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ARTICLE INFO ABSTRACT

Article history: The somatic chromosome numbers and karyotype features of seven
Received 27 August 2020 populations representing three species of Stachys L. (Lamiaceae), which are
Accepted 26 October 2020 naturally distributed across Iran, were described. The results confirm the
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presence of different basic chromosome numbers including x = 15 and 17
within the genus. All the studied taxa were diploid and the chromosome counts
of two species including S. benthamiana and S. setifera (2n = 34) are reported
Keywords: for the first time, while the chromosome number of S. byzantina (2n = 30) is
Asymmetry index confirmed. The chromosomes in the studied taxa of Stachys were generally
%‘rozoszme numbers small, as the longest chromosome length was detected on S. setifera (18713)
st arc};lysyp (2.26 pm), whereas S. setifera (23354) demonstrated the shortest length (1.46
um). The karyotypes were symmetrical composing of metacentric
chromosomes as indicated by their mean arm ratio (AR) that ranged between
1.11 in S. setifera (23354) and 1.29 in S. byzantina (37985), so it was classified
as class 1A according to Stebbins’ categories. Based on the values of total form
percentage (TF%, 47.1%), Arano index of karyotype asymmetry (AsK%,
52.5%), symmetry index (S%, 94.0%) and differences of range relative length
(DRL, 0.36), S. setifera (23354) had the most inter-and intra-chromosomal
symmetric karyotype. Also, S. byzantina (37985) had the most inter-and intra-
chromosomal asymmetric karyotype based on the values of TF% (42.0%),
AsK% (56.1%), and relative length of chromosome (RL%, 6.6%). The results
of cluster analysis based on chromosomal parameters divided the taxa into two
p-ISSN 2423-4257 main groups gsing the Ward method. Group I included taxa with x = 17 and
e-ISSN 2588-2589 group II contained S. byzantina (x = 15).
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Introduction (Akgigek et al., 2012; Salmaki et al., 2012).
Reportedly, 23 species, 9 subspecies, and 2
hybrids have been recognized in Iran, of which
17 taxa are endemic (Salmaki et al., 2012).

The genus Stachys consists of annual or
perennial herbs or subshrubs that are hispid or
soft-pubescent (Salmaki et al., 2012; Bilusi¢
Vunda¢, 2019). Leaves are sessile or stipulate,
their blades are oblong to ovate, with serrate to
crenate margins. Flowers are sessile or short-
stalked, with two or more clustered in the axils
of the leaves on the upper part of the stem.
Corolla is narrow, generally with a short,
pouched spur on the lower side of the tube. The

Stachys L., with approximately 300 species
worldwide, is the largest genus of subfamily
Lamioideae and among the largest genera of
Lamiaceae (Labiatae). It has been shown in an
existing phylogeny to be polyphyletic, and
several related genera should be included within
Stachys (e.g., Sideritis with about 140 species),
so the genus Stachys would grow to more than
500 species (Marhold, 2011). Species of the
genus are mainly found in the warm temperate
climate of the Mediterranean and Irano-Turanian
regions, with secondary centers in North
America, South America, and southern Africa

_IQ This work is licensed under the Creative Commons Attribution 4.0 International License.



Rajabi Mazaher et al., J Genet Resour, 2021; 7(1): 29-35

upper lip is erect or generally parallel to the tube
axis, concave, entire (notched), and generally
hairy, and the lower lip is perpendicular to the
tube axis or reflexed, three (two)-lobed and
glabrous to hairy (Bilusi¢ Vundaé, 2019).
Several Stachys species are exploited in
traditional medicine as astringent, wound-
healing, anti-diarrhoeal, anti-nephritic, and anti-
inflammatory agents (Tundis et al., 2014).
Moreover, antimicrobial, antianxiety,
antioxidant,  antinephritic, and  cytotoxic
activities of some Stachys species are
documented (Goren, 2014; Tundis et al., 2014).
Iridoids, flavonoids, phenolic acids, and
diterpenoids are reported as secondary
metabolites of different species of this genus
(Keshavarzi et al., 2016; Tundis et al., 2014). In
Mediterranean regions and Iran, the species are
consumed as herbal remedies and wild tea
(mountain tea) (Goren, 2014).

Stachys shows a wide range of variability that is
difficult to define (Akgicek, 2020). The main
taxonomic problems of Stachys are the
nomenclatural of some taxa and delimitation of
taxa within natural groups defined as formal
sections (Khadivi-Khub and Aghaei, 2015).
Karyotype analysis and chromosome counting
provide valuable information in identifying
species and inferring some closely related taxa,
especially to resolve the taxonomy of complex
groups (Fallahi et al., 2020; Oroji Salmasi et al.,
2019). Also, an investigation on karyotypes
supplied important information for plant

breeders (Tarinejad and Mirshekari, 2009).
Stachys species and populations show extensive
variation in morphological and cytological
characters (Keshavarzi et al., 2016; Khadivi-
Khub and Aghaei, 2015). Karyological research
conducted on taxa of the genus Stachys has
shown that chromosome numbers vary from
2n=10 to 102, although it is generally 2n = 30,
34, or 66 (Martin et al., 2016). There is little data
on the karyology of the genus Stachys, and these
data state only the chromosome numbers of the
taxa because the lengths of the chromosomes
were not suitable for karyotype analysis, and the
centromere positions could not be observed
(Martin et al., 2011). This study aims to
characterize the karyotype features of seven
populations of three Stachys species, in which
the karyotype of two species is reported for the
first time.

Materials and Methods

Plant materials

A karyotype study was performed on
seven Stachys populations belonging to three
species from the collections of Natural

Resources Gene Bank of Iran, Research Institute
of Forests and Rangelands (RIFR), Tehran, Iran
(Table 1). The seeds were disinfected by 0.2%
carboxin thiram fungicide for 3 min and placed
in Petri dishes on moist filter paper at 4 'C for
two weeks. Then, they were germinated at 25 'C
in a germinator under dark conditions.

Table 1. Geographical information of the Stachys species investigated in the present study.

Species Location Latitude Longitude Altitude (m)  Gene bank code
S. benthamiana Boiss. Ilam- Darreh Shahr N 33°08' 38" E 47°22' 28" 650 13425
S. byzantina K. Koch Ardabil- Ardabil N 38°15'28" E 48°17' 59" 1351 37985
S. byzantina K. Koch Ardabil- Ardabil N 38°27' 47" E 48°31' 66" 1332 37992
S. setifera C. A. Mey. Yazd-Yazd N 31°53'50" E 54°22' 04" 1216 18713
S. setifera C. A. Mey. Yazd-Taft N 31°44' 50" E 54°12'32" 1560 23354
S. setifera C. A. Mey. Yazd-Taft N 31°75'90" E54°12'17" 1601 23356
S. setifera C. A. Mey. Kerman-Bardsir N 29°93' 84" E 56°57' 28" 2035 41181

Cytological studies

For the karyotype study, 1-2 cm freshly grown
root tips were collected from the germinated
seeds. Different protocols were tested for
pretreatment including (1) ice-cold water (0 °C)
for 24 h, (2) 0.05% colchicine for 3 h at 25 °C,
(3) a-bromonaphthalene for 16 h at 4 °C, (5) 2
mM 8-hydroxyquinoline for 120, 135 and 150
min at 4 °C, 16 °C, and 25 °C, and the best result
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was obtained from 2 mM 8-hydroxyquinoline at
16 °C for 135 min. The root tips were then fixed
in Carnoy I (3 ethanol: 1 acetic acid) for 24 h at
room temperature. The fixed root tips were then
washed thoroughly in distilled water and
macerated in 1IN HCI at 60 °C for 10 min. The
roots were stained with 1% aqueous aceto-orcein
for 3-4 hours and squashed in 45% acetic acid.
For each taxon, the chromosomes of 25 mitotic
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metaphase  cells were  observed and
photographed using a light microscope (CX52
Olympus) at 1000 magnification supplemented
Canon digital camera (Powershot G1X). The
somatic chromosome number and Kkaryotype
details were studied in at least 25 well-prepared
metaphase plates.

Statistical analyses
The long arm (LA) and short arm (SA) length of

the chromosomes were measured using
Micromeasure 3.3  software, and other
chromosomal parameters such as mean

chromosome length (CL), arm ratio (AR), the
ratio of short to long arms (r-value), relative
length of chromosome (RL%) and centromeric
index (CI) were calculated by Excel. The
chromosomes were identified by Levan et al.
(1964) procedure. Karyotype symmetry was
determined according to Stebbins (1971), while
other karyotype parameters or asymmetry
indices like haploid total chromosome length
(HCL), total form percentage (TF%) (Huziwara,
1962), Arano index of karyotype asymmetry
(AsK%) (Arano, 1963), symmetry index (S%)
and differences of range relative length (DRL)
were determined. The species studied were
grouped based on karyotype features by the
Ward clustering method.

Results

The studied taxa were diploid and had two basic
chromosome numbers including 2n = 2x = 30 (S.
byzantina) and 2n = 2x = 34 (S. benthamiana
and S. setifera) (Table 2), whose chromosome
number of the two latter species were revealed
for the first time.

The longest chromosomal parameters among the
taxa including HCL (38.3 pm), CL (2.2 um), LA
(1.2 um), and SA (1.0 pm) were detected in S.
setifera (18713). The lowest of these parameters
(249 pm, 1.46 pm, 0.77 um, and 0.69 um,
respectively) were in S. setifera (23354) (Table
2). HCL and CL of S. benthamiana were 25.8
um and 1.5 um, while in S. byzantine they varied
between 25.3-28.5 pum and 1.7-1.9 pm,
respectively. S. setifera (23354) had the lowest
AR (1.11) and the highest CI (0.47) and r-value
(0.89), while the highest AR and the lowest CI
and r-value (1.29, 0.43, and 0.77) were observed
in S. byzantina (37985). The mean value of RL%
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in S. byzantina (6.6%) was more than the other
two species (5.8%). There were no significant
Pearson correlations between chromosome
length with altitude and geographic coordinates
(data not shown).

Fig. 1 illustrates karyotypes, karyograms, and
ideograms obtained for the studied taxa. One or
two pairs of satellites were observed on the short
arm of the chromosomes of all taxa except for S.
setifera (18713). S. benthamiana, S. byzantina
(37985), S. byzantina (37992), and S. setifera
(23356) had two pairs of satellites on
chromosomes no. 14, 12, 9, and 11, respectively,
while S. setifera (23354), and S. setifera (41181)
had one pair of satellites on chromosomes no. 4
and 17, respectively. All taxa had metacentric
(m) chromosomes and their karyotypes were
classified in the 1A Stebbins classes (Table 2).

S. setifera (23354) had the highest values of
TF% (47.1%) and S% (94.0%), as well as the
lowest values of AsK% (52.5%) and DRL
(0.36), so it possessed the most intra- and
interchromosomal symmetry karyotype. The
lowest value of TF% (42.0%) and the highest
value of AsK% (56.1%) belonged to S. byzantina
(37985). Based on the results of
interchromosomal asymmetry, S. byzantina
(37992) with the highest DRL (3.47) had the
most asymmetrical karyotype. TF%, AsK%, S%
and DRL in S. benthamiana were 46.0%, 53.9%,
81.0% and 1.24, respectively. Among the
populations of S. sefifera, the lowest TF%
(44.1%) and S% (70.2%) as well as the highest
AsK% (55.4%), and DRL (2.0) were identified
in the populations of 41181, 23356, 18713, and
23356, respectively (Table 2).

The genetic relationship among taxa based on
karyotype similarities was assessed by cluster
analysis. The Ward phenogram assigned the
accessions into two main groups (Fig. 2). The
first group is comprised of S. benthamiana and
S. setifera (2n = 34), while the second consists of
S. byzantina (2n = 30).

Discussion

The results of karyological characteristics of the
seven populations representing three species
of Stachys L. showed that the basic chromosome
number was x = 15 (S. byzantina), and x = 17 (S.
benthamiana and S. setifera), and all the
populations were diploid.
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Fig 1. Karyotypes, idiograms and karyograms of A) S. benthamiana (13425); B) S. byzantina (37985); C) S.
byzantina (37992); D) S. setifera (18713); E) S. setifera (23354); F) S. setifera (23356); G) S. setifera (41181). Scale
bar=1 pm.

Table 2. Chromosome, karyotype, and asymmetry parameters were measured on the seven populations of the
studied Stachys species.

Species 2n HCL CL LA SA AR CI rvale RL% TF% AsK% S% DRL SC KF
(um)  (um) (pm) (pm)

S. benthamiana (13425) 2x=34 2584 152 082 070 1.17 046 085 588 4605 5394 8106 124 1A 32m+2m™
S. byzantina (37985)  2x=30 2857 190 1.07 083 129 043 077 665 4200 5617 7636 182 1A  28m+2m™
S. byzantina (37992)  2x=30 2535 169 091 077 118 045 0.84 662 4556 53.84 5868 347 1A  28m+2m™
S. setifera (18713)  2x=34 3832 226 125 101 123 044 080 589 4480 5545 7734 151 1A  34m

S. setifera (23354)  2x=34 2490 146 077  0.69 111 047 089 586  47.10 5257 9403 036 1A  33m+imt
S. setifera (23356)  2x=34 2720 160 086 073 1.8 045 0.84 584 4562 5375 7021 206 1A 32m+2m®t
S. setifera (41181)  2x=34 2738 161 089 071 125 044 079 584 4408 5526 7888 138 1A  33m+im™t

2n: somatic chromosome number, HCL: haploid total chromosome length, CL: chromosome length, LA: long arm, SA: short
arm, AR: arm ratio, CI: centromeric index, r-value; the ratio of short to long arms, RL%: the relative length of the chromosome,
TF%: total form percentage, AsK%; Arano index of karyotype asymmetry, S%: symmetry index, DRL: differences of range
relative length, SC: symmetry classes of Stebbins, KF: karyotype formula
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Fig. 2. Ward cluster dendrogram based on all the studied chromosomal traits of seven populations of the studied
Stachys species.
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The chromosome counts of S. benthamiana and
S. setifera (2n = 34) are reported for the first
time. Dirmenci et al. (2011) and Techio et al.
(2017) showed that S. byzantina had 2n = 30
chromosomes. The most common basic
chromosome number in genus Stachys are x = 15
(Strid, 1965; Gill, 1980; Baltisberger, 2002,
2006; Dirmenci et al., 2011; Martin et al., 2011,
2016; Khadivi-Khub and Aghaei, 2015) and x =
17 (Strid, 1965; Baltisberger, 2002, 2006;
Baltisberger and Widmer, 2009; Samaropoulou
et al., 2013; Floden, 2016; Martin et al., 2016;
Giiner et al., 2019; Gedik and Kocabas, 2020),
which is consistent with our results. In the
previous researches, it was revealed that most
species of Stachys are diploid (Strid, 1965;
Baltisberger, 2002, 2006; Dirmenci et al., 2011,
Martin et al., 2011, 2016; Samaropoulou et al.,
2013), but Rad et al. (2012) found di-, tri- and
tetraploid individuals in S. inflate. Zakaria and
Zare (2013) and Khadivi-Khub and Aghaei
(2015) reported S. lavandulifolia to be tetraploid
(2n = 4x = 60).

Stachys has small chromosomes (mostly less
than 2 pm) with hardly visible centromeres
(Marhold, 2011). The length of chromosomes in
the present study are congruent with reports of
Samaropoulou et al. (2013) in S. parolinii (1.1-
2.2 pum) and Zakaria and Zare (2013) in S.
lavandulifolia (0.9-2.4 um), and almost medium
in size compared to other Stachys species.
Khadivi-Khub and Aghaei (2015) and Gliner et
al. (2019) reported that the chromosome size of
S. lavandulifolia and S. kurdica were small and
varied between 1.30-1.48 pm and 0.95-1.51 um,
respectively. Martin et al. (2016) studied the
karyology of six endemic species of Stachys
from Turkey and reported that the length of
chromosomes was in the range of 0.9 um (S.
buttleri) to 2.1 um (S. pinardii). However, Gedik
and Kocabas (2020) found that the chromosome
lengths of S. marashica varied in the range of
2.3-4.5 pm.

Population diversity existed in the number of
satellites and their positions on the
chromosomes. It has been determined that one or
two pairs of the chromosomes of these taxa
(except S. setifera (18713)) have satellites. Strid
(1965) reported that some species of Stachys had
one or two pairs of satellites. On the other hand,
Tarinejad and Mirshekari (2009), Zakaria and
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Zare (2013), Khadivi-Khub and Aghaei (2015),
Martin et al. (2016), Giiner et al. (2019), and
Gedik and Kocabas (2020) did not observe
satellites in the karyotype of the studied Stachys
species.

The chromosomes of these species are of the
metacentric type. Meanwhile, Tarinejad and
Mirshekari (2009) found that S. byzantina had
metacentric and sub-metacentric chromosomes.
Khadivi-Khub and Aghaei (2015) reported that
all chromosome pairs of S. lavandulifolia were
metacentric, while Martin et al. (2016), Giiner et
al. (2019), and Gedik and Kocabas (2020) found
that the chromosome types of Stachys species
were  metacentric  and  sub-metacentric.
Karyotype formulae and quantitative analysis
have a great uniformity among populations of
any species; however, the karyotypes of S.
setifera populations are not as fully constant. At
the interspecific level, quantitative and
qualitative data did not allow the differentiation
of S. benthamiana and S. setifera. Changes in the
morphology of the chromosomes have been
frequently related to evolution in higher plants
(Zuo and Yuan, 2011). The similarity in
karyotype formulae may indicate that if the
mechanisms of speciation involved chromosome
rearrangements, these may not have been large
structural mutations, but small or cryptic
changes. Alternatively, if speciation has occurred
as a consequence of large chromosome
modification, these may have been changes that
did not modify the karyotype morphology, such
as paracentric inversions or reciprocal
translocations with segments of equal size (Seijo
and Fernandez, 2003).

According to Stebbin’s classification, all taxa
were in class 1A. This indicated chromosome
symmetry between the populations. Khadivi-
Khub and Aghaei (2015) also indicated a 1A
symmetrical karyotype in S. lavandulifolia,
while Giiner et al. (2019) classified S. kurdica
chromosomes in class 2A.  Stebbin’s
classification could not determine the most
symmetrical or asymmetrical karyotype. Thus,
we resorted to other indices. The TF% and S%
values decreased with increasing asymmetry,
while the AsK% value increased with increasing
asymmetry (Giliner et al., 2019). Having the
highest rates of TF% and S% and the lowest
rates of AsK% and DRL, S. setifera (23354) was
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considered the most symmetrical karyotype.
Interchromosomal asymmetry is due to
heterogeneity among chromosome sizes in a
complement (Peruzzi and Eroglu, 2013). The
highly asymmetric karyotypes could be the result
of chromosome rearrangements due to the loss of
chromosome segments, unequal translocations,
differential amplification of heterochromatic
regions, or even the hybridization between
species with different chromosome sizes. All
these events increase the interchromosomal
asymmetry by increasing the morphological
discontinuities between chromosomes in a
karyotype (Medeiros-Neto et al., 2017).

Ward cluster analysis according to karyological
traits classified the seven studied populations
into two main groups based on their basic
chromosome numbers. Cluster I included S.
benthamiana and S. setifera, and the populations
of S. byzantina were classified in Cluster II. S.
benthamiana and S. setifera (x = 17) were placed
in the same group, indicating that they are more
closely related species, while S. byzantine (x =
15) had the highest distance from the other two
species. This may be associated with the
different evolutionary history of cytological and
morphological characters in Stachys species.

In conclusion, the present study showed that the
basic chromosome numbers of the studied
Stachys taxa are x=15 (S. byzantina) and x=17
(S. benthamiana and S. setifera). Chromosome
numbers correspond to the diploid level. Also,
all chromosomes of three species were
metacentric, and the karyotype in these species
was symmetric. Higher values of the TF% and
S%, as well as lower values of AsK% and DRL
indices, revealed that S. setifera (23354) is a
taxon with the highest level of karyotypic
symmetry. Our results could be important for
identifying the taxonomy and breeding programs
of Stachys species.
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