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ABSTRACT
In the current investigation, karyotype analysis and chromosome characteristics
of six populations of Calendula officinalis L. (pot marigold) from Iran are
studied. Results showed that all populations were diploid (2n= 2x= 32), and had
symmetrical karyotypes composing mainly of metacentric and submetacentric
chromosomes. The mean chromosome length ranged from 1.05 in Karaj to 1.50
Chromosomeal numbers pum in Masjed Soleyman 1. Haploid genome length was in the range of 16.89 to
Cluster analysis 24.07 pm and mean centromeric index (CI) of complements varied from 0.38 to
Genetic diversity 0.44, indicating the role of the quantitative genomic changes in the
l'fﬂfi?i’g(')‘l’gy diversification of C. officinalis populations. Cluster analysis using chromosomal
parameters and based on the UPGMA method classified studied populations into
three major groups. In addition, the principal component analysis revealed the
first two components account for 99.8% of the total variance. The results of the
present study revealed the natural variation in six populations of C. officinalis,
which can further serve conservation and breeding planning.
© 2020 UMZ. All rights reserved.
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to orange flowers with female ray florets and
hermaphrodite, tridentate, tubular, disc florets;
and curved, sickle-shaped and ringed achene
(Khan et al., 2011; Jan et al., 2017).

A few species of Calendula have commercial
value, among these C. officinalis, is used for
medicinal or culinary as well as ornamental

Introduction

Iran is one of the most important and unique
countries in terms of topography, climate and
geographical conditions in the Middle East
(Ebrahimi et al., 2018; Jafari et al., 2014; Miri
and Shamsolshoara, 2019; Roughani and Miri,

2018). The genus Calendula related to family
Asteraceae (Compositae) includes about fifteen
species in the Mediterranean, Irano-Turanian and
Saharo-Arabian regions, which nine species
including C. officinalis, C. aurantiaca, C.
tripterocarpa, C. arvensis, C. karakalensis, C.
persica, C. sancta, C. alata, and C. palestina are
found in different regions of Iran (Jafari et al.,
2014). Calendula officinalis, commonly known
as marigold, is an annual herb growing about 80
cm tall, having corymbosely branched stem; a
long taproot with numerous secondary roots;
hispid, acute, oblanceolate, alternate and sessile
leaves; flower head inflorescence (surrounded by
two rows of hairy bracts). The plant has yellow

purposes (Baciu et al., 2013; Arora et al., 2013;
Khalid and de Silva, 2012). It has been
traditionally used to treat various skin tumors,
dermatological lesions, ulcers, swellings and
nervous disorders (Arora et al., 2013). The plant
species has been reported to contain several
classes of phytochemicals, including
carbohydrates, amino acids, phenolic
compounds, lipids, steroids, tocopherols,
terpenoids, coumarins, quinones, volatile oils,
and carotenoids. The major active constituents of
the plant include triterpendiol esters, saponins,
and flavonoids including rutin and hyperoside.
The orange flower contains a high content of
carotenoids  including  auroxanthin  and
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flavoxanthin (Hondrio et al., 2016; Jan et al.,
2017; Khalid and de Silva, 2012; Muley et al.,
2009; Verma et al., 2018).

A large and increasing number of cytological
characters, such as the number, morphology, and
meiotic behavior of chromosomes, as well as the
nuclear DNA content, have been used to
circumscribe Calendula taxa and infer their
relationships, being of pivotal importance to the
systematic community, especially for resolving
the taxonomy of complex groups (Nora et al.,
2013).  Nevertheless, currently  available
cytogenetic information on C. officinalis is rather
scarce (Samatadze et al.,, 2019). The basic
chromosome numbers considered for this genus
are 7, 8, 9, 11 and 15 (Dalgaard, 1986; Nora et
al., 2013). The analysis of genome size variation
in the Calendula homoploid taxa (i.e. taxa with
2n = 32) revealed that C. officinalis presented
lower genome size than the remaining taxa (Nora
et al., 2013). The karyotype of C. officinalis is
composed of metacentric and submetacentric
chromosomes that were small in size. This is,
probably, why different karyotype formulas and
chromosome numbers have been described for
this species (Samatadze et al., 2019). This
research was aimed to determine chromosome
numbers, ploidy level and karyotype
characteristics of six populations of C. officinalis
from different geographic regions in Iran.

Materials and Methods
Plant materials

Karyotype analysis was performed using seeds
of six Calendula officinalis populations that
were collected from natural vegetation of
different regions of Iran by the Research Institute
of Forests and Rangelands (Table 1).

Chromosome preparation

The seeds were soaked in 100 mg/l GA; for 24 h
at 4°C and germinated on damp filter paper in
Petri dishes at 25°C. Different protocols for
pretreatment were tested and the best result was
obtained from 8-hydroxyquinoline 0.005 M at
4°C for 12 h. Sample roots were fixed in Carnoy
I (ethanol: glacial acetic acid, 3:1) for 17-24 h at
4°C, then root tips were rinsed three times with
distilled water (5 min each). Hydrolysis was
conducted with 5 N HCI at 60°C for 13 min and
was stained with 0.2% (w/v) Aceto-orcein for 5
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days at 4°C, then hand squashed in a droplet of
45% (v/v) acetic acid.

Table 1. Geographical information of the investigated
Calendula officinalis populations.

Population Latitude Longitude  Altitude*
Karaj N 35°49' 57" E 50°59'29" 1341
Masjed Soleymanl N 31°56'11” E 49° 18' 14" 240
Masjed Soleyman2 N 31° 55’ 59" E 49° 17" 60" 269

Khuzestan 1 N 31°31'83" E 48°67' 06" 20
Khuzestan 2 N 31°31' 90" E 48°68'42" 16
Khuzestan 3 N 31°19' 84" E 48°41'31" 23

*:m

The slides were observed with an optical
microscope (CX52 Olympus supplemented
Panasonic digital camera (DMC-FX55)). At least
ten well-spread metaphase plates from different
individuals were selected and the value of the
arm’s length of each chromosome measured by
Micro measure 3.3 software.

Karyotype analysis

For numerical characterization of karyotypes,
total length (TL), long arm (LA), short arm (SA),
arm ratio (AR), genome size and centromeric
index (CI) were calculated. According to the
classification of Levan, chromosome
morphology based on centromere position was
described (Levan et al., 1964). Idiograms were
drawn for each population based on the length of
the chromosome using Excel software.

To calculate the variation between populations,
one-way ANOVA according to a completely
randomized design was performed on normal
data by using SPSS software and parameter
means were compared by Duncan’s multiple
range test at P<0.05. Karyotypic data were
subjected to Pearson’s correlation analysis.
Principal Component Analysis (PCA) was
carried out to evaluate the contribution of each
karyotypic parameter to the ordination of
species. Cluster analysis was carried out using
the UPGMA (Unweight Pair Group Method
Arithmetic Mean) method by Minitab statistical
package (ver. 16.0).

Results
Chromosome number and karyomprphology

Karyotype formula and parameters, as well as
mitotic metaphases, idiograms, and karyograms
for 6 Iranian local C. officinalis populations are
presented in table 2 and fig. 1.
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Fig. 1. Karyotypes, idiograms and karyograms of 6 populations of C. officinalis: A) Karaj; B) Masjed Soleyman 1;
C) Masjed Soleyman 2; D) Khuzestan 1; E) Khuzestan 2; F) Khuzestan 3; A”) Karaj; B”) Masjed Soleyman 1; C”)
Masjed Soleyman 2; D’) Khuzestan 1; E’) Khuzestan 2; F*) Khuzestan 3; A’”) Karaj; B’”) Masjed Soleyman 1;
C’’) Masjed Soleyman 2; D*’) Khuzestan 1; E’”) Khuzestan 2; F**) Khuzestan 3.
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Table 2. Average of measured chromosomal traits in the studied populations

Population Ploidy TCL* CL* LA* SA* AR Cl KF

Karaj 2n=2x=32 16.89d 1.05d 0.6le 044e 150b 041c  10m+4sm
Masjed Soleyman 1 2n=2x=32 24.07a 150a 09la 0.59b 168a 0.39e  7m+9sm
Masjed Soleyman 2 2n=2x=32  22.67b 141b 0.83b 0.58 ¢ 154b 040d 14m+2sm
Khuzestan 1 2n=2x=32 1898c 1.18¢c 0.68d 0.50d l41c 0.42b 16m
Khuzestan 2 2n=2x=32 2383a 149a 0.83b 0.66 a 1.32d 0.44a 14m+2sm
Khuzestan 3 2n=2x=32 2261b 141b 0.80c 0.60 b 1.35d 0.43a 16m

*=pm; TCL= total chromosome length; CL= chromosome length; LA= long arm; SA= short arm; AR= arm ratio; Cl=
centromeric index; KF= karyotype formula, Means with similar letter(s) in each column for each factor show insignificant

differences (DNMT, p< 0.05).

All populations were diploid with 2n=2x=32
chromosomes. The chromosomes in all
populations were mostly metacentric (m) or
submetacentric (sm) (Table 2).

Analysis of variance indicated significant
differences among populations for all of the
karyological parameters. Means are shown in
Table 2. Among the populations studied, the
highest total chromosome length and
chromosomes length were observed in Masjed
Soleyman 1 (24.07 and 1.50 um, respectively)
and Khuzestan 2 (23.83 and 1.49 pum,
respectively) populations. The longest long arm
and short arm were found in Masjed Soleyman 1
(091 pm) and Khuzestan 2 (0.66 um),
respectively. The lowest values were detected in
Karaj (16.89, 1.05, 0.61 and 0.44 pm,
respectively).

The most common karyotypes formula among
Iranian local C. officinalis populations was 16m
and 14m+2sm, (every two populations) (Table
2). Karyotype formula showed a higher degree
of symmetry; the karyotypes of Khuzestan 1 and
2 populations were the most symmetric (16 m),
while karyotype of Masjed Soleyman 1 (7m +
9sm) with the highest arm ration (1.68) and the
lowest centromere index (0.39) were the most
asymmetric.

The magnitude of the correlation coefficients
was in the range from -0.87 to 0.82. The
characters' chromosome length (0.82), long arm
(0.68) and short arm (0.61) showed a positive
and significant association with the total
chromosome length (Table 3).

On the other hand, the arm ratio showed a
significant and negative correlation with the
centromeric index (-0.87).

UPGMA dendrogram

According to cluster analysis, the populations
classified into three distinct groups. Khuzestan 2
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and 3 were classified in the first group while the
second group consisted of Masjed Soleyman 1
and 2 and the third group contained Karaj and
Khuzestan 1.

Grouping of the populations was assessed based
on their relative karyotypic characteristics (Fig.
2).

Table 3. Correlation coefficients between the

karyotypic parameters of six C. officinalis
populations

Trait TCL! CL LA SA AR
CL 0.82"

LA 0.68" 0.79"

SA 0.61" 0.80" 0.08

AR -0.10 -0.04 0.12 0.25

Cl 0.19 0.07 -0.08 0.31 -0.87"

1: Symbols as in Table 2; *: P<0.05; **: P<0.01

s 1 1 20 E3
1 1 |

Khuzestan 2
Khuzestan 3 J

Masjed Sol 1

Masjed 2

Kargj

Fig. 2. UPGMA cluster dendrogram based on all
studied chromosomal traits of 6 populations of C.
officinalis

Principal components analysis

The principal component analysis (PCA) based
on karyotypic parameters revealed the first two
principal components account for 99.8% of the
total variations (Table 4).

The first component (57.7%) positively
correlated with total chromosome length, long
arm, and short arm while the second component
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(42.0%) accentuated variation in arm ratio and
centromeric index. The principal components
were projected in a two-dimensional graphic for
displaying genotypes distribution (Fig. 3).

Table 4. Eigenvalues and cumulative variance for
two principal components for six C. officinalis
populations

Trait PC1 PC2

chromosome length -0.995 0.095
long arm -0.992 0.111
short arm -0.925 0.376
arm ratio 0.174 0.984
centromeric index 0.163 0.986
Eigenvalue 5.99 3.80

Variance (%) 57.76 42.05
Cumulative (%) 57.76 99.82

The arrangement of populations based on PCA
was mostly agreed with the result of cluster
analysis.

] Khuzestan2 *

Khuzestan3 »

Second Component

Masjed Soleyman 2 »

2~ o MasjedSoleyman 1

First Component

Fig. 3. Genotypes distribution biplot resulted in two
first components of PCA.

Discussion

In this study, chromosome numbers of six
Iranian populations of C. officinalis (2n=2x=32)
were identified for the first time in Iran. The
results in the present study were in agreement
with the chromosome number reported by Gill et
al. (1985), Capraru et al. (2004) and Samatadze
et al. (2019). However, 2n = 14, 28 was reported
as well (Nora et al., 2013). Based on the results
of other Calendula species, researchers found 2n
=54 in C. tripterocarpa Rupr. (Dalgaard, 1986),
2n = 36, 44 in C. arvensis L. (Malallah and
Brown, 1999; Vogt and Aparicio, 1999), 2n = 44
in C. persica C.A. Mey. (Janaki Ammal and
Sobti, 1962) and C. micrantha Tineo and Guss.
(Soliman, 2003). The results of this study reveal
a detailed picture of the chromosome features in
this species. The knowledge of chromosome
numbers, karyotype evolution, ploidy level, and
genome size can prepare additional information
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that has notable predictive powers (Ghasemi and
Hesamzadeh Hejazi, 2018).

The karyotypes of the populations examined had
a predominance of either metacentric or sub-
metacentric chromosome types that agree with
those published previously (Capraru et al., 2004;
Samatadze et al., 2019). Samatadze et al. (2019)
mentioned that the presence of two satellite
chromosomes pairs, but no satellite was
observed among the populations studied. In the
present study, the number of “m” chromosomes
are more than “sm” chromosomes. This means
that all populations in Iran have karyotypes in
the early stage of evolution. Differences in
karyotype formula found among C. officinalis
populations suggest that chromosomes structural
changes like translocations in metaphase | may
have contributed to the diversification of the
studied populations. Duncan’s multiple range
test applied to the chromosome morphometric
traits showed a significant difference among
examined populations. It was shown that C.
officinalis have small chromosomes ranged from
1.30 (Gill et al., 1985) to 5.00 um (Samatadze et
al., 2019), while in our study, the chromosome
length was detected slightly smaller than those
(1.05 to 1.50 um). Also, differences in climate
including region, latitude, altitude, temperature,
and precipitation have been correlated with
different genome sizes (Du et al., 2017; Savas
Tuna et al., 2019). The population of Karaj,
which grows in a region with higher altitude
compared to Khuzestan province, has smaller
chromosomes. Similarly, a significant negative
correlation between genome size and altitude
was found in Dactylis glomerata (Reeves et al.,
1998), Lilium (Du et al., 2017) and two
Brachypodium species (Savas Tuna et al., 2019).
However, Hoffmann et al. (2010) reported a
positive correlation between altitude and 1C-
value in Olimarabidopsis pumila, Arabis
montbretiana, and Arabis auriculata. These
relationships suggest that adaptation to habitat
strongly  influences  chromosome  length
diversity, probably because different populations
grow in different environments and at different
latitudes and altitudes in a wide range of biotic
and abiotic conditions that may shape natural
genetic variation (Roughani et al., 2018a;
Roughani et al., 2018b; Savas Tuna et al., 2019).
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Our results present the flexibility in the size of
the Calendula genome and provide evidence
supporting an adaptive hypothesis of genome
size evolution in Calendula.

In conclusion, the main purpose of the present
study was to choose C. officinalis populations
with the most homology in chromosomal
variations to cross in plant breeding programs.
Significant karyotypic difference demonstrated
between the C. officinalis populations. Crosses
of Khuzestan 1 and 2, therefore suggested
obtaining the higher genetic variation. Moreover,
geographical region and altitude affected
genome size. This type of analysis can help
breeders select a variety of parents for heterosis
breeding programs aimed at improving varieties.
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