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Abstract. Datura stramonium and D. innoxia are among the important species of 
Datura genus. They have many uses in traditional and modern medicine. Since Iran is 
located in the origin area of Datura, it is expected that Iranian germplasms are factors 
of global genetic diversity of Datura. Ploidy level, chromosome number and length, 
and genome size estimation were studied on 15 populations of both Datura species 
mostly collected from different parts of Iran and a few from abroad. For chromosom-
al preparations, root tip was squashed and stained with 1% (w/v) aceto-orcein. For 
genome size estimation, flow cytometric analysis was conducted on fresh developed 
leaves of Datura samples along with those of internal standard reference (Solanum 
lycopersicum cv. Stupick, 2C = 1.96 pg DNA), using PI fluorochrome. All the studied 
populations were diploids (2n = 2x = 24). The mean chromosome length in D. stra-
monium and D. innoxia was determined as 1.97 µm and 2.39 µm, respectively; the lat-
ter had 21% larger chromosomes. The mean monoploid genome size was determined 
as 3.80 pg in D. stramonium (ranged 3.65 pg to 3.93 pg) and 3.91 pg in D. innoxia 
(ranged 3.68 pg to 4.30 pg). The present study provides completely new information 
about cytogenetics in D. stramonium and D. innoxia populations from Iran for the first 
time, which is useful for whole genome sequencing and the construction of genetic 
and physical maps in the future. 

Keywords: chromosome, DNA C-value, monoploid genome size, Datura, Iran.

INTRODUCTION

Solanaceae is a large plant family that includes economically species and 
having still many members cytologically unexplored (Zhang et al., 2023). 
The genus Datura from the Solanaceae family produces various secondary 
metabolites, for example tropane alkaloids, terpenoids, and glycoalkaloids 
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to defense against natural enemies such as herbivorous 
insects, pathogenic agents (bacteria, fungi, viruses) and 
different abiotic stresses (De-la-Cruz et al., 2021). The 
classification of Datura species is organized into two 
primary groups. The first group, Ceratocauli, consists 
solely of the species D. ceratocaula. The second group 
encompasses a variety of other species and is further 
divided into two sections. The first section includes 
D. arenicola, D. discolor, D. ferox, D. kymatocarpa, D. 
leichhardtii, D. quercifolia, and D. stramonium, while 
the second section (termed polyphyletic) comprises D. 
innoxia, D. lanosa, D. metel, D. reburra, and D. wrightii 
(Bye and Sosa, 2013) which are native to North Amer-
ica (De-la-Cruz et al., 2021), distributed in subtropical 
regions of the world (Hassan and Amer, 2019; Papagri-
goriou et al., 2019). On the other hand, Karimi (2001) 
believed that the origin of D. stramonium are India and 
the western shores of the Caspian Sea. Hence, the two 
species D. stramonium and D. innoxia are found abun-
dantly in Iran; D. innoxia is less distributed than D. 
stramonium in coastal areas, but it is more distributed 
in the outskirts of cities (Ghahraman, 1998; Muzafar-
ian, 2000). Among the Iranian names of Datura weed, 
Tatore weed, Tatoleh, and Jozmash can be notified 
(Kirimi, 2001). In which, D. stramonium also known as 
the Thorn Apple, Jimson Weed, and Angel’s Trumpet 
(Disel et al., 2016). Both D. stramonium and D. innox-
ia are important species of Datura genus (Batool et al., 
2020; Al-Zharani et al., 2021), having several traditional 
and modern medicinal uses (Mohammed et al., 2021). 
Morovati et al. (2023) showed that the essential oil of 
the aerial parts of D. stramonium is rich in monoterpe-
noid derivatives such as camphor and borneol, which 
are widely used as therapeutic agents against the prolif-
eration of cancer cells for the treatment of neurological 
and antiviral disorders (Salakhutdinov et al., 2017).

Genome size, chromosome number and structure 
changes play an important role in speciation events, 
adaptation and the development of new genetic networks 
during evolution (Pellestor and Gatinois, 2020; Winter-
feld et al., 2020). Accordingly, analysis and chromosome 
observation and genome size estimates, elucidate phylo-
genetic relationships, structure, function, organization, 
and evolution (Amosova et al., 2019). Such cytogenetic 
studies may be useful in establishing systematic and evo-
lutionary relationships, resolving taxonomic ambiguities, 
and achieving a better understanding of the branching 
pattern of Datura genera (Dobigny et al., 2004; Knight et 
al., 2005; Bancheva and Greilhuber, 2006; Guerra, 2008; 
Bainard et al., 2013). Hence, for those reasons, many 
studies are conducted to genome size estimates and 
chromosomes studies (Burchardt et al., 2020).

Variation of chromosome number in the Datura 
genus can indicate intra- and inter-specific differences 
in genomic DNA quantities and also, variation of intra/
interspecific genome size may ref lect karyotypic dif-
ferences, such as differences in the case of chromo-
some number and size (Bennett et al., 2008). Previously, 
Blakeslee (1921) reported various chromosome number 
in D. stramonium as 2n = 12, 25, 26, 36, and 48 in the 
USA, but in recent years Hassan and Amer (2019) stated 
that the commonly chromosome number in this spe-
cies was 2n = 24. Confirming the latter report, Badr et 
al. (1997) verified the chromosome base number in D. 
innoxia and D. stramonium as n = x = 12. Moreover, 
recently, Sadeghian and Hatami (2022) clarified that D. 
innoxia is diploid with 2n = 24. Monoploid genome size 
(1Cx-value) as the amount of DNA of one basic chromo-
some set (with chromosome base number x), regardless 
of the degree of generative polyploidy, aneuploidies, etc. 
(Greilhuber et al., 2005; Karimzadeh et al., 2011; Abedi 
et al., 2015).

In previous study, the 2C DNA of D. stramonium 
was reported as 4.18 pg. (Kubešova et al., 2010). Also, in 
the report of Bennett and Smith (1976) who evaluated 
the absolute amounts of nuclear DNA for 753 species of 
angiosperms, using Feulgen microdensitometry. The 2C 
DNA of D. innoxia was reported as 4.60 pg (Bennett and 
Smith, 1976). Due to shortcomings in some of the used 
cytogenetic techniques and lack of access to detailed 
information on DNA C value, karyology, and ploidy lev-
els of Datura genus and since Iran is located in the cent-
er of the origin of diversity, so it is expected that Irani-
an Datura germplasm indicates much of the worldwide 
genetic diversity of Datura. On the other hand, there is 
no reliable report regarding the number of chromosomes 
and genome size regarding Datura genus in Iran. Thus, 
reliable conclusions cannot be drawn on the actual range 
of chromosomal variation in Datura without consider-
ing the Iranian germplasm. Hence, the current study, for 
the first time, was aimed to provide a detailed survey of 
chromosomal and genome size variation in the Iranian 
D. stramonium and D. innoxia by focusing on popula-
tions that were not studied before. For this purpose, sev-
eral Iranian populations of D. stramonium and D. innox-
ia were investigated.

MATERIALS AND METHODS

Seed collection site 

The seeds of 13 Iranian endemic populations of 
Datura stramonium (9 populations) and D. innoxia (4 
populations) were collected from different sites of Iran 
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during the October and November of 2021, also, two 
populations (P9, P10) of Datura stramonium species were 
prepared from Leibniz Institute of Plant Genetics and 
Crop Plant Research (IPK), Germany. The species code 
and geographical descriptions, including latitude, longi-
tude, and altitude are shown in Table 1 and Figure 1.

Plant material and growing conditions for genome size esti-
mation

For study the genome size, the collected seeds were 
planted in grow bags with 10 kg soil (sandy loam) and 
placed for three months in greenhouse of agricultural 
faculty of Tarbiat Modares University in Tehran. Under 
greenhouse conditions, average air temperature was 25 
°C. Finally, the developed leaves at the four-leaf stage 
were collected to determine their genome size.

Flow cytometric genome size estimation

The 2C-value of each Datura species was determined 
by f low cytometric analyses. FCM (Flow cytometric) 
analysis was carried out by PI (Propidium Iodide) stain-
ing technique and Solanum lycopersicum cv. Stupicke; 2C 
= 1.96 pg DNA (Doležel et al., 1998) as an internal ref-
erence standard plant (Figure 2). About 2 cm2 of healthy 
fresh young leaves of Datura and internal reference 
standard were co-chopped with a sharp razor blade in a 
glass petri dish, containing one ml of ice-cold WPB buff-
er (Woody Plant Buffer, Loureiro et al., 2007). The crude 

nuclei suspension was filtered through a 30 μm green 
nylon mesh (Partec, Münster, Germany). Then RNase 
(Sigma-Aldrich Corporation, MO, USA) and propidium 
iodide (PI; ach 50 μg ml−1) was added. For the resulting 
sample, the relative f luorescence intensity was calcu-
lated. After incubation for two min at RT, to determine 
the amount of genomic 2C DNA, the nuclei suspension 
was examined by BD FACSCantoTM-KE flow cytometer 
(BD Biosciences, Bedford, MA, USA), equipped with an 

Table 1. Locality collection characteristics of D. stramonium and D. innoxia.

Altitude (m) Latitude (N) Longitude (E) Local Collection locations Population codes

1723 35°43’57” 53°37’49” Semnan, Semnan, Iran S1P1
1612 32°36’12” 51°26’01” Isfahan, Isfahan, Iran S1P2
120 39°29’18” 48°07’49” Mughan plain, Ardabil, Iran S1P3

1500 36°42’15” 48°21’31” Zanjanrood, Zanjan, Iran S1P4
1362 36°26’17” 45°56’43” West Azerbaijan, Iran S1P5

65 38°06’44” 41°07’33” Saravan, Gilan, Iran S1P6
30 33°95’04” 41°55’89” Venous Rezvanshahr, Gilan, Iran S1P7

1505 29°34’80” 52°35’26” Shiraz, Fars, Iran S1P8
1880 11°16’46” 51°49’27” RuBland (RUS) S1P9
1880 11°16’46” 51°49’27” Brasitieh (BRA) S1P10
1269 35°44’17” 51°10’23” Tehran, Tehran, Iran S1P11
1800 37°12’11” 44°52’21” Turgor, Urmia, Iran S2P1
1914 34°27’00” 46°80’76” Mahidasht, Kermanshah, Iran S2P2
981 34°35’17” 50°49’02” Qom, Qom, Iran S2P3
838 29°49’17” 51°33’48” Kazerun, Fars, Iran S2P4

S1: Datura stramonium, S2: Datura innoxia.

Figure 1. Location of the sampling sites of 13 Iranian endemic 
Datura populations on the map of Iran.
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argon ion laser (488 nm) via BD FACSDivaTM software. 
At least 5,000 nuclei were typically analyzed for each 
sample in three replications (Sayadi et al., 2022; Zarabi-
zadeh et al., 2022). For create a histograms, the range of 
gating zone was calculated by using the Partec FloMax 
ver. 2.4e. (Partec, Münster, Germany). The measurements 
of relative fluorescence intensity of stained nuclei were 
performed on a linear scale. By calculating the values of 
the means of G1 peak, the absolute DNA amount of each 
sample was estimated (Doležel et al., 2003, 2007; Greilhu-
ber et al., 2005; Karimzadeh et al., 2011) as follows:

Sample 2Cx DNA (pg) = (Sample G1 peak mean/Stand-
ard G1 peak mean) × Standard 2C DNA (pg).

Value was calculated based on a conversion formula 
where 1 pg of DNA represents 978 Mbp (Doležel et al., 
2003).

Chromosome analysis 

Initially, the scraped seeds were placed in Petri 
dishes with sandpaper and germinated on moist filter 
paper at 20 - 25 °C under light conditions in a growth 
chamber. For the cytological preparations, each root tip 
(0.5 - 1 cm long) was removed and pretreated with 0.002 
M 8- hydroxyquinoline at 25 °C for 2.5 h in the dark 
to induce cell cycle delay in metaphase. The roots were 

washed by distilled H2O in several times and fixed in 3:1 
(v/v) of ethanol and glacial acetic acid (Carnoy solution) 
at 4 °C for 17 h. The fixed roots were washed in distilled 
H2O, hydrolyzed in 1 M HC1 at 60 °C (11 min for D. 
stramonium and 13 min for D. innoxia) in a water bath, 
and washed in water, then stained by aceto-orcein 1% 
(w/v) at 25 °C (50 min for D. stramonium and 60 min for 
D. innoxia) in darkness (Reference). Finally, for micro-
scopic studies, the five root tips from different individu-
als were squashed in a drop of 45% (v/v) acetic acid and 
analyzed per Datura populations. Slides were examined 
and High-resolution microscopic digital photographs 
(Super High Quality; SHQ; Tiff format images) were 
acquired, using an Olympus BX50 (Olympus Optical 
Co., Ltd., Tokyo, Japan) microscope equipped with an 
Olympus DP12 digital camera. It is reminded that each 
replicate is a cell from the meristem of the plant and five 
slides from the terminal meristem of five different plants 
were prepared from each population.

Statistical analysis

The karyotypic and flow cytometric data was ana-
lyzed according to analysis of variance based on a com-
pletely randomized design with five and three replica-
tions, using SAS Statistical Package Program version 9.0 
and SPSS software version 20.  The PROC UNIVARIATE 
within SAS was used to test the assumptions of ANOVA, 
and residuals were normally distributed. The means were 
compared through the least significant difference (LSD) 
posthoc test at the 5% probability level. Moreover, the 
standard errors of the means were calculated. 

RESULTS

Chromosome counts and length and ploidy level

Figures 3 show the somatic complement karyotypes 
in the 15 D. stramonium and D. innoxia populations. 
All cells studied of the examined Datura populations 
consistently had ploidy levels and chromosome number 
of 2n =2x= 24 were with small chromosomes. Based on 
ANOVA results, among populations D. stramonium for 
Chromosome length (CL), were significant differences (P 
< 0.05; Table 2). The mean chromosome length (CL) was 
determined as 1.966 μm, varied from 1.627 μm (S1P2) to 
2.286 μm (S1P8, Table 3). On the other hand, the ANO-
VA results, among populations D. innoxia verified sig-
nificant differences (P < 0.01; Table 2) in Chromosome 
length (CL). The highest and the least values of Chromo-
some length (CL) in S2P1 (2.819 μm) and S2P2 (1.967 

Figure 2. Two species of Datura in grow bags in greenhouse (a). 
Datura innoxia, (b) D. stramonium (c). Solanum lycopersicum cv. Stu-
picke (2C = 1.96 pg DNA) the internal reference standard plant (d).
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μm), respectively and the mean Chromosome length in 
this species was 2.388 μm (Table 3). 

Flow cytometric analysis of monoploid genome size

The nuclear DNA values of 15 populations of two 
species of Datura genus were estimated by flow cytom-

etry. In the process of estimating the DNA content of 
the nuclei in the leaf tissue, two peaks were observed in 
the obtained histograms. In all populations under study, 
the left peak corresponds to the Solanum lycopersicum 
cv. Stupicke (2C value = 1.96 pg DNA) internal reference 
standard plant, and the right peaks refer to the Datura 
populations (Figures 4). Based on the ANOVA results 
(Table 4), no significant difference in the comparison 

Figure 3. Somatic chromosomes (2n = 2x = 24) of 11 Datura stramonium populations and four D. innoxia populations. Scale bar = 5 μm.
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of genome size among populations D. stramonium was 
observed. However, the mean monoploid genome size 
was determined as 3.8 pg, varied from 3.650 pg (S1P5) to 
3.934 pg (S1P4). Also, the ANOVA results, between four 
populations D. innoxia verified significant differences in 
genome size (Table 4). The mean genome size (Table 5) 
was determined as 3.91 pg, varied from 3.682 pg (S2P2) 
to 4.305 pg (S2P1).

DISCUSSION

Fifteen Datura populations we studied, among 
which nine populations of Datura stramonium and four 
populations of D. innoxia were of Iranian endemic ori-
gin. The results of the current study, which were used 

to examine karyotype diversity and estimate genome 
size from the new and unworked populations of Datura 
plant, are being reported for the first time in the world. 
Our results provide basic cytogenetic information for 
these two species, which are helpful for the whole-
genome sequencing and the construction of genetic and 
physical maps in the future. Cytogenetic investigations 
carried out on the populations of Datura stramonium 
and D. innoxia showed that all the studied populations 
were diploid with chromosome number of 24, which was 
completely consistent with the results of previous reports 
(Badr et al., 1997; Hassan and Amer, 2019; Sadeghian 
and Hatami, 2022). Because of short chromosomes’ 
lengths, the locations of the centromeres could not be 
identified clearly, hence chromosome length (CL) param-
eter was measured, as reported for different species 
by researchers (e.g. Morales Valverde, 1986; Karimza-
deh et al., 2010; Abbasi-Karin et al., 2022; Rasekh and 
Karimzadeh, 2023, Yari et al., 2024). According to the 
results of the current study, the mean chromosome 
length (CL) in D. stramonium and D. innoxia popula-
tions was 1.97 µm and 2.39 µm, respectively. In other 
words, D. innoxia populations had 21% larger chromo-
somes. Moreover, in the present study, the leaf materi-
als were used for the estimation of genome size, using 

Table 2. ANOVA of chromosome length (µm) of Datura stramoni-
um and D. innoxia populations.

S.O.V.
D. stramonium D. innoxia

df MS df MS

Population 10 0.17039* 3 0.6176**

Error 44 0.06506 8 0.1081
Total 54 11
CV% 12.97 13.77

*Significant (P<0.05); **Significant (P<0.01).

Table 3. Means (±SE) and the range comparisons of chromosome 
length (µm) of Datura stramonium and D. innoxia populations.

Population 
codes

CL (µm)
D. stramonium

Population 
codes

CL (µm)
D. innoxia

S1P1 2.032 ± 0.212abc S2P1 2.819 ± 0.076a

S1P2 1.627 ± 0.071d S2P2 1.967 ± 0.142b

S1P3 2.133 ± 0.132ab S2P3 2.323 ± 0.119ab

S1P4 1.757 ± 0.061cd S2P4 2.441 ± 0.216ab

S1P5 1.883 ± 0.086bcd --- ---
S1P6 2.006 ± 0.100abc --- ---
S1P7 2.005 ± 0.092abc --- ---
S1P8 2.286 ± 0.119a --- ---
S1P9 1.985 ± 0.068abc --- ---

S1P10 2.092 ± 0.160ab --- ---
S1P11 1.820 ± 0.040bcd --- ---
Mean 1.966 2.3876
Range 1.627-2.286 1.967-2.819
LSD5% 0.325 0.607

CL: chromosome length (µm), S1: Datura stramonium,  S2: D. 
innoxia.

Table 4. ANOVA of monoploid genome size (2Cx DNA, pg) of 
Datura stramonium and D. innoxia populations.

S.O.V.
D. stramonium D. innoxia

df MS df MS

Population 10 0.03099ns 3 0.25142*

Error 44 0.05217 8 0.04042
Total 54 11
CV% 6.0 5.12

ns non-significant (P>0.05); * Significant (P<0.05)..

Table 5. Means (±SE) and the range monoploid genome size (DNA 
2Cx value, pg) of D. innoxia populations.

Population 
 codes

2Cx genome
size (pg)

1Cx genome
size (pg)

1Cx genome
size (Mbp)

S2P1 4.305 ± 0.032a 2.152 2104.66
S2P2 3.682 ± 0.122b 1.841 1800.50
S2P3 3.708 ± 0.119b 1.854 1813.21
S2P4 3.963 ± 0.155ab 1.982 1938.40
Mean 3.914 1.957 1914.19
Range 3.682-4.305 1.841-2.152 1800.50-2104.66
LSD5% 0.377
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File: Sl + D. stramonium (P2)- R1 Particles: 5000   Acq.-Time: 44 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 <None> 1966 1966 - 39.32 56.74 59.91 31.03 67.74 67.93 8.18
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 <None> 1419 1419 - 28.38 105.83 111.64 30.65 107.08 109.35 21.65

File: Sl + D. stramonium (P4)- R1 Particles: 5000   Acq.-Time: 81 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 257 257 - 26.09 82.65 82.84 6.77 105.75 106.95 15.57
R2 G1 728 728 - 73.91 155.64 155.91 5.97 97.90 98.82 14.23

File: Sl +D. stramonium (P7)- R1 Particles: 5000   Acq.-Time: 109 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 <None> 1013 1013 - 20.26 56.30 59.80 36.42 82.87 84.83 23.86

File: Sl + D. stramonium (P8 )-R1 Particles: 5000   Acq.-Time: 89 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 134 134 - 11.04 42.12 42.25 7.92 71.62 71.93 9.66
R2 G1 1080 1080 - 88.96 81.46 81.60 5.84 71.29 71.45 7.04

File: Sl + D. stramonium (P11)- R1 Particles: 5000   Acq.-Time: 86 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 236 236 - 24.43 77.65 77.85 7.09 106.00 106.91 13.20
R2 G1 730 730 - 75.57 141.34 141.62 6.33 97.53 98.32 12.99

File: Sl + D. stramonium (P14)- R1 Particles: 500  Acq.-Time: 44 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 236 236 - 63.61 53.55 54.13 14.80 76.90 77.30 10.49
R2 G1 135 135 - 36.39 110.65 110.97 7.67 76.98 77.14 6.72

File: Sl + D. stramonium (P17)- R1 Particles: 5000   Acq.-Time: 86 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 352 352 - 37.25 44.24 44.48 10.55 69.19 69.42 8.60
R2 G1 593 593 - 62.75 86.31 86.58 7.96 69.22 69.29 4.72

File: Sl + D. stramonium (P18)-R1 Particles: 5000   Acq.-Time: 43 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 340 340 - 30.33 50.85 50.93 5.77 66.39 66.45 4.33
R2 G1 781 781 - 69.67 99.62 99.80 5.91 68.37 68.46 5.04

File: Sl + D. stramonium (P20)- R1 Particles: 5000   Acq.-Time: 85 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 65 65 - 14.74 58.54 58.59 4.10 71.46 71.83 10.49
R2 G1 376 376 - 85.26 93.65 93.86 6.72 69.67 69.77 5.52

File: Sl + D. stramonium (P21)- R1 Particles: 5000   Acq.-Time: 62 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 122 122 - 18.29 47.13 47.39 10.68 69.65 69.85 7.65
R2 G1 545 545 - 81.71 92.18 92.48 8.00 72.47 72.65 7.12

File: Sl + D. innoxia (P1)- R1 OK (Selected) Particles: 5000   Acq.-Time: 123 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 471 471 - 50.43 45.68 45.86 8.74 78.36 78.67 9.05
R2 G1 463 463 - 49.57 103.30 103.38 3.95 81.07 81.31 7.91

File: Sl + D. innoxia (P17)- R1 Particles: 5000 Acq.-Time: 75 s
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Region Gate Ungated Count Count/ml %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
R1 G1 506 506 - 48.28 58.20 58.32 6.49 78.35 78.45 5.11
R2 G1 542 542 - 51.72 106.77 106.97 6.16 76.89 76.99 5.28

File: Sl + D. innoxia (P18)- R1 Particles: 5000 Acq.-Time: 31 s
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Figure 4. Histograms of monoploid genome size (2Cx DNA content) of Datura stramonium and D. innoxia populations. The left peaks refer 
to the G1 peaks of Solanum lycopersicum cv. Stupicke (2C = 1.96 pg DNA) as an internal reference standard plant and the right peaks refer 
to the G1 peaks of the samples.
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flow cytometric analysis (Mohammadpour et al., 2022; 
Rasekh and Karimzadeh, 2023; Yari et al., 2024). The 
mean monoploid genome size in D. stramonium and D. 
innoxia populations was 3.799 pg and 3.914 pg, respec-
tively. The cytogenetic information obtained from this 
research is more than the mean chromosome length and 
the mean genome size reported in the previous studies 
(Bennett and Smith et al., 1976; Badr et al., 1997). The 
reason for this is unknown, but this difference could be 
related to the cell cycle, the rate of cell division, ecologi-
cal behavior in plant communities and life forms, and 
differences between the methods of nuclear DNA con-
tent analysis (Bennett et al., 2000). On the other hand, 
previous studies have only been conducted on one popu-
lation. In general, it can be concluded that the average 
chromosome length and average monoploid genome size 
in D. innoxia species are 0.40 and 0.11 times higher than 
those in D. stramonium species, respectively.
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