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Extended Abstract

1-Introduction: Medicinal plants are valuable resources that have been considered by developing and developed
countries considered as raw materials to become safe drugs for humans. Satureja belonging to the Lamiaceae
family. This genus has more than 91 species with a wide distribution in the Mediterranean region. There are more
than 8 species of this genus in Iran. Genetic identification and registration of different plant cultivars is one of the
important stages of protecting genetic resources, which will be a difficult task for most plants in the early stages
due to morphological characteristics. DNA barcoding is an emerging technology for fast and accurate species
identification, and it is a molecular-based identification system that has recently been widely used, and its purpose
is to identify biological samples and assign them to a specific species. Molecular DNA barcoding method is a
reliable tool for identifying medicinal plants at the genus and species level. In this technique, a small part of the
plant genome is sequenced and used to identify and determine the relationship between different species of a genus.
2-Materials and Methods: In the present study, the seeds of different species of savory plants including (S.
horentiss, S. bakhtiari, S. biossier, S. mutica, S. bakhtiari) were prepared from different regions of Ilam province
and the National Center of Genetic and Biological Resources of Iran were investigated using DNA barcoding.
Seed cultivation was done in April 2016 in the greenhouse of llam University. The seeds of the used species were
grown in small pots. After the seeds germinated, when the seedlings grew to the stage of two to three leaves, the
young leaves were sampled for DNA extraction. Genomic DNA was extracted by Doyle et al.'s method in the
biotechnology laboratory of llam University in 1397. Quality and quantity of genomic DNA was checked using
agarose gel 1/2% and nanodrop device respectively. PCR was performed using specific primers for matK, rbcL
and ITS genes. Among the studied genes only matK gene was amplified in all samples. After purification of PCR
products, their product were sequenced. In order analysis of data, first, the sequence Blast in NCBI database using
nucleotide Blast. Alignment of sequence was done using Clustalw method by BioEdite Sequence Alignment Editor
Software. Indeed, Phylogenetic tree created using MEGA-X software.

3-Results and Discussion: PCR amplification show that the only matK gene well amplified in all samples, while
the other genes were not amplified. Also, the quality of the graphs shows the high quality of the sequence of the
amplified fragment of the PCR product and the purity of the examined samples. Nucleotide BLAST in NCBI
show that our results have high similarity with related spices in NCBI (more than 96%). The results of the analysis
of content of nucleotides in the studied samples in comparison with the sample in NCBI show that according to
the changes observed in the length of the fragment amplified on the agarose gel, but there were no significant
changes in the molecular percentage of nucleotides in the studied samples. Cluster analysis based on UPGMA
method of matK gene showed that the samples of S. biossier and S. bakhtiarica of Ilam and Gilan along with the
sample of S. hortensis Birjand and Yazd were in the same group and samples of s. bakhtiari Yazd and s. Khorasan
mutica were in the second group.

4-Conclusion: The results of PCR amplification show that matK gene has been amplified in all samples that it can
be very well way for investigating and determining of phylogenetic relationship of different savory species. The
results of matK gene sequence as one of the candidate genes in plant DNA barcodes showed that the studied
samples and ecotypes along with samples extracted from NCBI were classified into three groups. The results of
this study showed that it is possible to use the matK gene as a part of the barcode system to identify savory species.
However, due to the lack of information about the barcode library for the matK gene in the Satureja genus, it is
not possible to make a definite conclusion about the species. The matK gene has two advantages, including the
efficient yield of quality sequences and a high level of species discrimination. In general, re-sequencing of matkK
gene can be separated different samples from each other based on geographical origin.
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Scientific name Persian name Place of collection
Satureja bakhtiari S L5 05y oy~ Yazd
Satureja horentiss aliasls o550 A o- Birjand
Satureja horentiss bl 05,0 oy~ Yazd
Satureja bakhtiari S k5 05y (Olesh a1 llam
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Satureja mutica JELSTarSINS olel,5- Khorasan
Satureja bakhtiari S L5 05y (055 7S Dbl -llam
Satureja bakhtiari S L5 05y (2leSLe) ek llam
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Figure 2- Results of matK gene amplification in the studied samples (M: marker size, 1: Yazd sample (S. bakhtiari), 2:
Birjand sample (S. horentiss), 3: Yazd sample (S. horentiss), 4: Ilam sample (S. bakhtiari), 5: Guilan sample (S
biossier), 6: Khorasan sample (S mutica) and 7: llam sample (Kabirkoh- S. bakhtiari)).
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Table 3- Similarity of Birjand sample with the samples in NCBI database

oole ab E-value ales aoys oy O
Scientific name E-value Similarity Accession number
Satueja horvatiisat 0 99 KX954592.1
Mentha pulegium 0 98 JNB896125.1
Satureja motana 0 98 MF350242.1
Salvia officinalis 0 96 MG772529.1
Killickia pilosa 0 99 GU381662.1
Lycopus virginicus 0 97 MF350270.1
Clinopodium atlantiicum 0 98 GU381697.1
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Figure 2- Alignment using ClustalW method
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https://www.ncbi.nlm.nih.gov/nucleotide/KX954592.1?report=genbank&log$=nucltop&blast_rank=14&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/JN896125.1?report=genbank&log$=nucltop&blast_rank=21&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/MF350242.1?report=genbank&log$=nucltop&blast_rank=28&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/MG772529.1?report=genbank&log$=nucltop&blast_rank=31&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/GU381662.1?report=genbank&log$=nucltop&blast_rank=95&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/MF350270.1?report=genbank&log$=nucltop&blast_rank=76&RID=1YF6ZJ9M014
https://www.ncbi.nlm.nih.gov/nucleotide/GU381697.1?report=genbank&log$=nucltop&blast_rank=97&RID=1YF6ZJ9M014
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Table 4- Number and molecular percentage of nucleotide in the samples
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Number Molecular % Number Molecular % Number Molecular % Number Molecular %
Satureja bakhtiari Yazd 61 31.12 58 29.59 40 20.41 37 18.88
Satureja horentiss Birjand 336 36.32 273 29.51 166 17.95 150 16.22
Satureja horentiss Yazd 326 35.36 282 30.59 165 17.90 149 16.16
Satureja biossier Guilan 329 35.38 288 30.97 168 18.06 145 15.59
Satureja mutica Khorasan 53 29.70 54 30.28 38 21.23 34 18.79
Satureja bakhtiari llam 325 35.83 269 29.66 168 18.52 145 15.99
Satureja bakhtiari llam 331 36.06 274 29.80 170 18.52 143 15.83
Satureja horvatii NCBI 246 28.84 310 36.34 144 16.88 153 17.94
Mentha canadensis 260 29.02 329 36.72 145 16.18 162 18.08
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Table 5-- Distance Matrix between Sequences

o5 1 2 3 4 5 6 7 8 9
species

Satureja horentiss Birjand (1) 0.009 0.019 0.2434 0.0166 0.018 0.260 0.7483 0.8095
Satureja horentiss yazd (2) 0.062 0.013 0.226 0.012 0.013 0.2458 0.7514 0.7384
Satureja biossier Guilan (3) 0.1603 0.104 0.241 0.005 0.0040 0.258 0.957 0.9486
Satureja mutica Khorasan (4) 1.1519 1.084 1.1267 0.233 0.226 0.023 1.0203 1.0631
Satureja bakhtiari llam (5) 0.1335 0.099 0.0245 1.1092 0.0055 0.251 0.9081 0.905
Satureja bakhtiari llam (6) 0.157 0.107 0.015 1.0848 0.025 0.2458 0.963 1.010
Satureja bakhtiari Yazd (7) 13301 1.260 1.304 0.081 1.2856 1.260 1.363 1.363
Satureja horvatii NCBI (8) 3.2893 3.3560 4.182 2.9851 4.0404 4.185 3.868 0.003
Mentha Canadensis (9) 3.5213 3.3526 4.205 3.066 4.0543 4.3839 3.868 0.0107
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Figure v- Phylogenetic tree using UPGMA algorithm at DNA level
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Table 6- Maximum likelihood matrix of nucleotide substitution

A C G
A - 3.92 9.40
T/U 7.95 8.84 4.22
C 7.95 16.89 - 4.22
G 17.69 3.92 -
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