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Abstract:

Background: Lamiaceae or Labiatae family is one of the major important plant families of multiple usesin
aromatic purposes, medicine and food. Oregano (Origanum) and thyme (Thymus) the scope of our study are
belonging to familyLamiaceae. Butin spite of their importance, they are poorly identified on the basis of
molecular levels three Thymus species (T. vulgaris, T. capitatus and T. decussatus)and two Origanum species
(O. vulgareand O. syriacum L., subsp. sinaicum) were chosen for the preset study. Molecular identification and
characterization studies based on DNA molecular marker (ITS region) are more precise, reliable and powerful
tool to assess the phylogenetic relationships between studied plant species with 17 genera in Lamiaceae family.
Materials and Methods:Specific one fragment ofPCR product about 710+15 bp from was produced using the
universal primer (ITS1 and 1TS4) with highly conserved of ITS regions of rDNA through the 5 samples under
study and sequencing of the obtained fragment was conducted.

Results: The sequence lengths of the ITS region of three Thymus species were 685bp, 681bp and 680bp with T.
vulgaris (MT974175.1), T. capitatus(MT974176.1) and T. decussatus (MT974177.1) and two Origanum species
were 676bp and 680bp nucleotides with O. vulgare (MT974178.1) and O. syriacum L., subsp. sinaicum
(MT974179.1), respectively. Each sequence was aligned individually at BLAST to confirm each species and to
determine its relation to other sequences. Multiple sequence alignment (MSA) involved 56 nucleotide sequences
of nuclear (ITS region) was done using MEGA7 software by Maximum Likelihood method with the highest log
likelihood (-3348.45) and phylogenetic relationship showed that 3 Thymus and 2 Origanum species were closely
related to Thymus and Origanum genus and they were grouped in one main cluster with 17 generabelonging to
the family (Lamiaceae). These results indicated thatmolecular studies based on thesequence of ITS regions are
important for confirmation of the phenotypic characterization of 3 Thymus and 2 Origanum species inEgypt.
Conclusion:Molecular sequence markers (DNA barcoding) is a reliable technique at molecular levelin the field
of Identification, classification and differentiation between wild Thymus genus, Origanum genus and other
generabelonging to family Lamiaceae as medicinal plants and thus, it is an endangered plant that needs a strict
conservation plan.The alignments of 56 nucleotide sequences of the nuclear ITS region (ITS1, 5.8S and I1TS2)
with: T. vulgaris, T. capitatus, T. decussatus, O. vulgare and O. syriacum L. subsp. sinaicum were used and able
to distinguish species under research with high similarities and to the closely related species of the
Thymusgenus, Origanum genus and other 17 genera belonging to family Lamiaceae and take them away from
four different plant species of different families as out group of the family Lamiaceae. Furthermore,
phylogenetic trees were constructed based on 56 nucleotide sequences encoded from the ITS region usingMEGA
7 program, includingunder investigation species that showed highest percentages of similarity with species from
17 genera of family Lamiaceae clustered together, while they showed low percentages of similarities towards
relatively distantly related species as out group of the family.
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I. Introduction
The genus Origanum and Thymus, are important multipurpose as aromatic perennial herbs used in folk
medicine food additives since ancient times. They are belonging to the mint family (Lamiaceae or Labiatae)and
they are considered one of the most economically important herbs [18]. The Lamiaceae family is one of the
largest families among the dicotyledons. It has been classified into seven subfamilies;Nepetoideae is the largest
subfamily of Lamiaceae, including numerous familiar plants such as oregano (Origanum) and thyme (Thymus),
the scope of our study [12]. In the past few years,several molecular marker types showed usefulness in studying
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genetic diversity and phylogenetic relationship for several plant species such as Restriction fragment length
polymorphism (RFLP); Randomly Amplified Polymorphic DNA(RAPD);Simple Sequence Repeats(SSR); Inter
Simple Sequence Repeat(ISSR); start codon targeted markers (SCoT) andAmplified Fragment Length
Polymorphism (AFLP). These traditional approaches generally require high quality DNA for amplification,
which can lead to problems with reproducibility and accuracy [3]. In addition, experimental error and subjective
factors such as scoringPCR bands on a gel are eliminated or minimized in sequence based protocols. Thus,
molecular sequence markers (DNA barcoding)have become wieldy used in species classification and
identification, dependent on sequencing from gene to genomeproving to be an effective tool that enables rapid
and accurate identification of plant species using standardized DNA markers [7, 15].

In Eukaryotic cells, Ribosomal RNA organizes into two ribosomal subunits: the large ribosomal
subunit (LSU) and small ribosomal subunit (SSU) [19].The Internal Transcribed Region (ITS) one of the most
used polymorphic regions it is a space of honcoding RNA sequence on a common of primary transcript of RNA
and has been removed by splicing during RNA processing [4]. Ribosomal RNA genes (known as ribosomal
DNA or rDNA) are a type of non-coding RNA and parts of repeat units that are arranged in tandem arrays.
Nuclear ribosomal DNA has ITS1, 1TS2and the 5.8S subunit are collectively known as the internal transcribed
spacer (ITS) region [9.10.11]. The ITS region of rDNA (600-700bp) repeats are highly conserved and are one of
the most successfully used to amplify using universal PCR primersof the nuclear genome in studying
phylogenetic genomic relationships of plants at lower taxonomic levels [1,2]. Furthermore, DNA barcoding is
one of the widely accepted technologies based on nucleotide sequence for the identification of multiple species
according to CBOL[5]. ITS1 and ITS2 locusas a single individual ofpolymorphisms among repeated units are
widely used universal primers for various kinds of organisms and phylogeny reconstruction to compare the
maternally inherited chloroplast and mitochondrial markers for evolutionary studies in taxonomic and
phylogenetic analyses[16, 21].The ITS2 locuswas widely used as a universal DNA barcode and has been tested
as the optimal DNA barcode for identifying plant species [23].DNA barcoding is an efficient, cheap and fast
standard method for evaluation and identification of different plant species [13]. The development of DNA-
based markers became important for the authentication of medicinal plants [20]. DNA barcoding system used to
give correct authentication and identification of plant systematic at the molecular level and ITS2 sequence-
structure information could be used as an alternative mini-barcode when a full-length ITS is not present [24].
New universal primers of plant-specificwere designed for PCR amplifying the whole ITS region to test 335
samples[6].The levels of ITS2 sequence variation from 17,203 sequences, representing 5,439 species in 113
genera of seed plants were examined, to ascertain the association between species status and their molecular
divergence [17]. The ITS2 region is a powerful barcoding region for identifying Chinese Zanthoxylum species,
and will be useful for phylogenetic analyzing and managing Chinese Zanthoxylum germplasm collections
[25]. Theviability and the potentiality of the ITS and rbcL markers were tested for the identification of
Solanumnigrumand Solanumvillosum, as medicinal plants in Egypt [8].

The present study aims to amplify and sequence nuclear ITS regions among three wild types (two
Thymus species and one Origanum species), two cultivated types (one Thymus and one Origanum
species).Furthermore, to study functional annotation and homology modeling of sequences ITS regions among
these species using Basic Local Alignment Search Tool (BLAST).Moreover,to identify plant species under
study at molecular level. In addition, the main objective of this study is to utilize the sequences of ITS region as
useful molecular markers to determine the genetic relationships with 17 genera belonging to family Lamiaceae
using MEGA 7 software and exploring the evolutionary relationships.Also, to detect the efficiency of ITS
markers in identification and discrimination of the studied plant species. A comprehensive study was designed
to test ITS regions for authentication and phylogenetic relationship investigation of 3 Thymus and 2 Origanum
species as medicinal plants from Egypt.

Il. Material and Methods
2.1 Plant Materials collection:

In Egypt, three Thymus species (T. vulgarisBenth., T. capitatus, T. decussatus Benth.)and two
Origanum species (O. vulgare L. and O. syriacum L., subsp. sinaicum Boiss.) were chosen for the present
investigation. The fresh young leaves were collected as bulk for each species in spring of 2018, transferred into
liquid nitrogen, and frozen at - 80 °C till use. Thymus vulgaris Benth. andOriganum vulgare L. (cultivated
types) were collected from private farms at Kirdasa region, Giza Governorate, Egypt. For two wild types:
Thymus capitatus (L.) Hoffmanns& Link was collected from 26 Km (26 kilometers) from the North Coast,
MarsaMatrouh Governorate, Egypt and the other wild types(Thymus decussatus Benth.) and Origanum
syriacum L. subsp. sinaicum (Boiss.) were collected from the top one of the mountain of Saint Catherine
Protectorate, South Sinai Governorate, Egypt.
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2.2 DNA extraction, primers design and PCR amplification:

Genomic DNAs were extracted from100mg fine powdered tissue from 5 samples by DNeasy Plant
Mini Kit (Qiagen Inc., Cat.n0.69104, USA) this was performed following the manufacturer's instructions. The
final concentrations of 35-40 ng/ul DNA were amplified via standard polymerase chain reaction (PCR). One
pair primers (ITS1 and ITS4) were selected from the literature and the BOLD primer dataset platform
(http://www.boldsystems.org/index.php/Public_Primer_PrimerSearch), The entire noncoding nuclear(ITS1: (5 -
TCC GTA GGT GAA CCT GCG G-3") and ITS4: (5-TCC TCC GC TTATTG ATATGC-3") PCR fragment a
710£15 bp of the ITS region according to [22] and CBOL [5].

Phusion®Tag, the High-Fidelity DNA polymerase (Thermo Scientific, Product codes: F-530L, 500
Unit) was used. For ITS region master mix: The amplification reaction was carried out in a 50 pl total volume
containing; 4 pl cDNA, 10 pl 5X Phusion HF Buffer, 1 pl 10mM dNTP mix, 2.5 pl Fwd_primer 1TS1(10
pUM),2.5 ul Rev_primer 1TS4(10 puM), 0.5 pl PhusionDNA polymerase, 29.5 pul DEPC H,0 and spin for 15 Sec.
The reaction mixture was incubated in a Perkin Elmer thermocycler 9700. PCR program for 1TSregions, the
temperature profile in different cycles was as follows: an initial strand separation cycle at 98°C for 3 min
followed by 35 cycles comprised of a denaturation step at 98°C for 30 seconds, an annealing step at 58°C for 30
seconds and an extension step at 72°C for 45 seconds. The final cycle was a polymerization cycle for 7 min at
72°C. PCR product purification was used QIAquick gel extraction kit (Qiagen, Cat. No. 28704) from the
agarose gel up to 10 pg can bind to each QIAquick column.

2.3 Sequence editing, alignment and phylogenetic inference:

Sequencing chromatograms 5 ITS regions obtained were analyzed by Macrogen, Seoul, south of Korea
for each studied Three Thymus species and two Origanum species. All nucleotide sequences of 5 ITS regions
were searched in The National Center for Biotechnology Information GenBank Database (NCBI),
(http://Aww.ncbi.nlm.nih.gov). The homology searches were performed with Basic Local Alignment Search
Tool of several sequences (BLASTn online program) their homologies with sequences published in
DDBJ/EMBL/GenBank database which are available using the NCBI.

Constructing of the phylogenetic tree and investigation of the relationships were carried out using
alignment among the sequences of 56 ITS regions from GenBank NCBI database including 5 ITS regions of
Thymus and Origanum species, other species belonging to Lamiaceae family and different species with Linum
usitatissimum (MKO066769.1), Glycine max (MT230614.1), Chenopodium album (MK953683.1) and
Arabidopsis thaliana (MG886683.1) from different families as out group. Phylogenetic tree analysis tree was
performed using the Maximum Likelihood (ML) tree methods to detect positive selection under site models by
the MEGA 7.0 software program [14].

I11. Result and Discussion

The ITS region (ITS1, 5.8S and ITS2) as DNA barcodeshas been found to be an effective universal
region andhas proved to be easily amplified and sequenced with the currently established primers for accurate
identification of plant systematic at the molecular level and in the verification of herbal medicines [7, 15, 24] as
shown in Figure 1.Total genomic DNA was extracted from5 samples.With universal primers ITS1 and ITS4 on
conserved regions (ITS region), we observed good results of one fragment of PCR amplification about 710+15
bp of the ITS region according to CBOL [5] and [22].PCR products werepurified and sequenced. The isolated
nucleotide sequences have been uploaded to the GenBankdatabase NCBI (National Center for Biotechnology
Information) by Banklt, online from the website (https://www.ncbi.nlm.nih.gov/WebSub/) after it was processed
by email (gb-admin@nchi.nlm.nih.gov).

The sequence length of thel TS region available at the DDBJ/EMBL/GenBank database of three Thymus
species were 685, 681 and 680 bp with Thymus vulgaris (MT974175.1), Thymuscapitatus (MT974176.1) and
Thymusdecussatus(MT9741777.1), respectively. In the same context, sequenceslength of the ITS region
available forthe two Origanum species 676bp and 680bp with Origanum vulgareL. (MT974178.1) and
Origanum syriacum L. subsp. Sinaicum (MT974179.1), respectively as shown in Table 1 and Figure (2 & 3).

Molecular phylogenetic analysis based on sequences of ITS region:

Sequence homology of each nucleotide of the nuclear (ITS region) for 56 sequences in NCBI including
5 sequences of current study against the sequences of 51 other species from 17 genera belonging to family
Lamiaceae or Labiatae such as: (Codel) forThymus vulgaris, (Code2) forThymus capitatus, (Code3) forThymus
decussatus, (Code4) forOriganum vulgare, (Code5) forOriganum syriacum L. subsp. Sinaicum as current study,
(Code 6 to 14) forThymus genus, (Code 15 to 22) forOriganum genus, (Code 23 to 24) forConradina
genus,(Code 25 to 26), forDicerandra genus, (Code 27 to 28)forMonarda genus, (Code 29 to 30)
forPycnanthemumgenus, (Code 31 to 32) forBystropogongenus, (Code 33 to 34) forClinopodiumgenus, (Code
35 to 36) for Satureja genus, (Code 37 to 38) for Mentha genus, (Code 39 to 40) for Agastache genus, (Code 41
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to 42) forDracocephalum genus, (Code 43 to 44) forNepetagenus,(Code 45 to 46) for Prunella genus,(Code 47
to 48) forLepechinia genus, (Code 49 to 50) forRosmarinusgenus, (Code 51 to 52) for Saliva genusand (Code 53
to 56) for 4 different species Linum usitatissimum (MK066769.1), Glycine max (MT230614.1), Chenopodium
album (MK953683.1) and Arabidopsis thaliana (MG886683.1) as out group of the family were tested by top-
scoring hits through NCBI database using Basic Local Alignment Search Tool (BLASTn) as shown in Table 2.
Multiple sequence alignments (MSA) of 56 ITS region were carried out between the selected nucleotide
sequences of two genera (Origanum and Thymus genus)including the 3 Thymus and 2 Origanum species, (T.
vulgaris, T.capitatus, T.decussatus, O. vulgare, O. syriacum subsp. sinaicum)and 4 species from different
families as an out-group available in GenBank databases, we will discuss it in brief.

The results revealed that Thymus vulgaris (MT974175.1, current study) was closely related with high
identity and similarity (99.27-93.24%), to 11 genus Thymus, (92.33-90.99%) to 10 genus Origanum, withE-
value = Zero and low similarity with other 15 genera (93.61-82.57%) withE-value =Zero, While similarity
85.02% Dracocephalummoldavica (MH710906.1) withE-value =8e-169, 82.57% Dracocephalum
grandiflorum(AJ420999.1) with E=5e-166, 85.60% Nepetalaxiflora(AJ420995.1) withE-value =3e-178, 83.38%
Prunella vulgaris (MH711205.1) withE-value =1e-177, 85.80 Prunella grandiflora (HQ228231.1) withE-value
=6e-159, 83.74% Salvia rosmarinus (MH645776.1) withE-value =2e-180. In contrast, it showed low similarities
with the other 4 different species as out group: 94.86% Linum usitatissimum (MK066769.1) withE-value =3e-
77, 96.99% Glycine max (MT230614.1) withE-value =2e-79, 87.46% Chenopodium album (MK953683.1)
withE-value =1e-92, 94.92% Arabidopsis thaliana (MG886683.1) withE-value =3e-78.

The results revealed that Thymus capitatus (MT974176.1, current study) was closely related with high
identity and similarity (99.05-92.59%) to 11 genus Thymus, (94.55-93.10%) to 10 genus Origanum, withE-value
= Zero and showed similarity (98.37-84.37%) with the other 15 genera withE-value = Zero. While similarity
85.69% toNepetalaxiflora (AJ420995.1) withE-value =2e-180. On the other hand, it showed similarities with
the other 4 different species as out group: 93.55% Linum usitatissimum (MK066769.1) withE-value =9e-78,
96.99% Glycine max (MT230614.1) withE-value =2e-79, 86.21% Chenopodium album (MK953683.1) withE-
value =3e-88, 94.92% Arabidopsis thaliana (MG886683.1) withE-value =3e-78.

The results revealed that Thymus decussatus (MT974177.1, current study) revealed high similarity
(99.11-93.44%) to 11 genus Thymus, (93.24-91.94%) 10 genus Origanum, withE-value = Zero and similarity
(93.93-83.12%) with other 15 genera withE-value = Zero. While similarity 83.38% Dracocephalum
moldavica(MH710906.1) withE-value =2e-175, 83.12% Dracocephalum grandiflorum(AJ420999.1) with E=5e-
171, 86.05% Nepetamirzayanii(AJ515309.1) withE-value =7e-180, 83.64% Nepetalaxiflora(AJ420995.1)
withE-value =3e-179, 86.04% Prunella grandiflora (HQ228231.1) withE-value =4e-161. However, it showed
similarities with the other 4 different species as out group: 94.41% Linum usitatissimum (MK066769.1) withE-
value =3e-77, 96.99% Glycine max (MT230614.1) withE-value =2e-79, 87.46% Chenopodium album
(MK953683.1) withE-value =1e-92, 94.92% Arabidopsis thaliana (MG886683.1) withE-value =3e-78.

The results revealed that Origanum vulgare L.(MT974178.1, current study) showed high similarity
(94.64 - 90.64%) to 12 genus Thymus, (100.00 - 97.35%) to 9 genus Origanum, withE-value = Zero and
similarity (94.61-83.92%) with other 15 genera withE-value = Zero. While, 83.53% Dracocephalum moldavica
(MH710906.1) with E-value =1e-176, 82.87% Dracocephalum grandiflorum (AJ420999.1) E-value =3e-168,
85.59%Nepetamirzayanii (AJ515309.1) E-value =2e-169, 82.34%Nepetalaxiflora (AJ420995.1) E-value =3e-
164, 86.39% Prunella grandiflora (HQ228231.1) E-value =2e-164. On the other hand, it showed similarities
with the other 4 different species as out group: 94.97% Linum usitatissimum (MK066769.1) withE-value =7e-
79, 96.77% Glycine max (MT230614.1) withE-value =1e-77, 86.01% Chenopodium album (MK953683.1)
withE-value =5e-86, 94.35% Arabidopsis thaliana (MG886683.1) withE-value =1e-76.

The results revealed that O. syriacum L. subsp. sinaicum (MT974179.1, current study) showed high
similarity (93.37-89.37%) to 12 genusThymus, (100.00-92.40%) to 9 genus Origanum, withE-value = Zero and
similarity with other 15 genera (92.99-82.42%) withE-value =Zero. While, 85.02%Conradinabrevifolia
(AY943461.1) with E-value= 7e-174, 84.85%Conradinaetonia(AF369165.1) E-value=  9e-173,
88.14%Dicerandrachristmanii  (DQ860350.1) E-value= 4e-176, 83.07% Dracocephalum moldavica
(MH710906.1) with E-value= 3e-173, 82.42% Dracocephalum grandiflorum (AJ420999.1) with E-value= e-
164, 85.97%Nepetamirzayanii (AJ515309.1) with E-value= 9e-169, 85.38%Nepetalaxiflora (AJ420995.1) with
E-value= 6e-161, 82.97% Prunella vulgaris (MH711205.1) with E-value= 1e-177, 85.71% Prunella grandiflora
(HQ228231.1)with E-value= 2e-158, 82.93% Salvia rosmarinus (MH645776.1) with E-value 1le-176. In
contrast, it showed similarities with the other 4 different species as out group: 94.97% Linum usitatissimum
(MK066769.1) withE-value =7e-79, 96.39% Glycine max (MT230614.1) withE-value =1le-77, 86.81%
Chenopodium album (MK953683.1) withE-value =2e-89, 94.35% Arabidopsis thaliana (MG886683.1) withE-
value =2e-76.

The sequences alignment of the 3 Thymus species and 2 Origanum species for 1TS1, 5.8S and I1TS2
regions were obtained. The results revealed that ITS1 and ITS2 parts withconserved and with high conserved
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with 5.8S region of two genera as shown in Figures (4, 5 & 6).The ITS region barcode sequencing has been used
for the identification of medicinal plants at the molecular level. Our results were in agreement with several
authors such as [20, 25]. The internal transcribed spacer (ITS) region and/or its subregion (ITS2) have been
proposed as a standard DNA barcode marker in plants [15]. The most useful for discrimination in the ITS2
region with a correct identification rate of 100%, also exhibited significantly higher intra and interspecific
divergence in Chinese Zanthoxylum [25]. The efficiency of the ITS region more than rbcL, where rbcLwas
confirmed the identification of Solanumnigrumand Solanumvillosum, as medicinal plants in Egypt at the generic
level, while ITS region at the species level[8].

Weobserved themotif which described in other groups was found in our species under study such as
5"AAGGAAZ" in the central region of ITS1 sequence previously described for flowering plants was also present
in oursequences,in location 163 and 168as shown in Figures 4 and was helpful in aligning the 5 ITS sequences
for phylogenetic analysis.The nuclear ribosomal internal transcribed spacer 1 (ITS1) region presented a higher
discrimination power, higher values of variable and informative characters than the other datasets (ITS2 region)
showed higher numbers of conserved sites in Figure 6 and also this region should be used as a starting point to
identify Thymus and Origanum species according to [10] and [11].High conservative patterns in ITS2 sequences
have been previously reported and related to structural constraints that are present at very deep phylogenetic
scales in eukaryotes [23, 25].We also observed about 155 base pair (nucleotide) withthe highly conserved motif
in the central region of the 5.8S sequences has been reported (Figure5). In molecular biology, the 5.8S
ribosomal RNA (5.8 rRNA) is a non-coding RNA component of the large subunit of the eukaryotic
ribosome and so plays an important role in protein translation by RNA polymerase I. The 5.8S rRNA can be
used as a reference gene for miRNA detection. The 5.8S ribosomal RNA is used to better understand other
rRNA processes and pathways in the cell. The 5.8S rRNA is initially transcribed along with the 18S and 28S
rRNA in the 45S preribosomal RNA, along with the ITS 1 and ITS 2 and a 5’ and 3’ ETS (External transcribed
spacer).

Based on the results, phylogenetic relationships analyses enable us to check the close relationships of
species from 17 different genera belonging to the family Lamiaceae which included 3 Thymus species in this
investigation (T. vulgaris, T. capitatus and T. decussatus) and2 Origanum species (O. vulgareand O. syriacum
subsp.sinaicum) were conducted in MEGA 7.0 software program [14] by Maximum Likelihood (ML) tree with
the highest log likelihood (-3348.45).The phylogenetic trees were constructed based on 56 nucleotide sequences
encoded from the ITS regionused, including our speciesthat have the highest percentages of similarity with
species from 17 different genera, showing closely related species clustering together from the family Lamiaceae
and they showed low percentages of similarities towards relatively distantly related species(4species) as out
group of the family (Figure 7).

IV. Figures and Tables

ITS 1

Full length of ITS region
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Figure 1: The elementary structure of (rDNA) of plant. Forward primer was ITSland ITS4 was the reverse
primer. Size length of ITS region was ITS1: (208+ 56bp), 5.8S (83+ 2bp) and 1TS2 310+ 67bp).
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Table 1: Nucleotide sequences length of the nuclear ITS region (ITS1, 5.8S and ITS2) with: T. vulgaris,
T.capitatus, T. decussatus,O. vulgare and O. syriacum L. subsp. sinaicum were used in the current study.

Scientific name ITS1 5.85 ITS2 Total length
(ITS region)

|. Thymus genus
1- | Seql_Thymus vulgaris (MT974175.1) 238bp 155bp 292bp 685bp
2- | Seq2_Thymus capitatus (MT974176.1) 233bp 155bp 293bp 681bp
3- | Seqg3_Thymus decussatus (MT974177.1) 240bp 155bp 285bp 680bp
11. Origanum genus
4- | Seqg4_Origanum vulgare (MT974178.1) 237bp 155bp 284bp 676bp
5- | Seq5_O. syriacum subsp. sinaicum (MT974179.1) 250bp 155bp 275bp 680bp

> Thymus vulgaris internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA
gene, complete sequence; and internal transcribed spacer 2, partial sequence (685bp)
TTGTCGAACCTTTAAAAACAGACCGCGAACACGTGTTTAACACCGTTGGGGACGGTGCGGGG
GGTAACCCTCTTCCGTGTCCCATCTCCTGCCGGCGTGTATCTTCGGGTCACGTCGTGCGGGC
TAACGAACCCCGGCGCGGAATGCGCCAAGGAAAACAAAACGAAGCGTTTCCCCCTGGCATC
CCGTTCGCGGAGTGTGCTGGGGGAGCAGACGTCTATCAAATGTCTAAACGACTECTCGGCAAC
GGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGC
AGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGG
GCACGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCTTCCCCGCGCTGAATGCCGGGCG
GTCGGGGGCGGACATTGGCCTCCCGTGCACCTCCATGCGCGGCTGGCCCAAATGCGATCCC
CGGGCGACTGGCGTCACGACAAGTGGTGGTTGAACATCTCAATCTCTCTCGTCGTCGTGCCG
TCCTGTCGTCATTACGGGAATAGTCATAAACGACCCAACGGTGCCGGTGCTTAACTGCACCT
CACCTCGACCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAATTTAAGCATATCAATAAGG

uo13a1 ISLI

VAR
VN [ewmosoqu g°¢

uor3a1 ZS LI

CGGAGGA

>Thymus capitatus internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA
gene, complete sequence; and internal transcribed spacer 2, partial sequence (681bp)

CGAACCTTGAAAAGCAGACCGCGAACACGTGTTTAACACCTTGGGGCACGGCACGGGGGCA
ACCCCCTGCCGTGTCCCATCTCCTGCCGGCGTGTACCCTCGGGTCACGTCGTGCGGGCTAAC
GAACCCCGGCGCGGAATGCGCCAAGGAAAACCAAACGAAGCOGTTCCCCCCCGGCATCCCGT
CCGCGGGGCGTGCTGGGGGATCGAACGTCTATCAAATGTCAAAACGACTCTCGGCAACGGA
TATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGA
ATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACTAGGCTGAGGGCAC
GICTGCCTGGGCGTCACGCATCGCGTCGCCCCCCTCCCCCGCGCTCAATGCCGGGCGGTGT
GGGGCGGACATTGGCCTCCCGTGCGCCTCGGTGTGCGGCTGGCCCAAATGCGATCCCCGGG
CGACTGGCGTCACGACAAGTGGTGGTTGAACATCTCAATCTCTCTCGTCGTCGTGCCGCCGT
GTCGTCATTACGGGTACAATCACAAACGACCCAACGGTGTCGGTGCTTAACTGCACCCCATC
TTCGACCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAATTTAAGCATATCAATAAGCGGA
GGAA

uoIsa1 ISLI

VAR
VA [emosoqu g°¢

w03 ZSLI

- Thymus decussatus internal transcribed spacer 1, partial sequence: 3.8S ribosomal RNA
gene, complete sequence: and internal transcribed spacer 2, partial sequence (680bp)
TATTGTCGAACCTTTAAAAACAGACCGCGAACACGTGTTTAACACCGTTGGGGACGGTGCGG
GGGGCAACCCTCTGCCGTGTCCCATCTCCTGCCGGOCGTGTATCTTCGGGTCACGCCGTGCGG
GCTAACGAACCCCGGCGCGGAATGCGCCAAGGAAAACAAAACGAAGCGTTITCCCCCTGGCAT
CCCGTTCGCGGAGTGTGCTGGGGGAGCAGACGTCTATCAAATGTCAAAACGACTECTCGGCAA
CGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTG
CAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCATTAGGCCGAGG
GCACGICTGCCTGGGCGTCACGCATCGCGTCGCCCCCCTTCCCCGCGCTGAATGCCGGGCGG
TCGGGGGCGGACATTGGCCTCCCGTGCACCTCCGTGCGUGGCTGGCCCAAATGCGATCCCCC
GGGCGACTGGCGTCACGACAAGTGGTGGTTGAACATCTCAATCTCTCTCGTCGTCGTGCCGT
CATGTCGTCATTACGGGAATAGTCATAAATGACCCAACGGTGCCGGTGCTTAACTGCACCTC
ACCTTCGACCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAG

uoi3a1 ISLI

VNI
VAN [emosoqu g°¢

uor3a1 ZS1I

Figure 2: The nucleotide sequence of the nuclear ITS region (ITS1, 5.8S, ITS2) from Thymus vulgaris (685bp),
Thymus capitatus (681lbp) and Thymus decussatus (680bp) with GenBank accession no.
MT974175.1, MT974176.1 and MT974177.1, respectively.
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>Origanumvulgareinternal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete
sequence; and internal transcribed spacer 2, partial sequence (676bp)

TTGTCGAACCCTGAAAAGTAGACCGCGAACACGTGTTTAACATCATGGGGGACGGTGCGGG
GGCAACCCTCTGCCGTGACCCATCTCCTGCGGGCGTGTATCTTCGGGTCACGTCTTGCGGGC
TAACGAACCCCGGCGCGGAATGCGCCAAGGAAAACTAAACGAAGCGTTTCCCCCCAGCATC
CCGTCCGCGGAGCGTGTTGGGGGATCGAACGTCTATCAAATGTCAAAACGACTCTITGGCAAC
GGATATCTCGGCTCTCGCATCGATTAAAAACGTAACGAAATGCGATACTTGGTGTGAATTGC
AGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCCTTAGGCTGAGGG
CACGTCTGCCTGGGCGTICACGCATCGCGTCGCCCCCCTTCCCCGCGCTCAAAGCCGGGTGTT
AGGGGGCGGACATTGGCCTCCCGTGTACTTCGGTGTGCGGCTGGCCCAAATGCGATCCCCG
GGCGACTAGCGTCACGACAAGTGGTGGTTGAACATCTCAATCTCTCTCGTAGTCGTGCAGCT
GTGTCGTCATTACGGGCACAATCACAAATGACCCAACGGTGTCGGTGCGTAACTGCACCCCA
TCTTCGACCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAA

uoISa1 ISLI

VNI TSSO s

uoISa1 TSLI

>QOriganum syriacum subsp. sinaicum internal transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence (680bp)

TGCGGAAGGACATTGTCGAACCTCGAAAAGTAGACTGCGAACACGTGTTTAACATCATGGGG
GGCGGTGCGGGGGCAACCCTCTGCCGTGACCCATTTCCTGCGGACGTGTATCTTTGGGTCAC
GTCTTGCGGGCTAACGAACCCCGGCGCGGAATGCGCCAAGGAAAACAAAACGAAGCGTTC
CCCCCTAGCATCCCGTCCGCGGAGCGTGTITTGGGGGATCGAACGTCTATCAAATGT
CAAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCG
AAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACG
CAAGTTGCGCCCGAAGCCATTAGGCTGAGGGCACGTCTGCCTGGGCGTCACGCATC
GCGTCGCCCCCCTTCCCCGCGCTCAAAGCCGGGCGATAGGGGGCGGACATTGGCC
TCCCGTGTACTTCGGTGTGCGGCTGGCCCAAATGCGATCCCCGGGCGACTAGCGTC
ACGACAAGTGGTGGTTGAACATCTCAATCTCTGTCGTAGTCGTGCAGCTGAGTCGC
CATTACGGGCACAATCACAAATGACCCAACGGTGTCGGTGCGTAACTGCACCCCAT
CTTCGACCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCA

VN uorSax ISLI

VA [emosoqu g°¢

uoI8d1 ZS LI

Figure 3: The nucleotide sequence of nuclear ITS region (ITS1, 5.8S, ITS2) from Origanum vulgare L. (676bp)
and Origanum syriacum L. subsp. sinaicum (680bp) with GenBank accession no. MT974178.1 and
MT974179.1, respectively.
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10 20 30 40
Seq1 Thymus_vulgaris/I-238 1 - - o m e AACC AAAAACA AACAC AACACC 55
Seq2Thymus_capitatus/1-233 1--- - - AACC AAAAGCA AACAC AACACC 51
Seq3Thymus_decussatus/I1-240 1 - - - - - e - - - AACC AAAAACA AACAC AACACC 57
Seq¢Origanum_vulgare/1-237 1 - - AACCCTEGAAAAGT A AACAC AACATCA 55
Seq50._syriacum_subsp./1-250 1 fEcEEas@Eaca AACCTCGAAAAGT A AACAC AACATCA 67
Consensus
TGCGGAAGGA+ATTGTCGAACCTTGAAAAGCAGACCGCGAACACGTGTTTAACACC+TGGGGGACGG
Occupancy N
70 80 90 100 110 120 130
Seq1Thymus_vulgaris/1-238 s6 [Al@C AACCCHC @ 122
Seq2Thymus_capitatus/1-233 52 CA-C CAACCCCC = 117
Seq3Thymus_decussatus/1-240 58 caacccfic cc 124
Seq4Origanum_vulgare/1-237 s6 (o] CAACCCTC (o] 121
Seq30. _syriacum_subsp./1-250 68 CAACCCIC @ 133
Consensus
TCGCCGGGGCCAACCCTCTGCCGTGTCCCATCTCCTGCCGGCGTGTATCTTCGGGTCACGTCGTIGCGG
Occupancy u
140 150 160 170 180 190 200
Seqi Thymus_vulgaris/1-238 123 c AAAACAAAAC ccccce 189
Seq2Thymus_capitatus/I-233 118 C AAAACCAAAC ccccccecc 184
Seq 3 Thymus_decussatus/1-240 125 c AAAACAAAAC ccccce 191
Seq4Origanum_vulgare/1-237 122 c AAAACTlaAAAC CCCCCCA 188
Seq5C. _syriacum_subsp./1-250 134 [ AAAACAAAAC cccccclalal 200
Consensus
GCTAACGAACCCCGGCGCGGAATGCGCCAAGGAAAACAAAACGAAGCGTTTICCCCCTGGCATCCCGT
Occupancy
Seq Thymus_vulgaris/I-238 @ CA@AC A cllaAAcC 238
Seq2Thymus_capitatus/1-233 cl@aac A CAAAAC 233
Seq 3 Thymus_decussatus/1-240 calGac A CAAAAC 240
Seq¢Origanum_vulgare/1-237 cl@aac A CAAAAC 237
Seq30._syriacum_subsp./1-250 c clEAAC A CAAAAC 250

CCGCGGAGCGTGCTGGGGGGATCGAACGTCTATCAAATGTCAAAACGACT

Occupancy a

Figure 4. The nucleotide sequence alignment of the nuclear ITS1 region fromT. vulgaris (238bp),T. capitatus
(233bp), T. decussatus (240bp),0. vulgare L. (237bp) and O. syriacum L. subsp. sinaicum
(250bp)were used in the current study.

Seql Thymus_vudgaris/I1-155 @ A 57
Seq2Thymus_capitatus/I-155 @ A 57
Seq3Thymus_decussatus/1-155 @ A 57
Seq4Origanum_vulgare/I-155 (o] A 57
SeqSO._syriacuin_subsp._sinaicum/I1-155 c A 57
Consensus
CTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATAC
Occupancy
Seql Thymus_vulgaris/I-155 114
Seq2Thymus_capitatus/I-155 114
Seq3Thymus_decussatus/1-155 114
Seq4Origanum_vulgare/I-155 114
Seq50._syriactom_subsp._smaictm/1-155 114
Consensus
TTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCC
Occupancy
Seql Thymus_vidgaris/1-155 155
Seq2Thymus_capitatus/I-155 155
Seq3Thymus_decussatus/1-155 155
Seq4Origanumn_vulgare/I-155 155
Seq50._syriacum_subsp._sinaicum/I-155 155
Consensus
GAAGCCATTAGGCCGAGGGCACGTCTGCCTGGGCGTCACGC
Occupancy

Figure 5: The nucleotide sequence alignment of the nuclear 5.8S region (155bp) with high conserves region
from Thymus species (T. vulgaris, T. capitatus, T. decussatus) and Origanum species(O. vulgare and
O. syriacum L. subsp. sinaicum)were used in the current study.
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Seq] Thymus_vulgaris/]-292
Seq2Thymus_capitatus/1-293
Seq3Thymus_decussatus/i-285
Seq4Origanum_vulgare/1-284
Seq30._syriacum_subsp./1-275

Consensus

QOccupancy

Seq ! Thymus_vulgaris/]-292
Seq2Thymus_capitatus/1-293
Seq 3Thymus_decussatus/1-285
SeqdOriganum_vuigare/1-284
Seq50._syriacum_subsp./1-275

Consensus

Occupancy

10 20
| |

60
[

1A cccceccec CCC 62
1A cccccce C CCC 62
1A cceccecec CCC 62
1A cccccce CAAA CCC 62
1A cceccecec CAAA 62

ATCGCGICGCCCCCCTTICCCCGCGCTCAATGCCGGGCGGT+GGGGGCGGACATTIGGCCTCCC

70

|
cAcclIccAlf@c
c@ccrc
cAccIcc
AcTTC
ACIIC

o
CCCAAA
CCCAAA
CCCAAA
CCCAAA
CCCAAA

GIGCACCICGGTGIGCGGCTIGGCCCAAATGCGAICCCCGGGCGACTGGCGTCACGACAAGTG

130 1|40 150 1|60 1|70 IISO

SeqlThymus_vulgaris/]-292 125 C 186
Seq2Thymus_capitatus/1-293 125 C 186
Seq 3Thymus_decussatus/1-285 125 C 186
Seq4Origanum_vulgare/1-284 125 C 186
Seq30._syriacum_subsp./1-275 125 C 186

Consensus

GITGGTTGAACATCTCAATCTCTCTICGICGICGTIGCCGCCGTGTCGTCATTACGGG+ACAATC
Occupancy

220
cACCmcAcCC

1% 200
caccccalfc
cacclicacc

187 AlIAAACBACCCAAC C

187 ACAAACGACCCAAC

187 A.AAA IACCCAAC

187 ACAAA ACCCAAC CACCCCAIC
187 ACAAA JACCCAAC C

CACCCCA
ACAAATGACCCAACGGTGTCGGTGCTTAACTGCACCCCATCTTCGACCGCGACCCCAGGTCA

2;40

CA 247
CA 248
CA 248
CA 248
CA 248

Seq1 Thymus_vulgaris/1-292
Seq2Thymus_capitatus/1-293
Seq3Thymus_decussatustl-285
Seq4Origanum_vulgare/1-284
Seq30._syriacum_subsp./1-275

Consensus

Occupancy

Seq ! Thymus_vulgaris/]-292 248 A C A A 292
Seq2Thymus_capitatus/1-293 249 A CAA| AA 293
Seq3Thymus_decussatus/i-285 249 CAA AA 285
SeqdOriganum_vulgare/1-284 249 CAA 284
Seq30._syriacum_subsp./1-275 249 275
Consensus
GGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAG++G++G+A
Occupancy —

Figure 6: The nucleotide sequence alignment of the nuclear ITS2 region from Thymus vulgaris (292bp),T.
capitatus (293bp), T. decussatus (285bp), O. vulgare (284bp) and O. syriacum L. subsp. sinaicum
(275bp)were used in thecurrent study.

Table 2: Homology of nucleotide sequences for 56 selected accession lists for the nuclear (ITS region) sequenced
in this study, BLAST top hits against GenBank database, similarity score and accession no.

Family: Lamiaceae Scientific name of Nuclear GenBank Similarity% (bp)
Tribe: Menth Code ITS ion(l hb Accession
ribe: Mentheae region(length bp) No. Seql Seq2 Seq3 Seqd Seqs
(685bp) | (681bp) | (680bp) | (676bp) | (680bp
1 | Seql Thymus vulgaris (685bp) MT974175.1 | ------ 94.00 98.67 92.47 91.34
2 | Seg2_Thymus capitatus (681bp) MT974176.1 9400 | ------ 94.37 94.64 93.37
Current stud 3 | Seg3_Thymus decussatus (680bp) MT974177.1 98.67 9437 | ------ 93.35 92.40
y 4 | Seg4_Origanum vulgare (676bp) MT974178.1 92.47 94.64 9335 | ------ 97.60
5 (ssegggs. syriacum subsp. sinaicum | \1rq74179.1 | o134 | 9337 | 9240 | 97.60 | -
6 | Thymus vulgaris (643bp) AY506646.1 97.97 92.59 97.04 90.64 89.37
G1: Thymusgenus 7 | Thymus quinquecostatus(696bp) EU556517.1 99.13 94.58 99.12 92.91 91.76
8 | Thymus quinquecostatus(625bp) AY443435.1 98.08 93.10 98.08 91.52 90.43
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9 | Thymus mongolicus(682bp) EU556518.1 99.27 94.44 99.11 92.86 91.73
10 | Thymbracapitata(695bp) JQ669137.1 93.24 99.05 93.56 94.32 93.06
11 | Thymbracapitata(612bp) GU381453.1 93.28 98.86 93.44 93.95 92.66
12 | Thymus eigii (700bp) KX257372.1 99.11 94.33 99.26 93.16 92.23
13 | Thymus caespititius(613bp) GU381457.1 94.78 93.66 95.27 92.85 91.09
14 | Thymus daenensis(656bp) MF465192.1 98.76 93.47 98.45 92.11 91.06
15 | Origanum vulgare (693bp) MH645777.1 92.33 94.55 93.24 100.00 97.49
16 | Origanum vulgar (704bp) DQ667243.1 9213 | 9436 | 9293 | 99.70 | 97.19
17 | Origanum vulgare (612bp) GU381468.1 92.12 94.12 92.78 99.84 97.38
G2: Origanum 18 | O.syriacum var. sinaicum (644bp) | JX163026.1 90.99 93.10 91.94 97.35 99.84
genus 19 | Origanum syriacum (644bp) JX163033.1 90.99 93.10 91.94 97.35 99.84
20 | Origanum syriacum (644bp) JX163037.1 90.99 93.10 91.94 97.35 99.84
21 | O.syriacum var. bevanii(644bp) JX163046.1 90.99 93.10 91.94 97.35 99.84
22 | O.syriacum var. sinaicum (644bp) | JX163030.1 91.15 93.26 92.09 97.51 | 100.00
G3: Conradina 23 | Conradinabrevifolia(617bp) AY943461.1 86.69 89.90 87.50 87.25 85.02
genus 24 | Conradinaetonia(618bp) AF369165.1 86.55 89.21 87.20 86.89 84.85
G4: Dicerandra 25 | Dicerandrafrutescens(644bp) AY506642.1 86.80 88.23 87.60 85.36 84.73
genus 26 | Dicerandrachristmanii(579bp) DQ860350.1 89.17 90.36 89.54 87.18 88.14
G5: Monarda 27 | Monardadidyma(686bp) MN636289.1 87.57 89.55 88.47 87.22 98.41
genus 28 | Monardafistulosa(629hp) MG677129.1 87.32 89.18 88.11 86.61 85.76
G6: Pycnan. 29 | Pycnanthemummuticum(615bp) AY943494.1 87.95 89.98 88.76 87.03 98.13
genus 30 | Pycnanthemum beadle (621bp) MK355996.1 87.86 89.60 88.67 86.40 85.65
G7:Bystropogon 31 | Bystropogonoriganifolius(649bp) AY506635.1 86.98 89.17 87.77 86.51 85.54
genus 32 | Bystropogonwildpretii(638bp) AY704584.1 87.20 88.58 88.15 85.85 84.91
A . 33 | Clinopodiumtomentosum(649bp) DQ017559.1 89.51 91.06 90.48 88.72 88.17
G8:Clinopodium Clinopodiumcylindristachys(651bp
genus 34 DQ017562.1 89.52 91.23 90.34 88.40 87.56
G9: Satureja 35 | Satureja thymbrifolia(612bp) GU381454.1 92.79 97.88 93.11 93.96 92.35
genus 36 | Satureja linearifolia(612bp) GU381455.1 93.61 98.37 93.93 94.61 92.99
G10: Mentha 37 | Mentha Canadensis (715bp) KC473228.1 88.56 90.52 89.00 88.22 87.01
genus 38 | Mentha spicata(686bp) KY072948.1 88.20 90.28 88.64 88.00 87.15
G11 Agastache 39 | Agastache barberi(814bp) AJ421001.1 84.76 86.79 85.04 84.88 85.12
genus 40 | Agastache urticifolia(728bp) DQ667247.1 84.01 86.83 84.20 85.07 84.97
. 41 | Dracocephalum moldavica(717bp) | MH710906.1 85.02 84.64 83.38 83.53 83.07
G12: Dracoc. Dracocephalum
genus 42 grandiflorum(784bp) AJ420999.1 82.57 84.37 83.12 82.87 82.42
G13:Nepeta 43 | Nepetamirzayanii(784bp) AJ515309.1 86.14 86.98 86.05 85.59 85.97
) 44 | Nepetalaxiflora(830bp) AJ420995.1 85.60 85.69 83.64 82.34 85.38
G14: Prunella 45 | Prunella vulgaris (734bp) MH711205.1 83.38 85.80 83.84 83.92 82.97
genus 46 | Prunella grandiflora(534bp) HQ228231.1 85.80 88.01 86.04 86.39 85.71
G15:Lepechinia 47 | Lepechinialancifolia(711bp) DQ667306.1 85.80 88.10 86.03 86.38 85.23
genus 48 | Lepechiniaconferta(672bp) DQ667307.1 85.80 87.21 85.65 85.95 84.79
G16: Rosmarinus 49 | Salvia rosmarinus(684bp) MH645776.1 83.74 85.05 83.74 84.27 82.93
genus 50 | Rosmarinusofficinalis(668bp) EU796893.1 84.64 86.12 84.66 85.32 83.91
G17: Saliva genus 51 | Salvia wardii(684bp) MG824290.1 85.53 87.17 85.80 86.28 85.42
. 52 | Salvia prattii(685bp) MG824253.1 | 8553 | 86.88 | 85.84 | 86.24 | 85.59
Family linaceae 53 | Linum usitatissimum (578bp) MK066769.1 94.86 93.55 94.41 94.97 94.97
Family Fabaceae 54 | Glycine max (666bp) MT230614.1 96.99 96.99 96.99 96.39 96.39
eF:g‘"yAmamthac 55 | Chenopodium album (655bp) MK953683.1 | 87.46 | 86.21 | 87.46 | 86.01 | 86.81
e 56 | Arabidopsis thaliana(722bp) MG886683.1 | 9492 | 9492 | 9492 | 9435 | 94.35
Brassicaceae
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M Seq5 O. syriacum subsp. sinaicum (680bp) ITS region
JX163030.1 O. syriacum var. sinaicum
JX163033.1 Origanum syriacum
JX163026.1 O. syriacum var. sinaicum
JX163037.1 Origanum syriacum
JX163046.1 O. syriacum var. bevanii
MH645777.1 Origanum vulgare
DQ667243.1 Origanum vulgare
GU381468.1 Origanum vulgare

M Seqg4 Origanum vulgare (676bp) ITS region

M GU381457.1 Thymus caespititius

M Seq3 Thymus decussatus (680bp) ITS region

M Seql Thymus vulgaris (685bp) ITS region

M AY506646.1 Thymus vulgaris

M AY443435.1 Thymus quinquecostatus G1

M EU556517.1 Thymus quinquecostatus

M EU556518.1 Thymus mongolicus

B KX257372.1 Thymus eigii

B MF465192.1 Thymus daenensis i

M seq2 Thymus capitatus (681bp) ITS region ] G1
GU381454.1 Satureja thymbrifolia ] G9

M JQ669137.1 Thymbra capitata ] G1

B GU381453.1 Thymbra capitata _]G1
GU381455.1 Satureja linearifolia ] G9

— — © KC473228.1 Mentha canadensis ]Glo

L— @ KY072948.1 Mentha spicata E
@ AY506635.1 Bystropogon origanifolius :lG7
L @ AY704584.1 Bystropogon wildpretii

@® DQ017559.1 Clinopodium tomentosum :l 3

@ DQ017562.1 Clinopodium cylindristachys
AY943461.1 Conradina brevifolia ]GS
AF369165.1 Conradina etonia

] AY506642.1 Dicerandra frutescens
DQ860350.1 Dicerandra christmanii

W MN636289.1 Monarda didyma :l 5

WV MG677129.1 Monarda fistulosa

A AY943494.1 Pycnanthemum muticum ]GG

G2

il mﬂ:ﬁm

A MK355996.1 Pycnanthemum beadlei
MH645776.1 Salvia rosmarinus :l 16
EU796893.1 Rosmarinus officinalis

— A MG824290.1 Salvia wardii
. " 7

| L— A MG824253.1 Salvia prattii :l
AJ421001.1 Agastache barberi :lGll
DQ667247.1 Agastache urticifolia
MH711205.1 Prunella vulgaris :|Gl4
HQ228231.1 Prunella grandiflora
MH710906.1 Dracocephalum moldavica :lGlZ
AJ420999.1 Dracocephalum grandiflorum

@ AJ515309.1 Nepeta mirzayanii

‘AJ420995.1 Nepeta laxiflora

M DQ667306.1 Lepechinia lancifolia ] G15

M DQ667307.1 Lepechinia conferta ] G15

@ VIK953683.1 Chenopodium album (Out group)

@ MKO066769.1 Linum usitatissimum (Out group)

— ® MT230614.1 Glycine max (Out group)

L— @ MG886683.1 Arabidopsis thaliana (Out group)

Figure 7: Molecular Phylogenetic analysis involved 56 nucleotide sequences of the nuclear (ITS region) were
conducted in MEGA 7.0 software program by Maximum Likelihood method. The tree with the highest log
likelihood (-3348.45) is shown [14]. Seql: T. vulgaris, Seq2: T. capitatus, Seq3: T. decussatus, Seq4: Origanum
vulgare and Seg5: Origanum syriacum L. subsp.sinaicum were used as current study. G1: Thymu, G2:
Origanum, G3: Conradina, G4: Dicerandra, G5: Monarda, G6: Pycnanthemum, G7: Bystropogon, G8:
Clinopodium,G9: Satureja, G8: Clinopodium, G10: Mentha, G11 Agastache, G12: Dracocephalum,
G13:Nepeta, G14: Prunella, G15:Lepechinia, G16: Rosmarinus, G17: Saliva and F: Family Lamiaceae. Linum
usitatissimum(MK066769.1),Glycine max (MT230614.1), Chenopodium album (MK953683.1) andArabidopsis
thaliana (MG886683.1) were used as out group. F: family Lamiaceae.
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