.17

Figure 2. TCS network of olive trees based on cp-DNA sequences
revealing almost separation of the studied populations.

ITS sequence analysis
We obtained 183 bp long sequences in ITS region
with 150 variable sites. The analysis revealed the presence of 8 haplotypes in ITS with haplotype diversity, Hd:
0.80.
An Olive tree 7, 9, 11 and 13 had similar sequences
and forms a single haplotype group.
The nucleotide distance (p distance) of the studied trees (Table 5), revealed that p distance among olive

trees of population 1 varied from 0.36 to 0.54, while the
same value in population varied from 0.01 to 0.49.
Maximum likelihood phylogenetic tree (ML) (Figure 3) of the studied olive trees based on ITS sequences
revealed that, trees of population 1, differ in their ITS
sequences and were grouped in a separate clade. However, trees of populations 2, 3, and 4 were placed together
in a single unresolved clade. This result indicates that
ITS sequences can be used along with cp-DNA barcodes
in olive population genetic studies.
Comparing phylogenetic trees of SRAP markers,
Cp-DNA and ITS sequences produced quart let distance
= 0.56 and test performed based on the most agreeable
sub-trees (MAST) (Figure. 4) revealed that, these markers do differentiate some of the olive trees and place
them in distinct clades.
Joint phylogenetic ITS analysis of wild populations and randomly selected cultivated olives (Figure. 5)
revealed the genetic separation of these olives from each
other. ITS sequences could differentiate different olive
trees of wild populations but not the cultivars from each
other.
DISCUSSION

Genetic structure analysis of both cultivated and
wild olive is important for breeding and conservation
purposes (Baldoni et al. 2006). Olive cultivars can be
considered as varieties of unknown origin, currently
propagated vegetative by cutting or grafting. Analysis of
nuclear and cytoplasmic DNA polymorphisms in Mediterranean oleaster populations has shown that eastern
oleaster populations differ greatly from those of the west
Mediterranean (Besnard et al. 2001), while the genet-
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Table 5. P nucleotide distance among olive plants based on ITS sequences.

1
2
3
4
5
6
7
8
9
10
11
12
13

1

2

3

4

5

6

7

8

9

10

11

12

13

0.53
0.52
0.56
0.54
0.49
0.48
0.48
0.48
0.48
0.48
0.48
0.48

0.43
0.50
0.51
0.36
0.35
0.35
0.35
0.35
0.35
0.35
0.35

0.36
0.46
0.25
0.24
0.24
0.24
0.24
0.24
0.24
0.24

0.45
0.36
0.35
0.35
0.35
0.35
0.35
0.35
0.35

0.33
0.32
0.33
0.33
0.33
0.33
0.32
0.32

0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.01
0.00
0.00
0.00

0.01
0.00
0.00
0.00

0.01
0.01
0.01

0.00
0.00

0.00

-

Figure 3. ML phylogenetic tree of the studied olive trees based on
ITS sequences.

ic diversity of cultivated populations shows a complex
patchy pattern (Owen et al. 2005). The present investigation also revealed genetic difference between Iranian
wild populations and the cultivated olive forms.
Based on the frequency and distribution of polymorphisms, several authors suggested that many olive
cultivars have been produced from naturally cross-bred
genotypes (Besnard et al. 2001), while, others, due to
the great genetic distance between populations of wild

Figure 4. Most agreeable sub-trees (MAST) plot showing the common clades differentiated by ITS, Cp-DNA and ISSR trees.

olives and cultivars, suggested that many local cultivars
may have an allochthonous origin (Angiolillo et al. 1999;
Bronzini de Caraffa et al. 2002).
Genetic diversity of both cultivated and wild olives
has been investigated by using different molecular markers (Bracci et al. 2011), revealing the genetic structure
of these olive forms. In the present study, SRAP and
cp-DNA rpl sequences could be used in wild olive dif-
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Abstract. Papaver bracteatum Lindl. grows as a wild perennial medicinal plant in
Northern Iran and is known mainly for its high amounts of the pharmaceutically
valuable alkaloid of thebaine. In vitro production of tetraploid P. bracteatum through
colchicine treatment of imbibed seeds is reported. Resulted tetraploid and mixoploid
plants were effectively identified by chromosome counting and flow cytometry technique. The chromosome number in diploid and successfully induced tetraploids were
confirmed to be 2n=2x=14 and 2n=4x=28, where their calculated 2C DNA values
were 6.15±0.03 and 11.95±0.07 pg, respectively. The highest induction efficiency was
obtained by colchicine concentration of 0.05% and the treatment duration of 24 h. The
effects of colchicine toxicity on plant survival and growth were proportional mainly
to its concentration rather than duration of exposure to colchicine. Tetraploid plants
possessed significantly larger and less frequent leaf stomata as well as a larger cell size.
These attributes may serve as criteria for preliminary screening of P. bracteatum populations for ploidy level.
Keywords. Persian poppy, seed, tetraploid, colchicine, flow cytometry, 2C DNA value.

INTRODUCTION

Persian poppy (Papaver bracteatum Lindl.; 2n=2x=14) is a wild perennial medicinal plant belonging to the Papaveraceae family, section Oxytona
that grows natively in the Alborz Mountains in the North of Iran in altitudes higher than 1800 m on the slopes facing the Caspian Sea (Sharghi and
Lalezari 1967). It is mainly known for the high amounts of the valuable isoquinoline alkaloid thebaine as the main secondary metabolite in different
organs particularly in roots and capsules (Nyman and Bruhn 1979; Madam
2011) while some 20 other alkaloids are reported to be present in this species only in trace amounts (Wu and Dobberstein 1977). Persian poppy seeds
contain 45-48% oil rich in nutritionally valuable unsaturated fatty acids, so
the other important usage of the plant is in the food industry (Madam 2011).
Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 133-144, 2020
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Seddigh et al. (1982) reported mean seed yield and seedoil yield of P. bracteatum to be 90 and 40 kg ha-1, respectively.
Successful polyploidy induction has been reported
in various medicinal and ornamental plants with the
aim of producing plants with improved agronomical,
phytochemical or economically important characteristics. Application of anti-mitotic agents such as colchicine
(Chen and Gao 2007; Sakhanokho et al. 2009; Majdi et
al. 2010; Omidbaigi et al. 2010a, b; Kaensaksiri et al.
2011; Wu et al. 2011; Marzougui et al. 2011; Tavan et al.
2015; Javadian et al. 2017; Sadat Noori et al. 2017), oryzalin (Bouvier et al. 1994; Thao et al. 2003; Kermani et
al. 2003; Lehrer et al. 2008; Sakhanokho et al. 2009),
amiprophosmethyl (Rodrigues et al. 2011) and trifluralin (Eeckhaut et al. 2002) has been reported as the most
common procedure for in vitro polyploidy induction in
plants with colchicine being the most commonly used
anti-mitotic agent.
Polyploid plants have been found to be valuable
genetic resources due to possession of superior agronomic and phytochemical traits over their diploid progenitors. They have therefore attracted increasing attention in breeding programs, agriculture and medicinal
plants industries. Some of the more frequently reported
advantages of induced polyploid plants include larger
vegetative and reproductive organs such as leaves and
flowers (Chen and Gao 2006; Majdi et al. 2010; Tang et
al. 2010; Gantait et al. 2011; Miller et al. 2012), darker
green leaves with a higher chlorophyll content and photosynthesis capacity (Kulkarni and Borse 2010; Gantait et al. 2011), increased tolerance to environmental
stresses (Natuli and Zobolo 2008), increased production
of secondary metabolites (Dhawan and Lavania 1996;
Kaensaksiri et al. 2011; Xu et al. 2013; Tavan et al. 2015;
Javadian et al. 2017), increased expression of important genes and enzymes (Adams et al. 2003; Mishra et
al. 2010; Miller et al. 2012; Xu et al. 2013) and delayed
florescence time (Gu et al. 2005). On the other hand,
decreased fertility, increased level of mitotic disruptions
and pollen sterility (Liu et al. 2012) and facilitated biological invasion (Beest et al. 2012) are reported as the
most important unfavorable consequences of induced
polyploidy. In vitro polyploidy induction in several Papaveraceae plants has been previously studied mainly with
the aim of obtaining an increased content of medicinal alkaloids. Mishra et al. (2010) successfully induced
tetraploidy in Papaver somniferum L. and reported a
significant enhancement in the morphine content and
increased expression level of important genes involved
in alkaloid biosynthesis pathway in tetraploid plants.
Milo et al. (1987) reported the induction of tetraploidy

in P. bracteatum through colchicine treatment of apical
meristems and subsequent production of triploid plants
by crossing induced tetraploids to diploid plants. They
suggested the ploidy breeding and tetraploidy induction as the most promising approach for development of
thebaine-rich poppy lines. In their studies, they selected
the plants with different ploidy levels through chromosome counting and cytological techniques. So an effective, easy and clearly described method for in vitro polyploidy induction in P. bracteatum and effective discrimination of tetraploid and mixoploid results based on flow
cytometric (FCM) technique and 2C DNA value is not
reported yet. Consequently, we report for the first time
the in vitro production of autotetraploid P. bracteatum
by colchicine treatment of imbibed seeds followed by
FCM identification of polyploidy. The differences in
the DNA C-value, anatomical and morphological traits
between diploid and induced tetraploid plants were also
measured and their capability for being employed as
reliable indicators of ploidy level in the plant populations
was described.
MATERIAL AND METHODS

Plant material
Seeds of mature Persian endemic Papaver bracteatum plants were collected in Polour region (Latitude 35°
52’ 16.99” N, Longitude 52° 04’ 38.62” E, Altitude 2489
± 50 m) from hillsides of Alborz Mountains in northern Iran. The seeds from each individual plant were collected separately and kept in small plastic bags. Since
P. bracteatum is a self-incompatible totally cross-pollinating plant (Nyman and Bruhn 1979), the seeds which
originated from each individual plant were considered
as progenitors for future colchicine-treated plants. The
seeds of each maternal plant were collected separately so
that the eventual comparisons between different ploidy
levels could be conducted between two half-sib plants
rather than two plants with completely different genetic
backgrounds. For this purpose, all treated seeds in polyploidy induction assay were selected from the seeds of an
individual maternal plant.
Polyploidy induction
Seeds obtained from one capsule from an individual
P. bracteatum plant were sterilized by immersing in ethanol 70% (v/v) for three 30 s times, followed by sodium
hypochlorite 5% (v/v) for 7 min. The seeds were then
rinsed with distilled water for 5 min and transferred on
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two layers of moistened filter papers in glass petri dishes and irrigated regularly with distilled water to allow
water imbibition. Germination process progressed up
to the radicle emergence. After 8-10 days, the imbibed
seeds (swollen seeds without a well-defined radicle apex)
were transferred to tubular penicillin vials containing
1000 µl of colchicine solutions (Sigma-Aldrich Corporation, MO, USA) with different concentrations comprising 0.00, 0.025, 0.050, 0.075, 0.10 and 0.20% (w/v). The
vials were placed on a shaker with a rotation speed of 95
rpm and shaken for predetermined durations, including
4, 8, 12, 24, 36, 48, 72, and 168 h. At the end of treatment duration, the treated seeds were washed thoroughly with distilled water for 3 × 3-min and transferred to
a 250-ml glass baby food jars containing 40 ml of ½
Murashige and Skoog (1962) medium with 1 g l-1 charcoal. The latter was used in order to prevent the seed
phenolic compounds from interfering with the emergence and growth of new seedlings. Seven treated seeds
were cultured in each jar (representing one replication
for a given treatment in data analysis). The seedlings
were re-cultured once a month on a new medium with
the above-mentioned composition and conditions. After
three months, the plants with 6-7 true developed leaves
were transferred to 500 g pots containing sand, commercial potting soil and vermiculite as the main components mixed with a ratio of 2:2:1 orderly.
Flow cytometry analysis
One cm 2 of young, healthy and fully green developed leaf material from each examined Persian poppy
plant together with about 1/3-1/2 in area of leaf material from Pisum sativum cv. ‘Citrad’ (2C DNA = 9.09 pg;
Doležel et al. 1998) as an internal reference standard,
were chopped into small pieces by a sharp razor blade in
a 100 mm glass petri dish, containing one ml of Woody
Plant Buffer (WPB; Loureiro et al. 2007). The resultant nuclear suspension was filtered through a Partec
(Partec, Münster, Germany) 30 µm-nylon mesh, followed
by treating with 50 µg ml-1 RNase (Sigma-Aldrich Corporation, MO, USA) and 50 µg ml-1 Propidium Iodide
(PI, Fluka) as DNA staining agent, and then incubated
for two min at room temperature. To determine nuclear
2C DNA amount, the nuclei suspension was analysed
by a BD FACSCanto II flow cytometer (BD Biosciences,
Bedford, MA, USA), using BD FACSDivaTM Software.
Output data were then transferred to a Flowing Software version 2.5.0 to be editable in Partec FloMax ver.
2.4e (Partec, Münster, Germany). The measurements of
relative fluorescence intensity of stained nuclei were performed on a linear scale, analysing at least 5,000 nuclei
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for each sample. The absolute DNA amount of a sample
was calculated based on the values of the G1 peak means
(Doležel et al. 2003, 2007; Doležel and Bartoš 2005;
Mahdavi and Karimzadeh 2010; Karimzadeh et al. 2010,
2011; Abedi et al. 2015) as follows:
Sample 2C DNA (pg) = (Sample G1 peak mean/Standard
G1 peak mean) × Standard 2C DNA (pg)
The analysed samples were classified based on the
FCM results into diploid (2x), tetraploid (4x) and mixoploid (2x and 4x) samples.
Chromosome counting
The ploidy status of the induction results were additionally confirmed by microscopic chromosome, counting in 10 randomly sampled plants from each class of
ploidy level. Root tips from confirmed diploid and tetraploid plants were pretreated with α-bromonaphthalene
for 1 h at 24 °C, followed by rinsing with distilled water
for 3 × 3 min. The pretreated roots were then fixed in
Carnoy solution (3:1 ethanol:glacial acetic acid) and
stored at 4 °C followed by washing in distilled water,
hydrolyzing with 1 N HCl for 8 min at 65 °C and staining with 1% (w/v) aceto-orcein for 1 h. Treated 1-2 mm
long root tips were excised and squashed on slide glass,
with a drop of 45% (v/v) acetic acid, and protected with
a cover slip. Chromosome counts were analysed by
observation under a BX51 Olympus light microscope
(Olympus Optical Co., Tokyo, Japan), equipped with an
Olympus DP12 digital camera (Olympus Optical Co.,
Tokyo, Japan) using WH10X (FN22) eyepiece and 100x
objective lens.
Anatomical and morphological analysis
To assess any possible relations between anatomical
traits and ploidy level in P. bracteatum, leaf cell size as
well as the dimensions and the frequency of leaf stomata
were measured on the lower epidermis of 20 fully developed leaves each taken from an individual plant in each
confirmed class of ploidy. Data on stomata dimensions
were measured on 60 stomata from leaves of the plants
in each class of ploidy level. The stomata were visualized by the impression method (Majdi et al. 2010; Tavan
et al. 2015). The density of the stomata was counted at
200x and the area of stomata were measured at 1000x
magnification, using high resolution microscopic digital
photographs taken with an Olympus DP12 digital camera (Olympus Optical Co., Tokyo, Japan) interfaced to
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an Olympus BX50 (Olympus Optical Co., Tokyo, Japan)
microscope. The stomata and the cells in three random
microscopic fields per each leaf were counted and measured. The measurements of stomata dimensions, including area and large diameter (length) as well as the cell
area were determined, using the captured images and
the UTHSCSA ImageTool program (University of Texas
Health Science Center at San Antonio, Texas, USA).
Data analysis
The data regarding the effect of time and concentration of the colchicine treatment on survival rate and
polyploidy induction were analysed through a Completely Randomized Design (CRD) with three replications.
Mean comparison was carried out by using Least Significant Difference (LSD) test at P<0.05. Seeds germination
percentage was calculated as GP = (number of germinated seeds / total planted seeds) * 100. Tetraploidy induction efficiency was assessed using the method reported
by Bouvier et al. (1994) and Majdi et al. (2010) as follows:
Induction efficiency = % Seedling survival × % Tetraploidy induction
For induction efficiency calculation, a seedling was
considered as survived if it persisted for three months
after being treated with colchicine and had enough
green leaf area to be analysed by FCM. The resultant
data were first tested for normality with the Kolmogorov-Smirnov test. The logarithmic transformation was
then used for both stomata area and stomata frequency
data. Mean comparisons between two different ploidy
levels for anatomical traits were conducted, using Student’s t test. All statistical analysis were conducted,
using SPSS 18 (Chicago: SPSS Inc., 2009).

their seedlings could not keep normal growing and
turned to dark brown-colored necrotic tissues during
later three weeks after being transferred. The degree of
mortality caused by different colchicine either concentrations or durations were variable. The toxic effects of colchicine treatment on the survival and on the growth of
the seeds were therefore assessed 30 days after treatment
induction. The general colchicine-induced mortality was
divided and expressed as two different criteria including seed mortality and seedling mortality (Table 1). Seed
mortality was calculated based on non-emerging seeds
which could not survive in the colchicine treatment,
while seedling mortality was reflected by the emerged
seedlings with inhibited successive growth. The results
showed that increased colchicine concentration significantly increased the level of lethal effects (Table 1, Fig. 1),
so that only 4.76±2.38% seed survival but no subsequent
growth was observed in the seeds treated with the 0.2%
(w/v) colchicine solution. While no seedling growth was
identified in the 0.2% colchicine treatment, the survival
and the growth in the seeds treated with other concenTable 1. Results of the analysis of variance (ANOVA) for the effect
of colchicine concentration and treatment duration on the mortality
of Papaver bracteatum seeds.
Source of Variation
Colchicine concentration (C)
Treatment duration (D)
C*D interaction

Mean Squares
Seed mortality

Seedling mortality

13097.26**
126.22n.s.
116.51*

13173.03**
162.97*
70.15n.s.

**, * and n.s. indicate significant at 1%, 5% level and and not significant, respectively.

RESULTS

Survival and the growth of colchicine-treated seeds
The toxic effects of colchicine on the treated Persian
poppy (Papaver bracteatum Lindl.) plants were different
in terms of their survival and consecutive growth. Some
treated seeds could no longer survive colchicine treatment, as they remained as dark necrotic non-emerging
seeds without any root appearance. Whereas some others could survive in the colchicine and remained alive
initially at the time of transferring to the medium, but

Figure 1. Effect of colchicine concentration on seed survival and
seedling growth of treated Papaver bracteatum explants. All values
are in percentage. Mean values specified by the same latter are not
significantly different at P<0.05 by LSD test. Letters with a prime
symbol designate mean differences in seedling growth.
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Table 2. Effect of colchicine concentration and treatment duration on the percentage (mean ± standard error) of seed mortality, seedling
mortality, diploid (2x), mixoploid (2x+4x), and tetraploid (4x) explants in Papaver bracteatum.
Colchicine
Exposure duration
concentration (%)
(h)
0.000

0.025

0.050

0.075

0.100

0.200

4
8
12
24
36
48
72
168
4
8
12
24
36
48
72
168
4
8
12
24
36
48
72
168
4
8
12
24
36
48
72
168
4
8
12
24
36
48
72
168
4
8
12
24
36
48
72
168

Seed
mortality (%)

Seedling mortality
(%)

2x (%)

2x + 4x (%)

4x (%)

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
4.76 ± 4.76
14.29 ± 8.25
0.00 ± 0.00
14.29 ± 8.25
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
4.76 ± 4.76
9.52 ± 4.76
28.57 ± 8.25
28.57 ± 14.29
4.76 ± 4.76
23.81 ± 9.52
19.05 ± 9.52
0.00 ± 0.00
28.57 ± 8.25
28.57 ± 14.29
9.52 ± 4.76
42.86 ± 8.25
9.52 ± 4.76
38.10 ± 4.76
33.33 ± 4.76
38.10 ± 4.76
33.33 ± 9.52
33.33 ± 9.52
33.33 ± 4.76
47.62 ± 4.73
23.81 ± 9.52
28.57 ± 8.25
28.57 ± 14.29
38.10 ± 9.52
47.62 ± 9.52
76.19 ± 12.60
90.48 ± 9.52
95.24 ± 4.76
100.00 ± 0.00
100.00 ± 0.00
100.00 ± 0.00
100.00 ± 0.00
100.00 ± 0.00

4.76 ± 4.76
0.00 ± 0.00
4.76 ± 4.76
4.76 ± 4.76
9.52 ± 9.52
0.00 ± 0.00
4.76 ± 4.76
14.29 ± 8.25
4.76 ± 4.76
0.00 ± 0.00
9.52 ± 9.52
4.76 ± 4.76
4.76 ± 4.76
14.29 ± 8.25
4.76 ± 4.76
9.52 ± 4.76
14.29 ± 8.25
4.76 ± 4.76
9.52 ± 4.76
4.76 ± 4.76
9.52 ± 9.52
19.05 ± 12.60
19.05 ± 4.76
19.05 ± 4.76
14.29 ± 0.00
19.05 ± 4.76
4.76 ± 4.76
9.52 ± 4.76
9.52 ± 4.76
14.29 ± 8.25
14.29 ± 8.25
14.29 ± 0.00
19.05 ± 4.76
19.05 ± 12.60
14.29 ± 4.25
28.57 ± 8.25
33.33 ± 12.60
28.57 ± 8.25
28.57 ± 8.25
28.57 ± 0.00
23.81 ± 12.60
9.52 ± 9.52
4.76 ± 4.76
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

95.24 ± 4.76
100.00 ± 0.00
95.24 ± 4.76
95.24 ± 4.76
90.48 ± 9.52
100.00 ± 0.00
95.24 ± 4.76
85.71 ± 8.25
90.48 ± 4.76
85.71 ± 8.25
90.48 ± 9.52
80.95 ± 4.76
95.24 ± 4.76
85.71 ± 8.25
95.24 ± 4.76
85.71 ± 8.25
33.33 ± 17.17
19.05 ± 4.76
0.00 ± 0.00
23.81 ± 17.17
19.05 ± 12.60
38.10 ± 12.60
57.14 ± 0.00
28.57 ± 16.50
9.52 ± 9.52
14.29 ± 8.25
14.29 ± 0.00
23.81 ± 4.76
4.76 ± 4.76
9.52 ± 4.76
19.05 ± 9.52
19.05 ± 12.60
0.00 ± 0.00
9.52 ± 4.76
0.00 ± 0.00
4.76 ± 4.76
9.52 ± 9.52
14.29 ± 8.25
4.76 ± 4.76
9.52 ± 4.76
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
19.05 ± 4.76
23.81 ± 12.60
23.81 ± 4.76
33.33 ± 4.76
19.05 ± 4.76
14.29 ± 0.00
23.81 ± 4.76
14.29 ± 0.00
33.33 ± 4.76
23.81 ± 4.76
28.57 ± 8.25
23.81 ± 4.76
23.81 ± 4.76
19.05 ± 4.76
19.05 ± 4.76
9.52 ± 4.76
23.81 ± 9.52
14.29 ± 0.00
14.29 ± 0.00
19.05 ± 4.76
14.29 ± 0.00
14.29 ±0.00
9.52 ± 4.76
4.76 ± 4.76
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
23.81 ± 12.60
23.81 ± 12.60
38.10 ± 9.52
33.33 ± 17.17
28.57 ± 16.50
9.52 ± 9.52
0.00 ± 0.00
9.52 ± 9.52
14.29 ± 8.25
33.33 ± 4.76
9.52 ± 9.52
33.33 ± 9.52
23.81 ± 12.60
23.81 ± 4.76
9.52 ± 4.76
23.81 ± 4.76
23.81 ± 4.76
23.81 ± 9.52
23.81 ± 4.76
23.81 ± 4.76
14.29 ± 8.25
14.29 ± 8.25
19.05 ± 4.76
9.52 ± 4.76
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
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(a)

(b)

(c)

Figure 2. Flow cytometric histogram of the relative fluorescence intensity of nuclei isolated from Papaver bracteatum plants. Histograms
show the nuclei isolated form diploid (a), mixoploid (b), and induced tetraploid (c) plants. The S in each histogram indicates the peak
resulted by the cells of the Pisum sativum cv. ‘Citrad’ (2C DNA=9.09 pg) used as the internal standard.

(a)

(b)

Table 3. Results of the analysis of variance (ANOVA) for the effect
of colchicine concentration and treatment duration on the polyploidy induction rate in Papaver bracteatum.
Source of Variation
Colchicine concentration (C)
Treatment duration (D)
C*D interaction

Figure 3. Chromosome numbers of surveyed Papaver bracteatum
plants. Number of chromosomes in diploid (2n=2x=14) (a) and
artificially induced tetraploid (2n=4x=28) (b) plants are compared.

trations varied widely, where the mean germination percentage and the mean percentage of developed seedlings
in the 0.1% treatment were 64.88±3.22 and 39.88±2.72,
respectively (Table 2). These values were 95.24 ± 1.86 and
88.69 ± 2.27 in the 0.025% treatment, respectively (Fig. 1).
Flow cytometry analysis of ploidy level
The ploidy level of colchicine-treated plants was
determined by FCM analysis. All treated plants with
apparently normal growth and development were classified into three main classes including diploids (2x),
mixoploids (2x+4x) and tetraploids (4x). As shown in
related histograms (Fig. 2), diploid and tetraploid plants
revealed a peak at the position of channels 50 and 95 of
the relative fluorescent intensity respectively, while mixoploids revealed two peaks with variable heights at both
channels 50 and 95.
The 2C DNA contents of the diploid and induced
tetraploid plants were estimated as 6.15±0.03 (Fig. 2a)
and 11.95±0.07 pg (Fig. 2c), respectively. The ploidy sta-

Mean Squares
16.98**
2.57*
1.11n.s.

**, * and n.s. indicate significant at 1%, 5% level and and not significant, respectively.

tus of the resultant events was additionally confirmed
by microscopic chromosome counting in plants with
different ploidy levels. It was indicated that all diploid
plants had a chromosome number of 2n=2x=14 (Fig. 3a),
whereas all tetraploids had 2n=4x=28 (Fig. 3b). In the
present study, significant differences between induction
treatments were seen based on the induction efficiency
data. The results showed that both higher concentrations
of colchicine and longer durations of exposure to colchicine resulted in a significantly larger percentage of tetraploid plants (Table 3). The highest induction efficiency
(31.29) was yielded by 0.05% (w/v) colchicine concentration at exposure duration of 24 h. The next two most
efficient treatments were 0.75% (w/v)-24 h and 0.05%
(w/v)-12 h with induction efficiency values of 27.89 and
25.85 respectively (Figs. 4, 5).
Anatomical and morphological characteristics
Stomata data measured on the leaves of plants in
each class of ploidy showed that the stomata size in
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Figure 4. Effect of colchicine concentration and treatment duration on tetraploidy induction efficiency in Papaver bracteatum. Bars
show standard errors.

tetraploid plants was larger than that in diploids (P<0.01;
Figs. 6a, 6b). The average stomata area for the diploid and tetraploid (Figs. 7a, b, respectively) plants was
531.44±24.02 and 868.98±55.66 µm 2 respectively indicating a 63.51% increase in stomata area of tetraploid
plants. It was also included that the stomata length in
tetraploid plants (40.46±1.33 µm) was 30.06% larger than
that in diploids (31.10±0.89 µm).

(a)

(b)

Figure 5. Effect of colchicine concentration and treatment duration
on the contribution (%) of seed mortality, seedling mortality, diploid, mixoploid, and tetraploid explants produced during polyploidy
induction in Papaver bracteatum.

In addition, a significant difference was identified
between diploid and polyploid plants in the stomatal
density (P<0.01), where the average number of stomata
per square millimetre in the leaves of diploid and tetraploid (Figs. 7c, d, respectively) plants was 236.18±10.54
and 157.14±3.78, respectively (Fig. 6c). In other words,
tetraploidy induction caused a 50.3% decrease in sto-

(c)

(d)

Figure 6. Comparison of anatomical traits between diploid and tetraploid plants of Papaver bracteatum at the cellular level. The stomata
length (a), stomata area (b), stomata frequency (c), and stomata cell area (d) are significantly changed in induced tetraploid plants. Mean
values specified by different letters are significantly different at P<0.05 by Students’s t test. Bars show standard errors.

(a)

(b)

(c)

(d)

Figure 7. Impressions illustrating the size and density of the stomata in the leaf lower epidermis of Papaver bracteatum plants. The smaller
stomata size in diploid (a) than in induced tetraploid (b) plants and the lower stomata density in diploid (c) than in tetraploid (d) plants are
illustrated.
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(a)

(b)

Figure 8. Comparison of visible morphological traits at the whole plant level. The illustrated diploid (a) and tetraploid (b) Papaver bracteatum plants are all at the same age (195 d) and acclimated under similar environmental condition.

mata density in studied P. bracteatum plants. Data
regarding the cell size showed that the average leaf cell
area in diploid and tetraploid P. bracteatum plants was
1187.20±73.93 and 1515.12±118.31, respectively indicating a 27.62% increase in epidermal cell area of tetraploid
plants (P < 0.05; Fig. 6d). Unlike in the stomatal morphology, tetraploid plants exhibited no remarkable differences in visible morphological traits such as plant
height, shoot or leaf thickness and growth rate compared to their diploid counterparts (Fig. 8).
DISCUSSION

The results regarding the colchicine effects on survival of seeds and seedlings are in agreement with those
reported in various plant species e.g. Berberis thunbergii
(Lehrer et al. 2008), Tanacetum parthenium (Majdi et al.
2010) and Thymus persicus (Tavan et al. 2015), indicating that the toxic effects of colchicine as an anti-mitotic
chemical is largely influenced by the colchicine concentration (Table 1). The toxic effects of colchicine on the
treated Persian poppy were expressed as two different
criteria including seed mortality and seedling mortality.
The results showed that increased colchicine concentration significantly increased the level of both lethal effects
and decreases the ability of treated plants to survive and
grow (Table 2).
The C-value index defined as the DNA content of
an unreplicated haploid chromosome complement (i.e.
a gamete) is highly useful in systematics, genome size
estimation and many other biological fields related to
eukaryotic organisms (Doležel and Bartoš 2005). During normal mitosis two daughter cells each with 2C
DNA content is formed (Doležel et al. 2003). Therefore,
the 2C DNA content of a tetraploid cell which is resulted
by mitotic arrest is expected to be about two times that
of the progenitor diploid cells. In the present study, the

calculated 2C DNA contents of the diploid and tetraploid plants were estimated as 6.15±0.03 (Fig. 3a) and
11.95±0.07 pg (Fig. 3b), respectively, indicating the successful induction of tetraploidy. Furthermore, these
results suggest the effectiveness of FCM-based analysis as a rapid and reliable strategy for discriminating P.
bracteatum from other identified or unidentified Papaver
species with similar morphological traits and different
2C DNA values.
Tetraploid induction efficiency has frequently been
used in previous studies (Bouvier et al. 1994; Lehrer et
al. 2008; Majdi et al. 2010) as a measure for identifying the most effective treatments capable of inducing
complete and stable polyploidy. It is known as reliable
index because it takes into account not only the rate of
conversion of diploidy tetraploidy, but the survival rate
of successful tetraploid events (Lehrer et al. 2008). Our
results showed that both higher concentrations of colchicine and longer durations of exposure to colchicine
resulted in a significantly larger percentage of tetraploid
seedlings, but their interaction effect was non-significant
(Table 3). There are several reports about the evaluation
of the effects by the concentration of the anti-miotic
agent and treatment duration as the two main determining factors in polyploidy induction efficiency in different
plant types. For instance, Stanys et al. (2006) working on
Chaenomeles japonica reported that with both colchicine
and oryzalin as the anti-mitotic agents, the efficiency of
ploidy induction was mainly dependent on the concentration of anti-mitotic agent rather than its exposure
duration. On the other hand, several authors suggested
that the polyploidy induction efficiency is associated
with both optimum concentration and the duration of
anti-miotic (Gu et al. 2005; Tang et al. 2010; Tavan et al.
2015).
The results of FCM analysis showed that mixoploid plants could be expected to form a large contribution of polyploids sometimes as high as 33% of induc-
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tion results obtained by in vitro polyploidy induction in
P. bracteatum (Table 2; Fig. 5). In polyploidy induction
works, high percentage of mixoploid results are generally known as a drawback of the procedure because their
unstable polyploidy state often reverts partially or totally to the diploid condition after successive cell division
cycles. It occurs mainly because the remaining diploid
cells proliferate at higher rates than the tetraploid ones
(Mergen and Lester 1971). During artificial polyploidy
induction, colchicine influences actively dividing cells in
the treated tissues and polyploidization therefore occurs
unequally among explant cells, leading to the occurrence
of mixoploids and chimeras (Wan et al. 1989). Accordingly, a low growth rate and intrinsically stunted development in treated plants are expected to aggregate these
effects particularly in short exposure durations leading to a higher proportion of mixoploid events among
polyploidy induction results. Chakraborti et al. (1998)
suggested that in in vitro induction methods, the occurrence of mixoploids may have been minimized by growing the treated plants under more favorable conditions.
They stated that the uniformity of environmental factors
like temperature and photoperiod may favor the synchronous division of meristematic cells and help minimize the mixoploid events leading to a high tetraploidy
rate (Chakraborti et al. 1998).
The ratio of tetraploid to diploid cells based on the
analysed FCM data can be calculated as a measure of the
contribution of tetraploid cells within a mixoploid event.
The values higher than one indicate a higher percentage
of tetraploid cells than the diploids. In the present study,
the obtained values indicated a high degree of variability in polyploidy induction capability of colchicine in P.
bracteatum (detailed data not shown because of the large
number of hits and lack of a significant interaction). In
addition, it was interestingly observed that varying values of the ratio of tetraploid to diploid cells might be
obtained by the same concentration-duration combination. For example, both values of 0.19 and 1.75 which
indicate a low and a high contribution of tetraploid cells
respectively, were seen in the mixoploid events resulted
by the 0.05%- 24h treatment combination. So despite of
favorable and controlled environmental factors within
in vitro induction and growth environments, large differences between induction capabilities of certain concentration-duration combinations were revealed by the
variable degrees of mixoploidy obtained by the same
treatment combination. These results indicate that the
effectiveness of anti-mitotic agent in polyploidy induction in P. bracteatum can be determined mainly by the
explant and cell-related factors rather than those related
to the induction environment. However, the rather high
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percentage of mixoploid events yielded by in vitro colchicine treating of P. bracteatum explants as well as the
wide range of the ratio of tetraploid to diploid cells within mixoploid events can be explained by the incomplete
effects of colchicine on meristematic cells in the treated
explants. These incomplete effects could be aggravated
by the intrinsically stunted growth of P. bracteatum.
Indeed, short exposure times and lower concentrations
of the anti-mitotic agent during polyploidy induction
may in turn decrease the chance for complementation
of polyploidization process leading to a higher degree of
mixoploidy (Wan et al. 1989).
A recent study by Tavan et al. (2015) on Thymus persicus has showed that the mixoploid events which were
produced during polyploidy induction in Thymus persicus had a considerable capability for producing pharmaceutically important compounds. They reported significantly increased production of medicinal triterpenoids
in both tetraploid and mixoploid results as compared to
their diploid progenitors, where mixoploid plants interestingly yielded significantly higher contents of Betulinic
acid, Oleanolic acid and Ursolic acid even than successfully induced tetraploids (Tavan et al. 2015). Additionally, successful generation of tetraploid plants from
mixoploid progenitors using tetraploid cells of leaf callus through callus-based techniques and tissue culture
strategies has been previously reported in various plant
species such as Humulus lupulus L. (Roy et al. 2001),
Astragalus membranaceus (Chen and Gao 2007) and
Echinacea purpurea L. (Dahanayake et al. 2010). Likewise Shao et al. (2003) reported that further subculture
of mixoploid events resulted by in vitro colchicine treatment of shoots in Punica granatum L. resulted in their
separation to tetraploid and diploid progenies. This strategy has been recommended to be employed when an
anti-mitotic agent generates a high degree of mixoploid
events during tetraploidy induction. In general, the mixoploids can therefore be considered as valuable sources
of genetic material in ploidy breeding programs. They
particularly can be employed for certain plant species
which are expected to produce high numbers of mixoploid events during polyploidy induction works. Application of tissue culture techniques in P. bracteatum has
been well established, where successful in vitro regeneration pf this species using callus derived from seedlings
(Ilahi and Ghauri 1994), roots, seeds and cotyledons
(Rostampour et al. 2010) as well as through cell suspension culture (Farjaminezhad et al. 2013) and hairy
roots (Sharafi et al. 2013) have previously been reported.
Therefore, it allows combination polyploidy induction
strategies and tissue culture techniques to achieve higher
goals in P. bracteatum breeding programs.
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These obtained results indicating increased stomata
size (Fig. 6a) and decreased stomata frequency (Fig. 6c) in
tetraploid plants as compared to their diploid progenitors
are in agreement with those of several previous reports in
different plant types. Furthermore, differences in stomata
size and density are frequently reported to successfully
discriminate plants with different ploidy levels, where
polyploid plants are often known to have, on average, a
lower stomata number per leaf area unit and increased
size of the stomata and guard cells (de Carvalho 2005;
Tang et al. 2010; Gantait et al. 2011; Aina et al. 2012) as
well as an increased number of chloroplasts in stomatal
guard cells (Ewald et al. 2009). Gantait et al. (2011) suggested that the lower density of stomata in polyploid
plants was due to the larger stomata and epidermal cell
size, as well as reduced stomata differentiation.
The cell size is also reported to be related to polyploidy level and to be significantly different between
induced tetraploid plants and their diploid progenitors
(Melaragno et al. 1993). It is suggested as a potential
anatomical indicator of ploidy level being capable of discriminating plants in a mixed population of tetraploid
and diploids (Zeng et al. 2006). The results regarding the
cell size in the plants with different ploidy levels showed
that the tetraploid P. bracteatum plants had significantly
larger leaf epidermal cells than diploid plants (Figs. 6b,
6c). These results confirm previous reports where larger
cell dimensions were reported for tetraploid plants as
compared to their diploid progenitors in various plant
species such as Fortunella crassifolia, Citrus sinensis
(Zeng et al. 2006), Tanacetum parthenium (Majdi et al.
2010) and Thymus persicus (Tavan et al. 2015).
The results obtained in this study indicated that
certain anatomical traits such as leaf epidermal cell and
stomata size and frequency may serve as reliable criteria for screening of P. bracteatum plants for ploidy level.
However, other routinely suggested anatomical, morphological or physiological charachteristics such as chlorophyll florescence, flower size and morphology, pollen
grain size, chloroplast density, enzymatic activity, etc.
have to be evaluated precisely before being employed as
potential indicators of ploidy level in quick evaluation
and successful screening of large numbers of P. bracteatum plants. Because in the present study, unlike in the
stomatal morphology, the colchicine-treated plants did
not exhibit any remarkable differences in visible morphological traits such as plant height, shoot or leaf thickness and growth rate (Fig. 8). These observations were in
agreement with those reported by Milo et al. (1987) who
stated that there were no significant differences between
P. bracteatum plants with different ploidy levels in the
morphological traits such as plant height, flower size or

in the height of the flowering stem. However, the artificially induced tetraploid plants of P. bracteatum were
reported to flower later than diploid plants. Their capsules also matured significantly later than their diploid
plants (Milo et al. 1987).
The lack of visible morphological distinctions
between diploid and tetraploid P. bracteatum plants
might be attributed to the high morphological variation
observed in this species particularly in its natural habitat.
Wild P. bracteatum plants naturally exhibit high variation
in plant size, growth rate and other visible characteristics.
So, the new polyploid variants are likely to still fall within the wide variation range that already exists in wild P.
bracteatum populations. Consequently, like their diploid
progenitors, tetraploid plants are expected to reveal a wide
range of morphological variation. Hence, ploidy statuses
of the induction results need to be confirmed by quick,
easy and reliable criteria such as flow cytometry techniques rather than morphological measures.
In conclusion, polyploidy was successfully induced
in diploid Persian poppy (Papaver bracteatum Lindl.)
through colchicine treatment of newly germinated seeds.
Tetraploid and mixoploid progenies were quickly and
effectively recognized by FCM technique and the 2C
DNA content. Both colchicine concentration and exposure duration were known as determining factors in
success of in vitro tetraploidy induction. Morphological traits like stomata size and frequency and cell size
were significantly associated with ploidy level in Persian
poppy and were known as reliable criteria for preliminary screening of mixed populations based on ploidy
level. Further research works are in progress to study the
ploidy level dependent secondary metabolites and potentially major candidate gene expressions particularly of
those of great importance in biosynthesis and production of pharmaceutically valuable alkaloids.
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Abstract. Pepper is one of the most important crop plants. Recently, the global need
for this plant has been widely increased due to its use in the food and pharmaceutical
industry. we invested the effects of different concentrations of zinc on the development
of male and female gametophytes of bell pepper (Capsicum annuum L. var California
Wonder). The plants were cultivated with different concentrations of zinc nitrate (0
(control), 2.5, 5, 7.5, 10 and 15 mM) in a greenhouse under experimental conditions.
Buds and Flowers are harvested at different stage of development (in 6 sizes) from May
to Jun. They were fixed in FAA and maintained in 70% alcohol, then embedded in
paraffin, sliced with a microtome and analyzed using a light microscope. Microscopic
studies showed that developmental process of ovule, gynoecium and pollen grain in
bell pepper plants was taking to ordinary process in dicotyledonous plants. According
to the results, increased zinc concentration resulted in a disorder in the reproductive
phase, which caused the treatment 1 to enter the reproductive phase with a 4-week
delay. In addition, the other of the treatments did not enter the reproductive phase
and were wilt during the growth period. The developmental stages of gynoecium and
anther in treatment 1 were similar to the control. However, a number of abnormalities
and irregularities wereo bserved including signs of nuclei disintegration, deformation
of embryo sac, accumulation of dark materials and deformation of pollen grains.
Keywords. Bell pepper, male gametophyte, female gametophyte, zinc.

INTRODUCTION

Heavy metals refer to a group of elements with a density of more than 5
gr cm-3. A few of them (Co, Fe, Mn, Mo, Ni, Zn and Cu) are essential micronutrients, which are necessary for normal growth, oxidation and reduction
reactions, electron transferring, and other important metabolic processes in
plants (Rai et al., 2004). Increase in zinc occurs mainly due to the environCaryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 73(1): 145-154, 2020
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mental pollution following industrial and agricultural
activities such as smelter and incinerator emissions,
spreading from mine wastes, excessive use of chemical
fertilizers and zinc-containing insecticides, using sewage
(waste water), sludge or other industrial and mineral fertilizers contaminated with zinc (Pedler et al., 2004; Giuffré et al., 2012). As it is rapidly absorbed by plants, it can
be very toxic. Growth inhibition is a common phenomenon attributable to poisoning with zinc in plants. The
more poisoning occurs, the less the product will become,
and it eventually overcomes the growth and inhibits it
(Broadley et al., 2007; Marschner, 2012), which is mainly
because of the degradation of the photosynthesis activity. This affects photochemical reactions (Assche and
Clijsters, 1986), carbonic anhydrase activity (Ló pezMillán et al., 2005) biosynthesis of chlorophyll (Assche
and Clijsters, 1986) and the integrity of the cell membrane (Wissemeier and Horst, 1987). If the concentration of zinc becomes higher than the critical level, it will
lead to a decrease in growth and no flower production
(Rout and Das, 2003). Pepper is one of the most important crop plants. The need for pepper cultivation has
doubled over the past 20 years (FAO, 2017). Given the
excessive increase in chemical fertilizers in agriculture,
the increase in the amount of heavy metals in the environment, and the economic and nutritional importance
of the pepper in recent decades in the world, the study
aimed to examine the effect of zinc nitrate on anther
and gynoecium development in this plant.
MATERIALS AND METHODS

Seeds from Capsicum annuum L. var California
Wonder were provided from the plant gene bank of
Seed and Plant Improvement Institute of Karaj, Iran.
After sterilizing the seeds, they were cultured in a sterilized soil (obtained from Behkam Company). Six treatment groups with different concentrations of zinc (0
(control), 2.5, 5, 7.5, 10 and 15 mM) were selected and
used for irrigation from the first irrigation until the end
of the growth period. During the propagation stage,
temperature was 25 ± 2 ° C, humidity 75-80%, and 16
h day light. Buds and flowers in all stages of development (in 6 sizes) were collected every week from May to
Jun, 2017. The collected plant materials were fixed in a
FAA (37% Formalin- Glacial Acetic Acid-70%Alcohol,
2:1:17 v/v) for 12 hours, then were stored in 70% alcohol and dehydration in an ethanol series and embedding
in paraffin, specimens were sliced by Shandon AS325
rotary microtome. Staining of serial sections of 6-7 µm
was carried out Hematoxylin- Eosine. Specimens were

viewed with a OLYMPUS model BX43 light microscope
connected to OLYMPUS digital camera. At least 15 flowers were observed for each developmental stage and the
best samples were chosen for photographs.
RESULTS

Generative meristem and flowering
From the fifteenth to sixteenth weeks from the first
day of cultivating, the generative meristems started their
activity in the control plants and the buds emerged. In
order to study the stages of flower development, the buds
were considered in six stages: developmental stage 1: 1 to
2 mm diameter; developmental stage 2: 3 to 4 mm diameter; developmental stage 3: 3 to 5 mm diameter with the
corolla hidden in calyx; developmental stage 4: 9 to 10 mm
diameter corolla is in calyx; developmental stage 5: semiopen corolla with a 10-15 mm diameter; and development
stage 6: approximately 20 mm in diameter the mature
flower was considered with distinct corolla (Figure 1).
After the plant reaching the stage of flowering,
the vegetative meristem is transformed into a generative meristem. Figure (2A-E) shows the developmental
stages of generative meristem and the formation of different part of the flower. The generative meristem has
a greater volume and densely stained compared to the
vegetative meristem, which is the result of increased of
mitosis activity in the apical meristem, tonica and corpus regions. Microscopic studies of generative meristem
show that this meristem is enlarged and expanded and
its stainability is almost homogeneous in different parts.
Their cells are homogeneous, dense and more stainable
compared to vegetative meristem. The terminal part of
this meristem is sporogenous meristem (Sp.m) and its

Figure 1. Flower bud sizes: Stage 1: 1-2 mm diameter (St1). Stage
2: 3-4 mm diameter (St2). Stage 3: 3-5 mm diameter (St3). Stage 4:
9-10 mm diameter (St4). Stage 5: 10-15 mm diameter (St5). Stage 6:
20 mm diameter (St6).
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Figure 2. Longitudinal section of floral bud in different stages of flower development: (A): Stage 1. (B): Stage 2. (C): Stage 3. (D): Stage 4.
(E): Stage 5; (F) Transverse section of floral bud (Ib – Idioblast; M.An – mature anther; Ov.p – ovary primordium; P – Petal; Pe.P – Petal
Primordium; P.o – ovule primordium; Se – Sepal; St.p – stamen Primordium; St - stigma; St: stamen; sty – style; Y.An – young anther).

lower part, which is less stainable, is called receptacle meristem (Re.m). With the formation of generative
meristem, the structural components of the flower such
as Sepals (Se), stamen primordia (St.P), and petal primordia (Pe.P) gradually become distinct (Figure 2A).
Simultaneous to the formation of stamen, petals (Pe)
are formed, as a result of the activity of the peripheral
part of sporogenous meristem against the stamen, and in
the final stage, the ovary primordium (Ov.p) is formed
(Figure 2B). Sepals (Se) appear with the activity and the
remaining divisions of the initial ring (Figures 2A-B).
In the next steps, from the outside to inside, Sepals
(Se), petals (Pe), stamen primordia (St.P) and ovary primordium (Ov.P), can be distinguished, respectively.
The proliferated and deformed mass of the ovary primordium indicate the beginning of the ovary (Ov) and
style (St) organization (Figure 2 B-C). Style, ovary, and
ovules primordia were formed in the gynoecium. Following the mentioned changes and with gradual development of flower, sepals, petals, stamens, gynaecium,
and ovules primordia can be detected (Figure 2D), and
the full flower structure with mature stamen and carpel
is shown in Figure 2E.

Microsporogenesis and pollen grains development
Bell pepper (Capsicum annuum L.) flowers are bisexual (Figure 2C-E). The flower is hexamerous (Figure 2F).
All the stamens are equal in size, and they surround the
style and the stigma. In addition, the anthers are tetrasporagiate and contain four pollen sacs (Figure 3 A-D).
First, the stamens primordia are formed, then in the
middle part, the pistil primordium is formed. As seen in
Figure 2B, the development of the stamens is faster than
the gynoecium and ovule. When the pistil primordium
is still seen in form of cell masses without any differentiation, the stamens (filament, anther, and various layers
of the anther wall and the cells of the sporogenous tissue) (Figure 2A-B) are observed and recognized clearly.
The young anther cell wall contains an epidermis,
endothecium, two middle layers and tapetum from the
outside to the inside (Figure 4A). Young anther layers wall cells have the same size and their large nuclei
occupy most of the cell volume (Figure 4A). A series of
rectangular cells form a row of single nucleus epidermis (Figure 4A). Before maturation, endothecium forms
a row of single-nucleus rectangular cells (Figure 4B).
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Figure 3. Transverse section of anther in different stages of development. (A) Young anther; (B) Second meiotic division in anther; (C)
Anther at the binucleate pollen grain stage; (D) Longitudinally dehiscent anther in cross section (fi – filament; p – pollen; pc – placentoids; sp – primary sporogenous layer; st – stamen; sto – stomium).
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During maturity, these cells are radially divided, and
the single- double outer endostium form up to 3 layers
of cells towards the connective tissue (Figure 4C-D). At
this time, these cells form thick fibrous and the middle
layers are decomposed (Figure 4C-D). First, the tapetal
cells are secretive single-cellular (Figure 4A). The nuclear division in these cells usually occurs before the onset
of meiosis in the pollen mother cells (PMCs) and they
become bi-nuclei (Figure 4C-E). During development
of the anther, these cells develop radially and they are
filled with dense materials (Figure 4C). Tapetal cells differ in the morphology characteristics: on the outer surface of anther wall, they are stretched, rectangular and
relatively uniform, whereas they become longer radially towards the connective tissue and are hypertrophied
(Figure 4F). Sporogenous cells of anther have a dense
stainable cytoplasm their large nuclei occupy most of
the cell volume (Figure 5A). First, they are placed next
to each other, then separated from each other and differentiated into PMCs (Figure 4A-B). First, to create pollen
grains, these cells have to undergo a meiosis, but before
initiation of the division process of PMCs, secrete a spe-

Figure 4. (A) The young anther wall layers and bilayer sporogenous tissue; (B) Anther sporogenous tissue is forming; (C) Degenerating middle layers and dividing endothecium cells at a single locule of anther. (D) Transverse section of a single locule of mature anther before dehiscence showing degenerating intersporangial septum and anther wall with only epidermis and endothecium; (E) Two-nucleated glandular
tapetal cells on the outer side of anther wall; (F) Transverse section of microsporangium showing outer and inner binucleate tapetal cells, disintegrating callose in microspores tetrads and anther wall layers (et – endothecium; ep – epidermis; it – inner tapetum; ml – middle layer; mt
– microspore tetrads; md – microspore diad; ot – outer tapetum; pmc – pollen mother cell; p – pollen grain; pc – placentoids; t – tapetum).
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Figure 5. (A) pollen mother cell; (B) Transverse section of anther with microspore tetrahedral tetrads; (C) Microspore tetrads and diads stages. (D) Binucleate pollen grains. (E) Tricolporate pollen grains. (F) mature anther before dehiscence showing anther wall with only epidermis
and endothecium; (G) Stomium degenerating epidermis cells and anther dehiscence (ep – epidermis; et – endothecium; gc – generative cell;
md – microspore diad; mt – microspore tetrads; ot – outer tapetum; pmc - pollen mother cell; sc – sand crystal; vc – vegetative cell).

cial callose wall around them, surrounding the whole
cell (Figure 5A). After the meiosis and the formation of
the dyad (Figure 4C) and then the tetrad (Figure 4C,
5B), when the callose is decomposed, all microspores are
released from tetrad into the lucule (Figure 5C). They
have dense cytoplasm and thin cell walls (Figure 5C-E).
At the end of the single nucleus stage, the microspore
nucleus is pushed to one side. Following the expansion
of microspore, the nucleus is divided and two dissimilar nuclei (generative and vegetative) are produced (Figure 5D). Mature pollen grains normally have the large
vegetative cell and a small generative cell (Figure 5D).

At this stage, only the epidermis and endostium exist in
the anther wall (Figure 5F). Anthers dehiscence occurs
through a longitudinal gap in the stomium (Figure 5G).
It is formed by a layer of at most 20 cells under the epidermis, which is highly stainable and contains calcium
crystals (shown with an arrow on Figure 5G).
Gynoecium, ovule and embryo development
In bell pepper (Capsicum annuum L.) the gynoecium is syncarpous, and the ovary is superior and
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Figure 6. (A)Section of a single locule of ovary; (B) Megaspore mother cell (mmc) beneath the apical epidermis of the nucellus; (C) End of
the mmc second meiosis and linear arrangement of the megaspores; (D) Eight-nucleate immature embryo sac; (E) Eight-nucleate immature
embryo sac; (F) Eight-nucleate and seven-celled mature embryo sac (ant – antipodal; eg – egg cell; ent – endothelium; es – embryo sac; fc –
functional megaspore; mmc – megaspore mother cell; nu – nucellus; ov – ovule; sy – synergid).

Figure 7. (A) Transverse sections of ovary wall with giant cell; (B)
Transverse sections of ovary tissue with idioblast (Gc – giant cell;
Ib – idioblast; ov- ovule).

ring shaped. The ovary is trilocular and consists of
two carpels. Each carpel has a large number of ovules
on the placenta axis (Figure 6A). The ovule is unitegmic, hemianatropous and tenuinucellate (Figure 6B).
The embryo sac in the ovule is of polygonum type. The
uninucleate archeospore is developed under the apical
epidermis of the ovules and acts directly as a primary
sporogenous cell. Thus, the meiosis in the megasporcyte initially forms as dyad and eventually as a linear
tetrad (Figure 6B). In the tetrads, the sister megaspores

are gradually decomposed, and the development of the
embryo sac begins with the chalazal megaspore (Figure 6B). Three mitosis divisions continuously produce
functional megaspore in the embryonic sac of two, four,
and eight nuclei (Figure 6C). Thus, the development of
the embryonic sac confirms the polygonum type (Figure
6E). For the formation of an embryo sac, the megaspore
volume increases and its nucleus is divided into two
nuclei, migrating to each pole of the cell (chalaza, micropyle) (Figure 6D). Then large vacuole is created between
the nuclei. The nuclei are divided two times, and four
nuclei of haploid are formed on each pole of the embryo
sac (Figure C-D). A nucleus migrates to the middle
part of the embryo sac from each pole, polar nuclei
are formed, and the remaining three nuclei evolve into
three cells at each pole (chalaza, micropyle). There are
three adjacent cells to the micropyle which are formed,
the middle is called egg cell (oosphere), and the two
symmetric lateral cells which are called synergid opposite to the chalaza, as well as three cells opposite to the
micropyle which are called antipodal (Figure 6F). These
cells have a short life and die before fertilization in the
embryo sac. The giant cells underneath the inner epi-
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Figure 8. (A-B) Transverse sections of anther from treatment 1. abnormalities in pollen grains and collected black materials in pollen grain;
(C-D) Transverse sections of ovule from treatment 1. Change of the shape of embryo sac and also degradation of egg apparatus in plants (et
– endothecium; ep – epidermis; es – embryo sac; ot – outer tapetum; p – pollen grain).

dermis of the ovary wall are observed in developmental
stages. During the developmental stages of the ovary,
they enlarge (Figure 7A). Idioblasts containing calcium
crystals are found in the ovule and ovary parenchyma
cells (Figure 7B).
Changes pollen grain and embryo sac in treatments
In treatment 1 (2.5 mM), the plants entered the
reproductive phase in the 19th to the 20th week with a
4-week delay. The plants in other treatment groups did
not enter the generative phase (the number of culture
periods was repeat three times, and no generative phase

was observed). The process of male gametophyte development in this treatment was similar to the control.
Pollen grains from zinc-treated plants showed that the
shape of pollen grains was changed from the normal
spherical state to a smaller shape, and a large number
of pollen grains had irregular shapes. A large number of
pollen grains showed the accumulation of dark materials
(Figure 8A-B).
In the development of female gametophyte, the
examination of microscopic slides in the plants under
treatment showed signs of nuclear degradation and
embryo sac changes (Figure 8C-D).
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DISCUSSION

The studies on the structural characteristics of male
and female gametophytes and the details of microsporogenesis and macrosporogenesis in various genera of
solanaceace showed that bisexual are common in this
family and dioecy are relatively rare (Davis, 1966), Hunzikera, 2001, Talebi et al., 2016, Ramezani et al., 2018).
Microscopic studies showed that developmental process
of ovule, gynoecium and pollen grain in bell pepper
plants was taking to ordinary process in dicotyledonous plants. The differentiation of the various parts of the
floral from the vegetative meristem was consistent with
the results of Munting (1974) on C.annuum. The stamens
in C.annuum are composed of relatively large anthers
equal throughout the filaments. These stamens are tetrasporangiate and contain four pollen sacs (Dharmadhaj and Prakash, 1978), a distinct state in potato family
(Endress, 1996). The taptum is glandular and its cells are
binuclear. Secretive tapetum is observed in some Solanacease, such as A. belladonna (Yurukova-Grancharova
et al., 2011), W. somnifera (Ghimire and Heo, 2012), P.
hybrida (Chehregani and Ramezani, 2016), S.tuberosum
(Talebi et al., 2016). In our observations, the structural
characteristics of the tapetum cell layer were different
from that of the outer surface of the anther wall and
to the connective tissue in the bell pepper (C.annuum),
that was consistent with the results of Yurukova-Grancharova et al. (2011) on A. Belladonna, Chehregani
and Ramezani (2016) ) on P. hybrid and Ramezani et
al. (2018) on C.annuum. Although in these plants, the
tapetal cells are different not only in structural but also
in the number of nuclei, the number of nuclei in the
tapetal cells is inconsistent in all families of Solanaceace
(Tobe, 1989). As stated, for A.belladonna (YurukovaGrancharova et al., 2011) it has four nuclei, for W. somnifera (Ghimire and Heo, 2012) two nuclei, for P. hybrid
(Chehregani and Ramezani, 2016) four nuclei, and for
S.tuberosum (Talebi et al., 2016) it has several nuclei.
Our results showed that tapetal cells of C.annuum
had two nuclei, similar to W. somnifera (Ghimire and
Heo, 2012) and C.annuum (Ramezani et al., 2018),
whereas Dharmadhaj and Prakash (1978) reported three
nuclei for C.annuum. At the time of maturation, each
pollen grain of pepper has two nuclei; the presence of
two-nucleus pollen grains is commonly found in Solanaceace (Davis, 1966, Dharamadhaj and Prakash, 1978,
Poddubnaya-Arnoldi, 1976, Talebi et al., 2016, Ramezani
et al. 2018). The sandy crystals accumulate in the anther
cells of C.annuum. Crystals appear in the early stages of
flower development in most solanaceace anthers (D’Arcy
and Averett, 1996). When the C.annuum pollen grains

are matured, the anther wall breaks down, and these
calcium oxalate crystals are released (Ramezani et al.,
2018). Our results confirmed the previous studies by
the authors for different speices of Solanaceace (D’Arcy
and Averett, 1996; Rezanejad, 2006; Chehregani and
Ramezani, 2016, Ramezani et al., 2018). The released calcium crystals stick to the pollen and dissolve in the style
mucous, and calcium ions can generate pollen for germination and pollen tube growth (Iwano et al., 2004).
The differentiation of male gametophyte in bell pepper (C.annuum) happens early from the female gametophytes, which is consistent with the results of Munting (1974) and Ramezani et al. (2018). The development
of the embryo sac is done as a common pattern in all
Solanaceace (Davis, 1966). In some C.annuum samples,
we observed bilocular or trilocular ovary. Indeed, the
bilocular ovary is a characteristic feature of Solanaceace
(Ghimire and Heo, 2012, Ramezani et al., 2018). C. annuum ovule is hemiantropous that is consistent with the
results of some varieties of C. annuum (Munting, 1974)
and Ramezani et al. 2018 on the same variety. The present study showed that the development of the female
gametophyte C. annuum L. var. California Wonder is of
polygonum type. Polygonum type is typically known as
Solanaceace (Mohan and Kamini, 1964, Mohan, 1966,
Munting, 1974, Dharmadhaj and Prakash, 1978, Yurukova-Grancharova et al., 2011, Ghimire and Heo, 2012,
Brito et al. 2015, Ramezani et al., 2018).
According to Van Assche (1986), high doses of zinc
inhibit many metabolic activities in the plant by damaging the mitochondrial structure in cells (Rout and Das,
2003). The high accumulation of zinc in the cytosol of
the plant cell also results in impaired cellular function
and inhibition of respiration and energy responses associated with cell growth that might reduce the growth
and development of the whole plant (Bonnet et al.,
2000). This element affects the process of cell division by
interrupting the interphase, prolonging the stage of prophase, G2, and stopping the synthesis of the synthesized
proteins required by the cell cycle and nucleic acid synthesis (El-Ghamery et al., 2003). The continuity, integrity and permeability of the membrane are impaired due
to toxicity of zinc. At the molecular level, it also affects
the expression of many genes (Wang et al., 2009). Nutritional conditions play an important role in flower formation (Taiz & Zeiger, 2010). The zinc stress and increase
in its concentration disrupt the plant’s balance nutrition.
On the other hand, the concentration of zinc affects
hormonal balance and causes a disruption in hormonal
balance and because hormones act as genetic regulators
in inducing expression of the involved genes (Rout and
Das, 2003). According to Aloni reports in 2006, delayed
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flowering is due to a hormonal disorder such as auxin,
which is due to gene disruption.
In treatment 1, the flowering began with delay and
the rest of the treatments did not enter the reproductive
phase, although stresses such as heavy metals typically
cause premature aging of plants, and from the developmental perspective one of the symptoms of aging is flowering. However, in the interpretation of latency and lack
of flowering in C.annuum seen under the influence of
zinc stress in our study, one can state that the nutritional
conditions of the plant plays an important role in the
formation of the flower. Studying the C/N ratio in different plants has shown that each time a plant prepares for
flower formation, this ratio goes higher (Taiz & Zaiger,
2010). Increase in the concentration of zinc causes disruption of absorption in other elements, including iron
(Zeng et al., 2011), which causes a delay or lack of flowering.
Studies on microscopic sections of control and treatment samples showed that the general trend of ovule
and pollen formation in plant treatment 1 and control
was the same. However, for the plants in treatment 1,
a large number of pollen grains smaller than the normal size were found. The results were consistent with
Mohsenzadeh (2011) on Reseda lutea L., Yousefi (2011)
about the effect of heavy metals pollution on Chenopodium botrys L., Albooghobaish et al. (2011) about the effect
of lead toxicity on Matricaria Chamomilla, Rezanejad
et al. (2003, 2007, 2008, and 2009) on the effects of air
pollution on various plants, and Wolters and Martens
(1987) on the effect of air pollution on pollen grains.
Moreover, it was seen that in pollen grains that accumulated dark materials, which was also consistent with
Chehregani et al. (2006) on the effect of acid rain on
Phaseolus vulgaris. In treatment 1, a large number of
ovules have deformed embryo sacs, so that compared to
the control group, where embryo-sac has a spindle and
stretched form, they have changed in their shape, which
was consistent with the results of Hosseini (2006) on
Phaseolus vulgaris.
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Abstract. Karyotypes of nine populations belonging to six endemic species of the
genus Trigonella (Trifolieae/Fabaceae) studied in this survey. All studied species are
perennial and recorded only from Northeast of Iran. Excluding the karyotype of Trigonella subenervis, which was previously reported, all of the other species studied here
(six species) for the first time. Our results present that all assessed genotypes are diploid with 2n=2x=16 and the chromosomal basis of x=8. In addition to the chromosome counts, length of long and short arms of the chromosome and their ratios analyzed and presented in this study.
Keywords. Chromosome number, Cytogenetic, Karyotype, Khorassan, Trifolieae,
Trigonella.

INTRODUCTION

The genus Trigonella L. is a member of the tribe Trifolieae of the family Fabaceae, with about 135 species worldwide, most of which distributed in
the dry regions around the Mediterranean region extended to West Asia, and
naturalized in North America. Only two species being present in South Australia (Mabberley 1997).
Trigonella consists of annual or perennial herbs with pinnately trifoliate leaves, a campanulate or tubular calyx with two large and three small
equal lobes, diadelphous stamens, uniform anthers, terminal stigma and
ovary with numerous ovules (Širjaev 1928-1932; Hutchinson 1964; Dangi et
al. 2016). According to Rechinger (1984), the genus represented by 58 species
in to Flora Iranica area. This number has increased to about 66 species as a
result of recent researches (Hamzeh’ee 2000; Janighorban 2004; Badrzadeh
and Ghafarzadeh-Namazi 2009; Ranjbar, Karamian, and Hajmoradi 2012;
Ranjbar and Hajmoradi 2012, 2015, 2016). Of which, 48 taxa (15 endemics
(32%)) accommodated in 12 sections growing in Iran; 14 of those are perennial species of Trigonella sect. Ellipticae (Boiss.) Sirj.
In Flora Iranica account (Rechinger 1984), section Ellipticae is represented with seven perennial species in Iran. The characteristics of the section
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Ellipticae are: perennial species with entire or dentate
stipules, calyx campanulate, petals yellow or rarely white
with violet veins, sometimes completely dark violet,
standard without interlocking projection, fruit a legume
which is different in shape and size, elliptic or lanceolate
to oblong, beakless, generally transversely veined, wingless or with thin wing and smooth seeds.
Several cytological investigations have been conducted
on approximately a hundred Trigonella species (Agarwal
and Gupta 1983; Ahmad et al. 1999; Astanova 1981; Aykut
et al. 2009; Bal 1990; Bidak and Amin 1996; Darlington
and Wylie 1955; Dundas et al. 2006; Ghosh 1980; Kumari
and Bir 1990; Ladizinsky and Vosa 1986; Martin et al.
2006, 2008, 2010, 2011a, 2011b; Pavlova 1996; Ranjbar et al.
2011a, 2011b, 2015; Singh and Roy 1970; Singh and Singh
1976; Tutin and Heywood 1964; Yilmaz et al. 2009). The
reported chromosome numbers of the genus Trigonella are
2n=14, 16, 18, 24, 28, 30, 32, 42, 44, 46 and 48.
To contribute to the karyological study of the genus,
we carried out a karyological study on some perennial endemic species collected from different regions in
East and Northeast of Iran. This study aimed to verify
the chromosome numbers of some endemic Trigonella
species recently reported in Iran. In this contribution,
we report the somatic chromosome numbers of six taxa
(nine populations), that five species are determined for
the first time.
MATERIAL AND METHODS

The chromosome number were analyzed in nine
population of Trigonella. The nomenclature of taxa,
collection data, and vouchers are given in Table 1. The
mitotic chromosome numbers were studied in three

populations of T. subenervis Rech. f., two populations of
T. binaloudensis and one population from each of T. lasiocarpa, T. stipitata, T .heratensis and T. Torbatejamensis.
Seed materials were collected between the years of 2016
and 2018 from natural habitats. Voucher specimens were
deposited at the Ferdowsi University of Mashhad Herbarium (FUMH), Iran.
For karyological observation, to accelerate germination, the seed surfaces were abraded with emery paper.
Seeds were sown on wet filter paper in Petri dishes
at room temperature. The seeds germinated after 2-3
days. One cm fresh root tip cells were used to study the
somatic chromosomes. The root tips pretreated in an
ice-water mixture for 24 hours. Afterward, they fixed
in Carnoy’s fixative (ethanol: acetic acid 3:1) for 24 h at
4 °C (Fukui and Nakayama 1996). The root tips were
washed in distilled water to remove the fixative, then
hydrolyzed in 1N HCl for 13–15 minutes at room temperature, and finally stained with 2% aceto-orcein for
two hours.
The slides were created using the squash method.
The prepared slides were slightly heated under an alcohol frame for 1–2 s before observation. Photographs of
chromosomes were taken using a Nikon Eclipse Ni-u
(Tokyo, Japan) photomicroscope equipped with Nikon
Ds-Fi3 digital camera. Chromosome counts were made
from well-spread metaphases in intact cells, by direct
observation, and from photomicrographs. To ensure for
chromosome number, a minimum of five cells, at somatic metaphase, observed (Figure 1). Karyotypic analyses
were conducted on IdeoKar software (version 1.2) to calculate karyotypic parameters and generate ideograms
(Mirzaghaderi and Marzangi 2015). Karyotype formulae and nomenclature followed Levan et al. (1964), and
karyotype asymmetry followed Stebbins (1971).

Table 1. Iranian endemic species of Trigonella analyzed in this study, their locations, and voucher specimens data.
Taxa
T. binaloudensis*
population 1
population 2
T .heratensis
T. lasiocarpa*
T. stipitata*
T. subenervis*
population 1
population 2
population 3
T. torbatejamensis*

Collection Date

Elevation (m)

Herbarium
number

SW Chenaran, Ferizi towards Binaloud mountains
NW Sabzevar, W Jalambadan, in Mnts. near Chromite mine
S Fariman, between Torbate-Heydariyeh & Fariman
NE Birjand, Now-Qand towards Bidesk
N Mashhad, E Chenaran, Mian-Marq

2016/05/30
2018/05/29
2016/06/06
2016/05/24
2016/05/25

1730
1770
1685
2320
1420

46443
46323
45959
46442
25771

N Torbate-Heydariyeh, Khomari pass
N Kashmar, NE hills of Chalpu village
N Shirvan, 12 km from Lowjalli toward Namanlu village
NE Torbate-Jam, between Saleh-Abad & Gush-Laqar,

2016/05/23
2017/06/06
2017/06/24
2016/05/04

1851
1879
1820
750

46441
46446
45844
45958

Location
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RESULTS

Our investigations comprised nine populations
belonging to 6 species of the genus Trigonella, of which
data for five species reported here for the first time. The
chromosomes of these taxa at mitotic metaphase shown
in Figure 1. Detailed karyotypic parameters, formulae, and asymmetry are summarized in Table 2. In this
study, the basic chromosome number of all taxa is x=8,
and all of them are diploid.
Trigonella binaloudensis Ranjbar & Karamian
Population 1 (SW Chenaran):
The chromosome number was 2n=2x=16 (Figure
1e1). Haploid chromosome length was 27.73 μm. Chromosome length varied from 2.75 to 4.83 μm, and arm
ratio from 1.06 to 1.88. The chromosome complement
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at mitotic metaphase consisted of 14 median region and
two submedian region chromosomes. Karyotypic asymmetry was 1A.
Population 2 (NW Sabzevar):
The chromosome number was 2n=2x=16 (Figure
1e2). Haploid chromosome length was 24.03 μm. Chromosome length varied from 2.15 to 3.72 μm, and arm
ratio from 1.030 to 1.82. The chromosome complement
at mitotic metaphase consisted of 14 median region and
two submedian region chromosomes. Karyotypic asymmetry was 1A.
Trigonella heratensis Rech.f
The chromosome number of T. heratensis was
2n=2x=16 (Figure 1c). Haploid chromosome length was
22.98 μm. Chromosome length varied from 2.46 to 3.40

Figure 1. Photographs of somatic metaphase chromosomes of nine populations belonging to six species of the genus Trigonella collected
from northeast of Iran. (a, b) T. binaloudensis from two locality; (c) T. heratensis; (d) T. lasiocarpa; (e) T. stipitata; (f, g, h) T. subenervis from
three locality; (i) T. torbatejamensis. Scale bars = 10 μm.
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μm, and arm ratio from 1.02 to 1.69. The chromosome
complement at mitotic metaphase consisted of 16 median region chromosomes, and karyotypic asymmetry
was 1A.
Trigonella lasiocarpa Ranjbar & Z.Hajmoradi

Population 2 (N Kashmar):
The chromosome number was 2n=2x=16 (Figure
1f3). Haploid chromosome length was 20.68 μm. Chromosome length varied from 2.03 to 3.04 μm, and arm
ratio from 1.01 to 1.52. The chromosome complement at
mitotic metaphase consisted of 16 median region chromosomes, and Karyotypic asymmetry was 1A.

The chromosome number of T. lasiocarpa was
2n=2x=16 (Figure 1a). Haploid chromosome length was
28.9 μm. Chromosome length varied from 2.44 to 4.44
μm, and arm ratio from 1.09 to 1.51. The chromosome
complement at mitotic metaphase consisted of 16 median region chromosomes, and karyotypic asymmetry
was 1A.

Population 3 (N Shirvan):
The chromosome number was 2n=2x=16 (Figure
1f3). Haploid chromosome length was 28.04 μm. Chromosome length varied from 2.67 to 4.18 μm, and arm
ratio from 1.01 to 1.44. The chromosome complement at
mitotic metaphase consisted of 16 median region chromosomes, and Karyotypic asymmetry was 1A.

Trigonella stipitata Ranjbar & Joharchi

Trigonella torbatejamensis Ranjbar

The chromosome number of T. stipitata was
2n=2x=16 (Figure 1b). Haploid chromosome length was
19.17 μm. Chromosome length varied from 1.92 to 3.13
μm, and arm ratio from 1.02 to 1.44. The chromosome
complement at mitotic metaphase consisted of 16 median region chromosomes, and karyotypic asymmetry
was 1A.

The chromosome number of T. torbatejamensis was
2n=2x=16 (Figure 1d). Haploid chromosome length
was 26.77 μm. Chromosome length varied from 2.42 to
4.50 μm, and arm ratio from 1.05 to 2.21. The chromosome complement at mitotic metaphase consisted of 14
median region and two submedian region chromosomes.
Karyotypic asymmetry was 2A.

Trigonella subenervis Rech.f

DISCUSSION

Population 1 (N Torbate-Heydariyeh):
The chromosome number was 2n=2x=16 (Figure
1f1). Haploid chromosome length was 19.87 μm. Chromosome length varied from 1.94 to 3.00 μm, and arm
ratio from 1.01 to 1.94. The chromosome complement
at mitotic metaphase consisted of 14 median region and
two submedian region chromosomes. Karyotypic asymmetry was 1A.

All taxa in the present study showed the same basic
chromosome number x=8 and same polyploidy level,
which is congruent with those previously reported by
Ranjbar et al. (2016) in Trigonella subenervis and six other
species of the section. Ellipticae. This section comprises
most of the perennial species of the genus Trigonella and
widely distributed in Iran, Afghanistan and Middle Asia.

Table 2. Somatic chromosome numbers and Karyotypes of nine Trigonella taxa. HCl: haploid chromosome length, Cl: chromosome length,
AR: arm ratio(L/S), RL%: relative length of the chromosome, CI: centromeric index.
Species

2n X HCL (μm)

CL μm)

AR

RL%

CI

Karyotype
formulae

Karyotypic asymmetry
(Stebbins)

T. binaloudensis* (1)
T. binaloudensis* (2)
T. heratensis
T. lasiocarpa*
T. stipitata*
T. subenervis* (1)
T. subenervis* (2)
T. subenervis* (3)
T. torbatejamensis*

16
16
16
16
16
16
16
16
16

2.75-4.83
2.15-3.72
2.46-3.40
2.41-4.44
1.92-3.13
1.94-3.00
2.03-3.04
2.67-4.18
2.42-4.50

1.06-1.88
1.03-1.82
1.02-1.69
1.09-1.51
1.02-1.44
1.01-1.94
1.01-1.52
1.01-1.44
1.05-2.21

4.96-8.70
4.48-7.74
5.36-7.39
4.17-7.68
5.00-8.15
4.88-7.54
4.91-7.34
4.75-7.45
4.51-8.41

0.35-0.49
0.35-0.49
0.37-0.50
0.40-0.48
0.41-0.49
0.34-0.50
0.40-0.50
0.41-0.50
0.31-0.49

14m+2sm
14m+2sm
16m
16m
16m
14m+2sm
16m
16m
14m+2sm

1A
1A
1A
1A
1A
1A
1A
1A
2A

8
8
8
8
8
8
8
8
8

27.73
24.03
22.98
28.90
19.17
19.87
20.68
28.04
26.77
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Figure 2. Haploid ideograms of Trigonella taxa. (a, b) T. binaloudensis from two locality; (c) T. heratensis; (d) T. lasiocarpa; (e) T. stipitata;
(f, g, h) T. subenervis from three locality; (i) T. torbatejamensis. in all of studied taxa 2n=16.

All of the studied taxa in this study, analyzed karyotypically for the first time, covering chromosome length,
karyotype formulae, and asymmetry (Table and Figure
2). In term of karyotypic parameters, Our results support the results reported by Riasat (2015) about Trigonella elliptica, a perennial species from section Ellipticae. In later study, the karyotype formulae reported
as 14m+2sm, 16m, 8m+8sm, and 12m+4sm in different
genotypes. We found the same variations in karyotype
formulae and asymmetry among different species and
populations that are shown in Table 2.
Karyotypic asymmetry in most of the studied taxa,
was as A1 but in T. torbatejamensis which is A2. Karyotype formulae in most of the specimens were as 16m and
in four specimens (T. torbatejamensis, two populations
of T. binaloudensis and one population of T. subenervis)
was as 14m+2sm. The incongruences may result from
variations among different populations and chromosome
preparation treatments. It seems that chromosome variation and evolution of Trigonella species need more com-

parative cytological studies based on more collections
from different populations.
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Abstract. Tripura being a state in North East India belongs to Indo-Burma bio-diversity hotspot and is considered as a centre of origin of many species of Zingiberaceae.
Alpinia calcarata, Alpinia malaccensis, Alpinia nigra, Amomum aromaticum, Amomum
koenigii, Amomum maximum, Curcuma amada, Curcuma caesia, Curcuma longa, Curcuma picta, Hedychium coccineum, Hedychium coronarium and Hedychium thyrsiforme
are found in wild state in different geographical locations of Tripura. Their karyotypes
were analyzed both at interspecific and intraspecific levels. The somatic chromosome
number of Alpinia spp. and Amomum spp. was found to be 2n = 4X = 48. The Curcuma spp. represented by C. amada had 2n = 42 chromosomes and three other species
viz., C. caesia, C. longa and C. picta had 2n = 63 chromosomes having X=21, indicating
that polyploidy is a common feature in this genus. The somatic chromosome number
of Hedychium spp. was found to be 2n = 34 chromosomes having a basic no. X = 17.
Chromosomal data based clustering pattern and their sub-grouping at intra-specific
level validates the taxonomic status of these species. Gower’s similarity matrix is an
indicator of cryptic changes leading genus specific karyotype conservatism.
Keywords. Indo-Burma bio-diversity hotspot, Zingiberaceae, Karyotype, Polyploidy,
Cryptic changes.

INTRODUCTION

The State of Tripura (20°56’-24°34’ North latitude and 91°10’-92°21’ East
longitude) is situated in the Sub-Himalayan region of North East India and
belongs to Indo-Burma biodiversity hotspot of the world (Myers et al. 2000;
Mao et al. 2009). The diverse vegetation of this region includes a good number of plants, which are endemic either to the state or to the North-Eastern
region of India (Deb 1981). In India, the Zingiberaceae family includes 22
genera and about 200 species which are distributed in Andaman and Nicobar
Island, Western Ghats and Eastern Himalaya region including North-Eastern
India (Jain and Prakash 1995; Sabu 2006). Many natural useful products such
as food, dyes, medicines, spices and condiments are obtained from the members of this family (Nayak 2002; Arambewela et al. 2004; Sahoo et al. 2014;
Rahman and Islam 2015). The local people of South Asian countries also use
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several plant products of Zingiberaceae in traditional
medicines (Jayaweera 1982; Prakash and Mehrotra 1996;
Gupta et al. 1999; Kala 2005; Bhuiyan et al. 2010; Roy et
al. 2012; Sarangthem et al. 2013; Rajkumari and Sanatombi 2018). Some species of Zingiberaceae are also highly valued as ornamental plants because of their showy
scented flowers (Jatoi et al. 2007; Gao et al. 2008). Deb
(1983) recorded nine genera having 24 different species of
this family from this phyto-geographical region. However, Alpinia galanga, Hedychium ellipticum and Hedychium
marginatum could not be found in specific localities as
was earlier reported by Deb (1983). Probably, these species have eventually perished due to anthropological disturbances. In-spite of such habitat destruction, five more
species viz., Curcuma caesia, Curcuma picta, Hedychium
coccineum, Amomum aromaticum (Syn. A. jainii S. Tripati & Vedprakash), Amomum koenigii (Syn. Amomum
corynostachyum. Wall.) and Amomum maximum are
found in different locations which were not reported by
Deb (1983). Thus, 13 different species belonging to four
genera viz., Alpinia, Amomum, Curcuma and Hedychium of Zingiberaceae are now available in Tripura. These
are Alpinia calcarata (Haw.) Roscoe, Alpinia malaccensis
(Burm.f.) Roscoe, Alpinia nigra (Gaertn.) Burtt, Amomum aromaticum Roxb. (Syn. Amomum jainii S. Tripati and Vedprakash), Amomum koenigii J.F.Gmel. (Syn.
Amomum corynostachyum Wall.), Amomum maximum
Roxb., Curcuma amada Roxb., Curcuma caesia Roxb.,
Curcuma longa L., Curcuma picta Roxb. ex Skornick,
Hedychium coccineum Buch.-Ham. ex Sm., Hedychium
coronarium J. Koenig. and Hedychium thyrsiforme Sm.
Morphologically these species are quite distinct in their
rhizome, floral and fruit characters (Deb 1983; Vanchhawng and Lalramnghinglova 2016). Delineation of
plant species based on morphological characters alone is
not adequate (Larsen and Smith 1978) and so, for characterization of species at inter- and intra-specific levels
cytological tools are now effectively used to understand
the taxonomic relationship and evolutionary patterns
between and within species (Yoshikane and Naohiro
1991; Joseph et al. 1999). Previously, cytological works
on Zingiberaceae were mainly focussed on Curcuma spp.
and various researchers from time to time (Raghavan
and Venkatasubban 1943; Chakraborti 1948; Sato 1948;
Sharma and Bhattacharya 1959; Sato 1960; Ramachandran 1961,1969; Fedorov 1969; Prana 1977; Prana et al.
1978; Nambiar 1979; Mandi 1990; Ardiyani 2002; Skornickova et al. 2007; Bhadra and Bandhyopadhyay 2015;
Lamo and Rao 2017; Bhadra et al. 2018) reported the
existence of different ploidy levels, ranging from diploid
(2n = 42) to tetraploid (2n=84), having a basic number
X=21. In addition, aneuploid cytotypes in Curcuma spp.
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had also been reported (Das et al. 1999, Sugiura (1931,
1936), Sato 1960). Cytological studies previously carried
out in Alpinia spp. and Amomum spp. were mainly concentrated on the determination of somatic chromosome
numbers having 2n = 4X= 48 chromosomes (Raghavan
and Venkatasubban 1943; Chakravorti 1948; Sharma and
Bhattacharya 1959; Ramachandran 1969). But, from the
literature it is evident that the detailed karyotype analysis in different species of Alpinia and Amomum was very
meagre (Chen et al. 1988; Joseph 1998). In Hedychium
spp. the occurrence of different ploidy levels (2n=34,
51 and 68) was reported in various cytological studies
(Sharma and Bhattacharyya 1959; Bhattacharyya 1968;
Ramachandran 1969; Mukherjee 1970; Mahanty 1970;
Khoshoo 1979; Gao et al. 2008). Tripura being a part of
Indo- Burma hotspot is considered as a centre of origin
of many Indian species of Zingiberaceae but till date,
cytological investigation of these species have not been
carried out from this region. The present study is the
first attempt to assess the karyotypic relationship in different species of Zingiberaceae at inter- and intra- specific level from the sub – Himalayan region of Tripura and
for providing additional information to the chromosomal
database of Zingiberean plants of Indian origin.
MATERIALS AND METHODS

Plant materials
We examined two populations (described as Pop-I
and Pop-II) of 13 different wild species of Zingiberaceae
viz., Alpinia calcarata (Haw.) Roscoe, Alpinia malaccensis
(Burm.f.) Roscoe, Alpinia nigra (Gaertn.) Burtt, Amomum
aromaticum Roxb. (Syn. Amomum jainii S. Tripati and
Vedprakash), Amomum koenigii J. F. Gmel. (Syn. Amomum corynostachyum Wall.), Amomum maximum Roxb.,
Curcuma amada Roxb., Curcuma caesia Roxb., Curcuma
longa L., Curcuma picta Roxb. ex Skornick, Hedychium
coronarium J. Koenig., Hedychium coccineum Buch.-Ham.
ex Sm. and Hedychium thyrsiforme Sm. growing in different locations in Tripura. They were grown in the experimental garden, Department of Botany, Tripura University
for future research. All the plant species were independently authenticated by the taxonomy experts. Herbarium
of each species has been submitted in Tripura University
Herbarium with respective voucher numbers (Table S1).
Preparation of somatic chromosomes
The somatic chromosome preparation was carried out with modified aceto-orcein staining technique
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(Sharma and Sharma 1980). Young healthy root tips of
each species were pre-treated in a mixture of saturated
solution of para dichloro-benzene (p-DB) and 0.002M
8- hydroxyquinoline (1:1) at 12-150C for 6 hrs. The root
tips were then washed with distilled water and kept in
acidulated alcohol (mixture of 1NHCl and absolute ethyl
alcohol in 1:1 ratio) for 1 hour. Thereafter, root tips were
kept in 45% acetic acid for 20 minutes. After a thorough
wash with distilled water, root tips were treated with 5%
cellulase (Sigma Cat. No. 22178) and 5% pectinase (Sigma Cat. No. 17389) mixture (1:1) in citrate buffer (pH 4.8) for 3 hours at 370C. Enzyme treated root tips were
then washed with double distilled water and stained
with 2% aceto-orcein : 1NHCl (9:1) mixture for overnight and finally squashed in 45% acetic acid. The well
spread metaphase plate was captured using Zeiss make
AXIO (Lab.A1) Microscope and Zen software was used
for determining the length of short and long arm of
individual chromosome of the species studied.
Study of nucleoli in somatic cells
Nucleolar staining was carried out following the
technique of Fernandez-Gomez et al. (1969). Initially
root tips were fixed in 10% Formol :1% Hydroquinone
(1:1) solution for 2 hrs. These were thoroughly washed in
distilled water and immersed in 2% silver nitrate solution at 60ºC in dark for overnight. AgNO3 treated root
tips were again kept in Formol-Hydroquinone (1:1) solution for 1 hour and finally squashed in 45% acetic acid.
Data analysis
In preparing the numerical data of karyotype, three
well spread metaphase plates of each species were compared. In cases, where the length and the arm ratio
varied the mean was taken to calculate the value of
centromeric Index (F%). The centromeric Index, TF%,
Inter-chromosomal asymmetry index (A2), Coefficient of
variation of chromosome length (CVCL), and Mean Centromeric Asymmetry (MCA) were calculated by the following formulae:Centromeric Index (F%) = S/(L+S)×100
(Levan et al. 1964);TF% = (∑S/∑CL) × 100 (Huziwara
1962);Inter-chromosomal asymmetry index (A 2) = sCL/
XCL (Zarco 1986); Degree of karyotype asymmetry (A)
= [∑ (L-S)/(L+S)]/n (Watanabe et al. 1999); Coefficient
of variation of chromosome length (CVCL) = A 2×100
(Paszko 2006); Mean Centromeric Asymmetry (MCA) =
A×100 (Peruzzi and Eroglu 2013); (S = Length of short
arm, L = Length of long arm, CL = Chromosome length,
sCL - Standard deviation of chromosome length, XCL -

Mean of chromosome length, n – haploid number of
chromosome complement).
Along with Stebbins asymmetry indices, the interand intra-chromosomal asymmetry indices were measured statistically (Zarco 1986; Watanabe et al. 1999) and
the relationship among the species was explained by
means of bi-dimensional scattered plot (Peruzzi and Eroglu 2013).To determine the karyological relationship among
taxa UPGMA mediated dendrogram was constructed
using the software Past 3.03 (Hammer 2013). In addition,
multivariate Principal Co-ordinate Analysis (PCA) was
also performed using different parameters of numerical
data of karyotypes (Table 1) of the respective species and
their populations (Peruzzi and Altinordu 2014).
RESULTS

Due to difficulty in obtaining suitable metaphase
chromosome spreads with the conventional aceto-orcein
staining technique, a new protocol has been developed
to determine the somatic chromosome number and to
analyze the detailed karyotype of all the taxa studied.
The somatic chromosomes of Alpinia spp., Amomum
spp., Curcuma spp. and Hedychium spp. could be classified into three distinct morphological types.
Type A: Short chromosomes (1.33 µm – 2.66 µm)
bear two constrictions, primary and secondary, one is
nearly median (m) to sub-median (sm) and the other is
terminal (t) in position.
Type B: Chromosomes are short in size and their
length range from 0.96 µm – 2.79 µm. The position of
centromere is sub-median (sm) to median (M) (F%
>33.33%).
Type C: Chromosomes are short in size and their
length range from 1.86 µm – 2.13µm. The position of
centromere is sub-median (sm) (F% <33.33%).
Analysis of karyotypes
Except in Alpinia nigra, which had two pairs of C
type of submetacentric chromosomes, karyograms (Figure S1) of rest of the 12 species showed the presence of
different combinations of A and B types chromosomes
as classified in the present study. The detailed analyses of
the karyotypes of Pop-I and Pop-II of Alpinia spp., Amomum spp., Curcuma spp. and Hedychium spp. reveal the
following data:
Alpinia calcarata-Pop-I:
Somatic chromosome number 2n=48 (Figure 1a);
Number of chromosomes bearing secondary constric-
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Table 1. Karyological parameters for cluster analysis and Gower’s similarity coefficient matrix.
Name of the species and Population
Alpinia calcarata, Pop-I
Alpinia calcarata, Pop-II
Alpinia malaccensis, Pop-I
Alpinia malaccensis, Pop-II
Alpinia nigra, Pop-I
Alpinia nigra, Pop-II
Amomum maximum, Pop-I
Amomum maximum, Pop-II
Amomum aromaticum, Pop-I
Amomum aromaticum, Pop-II
Amomum koenigii, Pop-I
Amomum koenigii, Pop-II
Hedychium coronarium, Pop-I
Hedychium coronarium, Pop-II
Hedychium coccineum, Pop-I
Hedychium coccineum, Pop-II
Hedychium thyrsiforme, Pop-I
Hedychium thyrsiforme, Pop-II
Curcuma amada, Pop-I
Curcuma amada, Pop-II
Curcuma caesia, Pop-I
Curcuma caesia, Pop-II
Curcuma picta, Pop-I
Curcuma picta, Pop-II
Curcuma longa, Pop-I
Curcuma longa, Pop-II

SCN

HCL (µm)

BCN

TF%

MCA

CVCL

48
48
48
48
48
48
48
48
48
48
48
48
34
34
34
34
34
34
42
42
63
63
63
63
63
63

45.22
45.60
41.05
42.87
44.06
44.14
33.06
32.93
30.61
30.57
39.50
39.32
20.72
20.78
26.40
26.46
19.13
19.70
31.05
32.35
34.29
34.37
44.67
44.43
44.16
44.04

12
12
12
12
12
12
12
12
12
12
12
12
17
17
17
17
17
17
21
21
21
21
21
21
21
21

42.61
42.44
43.57
43.65
40.29
40.27
44.75
44.79
45.39
45.52
44.56
44.28
47.32
47.24
46.68
46.47
46.60
46.61
47.02
46.96
47.98
48.11
47.96
47.94
47.01
47.13

30.00
30.23
26.00
25.41
38.83
38.91
20.76
20.84
18.45
17.94
23.67
22.87
10.72
11.06
13.27
14.11
13.56
13.69
11.91
12.17
12.05
11.35
12.23
12.34
16.78
17.23

28.44
27.71
18.17
17.79
23.00
22.45
18.61
17.82
21.75
20.93
26.46
26.48
15.91
15.11
15.51
15.40
15.24
14.88
12.52
12.77
12.08
12.08
13.16
12.66
11.18
11.01

SCN – Somatic chromosome number; HCL-Total chromosome length of the haploid complement; BCN- Basic chromosome number; TF%
- Total Form percentage; MCA - Mean Centromeric Asymmetry; CVCL - Coefficient of variation of chromosome length.

tion - 2; Range of chromosome length – (1.06 µm – 2.79
µm); Total chromosome length – 90.43 µm; Ratio of
largest and smallest chromosome – 2.63:1; Mean arm
ratio (L/S) –1.38; Karyotype formula - A 2 (2m) B 46 (6M
+30m+10sm); Stebbins category – 1B; TF% - 42.61; Coefficient of variation of chromosome length (CVCL) – 28.44;
Mean centromeric asymmetry (MCA) – 30.00.
Alpinia calcarata-Pop-II:
Somatic chromosome count 2n=48 (Figure 1b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
2.79 µm); Total chromosome length – 91.20 µm; Ratio
of largest and smallest chromosome – 2.63:1; Mean
arm ratio (L/S) –1.39; Karyotype formula - A 2 (2m) B 46
(6M+34m+6sm) Stebbins category – 1B; TF% – 42.44; CVCL –
27.71; MCA – 30.23.

Alpinia malaccensis-Pop-I:
Somatic chromosome count 2n=48 (Figure 2a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.16 µm –
2.14 µm); Total chromosome length – 82.10 µm; Ratio
of largest and smallest chromosome – 1.84:1; Mean
arm ratio (L/S) – 1.33; Karyotype formula - A 2 (2m) B 46
(36m+10sm); Stebbins category – 1A; TF% – 43.57; CVCL –
18.17; MCA – 26.00.
Alpinia malaccensis-Pop-II:
Somatic chromosome number 2n=48 (Figure 2b);
Number of chromosomes bearing secondary constriction
- 2; Range of chromosome length – (1.16 µm - 2.26 µm);
Total chromosome length – 85.74µm; Ratio of largest
and smallest chromosome – 1.95:1; Mean arm ratio (L/S)
–1.33; Karyotype formula - A2 (2m) B46 (4M+36m+6sm); Stebbins
category – 1A; TF% – 43.65; CVCL – 17.79; MCA – 25.41.
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Figures. 1a-13b. Mitotic metaphase chromosomes of thirteen Zingiberaceae species from Tripura. 1- Alpinia calcarata; 2- A. malaccensis;
3- A. nigra; 4- Amomum maximum; 5- A. aromaticum; 6- A. koenigii; 7- Curcuma amada; 8- C. caesia; 9- C. picta; 10- C. longa; 11- H. coronarium; 12- H. coccineum; 13- H. thyrsiforme (a – Pop - I; b – Pop - II); scale bars = 5µm.
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Alpinia nigra-Pop-I:
Somatic chromosome number 2n=48 (Figure 3a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.09 µm –
2.80 µm); Total chromosome length – 88.12 µm; Ratio
of largest and smallest chromosomes – 2.57:1; Mean
arm ratio (L/S) – 1.57; Karyotype formula – A 2 (2sm) B42
(4M+26m+12sm) C 4 (4sm); Stebbins category – 2B; TF% – 40.29;
CVCL – 23.00; MCA – 38.83.
Alpinia nigra-Pop-II:
Somatic chromosome number 2n=48 (Figure 3b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.09 µm – 2.72
µm); Total chromosome length – 88.28 µm; Ratio of
largest and smallest chromosome – 2.50:1; Mean arm
ratio (L/S) – 1.57; Karyotype formula - A2 (2sm) B42 (4 M+26
m+ 12 sm) C 4 (4 sm); Stebbins category – 2B; TF% – 40.27;
CVCL – 22.45; MCA – 38.91.
Amomum maximum-Pop-I:
Somatic chromosome number 2n=48 (Figure 4a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
1.94 µm); Total chromosome length – 66.12 µm; Ratio
of largest and smallest chromosome – 1.83:1; Mean
arm ratio (L/S) –1.27; Karyotype formula - A 2 (2m) B
46(14M+26m+6sm); Stebbins category – 1A; TF% – 44.75; CVCL
– 18.61; MCA – 20.76.
Amomum maximum-Pop-II:
Somatic chromosome number 2n=48 (Figure 4b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
1.94 µm); Total chromosome length – 65.86 µm; Ratio
of largest and smallest chromosome – 1.83:1; Mean
arm ratio (L/S) –1.26; Karyotype formula - A 2 (2m) B
46(16M+24m+6sm); Stebbins category – 1A; TF% – 44.79; CVCL
– 17.82; MCA – 20.84.`
Amomum aromaticum-Pop-I:
Somatic chromosome number 2n=48 (Figure 5a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
2.10 µm); Total chromosome length – 61.22 µm; Ratio
of largest and smallest chromosome – 1.98:1; Mean
arm ratio (L/S) – 1.22; Karyotype formula - A 2 (2m) B 46
(16M+30m); Stebbins category – 1A; TF% – 45.39; CVCL –
21.75; MCA – 18.45.
Amomum aromaticum-Pop-II:
Somatic chromosome number 2n=48 (Figure 5b);
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Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm – 2.10
µm); Total chromosome length – 61.14 µm; Ratio of largest and smallest chromosome – 1.98:1; Mean arm ratio
(L/S) –1.21; Karyotype formula - A2 (2m) B 46(16M+30m); Stebbins category – 1A; TF% – 45.52; CVCL – 20.93; MCA –
17.94.
Amomum koenigii-Pop-I:
Somatic chromosome number 2n=48 (Figure 6a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
2.39 µm); Total chromosome length – 79.00 µm; Ratio
of largest and smallest chromosome – 2.25:1; Mean
arm ratio (L/S) – 1.27; Karyotype formula - A 2 (2m) B
46(12M+28m+6sm); Stebbins categorization – 1B; TF% – 44.56;
CVCL – 26.46; MCA – 23.67.
Amomum koenigii-Pop-II:
Somatic chromosome number 2n=48 (Figure 6b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm –
2.39 µm); Total chromosome length – 78.64 µm; Ratio
of largest and smallest chromosome – 2.25:1; Mean
arm ratio (L/S) –1.28; Karyotype formula - A 2 (2m) B
46(8M+32m+6sm); Stebbins category – 1B; TF% – 44.28; CVCL
– 26.48; MCA – 22.87.
Curcuma amada-Pop-I:
Somatic chromosome number 2n=42 (Figure 7a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.35 µm –
1.91 µm); Total chromosome length – 62.10 µm; Ratio
of largest and smallest chromosome – 1.41:1; Mean
arm ratio (L/S) –1.13; Karyotype formula - A 2 (2m) B 40
(10M+30m); Stebbins category – 1A; TF% – 47.02; CVCL –
12.52; MCA – 11.91.
Curcuma amada-Pop-II:
Somatic chromosome number 2n=42 (Figure 7b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.37 µm –
1.91 µm); Total chromosome length – 64.70 µm; Ratio
of largest and smallest chromosome – 1.39:1; Mean
arm ratio (L/S) – 1.14; Karyotype formula - A 2 (2m) B
40(10M+30m); Stebbins category – 1A; TF% – 46.96; CVCL –
12.77; MCA – 12.17.
Curcuma caesia-Pop-I:
Somatic chromosome number 2n=63 (Figure 8a);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (0.96 µm –
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1.33 µm); Total chromosome length – 68.58 µm; Ratio
of largest and smallest chromosome – 1.39:1; Mean
arm ratio (L/S) –1.09; Karyotype formula – A 3 (3m) B
60(30M+30m); Stebbins category – 1A; TF% – 47.98; CVCL –
12.08; MCA – 12.05.
Curcuma caesia-Pop-II:
Somatic chromosome number 2n=63 (Figure 8b);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (0.96 µm –
1.33 µm); Total chromosome length – 68.73 µm; Ratio
of largest and smallest chromosome – 1.39:1; Mean
arm ratio (L/S) – 1.08; Karyotype formula – A 3 (3m) B
60(33M+27m); Stebbins category – 1A; TF% – 48.11; CVCL –
12.08; MCA – 11.35.
Curcuma picta-Pop-I:
Somatic chromosome number 2n=63 (Figure 9a);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (1.10µm –
1.67 µm); Total chromosome length – 89.34 µm; Ratio
of largest and smallest chromosome – 1.52:1; Mean
arm ratio (L/S) – 1.10; Karyotype formula – A3 (3m) B60
(42M+18m); Stebbins category – 1A; TF% – 47.96; CVCL –
13.16; MCA – 12.23.
Curcuma picta-Pop-II:
Somatic chromosome number 2n=63 (Figure 9b);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (1.10 µm –
1.63 µm); Total chromosome length – 88.86 µm; Ratio
of largest and smallest chromosome – 1.48:1; Mean
arm ratio (L/S) – 1.10; Karyotype formula – A3 (3m) B60
(42M+18m); Stebbins category – 1A; TF% – 47.94; CVCL –
12.66; MCA – 12.34.
Curcuma longa-Pop-I:
Somatic chromosome number 2n=63 (Figure 10a);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (1.17 µm – 1.70
µm); Total chromosome length – 88.32 µm; Ratio of
largest and smallest chromosome – 1.45:1; Mean arm
ratio (L/S) –1.13; Karyotype formula – A3 (3m) B60 (15M+45m);
Stebbins category – 1A; TF% – 47.01; CVCL – 11.18; MCA
– 16.78.
Curcuma longa-Pop-II:
Somatic chromosome number 2n=63 (Figure 10b);
Number of chromosomes bearing secondary constriction - 3; Range of chromosome length – (1.18 µm –
1.70 µm); Total chromosome length – 88.08 µm; Ratio
of largest and smallest chromosome – 1.44:1; Mean
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arm ratio (L/S) – 1.13; Karyotype formula – A 3 (3m) B60
(15M+45m); Stebbins category – 1A; TF% – 47.13; CVCL –
11.01; MCA – 17.23.
Hedychium coronarium-Pop-I:
Somatic chromosome number 2n=34 (Figure 11a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm – 1.65
µm); Total chromosome length – 41.14 µm; Ratio of largest and smallest chromosome – 1.56:1; Mean arm ratio
(L/S) –1.18; Karyotype formula - A2 (2m) B 32(18M+14m); Stebbins category – 1A; TF% – 47.32; CVCL – 15.91; MCA –
10.72.
Hedychium coronarium-Pop-II:
Somatic chromosome number 2n=34 (Figure 11b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.06 µm – 1.60
µm); Total chromosome length – 41.56 µm; Ratio of
largest and smallest chromosome – 1.51:1; Mean arm
ratio (L/S) –1.18; Karyotype formula - A2 (2m) B32 (16M+16m);
Stebbins category – 1A; TF% – 47.24; CVCL – 15.11; MCA
– 11.06.
Hedychium coccineum-Pop-I:
Somatic chromosome number 2n=34 (Figure 12a);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.32 µm – 2.08
µm); Total chromosome length – 52.80 µm; Ratio of
largest and smallest chromosome – 1.58:1; Mean arm
ratio (L/S) –1.22; Karyotype formula - A2 (2m) B32 (18M+14m);
Stebbins category – 1A; TF% – 46.68; CVCL – 15.51; MCA
– 13.27.
Hedychium coccineum-Pop-II:
Somatic chromosome number 2n=34 (Figure 12b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (1.32 µm –
2.08 µm); Total chromosome length – 52.92 µm; Ratio
of largest and smallest chromosome – 1.58:1; Mean
arm ratio (L/S) – 1.22; Karyotype formula - A 2 (2m) B32
(18M+14m); Stebbins category – 1A; TF% – 46.47; CVCL –
15.40; MCA – 14.11.
Hedychium thyrsiforme-Pop-I:
Somatic chromosome number 2n=34 (Figure 13a);
Number of chromosomes bearing secondary constriction
- 2; Range of chromosome length – (0.96 µm – 1.44 µm);
Total chromosome length – 38.26 µm; Ratio of largest
and smallest chromosome – 1.50:1; Mean arm ratio (L/S)
–1.21; Karyotype formula - A 2 (2m) B32 (12M+20m); Stebbins
category – 1A; TF% – 46.60; CVCL – 15.24; MCA – 13.56.
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Hedychium thyrsiforme-Pop-II:
Somatic chromosome number 2n=34 (Figure 13b);
Number of chromosomes bearing secondary constriction - 2; Range of chromosome length – (0.96 µm – 1.44
µm); Total chromosome length – 39.40 µm; Ratio of
largest and smallest chromosome – 1.50:1; Mean arm
ratio (L/S) –1.21; Karyotype formula - A2 (2m) B32 (12M+20m);
Stebbins category – 1A; TF% – 46.61; CVCL – 14.88; MCA
– 13.69.
DISCUSSION

Somatic chromosome number 2n=48 having a basic
number X=12 was found to be constant in Alpinia calcarata, Alpinia malaccensis and Alpinia nigra as was reported by earlier researchers (Raghavan and Venkatasubban
1943; Chakravorti 1948, 1952; Ramachandran 1969; Chen
1988; Joseph 1998). The different proportions of metacentric and submetacentric chromosomes present in the
somatic chromosome complements of these three species
are in partial agreement with the reports of Joseph
(1998). At intra-specific (Pop-I and Pop-II) level, the karyotype of each species is more or less homogeneous having one pair of chromosomes bearing secondary constriction, a characteristic of the karyotype itself. On the contrary, at inter-specific level, their karyotypes differ
though the chromosomes are mostly metacentric and
submetacentric in nature. According to Stebbins categorization, the karyotype of A. malaccensis, A. calcarata and
A. nigra falls under category 1A, 1B and 2B, respectively.
Therefore, the reduction in size of some of the chromosomes in relation to other has occurred in chromosome
complements of A. calcarata and A. nigra. Moreover, the
presence of two pairs of submetacentric chromosomes
having F% < 33.33 in Pop-I and Pop-II of A. nigra indicates that their karyotypes are slightly asymmetric. Thus,
in Alpinia spp. a tendency from symmetric to asymmetric karyotype is observed. The somatic chromosome
count 2n=48 is the distinctive character of Amomum species which corroborates previous findings (Sharma and
Bhattacharya 1959; Chen et al. 1988). Due to limited
cytological studies in these three species, little information was available regarding the detailed chromosomal
architecture. In general, chromosomes are short in size
where one pair of metacentric chromosomes possessed
secondary constriction. The karyotype of A. aromaticum,
A. koenigii and A. maximum at inter-specific and intraspecific levels exhibit gross similarity in the types of
chromosomes present, number of chromosomes bearing
secondary constriction, TF%, total chromosome length
and L/S arm ratio. The arm ratio L/S and TF% are the

indicators of symmetric type of karyotype. According to
Stebbins (1971) categorization, the karyotype of A. aromaticum and A. maximum falls under 1A while that of
A. koenigii belonging to category 1B indicates minor
deviation in the size of largest to smallest chromosome
ratio. The identical karyotype formula A2B46 without any
pair of acrocentric or telocentric chromosomes having
arm ratio L/S ˃2:1 suggests accentuated chromosomal
homology. In Curcuma complex, the somatic chromosome number of C. amada was found to be 2n=42 with a
basic number X=21 which corroborates previous reports
(Sharma and Bhattacharya 1959; Ramachandran 1961,
1969; Islam 2004; Joseph 1998; Bhadra and Bandhyopadhyay 2015; Lamo and Rao 2017). At intra-specific level,
the karyotype of Pop-I and Pop-II of C. amada is almost
identical and symmetrical (1A) in nature indicating the
absence of acrocentric or telocentric chromosomes. Based
on asymmetry index value, Bhadra and Bandyopadhyay
(2015, 2018) reported that the karyotype of C. amada falls
under Stebbins category 1B which may be due to its
occurrence in different eco-climatic zone. The somatic
chromosome number 2n=63 of C. caesia and C. longa is
in agreement with previous reports (Ramachandran 1961,
1969; Joseph et al. 1999; Nair and Sasikumar 2009; Nair
et al. 2010; Lamo and Rao 2014; Bhadra and Bandyopadhyay 2015; Lamo and Rao 2016, 2017). The karyotype of
these two species are identical both at inter- and intraspecific levels. According to Stebbins formula, their karyotypes belong to category 1A which is not in agreement
with the report of Bhadra and Bandyopadhyay (2015,
2018). The somatic chromosome count of 2n=63 chromosomes of C. picta is a first report and the karyotypes of
Pop-I and Pop-II of C. picta exhibit gross similarity in
the types of chromosomes present, number of chromosomes with secondary constriction, TF%, total chromosome length and mean arm ratio (L/S). According to the
degree of asymmetry, the karyotype of C. picta belongs to
the category 1A. There are different views regarding the
basic number of Curcuma spp. According to one school,
the different species of Curcuma have a basic number
X=21 (Sharma and Bhattacharya 1959; Ramachandran
1961, 1969; Islam 2004; Joseph 1998; Chen et al. 2013;
Bhadra and Bandhyopadhyay 2015; Lamo et al. 2016)
which has been derived from a combination of X=12 and
X=9 (Ramachandran 1961; Lamo and Rao 2017). The other group (Sato 1960; Skornickova et al. 2007) proposed
that the basic number of Curcuma is X=7 suggesting,
thereby, all the species of Curcuma studied, having
somatic chromosome number 2n=63 are nonaploid and
C. amada with 2n=42 chromosomes is a hexaploid species. Apparently, there is no conflict between X=7 and
X=21 in Curcuma complex. But the absence of cytotypes
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in multiple of X such as 2X, 3X, 4X and 5X in natural
populations and/or cultivars of Curcuma species suggests
that the basic number X=21 is deep seated in Curcuma
spp. from which the diploid and triploid species have
eventually evolved in the due course of evolution. The
occurrence of 2X, 3X, 4X, 5X and 6X cytotypes is not
uncommon in flowering plants and in the monocot genus
Dioscorea, valid cytotypes having 2X, 3X, 4X, 5X etc. are
found in the natural population (Muthamia et al. 2014).
In the light of this knowledge, the acceptance of X=7 in
Curcuma complex is questionable. Moreover, if X= 7 is
accepted as basic number in Curcuma spp., then their
natural cytotypes having 9X, 12X and 15X chromosomes
would have more copy number of genes. In such a situation, the regulation of dosage compensation having
excess copy of genes in their cytotypes is beyond any elucidation. The somatic chromosome count 2n=34 chromosomes found in Pop-I and Pop-II of Hedychium coccineum and H. coronarium having a basic number X=17 supports previous findings (Mukherjee 1970; Mahanty 1970;
Gao et al. 2008). Sharma and Bhattacharya (1959) reported a cytotype of H. thyrsiforme having 2n = 24 chromosomes with basic number X=12. In the present investigation, the presence of 34 chromosomes recorded in most
of the somatic cells (modal number) of H. thyrsiforme
indicates that the diploid chromosome number is, indeed
2n=34 as was reported by Mahanty (1970). This also suggests that all the three Hedychium species growing in this
region are stabilized with a basic chromosome number
X=17. It is imperative that the karyotypes of the six individuals studied are almost identical and have the same
karyotype formula A2B32, but the absence of acrocentric
and telocentric chromosomes infers the symmetric
nature of karyotypes justifying their inclusion under
Stebbins category 1A. Karyotype conservatism without
any structural alteration leading to the formation of acrocentric or telocentric chromosomes in these species having a basic number X=17 reveals a karyotype stasis. Information regarding the number of chromosomes having
secondary constriction in all the taxa of Zingiberaceae
studied by previous researchers is minimum (Bhattacharyya 1957; Mandi 1990; Joseph et al. 1999; Islam 2004) and
in some of the previous investigations there was no reference with regard to the number of chromosomes possessing secondary constriction. For resolving this problem,
Ag-NOR study (Figure S2) has been carried out for the
first time. There are different views regarding the maximum number of nucleoli per cell and the number of
chromosomes bearing secondary constriction present in
somatic chromosome complements of flowering plants
(Sharma and Ghosh 1954; Sato 1980). However, the coincidence between the number of chromosomes possessing
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secondary constriction and the maximum number of
nucleoli per cell indicates the relationship between the
presence of secondary constriction and the ability of
those chromosomes to form the maximum number of
nucleoli in all the taxa studied. The presence of three
nucleoli in triploid species of Curcuma is also an indicator of such a relationship. The inter- and intra chromosomal asymmetry based on Stebbins quali-quantitative
method reveals that the karyotypes of most of the species
are symmetrical in nature. A progressive asymmetry is,
however, observed in Amomum koenigii (1B), Alpinia calcarata (1B) and Alpinia nigra (2B). Undoubtedly, Stebbins
(1971) quali-quantitative method is the determinant of
evaluation of the karyotype asymmetry index but based
on this data alone, it would not be possible to ascertain
the genetic relationship between different taxa of the
same family. The bi-dimensional (Figure 14) scatter plot
(Peruzzi and Eroglu 2013) drawn against Mean Centromeric Asymmetry (MCA) and Coefficient of Variation of
Chromosome Length (CVCL) clearly indicates that the
two tribes Alpinieae (represented by Alpinia spp. and
Amomum spp.) and Zingibereae (represented by Curcuma
spp. and Hedychium spp.) of Zingiberaceae (Angiosperm
Phylogeny Group – 2009) have distinct karyotypes in
which Alpinia spp. and Amomum spp. show comparatively high inter-chromosomal and intra-chromosomal
asymmetry indices (Zarco 1986; Watanabe et al.1999;
Paszko 2006) than those of Curcuma spp. and Hedychium
spp. The dendrogram reveals that Alpinia spp., Amomum
spp., Curcuma spp. and Hedychium spp. with their respective populations formed four separate clusters (Figure 15).

Figure 14. Bi-dimensional scattered plot against MCA (x axis) and
CVCL (y axis).
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Figure 16: Principle Coordinate Analysis of selected species in 2D
Plot.
Figure 15. UPGMA dendrogram based on Gower’s similarity
matrix of six karyological parameters.

The PCA illustrates no overlap and thus, the distinctive
position of each genus with respect to other is evident
(Figure 16). The karyotype data, therefore, validates the
taxonomic position of Alpinia spp., Amomum spp., Curcuma spp. and Hedychium spp. The chromosomal data of
Alpinia spp., Amomum spp., Curcuma spp., and Hedychium spp. suggest that they might have originated from a
common ancestry but eventually through gradual changes, evolved as separate species in the due course of time.
Gower’s (1971) similarity matrix points towards a possible
rearrangement of the chromosomal architectures in 13
different taxa studied. Such chromosomal rearrangements are possibly associated with cryptic changes maintaining a high syntenic value.
CONCLUSION

The present study has been focussed on the
detailed karyotype analysis of two populations of
Alpinia calcarata, A. malaccensis, A. nigra, Amomum
aromaticum, A. koenigii, A. maximum, Curcuma amada, C. caesia, C. longa, C. picta, Hedychium coccineum,
H. coronarium, and H. thyrsiforme of Zingiberaceae, collected from different geographical locations of
Tripura. The somatic chromosome number of Alpinia
and Amomum is found to be 2n = 48 having a basic
number of X=12 chromosomes. In Hedychium spp. the
diploid chromosome number is 2n=34 with basic num-

ber X=17 chromosomes. The present findings reveal
that in majority of the somatic cells of Curcuma caesia,
Curcuma longa and Curcuma picta, 63 chromosomes
are present indicating their triploid nature. In contrast, diploid somatic chromosome number (2n=42) is
recorded in Curcuma amada. Stebbins quali-quantitative analysis indicates that except in Alpinia nigra, the
karyotype of other 12 species is symmetric in nature.
The accentuated chromosome homology at intra-species level is the intrinsic characteristic of their karyotypes. The inter-chromosomal and intra-chromosomal
asymmetry indices, based on statistically based method, suggest that Alpinia spp. and Amomum spp. have
higher inter- and intra-chromosomal asymmetry in
comparison to Curcuma spp. and Hedychium spp. The
dendrogram and PCA derived data clearly validate the
taxonomic position of these four genera investigated.
Gower’s similarity matrix endorses the cryptic changes
leading to karyotype conservatism at species level of
each genus.
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SUPPLEMENTARY FILE (APPENDICES)

Figure S1. Karyogram of thirteen Zingiberaceae species from Tripura. 1- Alpinia calcarata; 2- A. malaccensis; 3- A. nigra; 4- Amomum
maximum; 5- A. aromaticum; 6- A. koenigii; 7- Curcuma amada; 8- C. caesia; 9- C. picta; 10- C. longa; 11- H. coronarium; 12- H. coccineum;
13- H. thyrsiforme (a – Pop - I; b – Pop - II); scale bars = 5µm.
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Figure S2. Ag- impregnated somatic cells of thirteen Zingiberaceae species. 1- Alpinia calcarata; 2- A. malaccensis; 3- A. nigra; 4- Amomum
maximum; 5- A. aromaticum; 6- A. koenigii; 7- Curcuma amada; 8- C. caesia; 9- C. picta; 10- C. longa; 11- H. coronarium; 12- H. coccineum;
13- H. thyrsiforme (a – Pop - I; b – Pop - II).
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Table S1. Details of plant samples collected from different geographical locations of Tripura.
Name of the species
Alpinia calcarata

Herbarium
Voucher No.
TUH – 460 (Pop-I)
TUH – 2001 (Pop-II)

Alpinia malaccensis

TUH – 466 (Pop-I)
TUH – 2002 (Pop-II)

Alpinia nigra

TUH – 2049 (Pop-I)
TUH – 2003 (Pop-II)

Amomum aromaticum

TUH – 2055 (Pop-I)
TUH – 2004 (Pop-II)

Amomum maximum

TUH – 1407 (Pop-I)
TUH – 2005 (Pop-II)

Amomum koenigii

TUH- 470 (Pop-I)
TUH- 2006 (Pop-II)

Curcuma amada

TUH – 465 (Pop-I)
TUH – 2007 (Pop-II)

Curcuma longa

TUH – 1407 (Pop-I)
TUH – 2008 (Pop-II)

Curcuma caesia

TUH- 466 (Pop-I)
TUH- 2009 (Pop-II)

Curcuma picta

TUH – 459 (Pop-I)
TUH – 2010 (Pop-II)

Hedychium coronarium

TUH – 458 (Pop-I)
TUH – 2011 (Pop-II)

Hedychium coccineum

TUH – 461 (Pop-I)
TUH – 2012 (Pop-II)

Hedychium thyrsiforme

TUH- 507 (Pop-I)
TUH- 2013 (Pop-II)

Locations and altitudes
Suryamaninagar, (34 mt.)
23045.0’44.74’’ N, 91015.0’54.29’’E
Baramura, (110 mt.)
23049.0’0.70’’ N, 91031.0’2.33’’E
Debtamura, (48.0 mt.)
23033.0’2.50’’N, 91038.0’5.40’’E
Atharamura, (134 mt.)
23029.0’54.10’’N, 91037.0’34.30’’E
Mohanpur, (30.0 mt.)
23049.0’28.50’’N, 91026.0’45.0’’E
Chabimura, (110 mt.)
23033.0’18.20’’N, 91037.0’0.98’’E
Tulamura,(46 mt.)
23023.0’11.3’’N, 91026.0’10.7’’E
Unakoti, (200 mt.)
24023.0’11.3’’ N, 9204.0’13.0’’E
Atharamura foot Hills, (45 mt.)
23053.0’2.10’’N, 91042.0’12.5’’E
Jampui Hills, (191 mt.)
23059.0’4.63’’ N, 92017.0’50.6’’E
Dhuptali, (40 mt.)
23023.0’11.3’’ N, 91026.0’15.1’’E
Baramura,(120 mt.)
23050.0’4.0’’ N, 91036.0’38.96’’E
Suryamaninagar, (21 mt.)
23045.0’44.27’’ N, 91015.0’53.38’’E
Howaibari,(105 mt.)
23049.0’0.60’’ N, 91034.0’04.61’’E
Belkum Para, (48 mt.)
23053.0’2.1’’ N, 91043.0’13’’E
Jampui Hills, (163 mt.)
2402.0’30.21’’ N, 92016.0’42.34’’E
Suryamaninagar, (30 mt.)
23045.0’43.13’’ N, 91015.0’52.17’’E
Sepahijala, (30 mt.)
23039.0’35.74’’ N, 91018.0’8.54’’E
Kamarikhala, (47 mt.)
23033.0’3.0’’ N, 91038.0’5.30’’E
Baramura foot Hills (102 mt.)
23048.0’41.24’’ N, 91030.0’54.24’’E
College Tilla, (25 mt.)
23049.0’46.72’’ N, 91017.0’36.28’’E
Baramura, (105 mt.)
23049.0’0.10’’ N, 91033.0’3.54’’E
Paikhola, (45 mt.)
23022.0’27.8’’ N, 91030.0’48.30’’E
Karbook, (106 mt.)
23021.0’38.90’’ N, 91042.0’12.15’’E
Jampui Hills, (120 mt.)
23059.0’4.7’’ N, 92017.0’56.0’’E
Manpui, (290 mt.)
2408.0’5.9’’ N, 92016.0’39.0’’E

Finito di stampare da
Logo s.r.l. – Borgoricco (PD) – Italia

OPEN ACCESS POLICY
Caryologia provides immediate open access to its content. Our publisher, Firenze University Press at the University of Florence, complies with the Budapest Open
Access Initiative definition of Open Access: By “open
access” , we mean the free availability on the public
internet, the permission for all users to read, download,
copy, distribute, print, search, or link to the full text of
the articles, crawl them for indexing, pass them as data
to software, or use them for any other lawful purpose,
without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet
itself. The only constraint on reproduction and distribution, and the only role for copyright in this domain
is to guarantee the original authors with control over
the integrity of their work and the right to be properly
acknowledged and cited. We support a greater global
exchange of knowledge by making the research published in our journal open to the public and reusable
under the terms of a Creative Commons Attribution 4.0
International Public License (CC-BY-4.0). Furthermore,
we encourage authors to post their pre-publication
manuscript in institutional repositories or on their websites prior to and during the submission process and to
post the Publisher’s final formatted PDF version after
publication without embargo. These practices benefit
authors with productive exchanges as well as earlier and
greater citation of published work.
PUBLICATION FREQUENCY
Papers will be published online as soon as they are
accepted, and tagged with a DOI code. The final full
bibliographic record for each article (initial-final
page) will be released with the hard copies of Caryologia. Manuscripts are accepted at any time through
the online submission system.

CORRECTIONS AND RETRACTIONS
In accordance with the generally accepted standards
of scholarly publishing, Caryologia does not alter articles after publication: "Articles that have been published should remain extant, exact and unaltered to
the maximum extent possible".
In cases of serious errors or (suspected) misconduct
Caryologia publishes corrections and retractions
(expressions of concern).
Corrections
In cases of serious errors that affect or significantly
impair the reader’s understanding or evaluation of the
article, Caryologia publishes a correction note that is
linked to the published article. The published article
will be left unchanged.
Retractions
In accordance with the "Retraction Guidelines" by the
Committee on Publication Ethics (COPE) Caryologia
will retract a published article if:
• there is clear evidence that the findings are unreliable, either as a result of misconduct (e.g. data fabrication) or honest error (e.g. miscalculation)
• the findings have previously been published elsewhere without proper crossreferencing, permission
or justification (i.e. cases of redundant publication)
• it turns out to be an act of plagiarism
• it reports unethical research.
An article is retracted by publishing a retraction
notice that is linked to or replaces the retracted article. Caryologia will make any effort to clearly identify
a retracted article as such.
If an investigation is underway that might result in
the retraction of an article Caryologia may choose to
alert readers by publishing an expression of concern.

COPYRIGHT NOTICE
Authors who publish with Caryologia agree to the following terms:
• Authors retain the copyright and grant the journal right of first publication with the work simultaneously licensed under a Creative Commons
Attribution 4.0 International Public License (CCBY-4.0) that allows others to share the work with
an acknowledgment of the work's authorship and
initial publication in Caryologia.
• Authors are able to enter into separate, additional
contractual arrangements for the non-exclusive
distribution of the journal's published version of
the work (e.g., post it to an institutional repository
or publish it in a book), with an acknowledgment
of its initial publication in this journal.
• Authors are permitted and encouraged to post
their work online (e.g., in institutional repositories or on their website) prior to and during the
submission process, as it can lead to productive
exchanges, as well as earlier and greater citation of
published work (See The Effect of Open Access).

COMPLYNG WITH ETHICS OF EXPERIMENTATION
Please ensure that all research reported in submitted
papers has been conducted in an ethical and responsible manner, and is in full compliance with all relevant codes of experimentation and legislation. All
papers which report in vivo experiments or clinical
trials on humans or animals must include a written statement in the Methods section. This should
explain that all work was conducted with the formal approval of the local human subject or animal
care committees (institutional and national), and
that clinical trials have been registered as legislation
requires. Authors who do not have formal ethics
review committees should include a statement that
their study follows the principles of the Declaration
of Helsinki

PUBLICATION FEES
Open access publishing is not without costs. Caryologia
therefore levies an article-processing charge of € 150.00
for each article accepted for publication, plus VAT or
local taxes where applicable.
We routinely waive charges for authors from low-income
countries. For other countries, article-processing charge
waivers or discounts are granted on a case-by-case basis
to authors with insufficient funds. Authors can request a
waiver or discount during the submission process.

ARTICLE PROCESSING CHARGES
All articles published in Caryologia are open access
and freely available online, immediately upon publication. This is made possible by an article-processing
charge (APC) that covers the range of publishing services we provide. This includes provision of online
tools for editors and authors, article production and
hosting, liaison with abstracting and indexing services, and customer services. The APC, payable when
your manuscript is editorially accepted and before
publication, is charged to either you, or your funder,
institution or employer.
Open access publishing is not without costs. Caryologia therefore levies an article-processing charge of €
150.00 for each article accepted for publication, plus
VAT or local taxes where applicable.

PUBLICATION ETHICS
Responsibilities of Caryologia's editors, reviewers, and
authors concerning publication ethics and publication
malpractice are described in Caryologia’s Guidelines
on Publication Ethics.

ARCHIVING
Caryologia and Firenze University Press are experimenting a National legal deposition and long-term
digital preservation service.

FREQUENTLY-ASKED QUESTIONS (FAQ)
Who is responsible for making or arranging the payment?
As the corresponding author of the manuscript you
are responsible for making or arranging the payment
(for instance, via your institution) upon editorial
acceptance of the manuscript.
At which stage is the amount I will need to pay fixed?
The APC payable for an article is agreed as part of the
manuscript submission process. The agreed charge
will not change, regardless of any change to the journal’s APC.
When and how do I pay?
Upon editorial acceptance of an article, the corresponding author (you) will be notified that payment is due.
We advise prompt payment as we are unable to publish accepted articles until payment has been received.
Payment can be made by Invoice. Payment is due
within 30 days of the manuscript receiving editorial
acceptance. Receipts are available on request.
No taxes are included in this charge. If you are resident in any European Union country you have to add
Value-Added Tax (VAT) at the rate applicable in the
respective country. Institutions that are not based in
the EU and are paying your fee on your behalf can have
the VAT charge recorded under the EU reverse charge
method, this means VAT does not need to be added to
the invoice. Such institutions are required to supply us
with their VAT registration number. If you are resident
in Japan you have to add Japanese Consumption Tax
(JCT) at the rate set by the Japanese government.
Can charges be waived if I lack funds?
We consider individual waiver requests for articles in
Caryologia on a case-by-case basis and they may be
granted in cases of lack of funds. To apply for a waiver
please request one during the submission process. A
decision on the waiver will normally be made within
two working days. Requests made during the review
process or after acceptance will not be considered.
I am from a low-income country, do I have to pay an APC?
We will provide a waiver or discount if you are based in
a country which is classified by the World Bank as a lowincome or a lower-middle-income economy with a gross
domestic product (GDP) of less than $200bn. Please
request this waiver of discount during submission.
What funding sources are available?
Many funding agencies allow the use of grants to
cover APCs. An increasing number of funders and
agencies strongly encourage open access publication.
For more detailed information and to learn about our
support service for authors.
APC waivers for substantial critiques of articles published in OA journals
Where authors are submitting a manuscript that
represents a substantial critique of an article previously published in the same fully open access journal,
they may apply for a waiver of the article processing
charge (APC).
In order to apply for an APC waiver on these
grounds, please contact the journal editorial team at
the point of submission. Requests will not be considered until a manuscript has been submitted, and will
be awarded at the discretion of the editor. Contact
details for the journal editorial offices may be found
on the journal website.
What is your APC refund policy?
Firenze University Press will refund an article processing charge (APC) if an error on our part has
resulted in a failure to publish an article under the
open access terms selected by the authors. This may
include the failure to make an article openly available
on the journal platform, or publication of an article
under a different Creative Commons licence from
that selected by the author(s). A refund will only be
offered if these errors have not been corrected within
30 days of publication.

2020
Vol. 73 – n. 1

Caryologia

International Journal of Cytology, Cytosystematics and Cytogenetics

Table of contents
Sara Sadeghian, Ahmad Hatami, Mehrnaz Riasat
Karyotypic investigation concerning five Bromus Species from several populations in Iran

3

Marilena Meloni, Caterina Angela Dettori, Andrea Reid, Gianluigi Bacchetta, Laetitia Hugot, Elena Conti
High genetic diversity and presence of genetic structure characterise the endemics Ruta corsica and Ruta
lamarmorae (Rutaceae)

11

Cihangir Alaca, Ali Özdemir, Bahattın Bozdağ, Canan Özdemir
Cytogenetic effects of C6H4 (CH3)2 (xylene) on meristematic cells of root tips of Vicia faba L. and
mathematical analysis

27

Sazada Siddiqui, Sulaiman Al-Rumman
Clethodim induced pollen sterility and meiotic abnormalities in vegetable crop Pisum sativum L.

37

Büşra Huri Gölge, Filiz Vardar
Temporal Analysis of Al-Induced Programmed Cell Death in Barley (Hordeum vulgare L.) Roots 

45

Shahram Mehri, Hassan Shirafkanajirlou, Iman Kolbadi
Genetic diversity, population structure and chromosome numbers in medicinal plant species Stellaria
media L. VILL.

57

Elizaveta Mitrenina, Mikhail Skaptsov, Maksim Kutsev, Alexander Kuznetsov, Hiroshi Ikeda, Andrey Erst
A new diploid cytotype of Agrimonia pilosa (Rosaceae)

67

Irina Petrescu, Ioan Sarac, Elena Bonciu, Emilian Madosa, Catalin Aurelian Rosculete, Monica Butnariu
Study regarding the cytotoxic potential of cadmium and zinc in meristematic tissues of basil (Ocimum
basilicum L.) 

75

Nicoleta Anca Şuţan, Andreea Natalia Matei, Eliza Oprea, Victorița Tecuceanu, Lavinia Diana Tătaru,
Sorin Georgian Moga, Denisa Ştefania Manolescu, Carmen Mihaela Topală
Chemical composition, antioxidant and cytogenotoxic effects of Ligularia sibirica (L.) Cass. roots and
rhizomes extracts 

83

Hungund P. Shambhavi, Pooja Makwana, Basavaraju Surendranath, Kangayam M Ponnuvel, Rakesh
K Mishra, Appukuttan Nair R Pradeep
Phagocytic events, associated lipid peroxidation and peroxidase activity in hemocytes of silkworm Bombyx
mori induced by microsporidian infection

93

Parisa Mahditabar Bahnamiri, Arman Mahmoudi Otaghvari, Najme Ahmadian Chashmi, Pirouz Azizi
Electrophoretic study of seed storage proteins in the genus Hypericum L. in North of Iran

107

Hilal Ahmad Ganaie, Md. Niamat Ali, Bashir A Ganai
Melissa officinalis: A potent herb against EMS induced mutagenicity in mice

115

Rayan Partovi, Alireza Iaranbakhsh, Masoud Sheidai, Mostafa Ebadi
Population genetic studies in wild olive (Olea cuspidata) by molecular barcodes and SRAP molecular markers  125
Saeed Tarkesh Esfahani, Ghasem Karimzadeh, Mohammad Reza Naghavi
In Vitro Polyploidy Induction in Persian Poppy (Papaver bracteatum Lindl.)

133

Helal Nemat Farahzadi, Sedigheh Arbabian, Ahamd Majd, Golnaz Tajadod
Long-term Effect Different Concentrations of Zn (NO3)2 on the Development of Male and Female
Gametophytes of Capsicum annuum L. var California Wonder

145

Hamidreza Sharghi, Majid Azizi, Hamid Moazzeni
A karyological study of some endemic Trigonella species (Fabaceae) in Iran

155

Kishan Saha, Rabindra Kumar Sinha, Sangram Sinha
Karyological studies in thirteen species of Zingiberacaeae from Tripura, North East India

163

€ 25,00

