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Abstract 

 

Since rbcl gene and protein, as well as internal transcribed spacer (ITS1,4) regions, have not been used in the evaluation of 

Malva sylvestris L., this study was aimed to assess different Iranian Malva sylvestris L. genotypes by evaluation of 

morphological and phytochemical traits, along with rbcl and ITS1,4 gene sequences. Furthermore, three-dimensional and 

functional structures of Malva sylvestris L. rbcl protein were examined, as well. Nine Malva sylvestris L. genotype 

samples were collected from different regions of Iran. After species identification, completely randomized design with 

three replicates was used to evaluate different genotypes, based on morphological and phytochemical traits. DNA 

extraction was carried out using the SDS method and then final PCR products were sent to Macrogen Company, South 

Korea for sequencing. Sequence quality was assessed using Chromas 2.1.1 software. Then, the sequences were aligned 

using the ClustalW method in MegAlign 5 software and the dendrogram of the phylogenetic relationships and similarity 

matrices were plotted, as well. SWISS-MODEL and QMEAN servers were used for modeling and validation of rbcl 

protein. Ramachandran plot analysis and Pro-SA servers were used to evaluate the structure and chemical quality of the 

protein. Comparison of the mean physio-morphological traits between different genotypes showed the highest stem 

diameter (9.58 mm), root length (61.22 cm), root fresh weight (18.86 g), root dry weight (4.84 g) as well as proline content 

(0.614mg/gDW) in Mashhad genotype. Based on stepwise regression results in the presented models, root fresh weight 

and plant dry weight had the most positive effect on root length, but stem diameter and plant fresh weight had the most 

negative effect. Moreover, while chlorophyll b had the most negative and direct effect on proline function, chlorophyll a, 

carotenoids, carbohydrates and total protein contents had the most positive effects, respectively. Assessment of protein-

protein interaction networks revealed that most proteins encoded by matK, psb-tranH genes interact with rbcl protein. The 

results of cluster analysis, similarity matrix as well as dN/dS ratio showed high similarity and conservation of ITS and rbcl 

sequences among different Malva sylvestris L. genotypes. rbcl and ITS sequences were not suitable markers to evaluate 

phylogenetic relationships intraspecies (at subspecies level) but are useful to evaluate interspecies relationships. 

Furthermore, the Mashhad genotype is suitable for dry and water deficit conditions, withstanding such conditions. 

Therefore, it is recommended that this genotype can be used both as a parent and or directly to breed, develop and modify 

Malva sylvestris L. species. 
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Introduction 

 

Malva sylvestris L. (Malvaceae) is an annual, biennial or 

rarely perennial plant [1]. Though Central Asia has been 

reported as it’s the origin, it is growing almost 

everywhere in the world [2]. The medicinal Malvaceae 

family has 10 species [3] of which 7 species have been 

reported in Iran and three of them are endemic [4]. It is 

mailto:bfazeli@uoz.ac.ir


Journal of Medicinal Plants and By-products (2021) 1: 19-35 
 

known as Panirak, Nun-kalaagh, Khabaazi and Tooleh in 

Iran [5], Common mellow in Italy [6], Marva in Europe,  

Ebegumeci and Gomecotu in Turkey [7] and Vilayatti-

kangi or Gulkhaira in India and Pakistan [8]. 

Malva sylvestris L. is rich in vitamins A, B and C and is 

one of the herbs effective in reducing the complications 

of the common cold especially cough, as well as in the 

treatment of respiratory inflammation, urinary tract 

infection, digestive tract problems and skin rashes [9]. 

The chemical constituents of Malva sylvestris L.  leaf 

include polyphenol, vitamin C and E, beta-carotene, 

glosid as well as flavonoid [10]. 

Iran's climatic diversity has created diverse habitats of 

plant species [11]. On the other hand, evaluation and 

specification of genetic diversity not only conserve 

genetic resources but also is essential to achieve initial 

diversity in order to promote the efficiency of the 

breeding programs [12]. Furthermore, genetic diversity is 

crucial for species adaptation to environmental changes 

and long-term survival. Therefore, awareness and 

knowledge of inter- and intra-population variation is of 

particular importance in natural resources conservation 

management [13]. 

As environmental factors influence the quality and 

quantity of crop essential oils by affecting plant 

vegetative growth and physiology, besides genetic 

factors, culture environmental conditions are also 

important to grow medicinal plants [14]. In this regard, 

though Malva sylvestris L. is one of the medicinal plants 

for the therapy of a variety of diseases, limited research 

on this herb has been conducted in Iran and even in the 

world. Therefore, it seems quite necessary to carefully 

investigate Iranian endemic populations and to prepare a 

seed certificate for future plant breeding researches. 

In plant systematics, one of the concerns of specialists in 

identifying plant species is the decline in biodiversity, the 

occurrence of hybrids and chromosomal duplications and 

the acquisition of a quick, precise and inexpensive 

method [15-17]. The study of genetic diversity of 

medicinal plants is of particular importance[18]. Genetic 

diversity reflects inter and intraspecies differences which 

its study plays an important role in breeding programs in 

order to improve the quantitative and qualitative traits of 

plants [19]. Moreover, genetic identification and 

registration of different plant varieties are the major 

aspects of the utilization and conservation of genetic 

resources [20]. Since studying morphological traits is not 

very accurate due to the involvement of environmental 

impacts, DNA-based markers are considered as good 

tools to assess genetic diversity as they study variation at 

the DNA level and independently of the environment 

[21]. 

Some researchers have recognized DNA-based molecular 

markers as the best tool to identify plant species [19,22, 

23]. rbcl and matk gene loci in the chloroplast genome 

have been accepted as the standard barcodes in plants 

[24]. Both genes play a significant role in the 

phylogenetic regeneration of terrestrial plants due to their 

strong phylogenetic signal [25-27]. Chloroplast DNA 

sequences are suitable barcodes for phylogenetic studies 

due to the involvement of a number of traits including 

presence in high copy number in the cell, occurrence of 

conserved genes and having general primers and high 

reproducibility [28]. Therefore, a number of studies have 

used chloroplast diversity to inspect intra and inter-

species evolution and to specify kinship at the species 

level [25, 27]. Among the various chloroplast genes, the 

rbcl gene (encoding the large subunit of Rubisco enzyme, 

playing an important role in the photosynthetic carbon 

reversal cycle during photosynthesis) has been used more 

to inspect kinship relationships [26]. rbcl, matK, psbA-

trnH and ITS barcodes have been investigated in the 

identification and documentation of plant diversity [28]. 

ITS molecular marker has been applied in phylogenetic 

studies for more than 10 years [29]. rbcl gene is also a 

valuable tool to assess phylogenetic relationships, being 

present in the chloroplasts of most photosynthetic 

organisms. rbcl is an abundant protein in leaf tissue and a 

common factor among photosynthetic organisms. It can 

be compared among different plants to determine genetic 

similarities and diversities. 

Since rbcl gene and protein and ITS1,4 regions have not 

been used in Malva evaluation and this study was aimed 

Using morphological and phytochemical traits and ITS (1, 

4) and rbcl DNA barcodes to assessment of different 

Malva sylvestris L. genotypes and also, three-dimensional 

and functional structures of Malva sylvestris L. rbcl 

protein were examined, as well. 

 

Material and Methods 

 

Nine Malva sylvestris L. genotypes were collected from 

different regions of Iran (Mashhad, Torbat Heydariyeh, 

Freeman, Zabol, Zarand, Jiroft, Rudbar, Bandar Abbas 

and Khorramdasht) in 2018 (Table 1) and subsequently 

identified in the botanical laboratory of Torbat-e-

Heydariyeh University. Then, a completely randomized 

design with three replicates was conducted in the 

Agricultural Research Institute of Zabol University, 

Zabol, Iran in order to evaluate morphological and 

phytochemical traits. Seeds of each genotype were sown 

in five-liter pots containing a mixture of cropland soil, 

coco peat, perlite, and fully decayed animal manure.  

 

Measurement of Morphological Traits 

At the full flowering stage, the stem diameter and length 

of three plants from each pot were measured randomly.  
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Table 1 Characteristics and origin of Malva sylvestris L. genotypes 

 

Address Geographic coordinate Accession Number 
Name 

Province City Elevation Longitude Latitude ITS rbcl 

Razavi Khorasan Mashahd 1050 59, 32´, 40´´ 6, 20´, 9.8´´ MK495371 MK521567 Malva sylvestris 

Hormozgan Bandar Abbas 25 56, 17´, 1.4´´ 27, 11´, 43´´ MK495430 MK521568 Malva sylvestris 

Razavi Khorasan Torbat Heydariyeh 1365 59, 13´, 16.8´´ 35, 16´, 56.6´´ MK495365 MK521565 Malva sylvestris 

Razavi Khorasan Fariman 1404 59, 13´, 16.8´´ 35, 16´, 56.6´´ MK497803 MK521571 Malva sylvestris 

Kerman Zarand 1657 56, 33´, 57.09´´ 30, 48´, 38.7´´ MK495364 MK521566 Malva sylvestris 

Kerman Rudbar 488 57, 59´, 13.8´´ 28, 2´, 19.5´´ MK497792 MK521569 Malva sylvestris 

Kerman Jiroft 680 57, 44´, 43.11´´ 28, 40´, 46.8´´ MK496052 MK521570 Malva sylvestris 

Tehran Khorramdasht 1277 51, 15´, 49.4´´ 35, 43´, 20.8´´ MK496176 MK521572 Malva sylvestris 

Sistan and Baluchestan Zabol 482 61, 29´, 49.8´´ 31, 1´, 51.07´´ MK497803 MK521573 Malva sylvestris 

 

Stem diameter was determined using a caliper and stem 

length from crown to the end of the tallest stem was 

measured using a standard ruler.  The mean diameter and 

plant height were considered for each flower pot. The 

number of flowers with seeds and the number of leaves 

per plant were counted, as well. After separating 3 plants 

from each flower pot, fresh and dry root weights and 

plant weights were determined. Root and plant fresh and 

dry weight was measured using a digital scale with an 

accuracy of 0.01g. to scale dry weight Fresh samples 

were placed in an oven at 70 °C for 48 hours [30].  

 

Measurement of Physiological Traits 

The concentration of photosynthetic pigments was 

determined according to the Arnon method [31], using 

the following equations. The absorbance rate of the 

samples for chlorophyll a, b and carotenoid was 

determined using a spectrophotometer at the wavelengths 

of 663 nm, 645 nm and 470 nm, respectively. 

Chlorophyll a = (12.7 (A663)) – ((2.69) (A645)) 

(V/1000(W)) 

Chlorophyll b = (22.9( A645 )) – (4.88( A663)) 

(V/1000(W)) 

Carotenoids = A480 +(0/114(A663)- (0/638( A645 ) 

, where A is the absorbance intensity at the corresponding 

wavelength in nanometers, V is the volume of the 

solution and W is the leaf sample weight. 

Measurement of proline was carried out according to 

Bates et al. method [32] soluble carbohydrates according 

to Kells and Ancel method [33], and protein according to 

the Bradford method [34] 

 

DNA Extraction and Gel Electrophoresis 

The Leaves of different Malva sylvestris L. genotypes 

were harvested at the four-leaf stage. DNA extraction was 

carried out using the SDS method [35]. Quantification 

and qualification of the extracted DNA samples were 

performed using 260/280 OD ratio analysis and 1% 

agarose gel electrophoresis, respectively.  

 

Polymerase Chain Reaction (PCR) 

ITS and rbcl gene loci were amplified using primers as 

follows: ITS1 forward primer: 

TCCGTAGGTGAACCTGCGG, ITS2 reverse primer: 

TCCTCCGCTTATTGATATGC [36]; rbcl; forward 

primer: ATGTCACCACAAACAGAGACTAAAGC 

[37], rbcl; reverse primer: 

GTAAAATCAAGTCCACCRCG [38]. PCR reaction 

was carried out in a final volume of 45μl containing 24μl 

master mix (Amplicon Denmark), 6μl template DNA and 

1.5μl of both forward and reverse primers. The reaction 

mixture volume reached to 45μl by adding 12μL of 

deionized sterile water. PCR reaction was performed in a 

thermocycler (Hamburg, Germany) with the following 

conditions: initial denaturation  at 95 °C for 60s,  

followed by 35 cycles of denaturation at 95 °C for 60s, 

annealing at 72 °C for ITS  and at 56.1 °C for rbcl for 

60s, and final extension at 72 °C for 10 min. Finally, to 

ensure successful amplification, PCR products were 

loaded on 2% agarose gel, stained with Gel Red Staining. 

 

Sequencing and Data Analysis 

Final PCR products were purified from agarose gel using 

the AccuPrep DNA Gel Purification Kit. Nine samples 

were sent to Macrogen Company, South Korea for 

paired-end sequencing. Sequence quality was assessed 

using Chromas 2.1.1 software. Because each nucleotide is 

read twice during the paired-end sequencing process, 

probable errors, especially at the beginning and end of the 

sequence, as well as other errors including weak 

sequence, signal drop at the beginning or end of the 

sequence, signal drop after a homopolymer region, top-

heavy signal, noisy read, delayed and unusual reads 

before correct sequence readings, and large raw signal 

spikes were corrected with the above-mentioned 

softwares. Each sequence was Blasted with the NCBI 

database sequences using the BLAST online tool [39], 

based on E Value, Query Cover, etc. 

Sequence alignment, clustering and determination of 

genetic homology and distance were performed by the 

Clustal W method using MegAlign5 software from the 

Dnastar5 software package and Mega6 software. DnaSP5 

software was used for further analysis including dn and 

ds calculation. Nucleotide substitution was determined 

based on the Tamura-Nei model [40] as transitional and 

transversal type substitutions. 
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Protein Modeling and Validation 

Predicting the 3D structure of the rbcl protein through 

amino acid sequences is one of the major issues in 

structural computational biology. The accuracy of the 

predicted model was examined by the SWISS-MODEL 

server [41]. Ramachandran and Pro-SA server maps were 

used to assess the structure and quality of the 

stereochemistry of both wild and mutated models. The 

Pro-SA server determines the quality of the model by 

calculating the Z-score. Z-score is a measure of the 

overall quality of the model [42]. To inspect the proteins 

that interacted with rbcl, the amino acid sequence of rbcl 

was run in string software [42], then the protein network 

was predicted. 

 

Statistical Analysis 

Analysis of Variance (ANOVA) test was used to analyze 

morphological and phytochemical data. Mean 

comparisons were performed by Duncan's test at 1 and 

5% probability level. All statistical analysis was 

conducted using SAS9 and Excel software. 

 

Results 

 

The results of variance analysis showed the difference in 

various Malva sylvestris L. genotypes based on the 

morphological and phytochemical traits (P <0.01). 

Duncan's post hoc test results showed a significant 

advantage of some genotypes over others in terms of 

different plant characteristics: Mashhad genotype for 

stem diameter, root length, root fresh weight and root dry 

weight; Rudbar genotype for plant weight; Bandar Abbas 

genotype for plant dry weight, plant weight, number of 

leaves per plant and number of flowers and seeds; Torbat 

Heydariyeh genotype for number of flowers and seeds 

(Table 2). 

The highest (40.55 cm) and the lowest (1.81 cm) stem 

height belonged to the Jiroft genotype and Mashhad 

genotype, respectively. Increasing plant height promotes 

sunlight absorption by the formation of more leaves and 

improves plant yield by augmenting photosynthetic 

materials production [43]. The highest and the lowest 

stem diameter were shown in the Mashhad genotype and 

Khorramdasht genotype, respectively. The highest (61.22 

cm) and the lowest (9.55 cm) root length were observed 

in the Mashhad genotype and Rudbar genotype, 

respectively (Table 2). 

The highest and the lowest fresh and dry root weight 

belonged to the Mashhad genotype and Jiroft genotype, 

respectively. The highest and the lowest fresh plant 

weight were observed in the Rudbar genotype and 

Khorramdasht genotype, respectively. The highest and 

the lowest plant dry weight and leaf number per plant 

belonged to the Bandar Abbas genotype and 

Khorramdasht genotype, respectively. The highest 

number of flowers was observed in the Torbat-e-

Heydariyeh genotype and the highest number of seeds 

was observed in Bandar Abbas and Torbat-e-Heydariyeh 

genotypes (Table 2). 

Duncan post hoc test results showed the highest 

chlorophyll a, chlorophyll b and carotenoids content in 

the Freeman genotype, the lowest chlorophyll a and b 

content in Mashhad and Rudbar genotypes and the lowest 

carotenoids content in Bandar Abbas genotype. The 

highest proline and carbohydrate content were observed 

in Mashhad and Rudbar genotypes, respectively, the 

lowest proline content in the Zabol genotype, and the 

lowest carbohydrate content in the Torbat Heydariyeh 

genotype. While the highest total protein content was 

found in the Jiroft genotype, the lowest total protein 

content was observed in Freeman, Torbat Heydariyeh, 

Bandar Abbas and Khorramdasht genotypes (Table 3). 

The results of stepwise regression coefficients showed 

that stem diameter, root weight, plant weight, plant dry 

weight had the greatest effect on root length and 

explained 0.92% of the changes in this trait. Root length 

and fresh root weight and the number of leaves per plant, 

the number of seeds per plant, and plant weight had the 

greatest effect on plant dry weight and explained 0.76% 

of the changes. Also, plant height from the crown, root 

length and root weight, weight Plant dryness, number of 

leaves per plant, and number of flowers had the greatest 

effect on plant fresh weight and 0.84% explained the 

changes in these traits (data not shown). 

The most direct and positive effects related to root weight 

and plant dry weight had root effect on root length yield 

and stem diameter and plant weight had a negative effect 

on root length. The negative weight of plant weight and 

stem diameter on root length trait confirms that with 

increasing root length, stem diameter, and plant weight 

decrease. Root length and number of leaves per plant and 

number of seeds per plant and plant weight had a positive 

effect and root weight had a negative effect on plant dry 

weight. Also, the height of plant collar and root weight 

and plant dry weight and number of leaves per plant, and 

the number of flowers had an effect Positive and root 

length had a negative effect on the heavier yield of the 

plant. Negative root length on the heavier trait of the 

plant confirms that with increasing plant weight, the root 

length decreases (data not shown). 

Regression analysis for proline function as a variable of 

the results showed that 5 traits of chlorophyll a, 

chlorophyll b, carotenoids, carbohydrates, and protein 

were entered into the model, respectively, and explained 

a total of 0.51% of the changes in proline trait. According 

to the obtained regression coefficients, it can be seen that 

the highest regression coefficients are related to the 

carotenoid trait (data not shown). 
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The simple correlation coefficient was calculated for the 

studied traits. A significant positive correlation was 

observed between carotenoid and chlorophyll a (0.612) 

and chlorophyll b contents (0.783). The same was 

observed between chlorophyll a and chlorophyll b (0.532) 

and between proline and carbohydrate (0.404), as well 

(Table 4). It should be noted that no significant 

correlation was observed between carbohydrate, total 

protein, carotenoid, chlorophyll b and chlorophyll 

content. 

After sequencing, the homology of rbcl and ITS 

sequences were measured with KM360873 and 

EF419482 reference sequences, respectively, available at 

the NCBI database. 

The homology percentage was recognized as 100% for 

ITS and 99.3% for rbcl. BLASTn analysis results of ITS 

and rbcl sequences in collected plant samples confirmed 

all samples as Malva Sylvestris L., a result that was in 

accordance with species identification based on plant 

morphological traits. All sequences with the relevant 

accession number were submitted to the NCBI database 

(Table 1). The sequences were aligned following 

verification and submission to the NCBI database. The 

results showed a 552 bp conserved region in ITS locus 

and two 440 bps and 127 bps conserved regions in rbcl 

locus. 

 

 

Table 2 Mean comparison of the mean of the morphological traits among different Malva sylvestris L. genotypes 

 

 

Number 

of seed 

Number 

of 

flowers 

number 

of leaves 

per plant 

Dry 

plant 

weight 

fresh 

plant 

weights 

dry 

root 

weight 

Fresh 

root 

weight 

Root 

Length  

Stem 

diameter 

Plant 

height 

from 

crown 

Genotypes 

17.11 b 20.11 a 30.66 ab 4.08 b 18.18 c 0.48 f 1.18 ef 13.44 ef 3.54 d 33.66 b Zabol 

20.55 a 23.77 a 30.77 a 5.64 a 24.23 a 0.27 de 0.62 f  15.00 f 3.93 d 36.77 ab Bandar Abbas 

12.33 c  14.33 b 22.88 c 3.72 bc 19.02 bc 0.20 e 0.48 f 17.22 de 3.75 d 40.55 a Jiroft 

12.11 c 14.22 b 24.00 c 3.14 bcd 25.49 a 0.27 de 0.65 f 9.55 f 4.14 cd 33.55 b Rudbar 

17.11 b 20.11 a 12.00 d 2.25 d 13.63 d 2.23 bc 5.62 bc 21.88 cd 5.51 c 3.61 c Zarand 

20.55 a 23.77 a 8.22 d 2.84 cd 10.41 de 0.82 d 3.16 de 23.44 c 3.88 d 3.33 c 
Torbat 

Heydariyeh 

12.33 c 14.33 b 24.44 c 3.55 bc 18.44 c 2.70 b 6.85 b 29.22 b 7.74 b 2.27 c Fariman 

12.11 c 14.22 b 24.66 bc 3.37 bc 23.23 ab 4.84 a 18.86 a 61.22 a 9.58 a 1.81 c Mashhad 

17.11 b 20.11 a 7.44 d 2.23 d 7.59 e 1.69 c 4.69 cd 32.66 b 3.71 d 3.55 c Khorramdasht 

 

Meanings with similar letters were not statistically significant. 

 

Table 3 Comparison of the mean of the physiological traits among different Malva sylvestris L. genotypes 
 

proline carbohydrate protein carotenoid chlorophyll b chlorophyll A Genotypes 

0.154 f 1.350 ef 0.237 b 1.114 bc 0.429 cdef 0.877 Bcd Zabol 

0.465 cd 1.748 ab 0.143 c 0.975 c 0.401 def 0.937 bcd Bandar Abbas 

0.401 d 1.625 abc 0.369 a 1.136 bc 0.565 ab 0.907 bcd Jiroft 

0.552 ab 1.850 a 0.271 b 1.222 b 0.492 bcd 0.862 cd Rudbar 

0.501 bc 1.570 bcd 0.243 b 1.076 bc 0.390 ef 0.754 d Zarand 

0.233 ef 1.125 f 0.180 c 1.129 bc 0.465 cde 0.902 bcd Torbat Heydariyeh 

0.554 ab 1.427 cde 0.136 c 1.481 a 0.634 a 1.330 a Fariman 

0.614 a 1.315 ef 0.238 b 1.067 bc 0.345 f 1.166 ab Mashhad 

0.254 e 1.305 ef 0.133 c 1.135 bc 0.512 bc 1.056 cd Khorramdasht 

 

Meanings with similar letters were not statistically significant. 

 

Table 4 Correlation coefficients among traits in Malva sylvestris L. genotypes 

 

carbohydrate protein carotenoid chlorophyll b chlorophyll A S.O.V 

- - - - 0.532** chlorophyll b 

- - - 0.783** 0.612** Carotenoid 

- - -0.979ns -0.006ns -0.355ns Protein 

- 0.283ns -0.061ns 0.037ns -0.231ns carbohydrate 

0.404* 0.113ns 0.205ns -0.021ns 0.285ns Proline 
 

** and * were significant at the 1 and 5% probability levels, and ns non-significant, respectively 
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In the amplified ITS region, a total of 943 sites (872 

excluding sites with gaps/missing data (or with insertions 

and deletions) (297 polymorphic sites, 575 monomorphic 

sites) and 71 without insertions and deletions) along with 

174 singletons and 8 haplotypes with a haplotype 

diversity index of 1 were identified.  

Moreover, in rbcL locus, a total of 610 sites (602 

excluding sites with gaps/missing data (or with insertions 

and deletions) (14 polymorphic sites, 588 monomorphic 

sites), and 8 without deletions and insertions) along with 

5 singletons and 9 haplotypes with a haplotype diversity 

index of 1 were identified. The number of haplotypes 

varies depending on the organism type and plant species 

so that it is related to 26 haplotypes in the chytrid fungus 

[44], 135 haplotypes in the Trichoderma [45] and 4 

Haplotypes in grasshopper [46]. 

Estimating the nucleotide substitution pattern based on 

the Tamura-Nie Model [40], the transition/transversion 

ratio was calculated. In ITS locus, the substitution rate of 

pyrimidine bases was estimated as 13.61% for T to C 

substitution and 9.48% for C to T substitution, so that the 

same value for the purine bases was measured as 72.11% 

for A to G substitution and 24.8% for G to A substitution 

(Table 5). The highest (12.9%) and the lowest (5.63%) 

transition rate at ITS marker locus belonged to pyrimidine 

and purine bases, respectively. ITS transition/transversion 

ratio was calculated as R=0.76 and the average nucleotide 

ratio was obtained as T (19.9%), C (29.4%), A (21.1%) 

and G (29.6%). Furthermore, estimating rbcl nucleotide 

substitution pattern based on Nie pattern showed purine 

substitution rate as 11.25% for G to A substitution and 

9.61% for A to G substitution and pyrimidine substitution 

rate as 9.19% for C to T substitution and 6.7% for T to C 

substitution (Table 6).  

The highest and the lowest transition rate at rbcl marker 

locus were observed in purine (11.25%) and pyrimidine 

(6.57%) bases, respectively. rbcl transition/transversion 

ratio was calculated as R = 0.76 and the average 

nucleotide ratio was obtained as T (28.4%), C (20.9%), A 

(27.4%) and G (23.2%).dN/dS ratio for ITS and rbcl 

markers was measured as 0.554 and 0.033, respectively, a 

value which is less than one, indicating purifying 

selection with no key changes. Our results are in the same 

with previous research [47].  

Tajima's D test was performed to identify any deviation 

from the null hypothesis of neutrality and the effects of 

natural selection on these genes in different Malva 

sylvestris L. genotypes. 

Genotypes which show population size expansion or 

those that purifying selection has acted on them represent 

significant negative D values, whereas significant 

positive D values indicate genetic drift, genetic 

bottlenecks or a balancing selection over the evolutionary 

history of the genotype. Our results showed significant 

positive D values for both rbcl and ITS genes (Table 7), 

which may indicate that genetic drift or balancing 

selection has occurred throughout the evolutionary 

history of the genotypes.  

Since genetic distance value indicates the extent of 

nucleotide substitution in the studied genotypes, it will be 

related to their kinship level, so that it can be used to 

figure out how closely the species are related. 

 

Table 5 Transition and transversion substitutions based on 

Tamura model using ITS marker 

 

 
A T C G 

A - 5.63 8.32 12.61 

T 6.02 - 12.9 8.39 

C 6.02 8.73 - 8.39 

G 9.04 5.63 8.32 - 

 

Table 6 Transition and transversion substitutions based on the 

Tamura model using rbcl marker 

 

 
A T C G 

A - 8. 95 6.57 9.61 

T 8.67 - 6.75 7.41 

C 8.67 9.19 - 7.41 

G 11.25 8.95 6.57 - 

 

 

Table 7 Comparison of Tajima's D test results at rbcl and ITS 

loci  

 

D π θ Ps S G 

0. 086745 0. 133437 0. 131359 0. 340596 297 ITS  

0. 092141 0. 008721 0. 008557 0. 023256 14 
rbcl 

  

 

G: studied groups, S: segregated sites, Ps: S/m, θ : Ps/a1,π: 

nucleotide diversity, D: Neutrality test by Tajima's D test 

 

Estimation of the genetic distance using the ITS marker 

showed a value range of 0.030 to 0.225%. The lowest 

genetic distance (0.030%) was between Kerman (Zarand) 

and Torbat Heydariyeh genotypes and the highest genetic 

distance (0.225%) was between Zabol and Jiroft 

genotypes (Table 8). Furthermore, the determination of 

the genetic distance using the rbcl marker showed a value 

range of 0.003 to 0.015. The highest genetic distance was 

observed between Kerman (Zarand) and Rudbar, Kerman 

(Zarand) and Mashhad, as well as Bandar Abbas and 

Torbat Heydariyeh and the lowest genetic distance, was 

observed between Jiroft and Mashhad as well as Rudbar 

and Zabol (Table 9). In other words, the more or less 
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genetic distance value indicates how similar or different 

these populations are.  

The phylogenetic tree of the ITS and rbcl gene loci 

sequence was plotted using the Neighbor-Joining (NJ) 

method. The results of this study showed that Malva 

sylvestris L. genotypes are not geographically segregated 

using ITS and rbcL markers (Fig. 1 and 2). Another test 

was carried out in order to assess the capacity of ITS and 

rbcl markers in the evaluation of inter-species genetic 

diversity. So, NCBI sequences of other Malvaceae family 

species from other countries were used and compared 

with the present study sequences in order to plot the 

phylogenetic tree (Fig. 3 and 4). The results showed that 

similar species of each genotype from the Malvaceae 

family are placed together within the same cluster. 

Therefore, it can be concluded that ITS and rbcl were 

suitable tools for inter-species identifications and can 

specify genotypes at the species level, a fact which has 

been reported previously [47-49]. 

 

Evaluation of rbcl Protein Domains, Motifs, and 3D 

Structure 

As the rbcl gene is recognized as one of the major genes 

in the plant's photosynthesis process, it is expected that 

it’s sequence has domains and conserved regions. 

Consequently, the rbcl protein sequence was assessed in 

Malva sylvestris L. genotypes. Based on 6 to 50 amino 

acid motifs, the presence of one domain and three 

conserved motifs was confirmed (Fig. 5). As all 

sequences had identical and conserved motifs, one of the 

rbcl protein sequences was selected to predict 3D 

structure (Fig. 6A). Moreover, since rbcl is a secretory 

protein, it must have a membrane and cytoplasmic 

domains, as well. Therefore, to verify the validity of the 

assays, the domains were checked and it was indicated 

that the VacA gene has both target domains (Fig. 6 B). 

Table 8 Genetic distance matrix of 9 studied Malva sylvestris L. genotypes using ITS marker 
 

S.O.V  1 2 3 4 5 6 7 8 

Torbat Heydariyeh 1 
 

- - - - - - - 

Zarand 2 0. 030 - - - - - - - 

Mashhad 3 0. 079 0. 071 - - - - - - 

Bandar Abbas 4 0. 070 0. 058 0. 099 - - - - - 

Rudbar 5 0. 136 0. 130 0. 161 0. 125 - - - - 

Jiroft 6 0. 127 0. 138 0. 171 0. 157 0. 206 - - - 

Fariman 7 0. 216 0. 199 0. 214 0. 200 0. 196 0. 249 - - 

Khorramdasht 8 0. 031 0. 047 0. 081 0. 060 0. 137 0. 130 0. 213 - 

Zabol 9 0. 208 0. 197 0. 228 0. 193 0. 184 0. 254 0. 155 0. 208 

 

Table 9 Genetic distance matrix of 9 studied Malva sylvestris L. genotypes using rbcl marker 

 

S.O.V  1 2 3 4 5 6 7 8 

Zabol 1 - - - - - - - - 

Torbat Heydariyeh 2 0. 008 - - - - - - - 

Khorramdasht 3 0. 007 0. 012 - - - - - - 

Rudbar 4 0. 003 0. 008 0. 010 - - - - - 

Mashhad 5 0. 003 0. 012 0. 010 0. 005 - - - - 

Zarand 6 0. 012 0. 010 0. 008 0. 015 0. 015 - - - 

Jiroft 7 0. 003 0. 008 0. 007 0. 007 0. 007 0. 008 - - 

Fariman 8 0. 005 0. 013 0. 008 0. 008 0. 008 0. 013 0. 005 - 

Bandar Abbas 9 0. 007 0. 015 0. 010 0. 010 0. 010 0. 012 0. 007 0. 005 
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Fig. 1 ITS-based phylogenetic analysis of Malva sylvestris L. genotypes using NJ Method 

 

 

 
Fig. 2 rbcl-based phylogenetic analysis of Malva sylvestris L. genotypes using NJ Method 

 

Rbcl Protein Model Validation 

ProSA software was used to investigate the potential 

errors in the rbcl protein 3D model. The program 

indicates two features of the input structure: it’s Z-score 

and a plot of its residue energies. A ProSA score of 0.8 

indicates the overall quality of the rbcl protein model 

(Fig. 7). The Z score also measures the total energy 

deviation of the structure, respecting the energy 

distribution from random conformations. 

The QMEAN and the Z scores of the model were 0.7 

and 0.8, respectively, a value that was in the range of 

zero to one, indicating good model quality. The expected 

model reliability is expected to be 0 to 1 and this can be 

deduced from the density plot of the QMEAN scores of 

the reference set (Fig. 8). The scores characterize a 

highly reliable structure and are well within the range of 

scores normally found for proteins of a similar size. The 

energy plot demonstrates the quality of the local model 

by drawing a knowledge-based energy plot as a function 

of the position of the amino acid sequence.  

The Ramachandran plot of rbcl secondary structure in 

Malva sylvestris L. genotypes indicates a good 

stereochemical quality chain, with 94.9% of the residues 

being placed in the red zone with the highest acceptance 

rate (Fig. 9). 
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Fig. 3 ITS-based phylogenetic tree of different species of Malvaceae family using NJ Method 

 

 
 

Fig. 4 rbcl-based phylogenetic tree of different species of Malvaceae family using NJ Method 
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Fig. 5 (A) Conserved domain, (B and C) conserved motifs of the 3D structure of ribulose-1, 5-biphosphate carboxylase (rbcl) protein 

sequence in Malva sylvestris L. genotypes 

 

 
 

Fig. 6 (A) 3D structure, (B) membrane, cytoplasmic and kinase domains of ribulose-1, 5-biphosphate carboxylase (rbcl) protein 

sequence in Malva sylvestris L. genotypes 
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Fig. 7 Validation of the rbcl protein model with Pro-SA  

 

 

 
Fig. 8 The quality of the generated model with QMEAN and Z-

score value 

 

 

 
 

Fig. 9 The Ramachandran plot of rbcl secondary structure in 

Malva sylvestris L. genotypes 

 

Evaluation of rbcl protein gene network with other genes: 

Assessment of protein-protein interactions is a 

fundamental approach to comprehend the function of 

protein networks [50]. 

In this study, it was predicted that rbcl interacts with 

rbcs, prk, matk, psb and pb genes (Fig. 10). The 

interaction of the predicted proteins with rbcl showed the 

participation of chloroplast-specific metabolic pathways 

in plants so that any changes in protein structure and 

function could affect these pathways. 

 

 
 

Fig. 10 Schematic representation of rbcl protein interaction with 

other proteins (rbcs, PSB, matK, pb and prk) in Arabidopsis 

thaliana. 

 

Discussion 

 

Plants growth and function in ecosystems is affected by a 

number of factors including species type, climate, soil 

environment, altitude as well as geographic location. The 

high diversity of traits in the studied genotypes 

demonstrates that the selection of individual genotypes 

will be effective in plant breeding in terms of studied 

traits [51]. In general, the significant difference between 

morphological and physiological traits can indicate the 

presence of genetic variation, which is the first step in the 

optimization and ideal utilization of the native genotype 

[52]. In this study, it was also indicated that different 

Malva sylvestris L. genotypes show lots of differences 

and variations in terms of morphological and 

phytochemical traits. 

Investigating the morphological characteristics of two 

Mentha pulegium L. ecotypes showed a significant 

difference (p< 0.05) in plant height, leaf length and the 

number of lateral stems among different ecotypes [53]. 

Furthermore, in a study on Urtica dioical L. leaves in 

Mazandaran and Golestan provinces, it was indicated that 

plant height and ecotype significantly affect 

morphological and phytochemical characteristics. On the 

other hand, leaf length, leaf width and shoot height were 

decreased with increasing altitude [54]. In the present 

study, no correlation was found between more foliage and 

phytochemicals content. On the other hand, plants with 
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higher fresh and dry root weight and root length had 

higher phytochemicals content. This may be because 

plants with longer root lengths are more resistant to 

dehydration conditions and have no stress, and as a result, 

are more stable in chemicals production.  

Proline is one of the active amino acids in osmotic 

phenomena with a major role in establishing and 

preserving osmotic pressure inside the plant. There have 

also been reports of a positive correlation between proline 

accumulation and adaptation to osmotic and drought 

stress conditions in plants [55-57]. In this study, the 

Mashhad Malva sylvestris L. genotype showed the 

highest proline content, so it can be said that this 

genotype will be drought-tolerant. On the other hand, a 

correlation was found between proline content and 

drought stress so that it was reported that while drought 

stress has a negative effect on flowering branches, leaves 

and most morphological traits, it increases root length, 

proline content and soluble sugars in shoot parts [58]. In 

another study, the correlation of root length and proline 

content was reported [55]. In the present study, the 

Mashhad Malva sylvestris L. genotype showed higher 

proline content as well as longer roots length as compared 

with other genotypes.  

In some plants, in the early stages of drought stress 

condition several amino acids are increased, but with 

prolonged dehydration only proline amino acids are more 

accumulated and stored. The increased concentration of 

proline and soluble sugars under drought stress 

conditions has been observed in a number of studies on 

Dracocephalum [59], Moldavian balm [60] Salvia 

officinalis L. [61], Symbopogon martini [62] and 

Petriwinkle medicina L. [63]. The increased 

concentration of compatible osmolytes such as 

carbohydrates and proline under environmental stress 

conditions such as drought has been established [64]. It 

seems that the accumulation of compounds such as 

proline and carbohydrates in plant green tissues under 

drought stress condition may partially provide the 

conditions for the plant to continue to absorb water from 

the root environment, however relying osmotic 

adjustment on these organic compounds is costly for the 

plants, being compensated by reducing plant performance 

[65]. However, in the present study, though Mashhad 

Malva sylvestris L. genotype had the second highest fresh 

plant weight after Bandar Abbas genotype, but it showed 

the highest value for all measured phytochemical traits. 

This means that the accumulation of compounds such as 

proline and carbohydrates in plant green tissues could not 

diminish the plant yield, which could be due to its longer 

root length and higher stem diameter as compared with 

other genotypes.  

Correlation analysis and stepwise regression analysis of 

Malva sylvestris L. genotypes showed the highest 

positive regression coefficients for the impact of proline 

content, fresh root weight and plant dry weight on plant 

root length, indicating the major role of these traits in 

enhancing plant performance and breeding ability. 

Overall, this study showed that root characteristic in 

Mashhad Malva sylvestris L. genotype has a significant 

effect on the final plant yield. Moreover, Mashhad 

genotype showed the most desirable yield in terms of 

traits evaluated, for which this genotype is recommended 

to users such as research centers, universities and private 

companies that cultivate and domesticate medicinal 

plants. 

Different results on the efficacy of the ITS marker in 

intra- or inter-species identification have been reported. 

In a study on Lactuca species classification using the ITS 

marker sequence [66], it was shown that while Lactuca 

sativa L., Lactuca serriola L., Lactuca dregeana L. and 

Lactuca altaica L. species have similar sequences, the 

aculeata L. sequence is slightly different. It was also 

concluded that the ITS marker shows inter-species 

diversity better than intra-species diversity, a result that is 

in accordance with that of this study. Conversely, 

Investigating intraspecies diversity of Erysiphe aquilegia 

[67] as well as Fasciolidae [68] using ITS marker 

sequence, it was shown that ITS marker can identify 

plants at the sub-species level. Therefore, it can be 

concluded that the ability of ITS in genotype 

differentiation and identification varies depending on the 

plant species. 

Assessment of plastid DNA sequences in many plants 

indicated that the plastid genome has modified very 

slightly during evolutionary events [24, 25, 69]. 

Chloroplast genes due to their single-parent inheritance 

nature, structural stability and lack of inter and intra-

genic recombination have been carefully studied to 

identify their potential as DNA barcodes[70]. There are 

no deletion/insertion mutations in rbcl coding and 

conserved sequences. On the other hand, as some of the 

chloroplast-encoding genes have been interrupted by 

introns, such deletion/insertion mutations may have 

occurred within the introns, but this is not the case with 

the rbcl gene as it lacks introns. Therefore, it can be 

deduced that modifications arise very slowly in the rbcl 

gene and that is why this gene has been used to estimate 

and evaluate the evolution [71,72]. On the other hand, 

because the rbcl gene is inherited maternally, it is 

conserved among the varieties of the same species, 

having the same maternal chloroplast genome [73,74]. 

Determination of the ratio of non-synonymous to 

synonymous substitutions  (dN/dS ratio) is an efficient 

way to figure out the process of natural selection during 

gene evolution [75]. If this ratio is greater than one it 

indicates positive selection; if it is less than one, it 

represents pure selection; and if it is equal to one, it 

shows neutral selection during the evolution of these 

genes[76]. Our results showed a dN/dS ratio of 0.555 for 
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the ITS marker and 0.033 for rbcl marker, values which 

were less than one indicating that pure selection has been 

occurred on the genes under study, with no key changes. 

The results of this study on the inability to isolate the 

genotypes based on the geographical location indicate a 

remarkable genetic similarity and low genetic diversity 

among different genotypes, which may be due to the high 

conservation of ITS and rbcl and low variability of this 

region. In addition, a comparison of rbcl sequences in 

two cyanobacteria classes and several plant genera 

showed high sequence similarity [77,78], which is in 

agreement with the results of the present study.  

Though it is reported that one of the limitations of the 

chloroplast genome is its inability in studying close 

species, however, several studies have used chloroplast 

diversity to determine the kinship at the genotype level 

and to assess the evolution process within genotypes [25, 

79,80]. 

Cluster analysis based on ITS and rbcl markers failed to 

differentiate different Malva sylvestris L. genotypes by 

geographical area, which is in agreement with a study on 

black cumin (Bunium persicum (Boiss.) B.Fedtsch.) 

ecotypes [81]. The placement of different geographical 

specimens within the same cluster can be due to genetic 

similarity or physical exchange of seeds between 

different geographical regions, though the second reason 

seems more justified [82]. 

As the present study was not able to differentiate Malva 

sylvestris L. genotypes geographically using ITS and rbcl 

markers (Fig. 1 and 2), another test was carried out in 

order to assess the capacity of ITS and rbcl markers in the 

evaluation of inter-species genetic diversity. So, NCBI 

sequences of other Malvaceae family species were used 

and compared with those of the present study (Fig. 3 and 

4), indicating the placement of similar species within the 

same cluster. Therefore, it can be concluded that ITS and 

rbcl are suitable tools for inter-species, a point which has 

been mentioned in other studies [48-50]. On the other 

hand, intra- and inter-species diversity is an important 

source of speciation and one of the indicators of 

biodiversity reserves. As the lack of inter- and intra-

species diversity among plants can cause a lot of 

problems, it is very essential to study biodiversity. 

It has been reported that plant resistance to pests, diseases 

and environmental stresses depends on plant diversity 

centers [83]. Iran, due to high climate diversity and rich 

plant genetic resources, is considered as one of the richest 

countries in terms of natural resources and potentials. As 

a result, assessment of genetic diversity plays an 

important role in plant breeding programs, and it will 

help a lot in advancing research programs [84].   

Protein-protein interaction plays a crucial role in all 

biological processes. Biological network analysis helps to 

realize the biological mechanism by revealing patterns of 

functional cellular networks [85]. Assessment of the rbcl 

protein-protein network indicates that the genes of the 

RBC family are most closely related to each other and 

that these genes are also related to the prk gene. The rbc 

family genes are involved in two major reactions: the 

carboxylation of D-ribulose 1,5-bisphosphate during 

carbon dioxide fixation as well as the oxidative 

fragmentation of the pentose suspension [86]. On the 

other hand, the psb genes interact mostly with each other 

and with the pb, matK and rbcl genes and are involved in 

the electron transport chain and ATP production. The psb 

genes split the water electrons using light energy and 

produce O2 and a proton gradient that is ultimately used 

to produce ATP [87]. Moreover, some RNA transcripts 

that require matK for intron excision involve trnK, trnA, 

trnL, rps12, rpl2, and atpF whose protein or tRNA 

products are required for a number of chloroplast 

functions including photosynthesis. These results suggest 

that matK which acts as a factor following transcription 

has a key function in chloroplasts [88-90]. These findings 

implicate the essential function of these proteins in the 

chloroplast [91]. 

The rbcl, matK, and psb genes are three important marker 

genes in DNA barcoding, and many researchers have 

used these DNA barcodes to identify and document plant 

diversity [28]. On the other hand, the results of this study 

indicated that the protein products of these genes are not 

independent in the chloroplast, so that increasing and 

decreasing the expression of each gene affects the others. 

In addition, some studies have demonstrated that 

chloroplast genes are not always used alone to evaluate 

genotypes due to the need for additional information [92-

94]. Assessment of the gene network and the association 

of the rbcs, prk, matK, psb and pb genes in the present 

study (Fig. 7) verify the above statements, as well. 

rbcl has been used as the best gene locus for phylogenetic 

studies at above-species taxonomic levels in many 

studies, whereas at the species level it has not been 

recommended [95, 96]. On the other hand, due to low 

discrimination power at the species level, most studies 

have emphasized that rbcl should be used in combination 

with other plant DNA barcodes [38,77]. The 

consortium for the barcode of life (CBOL) has introduced 

rbcl + matK chloroplast genes as the standard plant 

barcodes, which has a  high 

level of species discrimination and an optimal sequence 

quality for plants[97,98]. 

Generally, a DNA region can be considered an ideal 

DNA barcode if it has sufficient diversity among the 

species of the same genus. However, the ITS and rbcl loci 

were not suitable for the assessment of the differences 

among Malva sylvestris L. genotypes because of showing 

low diversity, high conservation as well as maternal 

inheritance pattern. On the other hand, a dN/dS ratio of 

less than indicates no key changes in ITS and rbcl loci of 

Malva sylvestris L. genotypes, as well. Furthermore, 
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protein-protein interaction analysis also showed that the 

rbcl gene interacts with rbc, psb, matK, prk and pb genes 

and these genes are not independent of each other. 

Therefore, it can be suggested that other genes and their 

interactions should be considered in the modifications of 

each gene. 

 

Conclusion 

 

Overall, this study showed that root characteristic in 

Mashhad Malva sylvestris L. genotype has a significant 

effect on the final plant yield. Moreover, Mashhad 

genotype showed the most desirable yield in terms of 

traits evaluated, for which this genotype is recommended 

to users such as research centers, universities and private 

companies that cultivate and domesticate medicinal 

plants. 
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