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Genus Thymus is one of the largest genera of family Lamiaceae, it comprises about 250 species
represented globally. Several important uses of Thymus species were reported in previous studies such
as their medicinal, pharmaceutical and culinary uses. In spite of their importance, they are poorly
identified on the basis of molecular levels. DNA barcoding is a reliable technique at molecular level in
the field of authentication, classification and differentiation between plant species. Therefore, the current
investigation was conducted to identify, discriminate and authenticate three endemic Thymus species in
Egypt (Thymus vulgaris, Thymus capitatus and Thymus decussatus) using two chloroplast genes (coding
sequence) of the most common DNA barcodes; ribulose 1, 5-biphosphate carboxylase large subunit
(rbcL) and maturase K (matK) gene. The partial sequence lengths of rbcL gene of the three Thymus
species were 577, 528 and 544 nucleotides for T. vulgaris (MN972464.1), T. capitatus (MN972465.1)
and T. decussatus (MN972466.1), respectively. Similarly, for matK gene, they were 643, 800 and 788
nucleotides for Thymus vulgaris (MN972467.1), Thymus capitatus (MN972468.1) and Thymus
decussatus (MN972469.1), respectively. The alignment of isolated sequences with the recorded species
in NCBI database was conducted using basic local alignment search tool for several sequences (BLASTn
and BLASTp). The obtained results revealed that rbcL and matK genes nucleotides sequence isolated
from the three Thymus species under investigation were closely related and showed high similarities to
the NCBI recoded 17 genera belonging to family Lamiaceae while they showed low similarities towards
recorded species which considered as an out group of family Lamiaceae. Furthermore, a phylogenetic
tree analysis was constructed based on amino acid sequences of 61 rbcL genes and 52 matK genes
using MEGA 7 program by Maximum Likelihood (ML) method. The DNA barcodes (rbcL and matK) were
able to distinguish the Egyptian Thymus species under research successfully from species of the same

family and also from those belonging to different families.
Keywords: DNA barcoding, rbcL gene, matK gene, MEGA 7 program, family Lamiaceae, Thymus vulgaris, Thymus
capitatus and Thymus decussatus

INTRODUCTION family. It contains about 236 genera and has been

Genus Thymus belongs to the tribe Mentheae, stated to contain 6.900 to 7.200 species (Harley et
subfamily Nepetoideae in family Lamiaceae al., 2004). Many plants are aromatic in all parts and
(Labiatae). It is a family of flowering plants include widely used culinary herbs. Jalas, (1971)

commonly known as the mint or dead nettle or sage classified Thymus into two subgenera and eight
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sections based on morphological characters.
Thymus is one of the largest genera including
about 250 species represented globally (Raja
2012).

Thyme is the general name for the many herb
varieties of the Thymus species. It is a tiny
perennial shrub, with a semi evergreen ground
cover that seldom grows quite to (40 cm) with
horizontal and upright habits (Saleh et al., 2015).
Common or garden Thyme is considered the
principal type, and is utilized commercially for
flowering and ornamental purposes (Nadiya et al.,
2016) It grows in mountainous areas, used as a
beverage instead of or with tea and added to some
food to give it an acceptable flavour,

Thymus species are considered as medicinal
plants due to their pharmacological and biological
properties. their properties are due to their main
components, thymol and carvacrol. Fresh Thyme
has the highest level of antioxidants among all
herbs. The plant is used in folk medicine frequently
where it is prescribed to treat mouth infections,
stomach, intestine and airways, coughing and
gastroenteritis and expel intestinal worms, as well
as to strengthen the heart (Mohamed et al., 2013).
Extracts from Thyme have been used in traditional
medicine for the treatment of several respiratory
diseases like asthma and bronchitis and for the
treatment of other pathologies. Also, several
properties were reported such as antiseptic,
antispasmodic, antitussive, antimicrobial,
antifungal, antioxidative, and antiviral (Ocana and
Reglero, 2007). Additionally, the amazing Thyme
benefits can be attributed to its rich nutritional
value. The nutrients in Thyme have disease-
preventing and health-promoting properties
(Vineetha, 2014). Ancient Egyptians used Thyme
for embalming.

When there is an insufficient morphological or
anatomical data for the identification of the sample,
a stretch of DNA sample might be helpful in
identifying the species, samples with many
fragments can provide multiple species
identification, giving a clear picture of habitats,
offers critical clue to the investigators (Ferri et al.,
2015). Therefore, DNA barcoding technique was
chosen for the present study to distinguish between
three Thymus species grown in Egypt. Schori and
Showalter, (2011) used DNA barcodes to identify
14 species of medicinal plants from Pakistan and
distinguished them from other similar species. DNA
barcoding is a technigue for identifying organisms
based on sequence data obtained from one to
several gene regions
(http://barcoding.si.edu/DNABarCoding.htm).

Several chloroplast gene regions were typically
used as DNA barcodes such as the two chloroplast
gene fragments ribulose 1, 5-biphosphate
carboxylase large subunit (rbcL) and maturase K;
(matK) genes which considered core barcodes
(Hollingsworth et al., 2009). Researchers have
chosen a combination of two regions (matK and
rbcL) as a satisfactory compromise that likely
agrees with DNA barcoding criteria. In
combination, these genes could identify species in
72 % of the cases and almost in all cases at the
genus level (Hebert 2003; Chase et al. 2005; De
Vere et al., 2012; Fazekas et al., 2012).

The Consortium for the Barcode of Life
(CBOL) Plant Working Group (CBOL 2009, 2010)
considered all the criteria for barcodes when
evaluating the seven potential candidates,
including four coding regions (matK, rbcL, rpoC1
and rpoB) and three non-coding regions (psbA-
trnH, atpF-atpH and psbK-psbl).

Moreover, taxonomic expertise for plant
species identification as well traditional
morphological characterization are not sufficient for
identification and authentication of plant species
samples such as flowers, roots, seeds, and pollen
(Chase and Fay, 2009).Therefore, the large data
obtained from DNA barcodes can be used beyond
taxonomic studies to ascertain the results
obtained. Furthermore, DNA barcoding techniques
play an important role in the identification of plants
having a problematic taxonomic identity. For
biodiversity screening, the DNA barcoding
technique has a highly discriminating power
between organisms and has the ability to identify
polymorphic plant species (Ajmal et al., 2014).
Also, it has employed for detection of adulteration
and verification of plant materials included in
several industries such as pharmacuticals
(Asahina et al., 2010; Xue and Li, 2011). Several
studies have been conducted to evaluate the
efficiency of DNA barcodes in identification and
verification of plant species such as De Mattia et
al,, (2011; 2012) who identified 64 plant species of
six different genera (i.e. Mentha, Ocimum,
Origanum, Salvia, Thymus and Rosmarinus) using
four barcode regions (rpoB, rbcL, matK and trnH-
psbA ). They pointed to the benefit of using DNA
barcoding technigue in saving time and costs
consumed during technique implementation.

Further study has been carried out by Federici
et al. 2013 to distinguish between 36 samples of
Thymus spp. using the core barcode regions matK,
rbcL and the plastid intergenic spacer trnH-psbA.
Nithaniyal et al. 2014 utilized DNA barcodes as a
first attempt to assemble a reference barcode
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library for the 429 trees of India. DNA barcoding
was completed using rbcL and matK markers to
inventory species for applications in biodiversity
monitoring, conservation impact assessment,
monitoring of illegal trading, authentication of
traded medicinal plants etc. In  addition,
Theodoridis et al. (2012) evaluated the utility of
DNA barcoding in discriminating Labiatae species
in Chios Island (Greece) and the adjacent Cesme-
Karaburun Peninsula (Turkey) using three cpDNA
regions (matK, rbcL and trnH-psbA). They tested
them either as single region or as multi region
barcodes and found that matK and trnH-psbA
taken as useful in discriminating species of the
Labiatae, for the species they examined, as any
multi region combination according to consortium
for the Barcode of Life (CBOL) for medicinal plants
of the Labiatae (Lamiaceae) family. They also
added that matK and trnH-psbA could serve as
single-region barcodes for Labiatae species
contributing to the conservation and the trade
control of valuable plant resources. For more than
a decade, other several applications has been
widely used in the DNA barcoding, molecular
systematics, authentication identification and
community phylogenetics of some medicinal plants
(Sahare and Srinivasu, 2012; Vohra and Khera,
2013; Techen et al. 2014; Zhou et al. 2014;
Parveen et al. 2016; Bezeng et al. 2017; Chen et
al. 2019; Skuza et al. 2019).

Since, importance of Thymus species is due to
active ingredients and essential oils which confer
them their medicinal, culinary, pharmaceutical
properties. Moreover, threatens such as over
collecting of plants and human constructions in
plants natural habitats which put them in their way
to extinction. Therefore the current investigation
was carried out to identify and authenticate the two
endemic wild Thymus species and one cultivar
species in Egypt (T. capitatus, T. decussatus and
T. wvulgaris) using two of the most important
barcode regions of chloroplast genes (rbcL and
matK gene). In addition, to distinguish between the
three Thymus species under study and the other
available species on NCBI database to fulfill a strict
conservation plan and maintenance of the studied
species.

MATERIALS AND METHODS

Plant Materials collection

Three available Thymus species in Egypt were
chosen for the present investigation (T. vulgaris, T.
capitatus and T. decussatus). Three samples
representative to each plant species were collected

(Fig.1), identified and authenticated by Dr. Yousry
Abd-Elhady, Ecology and Range Management
Department, Desert Research Center (DRC),
Egypt (no voucher specimen of this material has
been deposited in a publicly available herbarium).
The fresh young leaves were collected as bulk for
each species in spring of 2018, transferred into
liquid nitrogen, and kept frozen at - 80 °C till use.
Thymus vulgaris Benth. (cultivated type) which was
collected from private farms at Kirdasa region, Giza
Governorate, Egypt. For two wild types: Thymus
capitatus (L.) Hoffmanns & Link was collected from
the naturally grown rocky ridge habitats, especially
wet sites distributed in small spot at Kilo 26 from
the North Coast, Marsa Matrouh Governorate,
Egypt and the other wild type is Thymus
decussatus (Benth.) which was collected from the
top one of mountain of Saint Catherine
Protectorate, South Sinai Governorate, Egypt (Fig
1).

DNA extraction, primers design and PCR
amplification

Genomic DNAs were extracted from 100mg
fine powdered tissue using DNeasy Plant Mini Kit
(Qiagen Inc., Cat.no.69104, USA). The
concentrations and quality of the genomic DNA
samples were estimated on spectrophotometer
ND-2000 (Nanodrop, USA). In this investigation,
successful isolation of pure DNA with high
molecular weight is quite a challenge to reduce
degraded DNA of plant materials especially in
medicinal plants. The resulted DNA concentration
for Thymus species (25—-30 ng /ML) was checked
at 260 and 280 nm.

DNA fragments were amplified via standard
polymerase chain reaction (PCR). The entire
coding plastid rbcLa (first part of rbcL gene ~ 700bp
or less) was amplified using the primer pairs
rbcLa_1Fwd (5'-ATG TCA CCA CAA ACA GAG
ACT AAA GC-3') and rbcLa_599Rev (5-GTA AAA
TCA AGT CCA CCR CG-3’) and PCR fragment a
599 bp of the rbcL gene as previously described by
Levin et al.,, (2003) and Kress and Erickson,
2007). For matK primer design, 13 ORF full length
sequence matK genes from different species
belong to Lamiaceae family were retrievable from
the National Center for Biotechnology Information
(NCBI) database (GenBank). Accession numbers
GU381790.1 (T. pulegioides), AY840173.1 (T.
serpyllum), GU381789.1 (T. -caespititius),
GU381791.1 (T. broussonetii subsp. hannonis),
GU381792.1 (T. wvulgaris), GU381802.1 (O.
vulgare), GU381799.1 (O. elongatum),
GU381798.1 (O. dictamnus), GU381797.1 (O.
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rotundifolium), GU381801.1 (O. microphyllum),
GU381800.1 (O. dayi), AY840165.1 (O. vulgare),
and MG256495.1 (Mentha spicata) were used for
multiple sequences alignment of nucleotide
(BLASTN) to design specific primers pair of matK
gene (Fig. 2). Then, the downloaded full ORF matK
gene sequences with these accession numbers
were saved in format (FASTA), files then aligned
by MEGA 7 software program (Kumar et al., 2016),
(www.megasoftware.net). The sequence from
location base 466 - 488 to location base 1327-1349
was commonly present in all aligned sequences.
The entire coding plastid maturase gene (matK)
was amplified ~ 884bp or less using the primer
pairs matK_466Fwd (5 - GTC CAT GTG GAA ATC
TTG ATT C-37) and matK_1349Rev (5°- CGT ACA
GTA CTT TTG TGT TTA CG -3) and PCR
fragment ~ 884 bp or less 850 bp according to
(CBOL Plant Working Group 2009). Phusion® Taq,
the High-Fidelity DNA polymerase (Thermo
Scientific, Product codes: F-530L, 500 Unit) was
used. The amplification reaction mixture for rbcl
and matK was done in a 50 pl total volume.
Reaction mixture containing; 4 ul cDNA, 10 ul 5X
Phusion HF Buffer, 1 ul 210mM dNTP mix, 2.5 pl
primer 1 (10 uM), 2.5 pl primer 2 (10 uM), 0.5 pl
Phusion DNA polymerase, 29.5 pl DEPC H20 and
spin for 15 Sec. The reaction mixture was
incubated in a Perkin ElImer thermo cycler 9700.
PCR program for rbcL regions, the temperature
profile in different cycles was as follows: an initial
strand separation cycle at 98°C for 3 min followed
by 35 cycles including a denaturation step at 98°C
for 30 seconds, an annealing step at 55°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 program for matK
regions, 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 55°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.

Gel electrophoresis

PCR amplification samples were resolved by
electrophoresis in a 1.5% agarose gel containing
ethidium bromide (0.5ug/ml) in 1X TAE buffer at 95
volts. A 1Kbp DNA ladder was used as DNA
standard size marker. PCR products were
visualized on UV light and photographed using a
Gel Documentation System (BIO-RAD 2000).

QIAquick® gel extraction kit
purification

QIAquick gel extraction kit (Qiagen, Cat. No.
28704 - 28706) was used for PCR product
purification or fast clean-up from the agarose gel
up to 10 pg can bind to each QIAquick column. This
was performed following the manufacturer's

instructions.

protocol for

Sequence editing, alignment and phylogenetic
inference

Sequencing chromatograms of obtained rbcL
and matK regions were analyzed by Macrogen,
Seoul, south of Korea and translated into amino
acid sequences by the ExPASy online program
(https://web.expasy.org/translate) for each studied
three Thymus species. All nucleotide sequences of
rbcL and matK gene, Open Reading Frame (ORF)
were searched in NCBI database, The National
Center for Biotechnology Information GenBank
Database (http://www.ncbi.nim.nih.gov).
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(¢) Thymus decussatus Benth. (Ecotype of wild species)

Figure 1: The three Thymus species under study: (a) Thymus vulgaris L. (Cultivar plant), Thymus
capitatus L. (Ecotype of wild species) and (c) Thymus decussatus Benth. (Ecotype of wild
species).
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Figure 2: Multiple alignment nucleotide sequences of 13 matK gene from 13 accession no. of

different species belong to Lamiaceae family to design forward (matK_466Fwd) and reverse
(matK_1349Rev) primer matK gene.

The homology searches were performed with
Basic Local Alignment Search Tool of several
sequences (BLASTn/BLASTp program) on the
basis of their homologies with sequences
published in DDBJ/EMBL/GenBank database
which are available through NCBI database
(Altschul et al. 1990).

The phylogenetic trees were constructed
using MEGA 7.0 software program following the
Maximum Likelihood (ML) tree methods to detect
positive selection under site models (Kumar et al.,
2016) (http://megasoftware.net/)

RESULTS AND DISCUSSION

The DNA barcoding technique involved several
consecutive steps to achieve identification and
documentation of the studied Thymus species.
These steps included DNA extraction, PCR
amplification of rbcL and matK conserved regions,
sequencing of the obtained fragments and
alignment of the examined sequences with others
included on NCBI database. PCR amplification of
conserved regions (matK and rbcL) was carried out
using both universal primers rbcL and matK genes,
PCR amplification has resulted in amplified
fragments sized about 700 or less 600bp for the
first part of partial fragment length rbcL gene while

about 900 to 850bp for partial matK gene in the
three Thymus species (Thymus vulgaris L. (cultivar
plant), Thymus capitatus L. (Ecotype of wild
species) and Thymus decussatus Benth. (Ecotype
of wild species). Specific single fragment was
obtained, purified and sequenced for each sample,
size and reading sequence were determined by
Macrogen analysis, and then aligned by BLAST
web sites to identify sequences similarities. The
nucleotide sequences isolated in this paper have
been recorded in the GenBank database NCBI
(National Center for Biotechnology Information) by

Banklt, online from website
(https://www.ncbi.nlm.nih.gov/WebSub/)  after it
was processed by email (gb-
admin@ncbi.nim.nih.gov), The three rbcL gene

sequences are available in DDBJ/EMBL/GenBank
database with accession no.
(MN972464.1/QKE50850.1) from Thymus vulgaris
(577 bp) which predicted to encode a protein of 192
amino acids, from Thymus capitatus, (528bp),
which predicted to encode a protein of 176 amino
acids (accession no. MN972466.1/QKE50852.1)
and from Thymus decussatus (544bp), which
predicted to encode a protein of 181 amino acids
as shown in Figure (3). In the same context, the
three sequenced matK genes are available in
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GenBank (accession no.
MN972467.1/QKE50853.1) from Thymus vulgaris
(643bp) which predicted to encode a protein of 214
amino acids, (accession no.
MN972468.1/QKE50854.1), from Thymus
capitatus, (800bp), which predicted to encode a
protein of 266 amino acids (accession no.
MN972469.1/QKE50855.1) and from Thymus
decussatus (788bp), which predicted to encode a
protein of 261 amino acids as shown in Figure (4).

Molecular phylogenetic analysis based on
sequences of rbcL gene

Sequence homology of each nucleotide of 48
rbcL genes represented by (Code 1 to 3) for
Thymus species (current study), (Code 4 to 36) for
Thymus genus, (Code 37 to 44) for Origanum
genus, and (Code 45 to 48) for 4 different species
from different families as an out group of the family,
all were tested by top-scoring hits through NCBI
database using basic local alignment search tool
(BLASTN) as shown in Table (1).

Multiple sequence alignments (MSA) of 48
rbcL genes were carried out between sequences of
selected nucleotides of two genera (Thymus and
Origanum) belonging to the family Lamiaceae or
Labiatae including the 3 Thymus species (T.
vulgaris, T. capitatus and T. decussatus) under
study and four different species from different
families as an out-group available in GenBank
database will be discussed briefly. The results
revealed that Thymus vulgaris (current study) was

closely related with high identity and similarity
(100%) to T. vulgaris 1Sr29 with accession no.
(KU856611.1). Moreover, T. vulgaris showed
similarity less than 100% with 34 accessions of
Thymus genus, 8 accessions of Origanum genus
and with 4 different species as an out group of the
family, we will discuss it briefly. Firstly, T. vulgaris
showed high similarity (100%, 99.82%, 99.82%,
99.81% and 99.65%,) with T. vulgaris 1Sr29
(KU856611.1), Thymus sp. AT-2018
(MF695015.1), Thymus sp. AT-2018
(MF694789.1) T. vulgaris (Z37471.1) and T.
praecox subsp. polytrichus (JN890697.1), it
showed 98.60% similarity with T. serpyllum
(MK105914.1), 99.98% - 99.43% with 8 Origanum
genus which belongs also to family Lamiaceae with
E-value = Zero. On the other hand, it showed less
similarities with the 4 different species from
different families other than Lamiaceae (89.81%,
91.06%, 90.77% and 87.55%) with Linum
usitatissimum (MG946893.1), Helianthus annuus
(AB530968.1), Arabidopsis thaliana (AB917053.1)
and Ginkgo biloba (HQ619753.1), respectively with
E-value = Zero as an out group of the family
Lamiaceae or Labiatae. Secondly, the Multiple
sequence alignments (MSA) of Thymus capitatus
rbcL gene (current study) showed high relatedness
to Thymus sp. SH-2010 (AB586374.1), Thymus sp.
MIB zpl (FR720585.1), and T. praecox
(KT695419.1) with high identity and similarity
(100%).
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Thymus vudgariy chlovoplast rbel. gene for yublsco (large subunit) (patinl) (57 bp)
5" =27
Aaqtgttqqqt:caaachqqtgttanagagtacaaattgacttattatactcctqaatac
v FE K A Vi K% ¥ K LT XY % P B Y

ga;accaaagatactqa:atcttqqcaqcattccgaqtaactcctcaacccgqaqttccg
E T KD T O I L AMA P RV TP QP G V P
cctgaagaagcaggggccocgoggtagoetgocgaatcttotactggtacatggacaactgtg
P E E A G A AV A A E S 8§ T G T W T TV
tggaccgatggacttaccagocttgatogttacaaagggegatgotaccacattgagece
wT DG L T $ L D R Y K G R C ¥ B T E P
gttcocococggagaaaaagatcaatatatctgttatgtagettacectttagacctrtttgaa
VP G E K D Q ¥ X C ¥ VAN ¥'PF L DL F B
gaaggttctgttactaacatgtttacttccattgtaggaaatgtatttggattcaaagee
LG 8 VvV T R X% ¥ & 3V @& 'K V€ G K R
ctacgtgctctacgtoctggaagatotgogaattectgttgottatgttaaaacttteccaa
L R A L R L E D L R I P V A Y V KT F Q
ggccogoctcatgggatccaagttgagagagataaattgaacaagtatggtcogtectetg
G P P H G I Q V E R D KL N K Y G R P L
ctgggatgtactattaaacctaaattggggttatctgotaaaaactacggtagageggtt
L G C' T I K ®# ¥ L G L 8§ N K& X 'G R K V
tatgaatgtcttogtggtggacttgattttaccaaa

¥ E €C L R G G L D F T K

603-3"

Thywmus capitatus chlovoplast rbcl gene for mublsco laage subunit, patial cds, (528bp)

5 -64
ttgacttattatactocctgaatacgaaaccaaagatactgatatcttggocageattecoga
L Xy TR & Y & FT KD T D X K A A P R
gtaactcctcaacccggagtteocgectgaagaagecaggggecgeggtagetgecgaatet
V-7 P Q P G Y P »'E B A G K & VAN A ES
tctactggtacatggacaactgtgtggaccgatggacttaccagecttgatecgttacaaa
S T T W T VYW R DG L T S8 E DN R WK
gggcgatgcotaccacattgagocogttecctggagaaaaagatcaatatatctgttatgta
G R G ¥ B X EBER WP & E K D @ ¥ I € X'V
gettaccctttagacctttttgaagaaggttetgttactaacatgtttactteccattgta
A Y P L D L F E E G 8 V T N M F T 8§ I V
ggaaatgtatttggattcaaagecctacgtgetoctacgtetggaagatctgegaattect
G N VvV F G F K A L R AL R L E D L R I P
gttgcttatgttaaaactttccaaggcccogoctcatgggatecaagttgagagagataaa
vV A Y V K T F Q G P P H G I Q V E R D K
ttgaacaagtatggtcgtcoctetgotgggatgtactattaaacctaaattggggttatct
L N KEY @R PO K& € F ¥ K R K L. G X 8§

gctaaaaactacggtagageggtttatgaatgtottogoggtggactt
A K N Y G R A V Y E € L R G G L
591-3

- Thymus decussatus chloroplast rbel. gene for rubisco large subunit, partial cds, (544bp)
5 =60
caaattgacttattatactoctgaatacgaaaccaaagatactgatatcecttggocagecatte
R: Nt P X ¥ T PR W 'T KD TR XL AP
cgagcaactcctcaacccggagttccgcctgaagaagcaggggccgcggtagctgccgaa
R V. T 2 Q P G V P P BE E A A A A A E
tcttctactgqtacatggacaactgtgtgqaccgatggacttaccagccttgatcgttac
2 8 T e T MY ILT V¥V WD 4 T 8L DEREX
aaagggcgatgcectaccacattgageccgttocoggagaaaaagatcaatatatctgttat
K e B C ¥'H X B P VvV P ¢ 'K X D 4 ¥ X € X
qtagcttaccctttagacctttttgaagaaqqttctgttactaacatqtttacttccatt
V. A ¥ P L D L F E E . VT N N ¥ T 8 X
gtaggaaatgtatttggattcaaagccctacgtgctctacgtctggaagatctgcgaatt
vV 6 N vV F 6 F K A L R A L R L EDIULTZRI
cctgttgottatgttaaaactttecaaggeccgectoatgggatecaagttgagagagat
P vV A ¥ vV XK T F Q 6 P P H G I Q V E R D
aaattgaacaagtatggtegtceccteotgetgggatgtactattaaacctaaattggggtta
K L N K ¥ 6 R P L L 66 C T I K P KULGHL
tctgectaaaaattacggtagageggtttatgaatgtettogtggtggacttgattttace
8 A K N ¥ GR A V ¥ E C L R G GG L D F T
aaa
K
544-3"

Figure 3: The partial fragment rbcL gene and deduced amino acid sequence from Thymus vulgaris, Thymus

capitatus and Thymus decussatus (577, 528 and 544bp) with GenBank accession numbers;

MN972464.1/QKE50850.1, MN972465.1/QKE50851.1 and MN972466.1/QKE50852.1, respectively. Nucleotide
sequence and deduced sequence of amino acid residues of rbcL gene are indicated by a single letter code

used by https://web.expasy.org/translate/.
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Ahyveeres yoelgaris maturase K (oK) gene, paatial cdys: chdoroplast (643 bp)

A

atacgaatctattttocgtotttoctacgtaaccaatcttttcaggtacgatcaacatcttgt

) 4 E s I F VvV F§ L R N Q S F Q V R - TR s (=4
ggagttctttttgaacgaatctatttctatataaaaatagaacgtottaggaacgtcttt
G Vv L F E R I i i | 3 Y I K I E R L R N v
gttaaggatttttgogogaacctatggttggtogaggaacectgoatgecattatattagg
v K D F c A N L W L VvV E E P C M KB Y I R
tatcaaaaaaaatctattctggcocttccaaagggacatcocottttcatgaataaatggaaa
Y Q K K s I L A S K 6 T S L F M N K W K
ttaaaccttgtcactttttggocaatggocatttttotgtgtggtttcatccaagaaggatt
L N L Vv T £ W Qo W H F s v w F H R R I
tggataaatcaatttocctaagcattoccctigaaattttgggttatctttcaaacgtccaa
w I N Q F P K H s L E I L G Y L s N v Q
atgaactcttocgtggtacggagtcaaattctagaaaattcatttoctaatcaataatget
M N s S v VvV R s Q I L E N s F L I N N A
attaagaagctcgatactottgttoccaattattocctotgattgoagaattggetaaaget
1 K 'K L D 7T n ' R I I P L I A E L A K A
aaattttgtaacgtattggggcatcccattagtaagecgattegggotgagttatcagat
K F € N V L G H P I s K P I R A E L s D
tctaatattattgaccgattttogogtatatgoagaaatatttotcatcatcatagegga
s N I I =} R F s R I c R N I s H H H s G
tettgoaaaaaaaggagtttgtatcgaataaagtatataceer -3

s < K K R s L . R I K Y I L

Thymus capitatns fov maturave K (mark gene), pratial cds, chloroplast (500bp)

5-tgtg gaa Aatc ttg ALt Caa Att Ctt Cgec cat tgg gta aaa gat gtt tot tet tta cat tta
v 1 4 x b T Q x L un w W, x D b 4 s G L n L

tta cgg gtc ttt ctc aac gaa tat

I n 'y £ r L N E ¥
age tto tot ttg tca aaa aga aat

s r 5 b i) * R N

aat tgg aat agt ctt ctt act coca aag aaa gtc
- T e SR R VSRR TRy i R
agg ttc titt ttt tte tta tat aat tet cac gta
R P P F P L T N 8 B Y
tgt gaa tac gaa tct att ttc gtc
c v

cta ogt aac caa tct ttt cat tta cga tca aca
= ¥ 13 5 I ¥ R

R
tg9
w
caa
Q
tLe
4 L n N Q 8 r " h 5 T
tct tot gga gtt ctt ctt gaa cga atc tat ttc tat ata aaa ata gaa cgt ctt atg aac
a o G v L 19 v " T X r b 4 I x I E " L M
gtc ttt gtt aag gat ttt ©gg gog aac cta tgg ttg gtc gag gaa cco tge atg cat tat
v r v x D r R A N L w b5 v r x » c M
Att agg tat caa aga aaa tcc att ctg got toc aaa ggg aca toc ctt ttc atg aat aaa
I A 5 x ] T 5 b r >
tgyg caa tgg cat ttt tot gtg tgg ttt cat cca aga
w e w n r o v w r » » n
aag cat tce ctt gaa att ttg ggc tat ctt tca aac
x " s L = I n a X L a N
gtg caa atg aac cct tcc gtg gta ©gg Agt caa att cta gaa aat tca ttt cta atc aat
v Q ™ N » 5 v " S Q X b = N 8 r b x N
aat got Att aag aag ctc gat Act Ctt gtt cca att att cct ctg att goa gaa ttg got
N A b 4 x x n v » x x » 19 x A = n A
aaa got aaa ttt tgt aat gta ttg ggg cat ccc att agt aag cog att ogg got gag tta
» A » r < N v L a " P x S x » x R A 1 4 L
tca gat tct aat att att gac cga ttt tag ogt ata tgc aga aat att tct cat tat cat
s D 5 N I I D » r s " X < » N I o " X "
agce gga tct tgoe aaa aaa -3
5 G s c x x

X R } < »n x s X
tgy asa tta aac ctt gtc act ttt
w x b N L v T r
agg att tgg ata aac caa ttt ccc
R x w x N [+] r »

> Thymus decussatus maturase K (mark gene), parvtial cds, chlovoplast (788bp)
5.
Aaactottogocagtgggtaaaagatgtttottotttacatttattacgggtotttotaoaas
x, L R & W v X D W s s b H L L R V r L N
gaatattggaatagtottottactooaaagaaagtoagottotatttgtoaaaaagaaat
E X W w 8 = T3y PRI NS t 4 s b o) s K R N
Ccaaaggttattttttttottatataattotoaggtatgtgaatacgaatotattttagte
Qe R b r r r L ¥ N s Q v ¢ = ¥ =E s X r v
tttoctacgtaacoaatottttocatttacgatoaacatottotggagttottottgaacga
r L R N Q 5 F H L R s T 5 s G Vv L L E R
atctatttotatataaaaatagaacgtottatgaacgtaotttgttaaggattttageogeg
x k4 X X x x x E R L M ¥ VvV r VvV X D F R A
aacctatggttggtogaggaacoctgoatgoattatattaggtatocaaaaaaaatatatt
N L W L Vv = = P C M M 4 x .. 8 Q ® x s x
ctggoettoocasagggacatcoctittoatgaataaatggaaattaaacottgtoactttt
L A S N o R s I ¥ M N X w X L. N ~ T . r
tggocaatggoatttttotgtgtggtttoatocaagaaggatttggataaaccaatttocot
w O Q W H r 8 VvV W r H P R R x w I N Q r 4
Aagoattocottgaaattttgggttatotttoaaacgtoocaaatgaactattaagtggta
X H 3 L E x X B W I S _ e AN - TR AR S BN
cggagtoaaattotagaaaattoatttotaatocaataatgotattaagaagotagatact
R S Q x o B MW s r E x N N A x x X L D T
cttgttocaattattoctotgattgoagaattggotaaagotaaattttgtaacgtatty
L VvV P x x » b o) x A E L A X A K r c N VvV L
gggcoatcocattagtaagoogattogggotgagttatoagattotaatattattgacoga
4 x s x P x R A =E b % s =1 s nN x x
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» *

Figure 4: The partial fragment matK gene and deduced amino acid sequence from Thymus vulgaris, Thymus

capitatus and Thymus decussatus (643, 800 and 788bp) with GenBank accession numbers;

MN972467.1/QKE50853.1, MN972468.1/QKE50854.1 and MN972469.1/QKE50855.1, respectively. Nucleotide
sequence and deduced sequence of amino acid residues of matK gene are indicated by a single letter code

used by https://web.expasy.org/translate/.
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W MG221401.1 Thymus praecox
B KUS836611.1 Thymus vulgaris
M MG221645.1 Thymus praecox
B KF602235.1 Thymus praecox
Bl 1N892334.1 Thymus pulegioides
W 1N892333.1 Thymus pulegioides
B HES19479.1 T. striatus var. acicularis
B KF997486.1 Thyvmus serpylium
W KJ746269.1 Thyvmus odoratissimus
B KJ204411.1 Thymus pulegioides
Il MG221709.1 Thymus pulegioides
W MG222332.1 Thvmus pulegioides
M M G222508.1 Thymus praecox
M )\ G224311.1 Thymus pulegioides
W MG221346.1 Thymus drucei
Il Z37470.1 Thymus alsinoides G1
M KR063653.1 Thymus sibthorpii
M Z37472.1 Thymus vulgaris (I)
=] Seqd Thymus decussatus (rbcL gene)
M Seq1 Thymus vulgaris (thcL gene)
Il IN890697.1 T. praecox subsp. polytrichus
M 237471.1 Thymus vulgaris (I)
——— [l MK 5268071 Thymus praecox
M MK 105914.1 Thymus serpyllum
B MF 349756.1 Thvmus serpyvilum
W MG222503.1 T. praecox subsp. arcticus
I HES19485.1 T. striatus var. ophioliticus
M HE963707.1 Thymus pulegioides
W HQ902799.1 Thymus sipvleus
— I MF 695015.1 Thymus sp. AT-2018
= L [l MF694789.1 Thvinus sp. AT-2018
B KT695419.1 Thymus praecox
M AB3586374.1 Thymus sp. SH-2010
B FR720585.1 Thymus sp. MIB zpl
—— Ml Seq2 Thymus capitatus (rbcL gene)
£ HQ902792.1 Origanum sipvleum
[ )MG224341.1 Origanum vulgare
1 KX783936.1 Origanum majorana
I MF 349689.1 Origanum laevigatum
[ MF 694999.1 Origanum vulgare
1 KX278820.1 Origanum minutiflorum
1 HQ902792.1 Origanum sipvieum(2)
I KY794576.1 Origanum syriacum ]
M H)\850398.1 Thymus caespititius ] G1
@ AB530968.1 Helianthus annuus (out group)
— ® M\G946893.1 Linum usitatissimum (out group)
L. @ AB917053.1 Arabidopsis thaliana (out group)
¥ HQ619753.1 Ginkgo biloba (out group)

Gl

Figure 5: Molecular Phylogenetic analysis involved 48 amino acid sequences of rbcL genes was conducted
in MEGA 7.0 software program by Maximum Likelihood method. The tree with the highest log likelihood
(-2092.26).

(G1: Thymus genus - G2: Origanum genus - F: family Lamiaceae - Seql: Thymus vulgaris, Seq2: Thymus
capitatus and Seq3: Thymus decussatus.
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HQ590041.1 Clinopodium vulgare 7] G7
FJ513146.1 Clinopodium chinense 7] G7
MH116120.1 Clinopodium repens G7
A KY400629.1 Mentha spicata
A KC473279.1 Mentha canadensis :IGQ
A KY656718.1 Mentha pulegium
W Z37471.1 Thymus vulgaris (D
[l Seql Thymus vulgaris (thcL gene)
M Seq3 Thymus decussatus (thcL gene)
W KF997486.1 Thymus serpylhmm
Il JN892334.1 Thynms pulegioides
Il MG221401.1 Thymus praecox
M MG221346.1 Thymus drucei
W Z37472.1 Thymus vulgaris (ID
I HM850398.1 Thymus caespititius 7] G1 F
= 4 HQ902792.1 Origanum sipyleum
4 MG224341.1 Origanum vulgare
A KX783936.1 Origanum majorana G10
4 MF349689.1 Origanum laevigatum
A MF694999.1 Origanum vulgare
— #» KR063652.1 Satureja pilosa subsp. origanita
LE 9 MF 349309.1 Satureja montana ]GS
@ MG224422.1 Satureja hortensis
JQ933991.1 Salvia deserta ] G17
HMS590078.1 Salvia fruticosa c17
JQ934010.1 Salvia officinalis
& KM360960.1 Rosmarinus officinalis
«» HE963635.1 Rosmarinus officinalis G16
4 HQ619754.1 Rosmarinus officinalis
M AY'570388.1 Lepechinia fragrans
I_E [ | :| G15

MG223821.1 Pycnanthemum tenuifolium &
MG224042.1 Pycnanthemum virginianum G5
MG221861.1 Pycnanthemum inc anum ]
Il MF 349566.1 Monarda fistulosa ]G4
[l KY627431.1 Monarda punctata G4
Il MK 526204.1 Monarda punctata G4
I MH749055.1 Conradina verticillata 7] G2
0 MG582632.1 Conradina grandiflora 7] G2
I KY765542.1 Conradina glabra 7] G2
@ MG582633.1 Dicerandra thinicola
# KY765541.1 Dicerandra immaculata G3
& MG592699.1 Dicerandra frutescens ]
——— [l Seq2 Thymus capitatus @hcL gene) TGl
| KJ595607.1 Bystropogon origanifolius 7] G6

Gl

AY'570386.1 Lepechinia calycina
L— 1 AY570387.1 Lepechinia chamaedryoides
MG946943.1 Nepeta cataria
MN601459.1 Nepeta cataria G13
u MH998002.1 Nepeta bracteata
W MG222708.1 Agastache foenic ulum
W MG222557.1 Agastache nepetoides Gl11
W FJ513154.1 Agastache rugosa
A KF307354.1 Dracoc ephahum ruyschiana
4 H\M590077.1 Dracocephalum moldavica G12
A HQ839685.1 Dracocephalum rupestre
@ MH116337.1 Prunella vulgaris 7] G14
# FR365137.1 Prunella grandiflora 7] G14
¥ AB530968.1 Helianthus anmuus (out group)
— @ MG946893.1 Linum usitatissinnmm (out group)
L— @ AB917053.1 Arabidopsis thaliana (out group)
@ HQ619753.1 Ginkgo biloba (out group)

Figure 6: Molecular Phylogenetic analysis involved 61 amino acid sequences of rbcL gene was conducted in
MEGA 7.0 software program by Maximum Likelihood method. The tree with the highest log likelihood (-
2610.87). G1: Thymus species, G2: Conradina species, G3: Dicerandra species, G4: Monarda species, G5:
Pycnant. Species, G6: Bystropogon species, G7: Clinopodium species, G8: Satureja species, G9: Mentha
species, G10: Origanum species, G11: Agastache species, G12: Dracocephalum species, G13: Nepeta
species, G14: Prunella species, G15: Lepechinia species, G16: Rosmarinus species, G17: Salvia species and
4 different species from different families as out group. F was family Lamiaceae. Seql: Thymus vulgaris,
Seqg2: Thymus capitatus and Seq3: Thymus decussatus.
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Table 1: Homology of nucleotide sequences for 48 selected accession lists and its related Thymus vulgaris,
Thymus capitatus and Thymus decussatus for chloroplast, rbcL gene partial sequenced in this study, BLAST
top hits against GenBank database, similarity score and GenBank accession number.

Code Scientific name of GenBank Similarity% (bp)
chloroplast rbcL gene (Ilength bp) Accession * * - *
No. T. T. capitatus T.
vulgaris decussatus
1 Thymus vulgaris (577bp) MN972464.1 |  ------- 99.62 99.82
2 Thymus capitatus (528bp) MN972465.1 99.62 | @ - 99.43
3 Thymus decussatus (544bp) MN972466.1 99.82 9943 | -
4 Thymus vulgaris (1420bp) Z37471.1 99.65 99.43 99.63
5 Thymus vulgaris (Il) (1420bp) Z37472.1 99.83 99.81 99.63
6 Thymus vulgaris 1Sr29 (532bp) KU856611.1 100.00 99.80 100.00
7 Thymus sibthorpii (629bp) KR063653.1 99.65 99.62 99.82
8 Thymus alsinoides (1420bp) Z37470.1 99.65 99.62 99.82
9 Thymus drucei (552bp) MG221346.1 99.82 99.61 99.81
10 Thymus serpyllum (553bp) MF349756.1 99.82 99.61 99.62
11 Thymus serpyllum (1349bp) KF997486.1 99.64 99.62 99.82
12 Thymus serpyllum (573bp) MK105914.1 98.60 99.24 99.07
13 Thymus sp. AT-2018 (552bp) MF694789.1 99.82 99.61 99.62
14 Thymus sp. AT-2018 (553bp) MF695015.1 99.82 99.61 99.62
15 Thymus pulegioides (552bp) MG224311.1 99.82 99.61 100.00
16 Thymus pulegioides (552bp) MG222332.1 99.82 99.61 100.00
17 Thymus pulegioides (552bp) MG221709.1 99.82 99.61 100.00
18 Thymus pulegioides (549bp) KJ204411.1 99.82 99.61 100.00
19 Thymus pulegioides (528bp) HE963707.1 99.62 99.62 99.44
20 Thymus pulegioides (541bp) JN892333.1 99.82 99.60 100.00
21 Thymus pulegioides (539bp) JN892334.1 99.81 99.60 100.00
22 Thymus caespititius (568bp) HM850398.1 99.29 99.62 99.08
23 Thymus odoratissimus (658bp) KJ746269.1 99.64 99.62 99.82
24 T. striatus var. ophioliticus (599bp) HE819485.1 99.64 99.62 99.82
25 T. striatus var. acicularis (599bp) HE819479.1 99.64 99.62 99.82
26 T. praecox subsp. arcticus (552 bp) MG222503.1 99.82 99.61 99.62
27 Thymus praecox (473bp) KT695419.1 99.79 100.00 99.77
28 Thymus praecox (1377bp) KF602235.1 99.63 99.62 100.00
29 Thymus praecox (535bp) MG221645.1 99.81 99.61 100.00
30 Thymus praecox (549bp) MK526807.1 99.26 99.01 99.02
31 Thymus praecox (528bp) MG221401.1 99.81 99.59 100.00
32 Thymus praecox (552bp) MG222508.1 99.82 99.61 100.00
33 T. praecox subsp. polytrichus (524bp) JN890697.1 99.81 99.60 100.00
34 Thymus sipyleus (523bp) HQ902799.1 99.62 99.62 99.43
35 Thymus sp. MIB zpl (551bp) FR720585.1 98.80 100.00 99.40
36 Thymus sp. SH-2010 (1301bp) AB586374.1 99.64 100.00 99.45
37 Origanum laevigatum (1420bp) Z37426.1 99.98 99.81 99.26
38 Origanum laevigatum (553bp) MF349689.1 99.64 99.81 99.42
39 Origanum sipyleum (523bp) HQ902792.1 99.43 99.81 99.42
40 Origanum vulgare(552bp) MG224341.1 99.64 99.81 99.42
41 Origanum vulgare (553bp) MF694999.1 99.64 99.81 99.42
42 Origanum majorana (552bp) KX783936.1 99.64 99.81 99.42
43 Origanum minutiflorum (555bp) KX278820.1 99.64 99.80 99.42
44 Origanum syriacum (926bp) KY794576.1 99.46 99.81 99.26
45 Linum usitatissimum (1419bp) MG946893.1 89.81 89.43 90.28
46 Helianthus annuus (1244bp) AB530968.1 91.06 91.05 90.87
47 Arabidopsis thaliana (1326bp) AB917053.1 90.77 90.17 90.44
48 Ginkgo biloba (553bp) HQ619753.1 87.55 88.01 87.91

*Thymus vulgaris (MN972464.1), Thymus capitatus (MN972465.1) and Thymus decussatus (MN972466.1)

(Species under study)
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Table 2. Homology of nucleotide sequences for 61 selected accession lists and its related T. vulgaris, T.
capitatus and T. decussatus for chloroplast, rbcL gene partial sequenced in this study, BLASTn top hits
against GenBank database, similarity score and GenBank accession number.

Family Lamiaceae | Code Scientific name of GenBank Similarity% (bp)
Tribe: Mentheae chloroplast rbcL gene Accession T. T. T.
(Ilength bp) No. vulgaris | capitatus | decussatus
1. Genus Thymus 1 *Thymus vulgaris (577bp) MN972464.1 | ---—--- 99.62 99.82
2 *Thymus capitatus (528bp) MN972465.1 99.62 | - 99.43
3 *Thymus decussatus (544bp) | MN972466.1 99.82 99.43 | -
4 Thymus vulgaris Z37471.1 99.65 99.43 99.63
5 Thymus vulgaris (I1) Z37472.1 99.83 99.81 99.63
6 Thymus drucei MG221346.1 99.82 99.61 99.81
7 Thymus serpyllum KF997486.1 99.64 99.62 99.82
8 Thymus pulegioides JN892334.1 99.81 99.60 100.00
9 Thymus caespititius HM850398.1 99.29 99.62 99.08
10 Thymus praecox MG221401.1 99.81 99.59 100.00
2. Genus 11 Conradina glabra KY765542.1 99.60 99.78 99.57
Conradina 12 Conradina grandiflora MG582632.1 99.24 99.41 99.02
13 Conradina verticillata MH749055.1 99.64 99.81 99.42
3. Genus 14 Dicerandra thinicola MG582633.1 99.26 99.41 99.02
Dicerandra 15 Dicerandra immaculata KY765541.1 99.19 99.34 99.13
16 Dicerandra frutescens MG592699.1 99.24 99.34 99.02
17 Monarda punctata MK526204.1 99.63 99.80 99.41
4. Genus Monarda 18 Monarda punctata KY627431.1 99.63 99.80 99.42
19 Monarda fistulosa MF349566.1 99.64 99.81 99.42
5. Genus Pycnant. 20 Pycnanthemum incanum MG221861.1 99.62 99.81 99.42
21 Pycnanthemum tenuifolium MG223821.1 99.64 99.81 99.42
22 Pycnanthemum virginianum MG224042.1 99.64 99.81 99.42
6. Genus 23 Bystropogon origanifolius KJ595607.1 99.65 100.00 99.45
Bystropogon
7. Genus 24 Clinopodium vulgare HQ590041.1 99.65 100.00 99.45
Clinopodium 25 Clinopodium chinense FJ513146.1 99.65 100.00 99.45
26 Clinopodium repens MH116120.1 99.64 100.00 99.45
8. Genus Satureja 27 Satureja pilosa subsp. KR063652.1 99.31 99.62 99.08
origanita
28 Satureja montana MF349309.1 99.46 99.61 99.23
29 Satureja hortensis MG224422.1 99.46 99.61 99.23
30 Mentha spicata KY400629.1 99.65 100.00 99.44
9. Genus Mentha 31 Mentha canadensis KC473279.1 99.65 100.00 99.45
32 Mentha pulegium KY656718.1 99.65 100.00 99.45
33 Origanum sipyleum HQ902792.1 99.43 99.81 99.42
10. Genus 34 Origanum vulgare MG224341.1 99.64 99.81 99.42
Origanum 35 Origanum majorana KX783936.1 99.64 99.81 99.42
36 Origanum laevigatum MF349689.1 99.64 99.81 99.42
37 Origanum vulgare MF694999.1 99.64 99.81 99.42
11. Genus 38 Agastache rugosa FJ513154.1 97.92 98.48 97.79
Agastache 39 Agastache foeniculum MG222708.1 98.19 98.45 98.08
40 Agastache nepetoides MG222557.1 98.19 98.45 98.08
12. Genus 41 Dracocephalum moldavica HM590077.1 97.05 98.45 96.88
Dracocephalum 42 Dracocephalum rupestre HQ839685.1 97.23 97.54 97.06
43 Dracocephalum ruyschiana KF307354.1 97.39 97.73 97.23
13. Genus Nepeta 44 Nepeta cataria MG946943.1 97.57 97.92 97.43
45 Nepeta bracteata MH998002.1 97.23 97.54 97.06
46 Nepeta cataria MN601459.1 97.57 97.92 97.43
14. Genus 47 Prunella vulgaris MH116337.1 98.03 98.30 97.79
Prunella 48 Prunella grandiflora FR865137.1 97.21 97.53 97.03
15. Genus 49 Lepechinia chamaedryoides AY570387.1 98.38 98.67 98.16
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Lepechinia 50 Lepechinia fragrans AY570388.1 98.25 98.67 98.16

51 Lepechinia calycin AY570386.1 98.26 98.67 98.16

16. Genus 52 Rosmarinus officinalis HE963635.1 98.87 99.23 98.69

Rosmarinus 53 Rosmarinus officinalis HQ619754.1 98.92 99.22 98.85

54 Rosmarinus officinalis KM360960.1 99.12 99.43 98.90

55 Salvia deserta JQ933991.1 99.13 99.62 99.08

17. Genus Salvia 56 Salvia fruticosa HM590078.1 99.13 99.62 99.08

57 Salvia officinalis JQ934010.1 99.13 99.62 99.08

Family linaceae 58 Linum usitatissimum MG946893.1 89.81 89.43 90.28

Family Asteraceae 59 Helianthus annuus AB530968.1 91.06 91.05 90.87

Family 60 Arabidopsis thaliana AB917053.1 90.77 90.17 90.44
Brassicaceae

Family 61 Ginkgo biloba HQ619753.1 87.55 88.01 87.91
Ginkgoaceae

* Thymus vulgaris (MN972467.1), Thymus capitatus (MN972468.1) and Thymus decussatus (MN972467.1) were
(Species under study)

W HQ902749.1 Thymus sipyleus
W HQ902742.1 Thymus sipyleus
W HQ902750.1 Thymus zygioides
B HES19411.1 T. striatus var. striatus
W HES19423.1 T. pulegioides var. pulegioides
B HES19407.1 T. striatus var aciculans
M HES19409.1 T. striatus var aciculans
W HES19426.1 Thymus spinulosus
B HES19413.1 T. striatus var. ophioliticus
W JF257822.1 Thymus serprlum
W M\ IF 694885.1 Thymus sp. AT-2018
Il GU281790.1 Thymus pulegioides
B HES19408.1 T. striatus var. aciculans
M \IF 250183.1 Thymus serpyllum
W KJ746155.1 Thymus odoratissimus
—— [l HES19430.1 Thymus vulgaris Thymus G
B Seql Thymus vulgans (matK) gene
M Seq3 Thymus decussatus (matK gene)
W KJ204544.1 Thymus pulegioides
Il HES19427.1 Thymus spinulosus
Il HES19415.1 Thymus longicaulis
B HES19416.1 Thymus longicaulis
W HES19419.1 Thymus longicaulis
f— W HES19428.1 Thymus paronychioides
Il HES19417.1 Thymus longicaulis
I HES19422.1 Thymus cenipontanus
B W JN\8935060.1 T. praecox subsp. pohtrichus
B KR063649.1 Thymus sibthorpii
W IN894907.1 Thymus pulegioides
B HES19432.1 Thymus vulgaris
M HES19424.1 T. pulegioides var. pulegioides |
l— W GU281789.1 Thymus caespititius Thyvmus G
B H)\I850802.1 Thymus caespititius Thymus G
U0 AIF250147.1 Onganum laevigatum
I N IF 694869.1 Origanum vulgare
I JN895102.1 Oniganum vulgare
I AIKS20269.1 Origanum vulgare
Ml FR719084.1 Origanum vulgare i :
B KX783725.1 Orri:\num m:Sor:\n:l Origanum G
I FR719080.1 Origanum majorana
I HQ902752.1 Origanum onites
I IN894419.1 Oniganum vulgare
I GU381799.1 Origanum elongatum
B Seq2 Thymus capitatus (matK gene)
4 AY215805.1 Helianthus annuus (out group)
@ H\I544115.1 Linum usitatissimum (out group)
& JF926679.1 Arabidopsis thaliana (out group)
@ EUS518462.1 Ginkgo biloba (out group)

Figure 7: Molecular Phylogenetic analysis involved 48 amino acid sequences of maturase gene (matK gene)
was conducted in MEGA 7.0 software program by Maximum Likelihood method. The tree with the highest log
likelihood (-3275.04). (Thymus G: Thymus genus - Origanum G: Origanum genus -F: family Lamiaceae -
Seql: Thymus vulgaris, Seq2: Thymus capitatus and Seq3: Thymus decussatus .
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B Seq3 Thymus decussatus (matK) gene 7]

M HES19430.1 Thymus vulgaris

M Seql Thymus vulgaris (matK) gene
_E M HES19415.1 Thymus longicaulis

M GU381792.1 Thymus vulgaris Gl
B HQ902750.1 Thymus zygioides
I \[F330183.1 Thymus serpyllum
M\ K925827.1 Thymus serpyllum
M \IN167193.1 Thymus vulgaris _
BIMIN167195.1 Origanum majorana

]GIO

B HQ902752.1 Origanum onites
BIMKS20369.1 Origanum vulgare
B H)M830802.1 Thymus caespititius ] G1
— W LC126640.1 Mentha arvensis ]
Go

W LC126645.1 Mentha suaveolens
WAIN167204.1 Mentha spicata
B Seq2 Thymus capitatus (matK ) gene |Gl
— A \G225194.1 Clinopod um vulgare ]G'
L— A JN893864.1 Clinopodium vulgare
GU381728.1 Bystropogon origanifolius :I
G6

KJ747653.1 B. origanifolius var: origanifolius

GU381726.1 Bystropogon canariensis

KY607199.1 Conradina glabra :IG,

KJ772673.1 Conradina canescens -

@ KY607213.1 Dicerandra comutissima ]G%

i @ KY607214.1 Dicerandra immaculata -

@ \[G224897.1 Monarda didyma

@ KP642819.1 Monarda clinopodia

@ \MF330057.1 Monanda fistulosa

@ \MF350277.1 Pycnanthemum albescens ]
G5

Family Lamiaceae

@ )\G225271.1 Pycnanthemum virginianum
@ \H7148968.1 Pycnanthemum albescens
= — WAYS40168.1 Satureja thymbra ]GS

L— W AYS40169.1 Satureja mutica

A HE967477.1 Rosmarinus officinalis
_E . \MF349943.1 Salvia rosmarinus
A FR719112.1 Rosmarinus offic ina lis G16 and G17
—I A KP172065.1 Rosmarinus offic inalis
KC473367.1 Salvia officina lis
= W HQ902725.1 Nepeta italica
Gl3

W KT176606.1 Nepeta cataria
W MG946967.1 Nepeta bracteata
& \K309383.1 Agastache scrophulariifolia
& \MK3509382.1 Agastache nepetoides
@ \IF786820.1 Dracocephahmm tanguticum
@ \IF786791.1 Dracocephalum forresti
— KP402374.1 Prunella vulgaris ]Gl-l
L— \F138707.1 Prunella vulgaris
@ AY2135805.1 Helianthus annuus (out group)
& JF926679.1 Arabidopsis thaliana (out group)
@ H)M544115.1 Linum usitatissimum (out group)
@ EU518462.1 Ginkzo biloba (out group)

Figure 8: Molecular Phylogenetic analyses involved 52 amino acid sequences of maturase gene (matK) from
17 genus belong to the family Lamiaceae were conducted in MEGA 7.0 software program by Maximum
Likelihood method. The tree with the highest log likelihood (-3908.76) is shown. G1: Thymus species, G2:
Conradina species, G3: Dicerandra species, G4: Monarda species, G5: Pycnhant. Species, G6: Bystropogon
species, G7: Clinopodium species, G8: Satureja species, G9: Mentha species, G10: Origanum species, G11:
Agastache species, G12: Dracocephalum species, G13: Nepeta species, G14: Prunella species, G15:
Lepechinia species (No. record), G16: Rosmarinus species, G17: Salvia species and 4 different species from

different families as out group.

Gl

G12
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Table 3: Homology of nucleotide sequences for 48 selected accession lists and its related Thymus vulgaris,
Thymus capitatus and Thymus decussatus for chloroplast, partial maturase gene (matK) sequenced in this
study, BLAST top hits against GenBank database, similarity score and GenBank accession number.

Code Scientific name of GenBank Similarity% (bp)
chloroplast rbcL gene (length bp) Accession *T. vulgaris | *T. capitatus *T.
No. decussatus
1 *Thymus vulgaris (643bp) MN972467.1 | = ------- 97.39 98.88
2 *Thymus capitatus (800bp) MN972468.1 9739 | - 97.57
3 *Thymus decussatus (788bp) MN972469.1 98.88 9757 | -
4 Thymus vulgaris (789bp) HEB819432.1 98.30 97.81 99.34
5 Thymus vulgaris (789bp) HE819430.1 98.64 97.68 99.60
6 T. praecox subsp. Polytrichus (795bp) JN895060.1 98.29 96.50 98.07
7 Thymus sibthorpii (1014bp) KR063649.1 98.29 98.41 98.56
8 Thymus pulegioides (1542bp) GU381790.1 98.71 93.00 93.20
9 Thymus pulegioides (808bp) JN894907.1 98.33 97.71 99.34
10 Thymus pulegioides (748bp) KJ204544.1 98.46 97.48 99.47
11 Thymus sp. AT-2018 (789bp) MF694885.1 98.24 97.57 99.24
12 Thymus serpyllum (829bp) JF357823.1 98.37 97.62 99.23
13 Thymus serpyllum (810bp) MF350183.1 98.44 98.55 98.70
14 T. striatus var. ophioliticus (795bp) HE819413.1 98.64 98.71 98.68
15 Thymus spinulosus (789bp) HE819427.1 98.47 97.55 99.47
16 Thymus spinulosus (789bp) HE819426.1 98.47 97.81 99.34
17 Thymus longicaulis (789bp) HE819419.1 98.47 97.55 99.47
18 Thymus longicaulis (789bp) HE819415.1 98.47 97.55 99.47
19 Thymus longicaulis (789bp) HEB819417.1 97.96 97.55 99.07
20 Thymus longicaulis (789bp) HE819416.1 98.64 97.68 99.60
21 T. striatus var. acicularis (789bp) HE819409.1 98.47 97.94 99.47
22 T. striatus var. acicularis (789bp) HE819407.1 98.47 97.81 99.34
23 T. striatus var. acicularis (789bp) HE819408.1 98.30 97.81 99.34
24 T. striatus var. striatus (789bp) HE819411.1 98.30 98.19 99.20
25 T. pulegioides var. pulegioides (789bp) HE819423.1 98.30 97.68 99.20
26 T. pulegioides var. pulegioides (789bp) HEB819424.1 98.13 97.68 99.20
27 Thymus oenipontanus (789bp) HEB819433.1 98.13 97.68 99.20
28 Thymus paronychioides (789bp) HEB819428.1 98.13 97.68 99.20
29 Thymus zygioides (802bp) HQ902750.1 98.61 98.29 98.38
30 Thymus sipyleus (802bp) HQ902749.1 98.44 97.56 98.52
31 Thymus sipyleus 789bp) HQ902742.1 98.44 97.90 99.46
32 Thymus odoratissimus (693bp) KJ746155.1 98.26 97.57 99.28
33 Thymus caespititius (789bp) HM850802.1 97.85 97.94 97.66
34 Thymus caespititius (1494bp) GU381789.1 98.05 98.64 99.16
35 Origanum laevigatum (817bp) MF350147.1 98.44 98.69 98.58
36 Origanum vulgare (785) MF694869.1 98.38 98.60 98.47
37 Origanum vulgare (724bp) JN895103.1 98.37 98.62 99.30
38 Origanum vulgare (782bp) MK520369.1 98.34 98.59 98.44
39 Origanum vulgare (810bp) FR719084.1 98.30 98.71 98.42
40 Origanum majorana (793bp) KX783725.1 98.30 98.71 98.41
41 Origanum majorana (810bp) FR719080.1 98.13 98.45 98.15
42 Origanum onites (769bp) HQ902752.1 98.26 98.69 98.39
43 Origanum vulgare (773bp) JN894419.1 98.04 98.53 98.22
44 Origanum elongatum (1530bp) GU381799.1 98.39 98.65 99.50
45 Linum usitatissimum (1116bp) HM544115.1 71.13 70.67 70.50
46 Helianthus annuus (1503bp) AY215805.1 79.00 79.10 78.42
47 Arabidopsis thaliana (1041bp) JF926679.1 71.61 72.43 71.32
48 Ginkgo biloba (1539bp) EU518462.1 67.36 66.80 66.80

* Thymus vulgaris (MN972467.1), Thymus capitatus (MN972468.1) and Thymus decussatus (MN972467.1) were

used as current study.
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Table 4: Homology of nucleotide sequences for 52 selected accession lists and its related T.
vulgaris, T. capitatus and T. decussatus for chloroplast partial maturase gene (matK) sequenced
in this study, BLAST top hits against GenBank database, similarity score and GenBank accession.

LZr?ﬁTE;(l:ﬁae Scientific name of GenBa_nk Similarity% (bp)
Tribe: Code chloroplast rbcL gene Accession *T. . fT, *T.
Mentheae (length bp) No. vulgaris | capitatus | decussatus
1 *Thymus vulgaris (643bp) MN972467.1 | = ------- 97.39 98.88
2 *Thymus capitatus (800bp) MN972468.1 97.39 | - 97.57
3 *Thymus decussatus (788bp) MN972469.1 98.88 9757 | -
4 Thymus caespititius HM850802.1 97.85 97.94 97.66
1 Genus 5 Thymus zygi_oide_s HQ902750.1 98.61 98.29 98.38
Thymus 6 Thymus I0ng|cag||s HE819415.1 98.47 97.55 99.87
7 Thymus vulgaris HE819430.1 98.64 97.68 99.60
8 Thymus vulgaris GU381792.1 98.70 98.30 99.83
9 Thymus serpyllum MF350183.1 98.44 97.55 98.70
10 Thymus serpyllum MK925827.1 98.60 97.83 99.49
11 Thymus vulgaris MN167193.1 98.60 97.95 99.49
2. Genus 12 Conradina glabra KY607199.1 96.19 97.94 97.14
Conradina 13 Conradina canescens KJ772673.1 96.32 98.16 97.24
3. Genus 14 Dicerandra cornutissima KY607213.1 95.52 97.63 96.84
Dicerandra 15 Dicerandra immaculata KY607214.1 95.84 97.94 97.14
16 Monarda didyma MG224897.1 96.02 98.23 96.63
332?32 17 Monarda clinopodia KP642819.1 95.89 98.14 96.54
18 Monarda fistulosa MF350057.1 96.26 98.30 96.77
19 Pycnanthemum albescens MF350277.1 96.17 98.47 96.88
5P'ycéﬁ2lrji 20 Pycnanthemum virginianum MG225271.1 96.20 98.48 96.90
21 Pycnanthemum albescens MH748968.1 96.35 98.54 96.99
22 Bystropogon canariensis GU381726.1 96.85 99.01 97.89
Bs'stcr;:p”éjgson 23 Bystropogon origanifolius GU381728.1 | 96.85 99.01 97.89
24 Bystropogon origanifolius KJ747653.1 96.86 98.95 97.41
7. Genus 25 Clinopodium vulgare MG225194.1 96.87 98.81 97.27
Clinopodium 26 Clinopodium vulgare JN893864.1 96.88 98.75 97.23
8. Genus 27 Satureja thymbra AY840168.1 96.75 98.98 97.82
Satureja 28 Satureja mutica AY840169.1 96.90 99.14 97.98
9. Genus 29 Mentha arvensis LC126640.1 97.36 98.96 97.45
Mentha 30 Mentha suaveolens LC126645.1 97.36 99.22 97.69
31 Mentha spicata MN167204.1 97.36 99.36 97.72
32 Origanum onites HQ902752.1 98.26 98.69 98.39
%’ﬁgai’:]“nf 33 Origanum vulgare MK520369.1 | 98.34 98.59 98.44
34 Origanum majorana MN167195.1 98.29 98.59 98.36
11. Genus 35 Agastache scrophulariifolia MK509383.1 94.00 96.15 94.67
Agastache 36 Agastache nepetoides MK509382.1 94.01 96.16 94.68
12. Genus 37 Dracocephalum tanguticum MF786820.1 91.64 93.68 92.73
Dracocephalum 38 Dracocephalum forrestii MF786791.1 92.22 94.34 93.31
39 Nepeta italica HQ902725.1 93.24 95.41 93.97
13,\'];‘2’:;5 40 Nepeta cataria KT176606.1 | 92.39 94.88 93.08
41 Nepeta bracteata MG946967.1 92.86 94.50 93.08
14. Genus 42 Prunella vulgaris KP402374.1 94.04 96.86 95.44
Prunella 43 Prunella vulgaris MF158707.1 93.71 95.99 95.35
15. Ger?“.s No record No record -
Lepechinia
44 Rosmarinus officinalis KP172065.1 94.08 95.24 95.28
2. Genus 45 Rosmarinus officinalis FR710112.1 | 94.06 95.23 95.21
46 Rosmarinus officinalis HE967477.1 93.96 95.30 95.12
17. Genus 47 Salvia rosmarinus MF349943.1 94.25 95.44 95.34
Salvia 48 Salvia officinalis KC473367.1 94.09 96.25 94.58
Family 49 Linum usitatissimum HM544115.1 71.13 70.67 70.50
linaceae
Bioscience Research, 2020 volume 17(4): 3078-3099 3094



Ahmed et al.

Authentication of Thymus Species in Egypt Using DNA Barcodes rbcL and matK Gene Sequence

Family 50 Helianthus annuus AY215805.1 79.00 79.10 78.42
Asteraceae
B Family 51 Arabidopsis thaliana JF926679.1 71.61 72.43 71.32
rassicaceae
_ Family 52 Ginkgo biloba EU518462.1 67.36 66.80 66.80
Ginkgoaceae

* Thymus vulgaris (MN972467.1), Thymus capitatus (MN972468.1) and Thymus decussatus (MN972467.1)
(Species under study).

It also revealed similarity less than 100% with
the other 32 accessions of genus Thymus and 8
accessions of genus Origanum, out of which
99.01% belong to the family Lamiaceae with E-
value = Zero and showed low similarity with the
other different species (89.43%, 91.05% and
90.17%) with Linum usitatissimum (MG946893.1),
Helianthus annuus (AB530968.1) and Arabidopsis
thaliana (AB917053.1), respectively with E-value =
Zero. In addition, it showed low similarity 88.01%
to Ginkgo biloba (HQ619753.1) with E-value = 5e-
179 as an out group of the family Lamiaceae.
Thirdly, the Multiple sequence alignments (MSA) of
nucleotide partial rbcL gene from Thymus
decussatus (current study) exhibited high identity
and similarity 100% to 12 accessions no. namely,
Thymus vulgaris 1Sr29  (KU856611.1), T.
pulegioides (MG224311.1), T. pulegioides
(MG222332.1), T. pulegioides (MG221709.1), T.
pulegioides  (KJ204411.1), T. pulegioides
(JN892333.1), T. pulegioides (JN892334.1), T.
praecox (KF602235.1), T. praecox (MG221645.1),
T. praecox (MG221401.1), T. praecox
(MG222508.1), T. praecox subsp. and polytrichus
(JN890697.1). It also exhibited similarity less than
100% with 23 accessions of genus Thymus and 8
accessions of genus Origanum, of which 99.07 %
belong to family Lamiaceae with E-value = Zero
whereas T. decussatus showed low similarity with
the other different species (90.28%, 90.87% and
90.44%) Linum usitatissimum (MG946893.1),
Helianthus annuus, (AB530968.1) and Arabidopsis
thaliana (AB917053.1), respectively with E-value =
Zero. Moreover, it showed low similarity 87.91%
with Ginkgo biloba (HQ619753.1) with E-value =
le-179 as an out group of family Lamiaceae.
Based on the previous results, phylogenetic
relationships analyses enable us to check the
species relatedness to plant species under
investigation (T. vulgaris, T. capitatus and T.
decussatus).The  phylogenetic trees  were
constructed based on the 48 amino acids
sequence encoded from the rbcL gene including 3
Thymus species (T. vulgaris, T. capitatus and T.
decussatus) that have the highest percentages of
similarity with species from genus Thymus and

genus Origanum, showing that, closely related

species from family Lamiaceae were clustered
together and they showed low percentages of
similarities towards relatively distant related
species belonging to different families (out group of
family Lamiaceae) as shown in Figure 5.

Sequence homology of each nucleotide of the
61 chloroplast rbcL genes searches (Code 1 to 3)
for Thymus species (current study), (Code 4 to 10)
for Thymus genus, (Code 11 to 13) for Conradina
genus, (Code 14 tol6) for Dicerandra genus,
(Code 17 to 19) for Monarda genus, (Code 20 to
22) for Pycnanthemum genus, (Code 23) for
Bystropogon genus, (Code 24 to 26) for
Clinopodium genus, (Code 27 to 29) for Satureja
genus, (Code 30 to 32) for Mentha genus, (Code
33 to 37) for Origanum genus, (Code 38 to 40) for
Agastache genus, (Code 41 to 43) for
Dracocephalum genus, (Code 44 to 46) for Nepeta
genus, (Code 47 to 48) for Prunella genus, (Code
49 to 51) for Lepechinia genus, (Code 52 to 54) for
Rosmarinus genus, (Code 55 to 57) for Salvia
genus, and (Code 58 to 61) for 4 different species
Linum usitatissimum (MG946893.1), Helianthus
annuus, (AB530968.1) Arabidopsis thaliana
(AB917053.1) and Ginkgo biloba (HQ619753.1) as
an 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).

The Phylogenetic relatioships analyses were
conducted by MEGA 7.0 software program using
Maximum Likelihood (ML) tree with the highest log
likelihood (-2610.87) (Kumar et al. 2016). The
phylogenetic trees were constructed based on the
61 amino acids sequences encoded from the
rbcL genes that have the highest similarity with
species from 17 different genera, showing closely
related species clustering together from family
Lamiaceae and they showed low percentages of
similarities towards relatively distant related
species from families other than family Lamiaceae
(Figure 6).
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Molecular phylogenetic analysis based on
sequences of matK gene

Sequence homology of each nucleotide
sequence of the 48 chloroplast matK genes (Code
1 to 3) for Thymus species (current study), (Code 4
to 34) for Thymus genus, (Code 35 to 44) for
Origanum genus, and (Code 45 to 48) for 4
different species as an out group of the family were
tested by top-scoring hits through NCBI database
using Basic Local Alignment Search Tool
(BLASTnN). Multiple sequence alignments (MSA) of
48 matKk genes were carried out between
nucleotides sequences of two genera (34 Thymus
and 10 Origanum genus) belonging to the family
Lamiaceae or Labiataet of which, the 3 Thymus
species, T. vulgaris, T. capitatus and T. decussatus
(current study) and 4 different species from
different families as an out group available in
GenBank database. The results revealed that
Thymus vulgaris (current study) in this investigation
was closely related to 43 accession numbers
sharing high identity and similarity as shown in
Table (3). For convenience, T. vulgaris revealed
high similarity to 33 accessions (98.88 — 97.85%)
with  Thymus decussatus (MN972469.1), T.
pulegioides (GU381790.1), T. vulgaris
(HE819430.1), T. striatus var. ophioliticus
(HE819413.1), T. wvulgaris (HE819432.1), T.

zygioides (HQ902750.1), T. sipyleus
(HQ902742.1), T. sipyleus (HQ902749.1), T.
caespititius  (GU381789.1), T. caespititius

(HM850802.1) and 99.44% - 99.04% with 10
Origanum genera which belongs also to family
Lamiaceae with E-value = Zero. Moreover, it
showed low similarity with the other different
species 71.13% Linum usitatissimum
(HM544115.1) with E-value = 1e-68, 79.00%
Helianthus annuus (AY215805.1) with E-value
=2e-160, 71.61% Arabidopsis thaliana
(JF926679.1) with E-value = 2e-54 and 67.36%
Ginkgo biloba (EU518462.1) with E-value = 7e-24
as an out group of family Lamiaceae. Additionally,
Thymus capitatus (current study) was closely
related and shared high identity and similarity to 33
accessions (98.71 — 93.00%) of which, T. striatus
var. ophioliticus (HE819413.1), T. caespititius
(GU381789.1), T. sibthorpii (KR063649.1), T.
vulgaris (HE819432.1), T. vulgaris (HE819430.1),
T. vulgaris (MN972467.1), T. serpyllum
(MF350183.1), T. caespititius (HM850802.1), T.
pulegioides (GU381790.1), and the other listed
Thymus species with E-value = Zero, 98.71% -
98.45% with 10 Origanum genus which belongs
also toamily Lamiaceae with E-value = Zero, while
it showed low similarity with the other different

species 70.67% Linum usitatissimum
(HM544115.1) with E-value = 3e-78, 79.10%
Helianthus annuus (AY215805.1) with E-value =
Zero, 72.43% Arabidopsis thaliana (JF926679.1)
with E-value = 1e-89 and 66.80% Ginkgo biloba
(EU518462.1) with E-value = 6e-19 as an out group
of the family Lamiaceae. Finally, the MSA of
nucleotide partial matK gene for Thymus
decussatus (current study) showed its close
relatedness to 33 accessions (99.60 — 93.20 %)
with high identity and similarity out of which, T.
vulgaris (HE819430.1), T. longicaulis
(HE819419.1), T. longicaulis (HE819415.1), T.
longicaulis (HEB19416.1), T. spinulosus
(HE8B19427.1), T. longicaulis (HE819417.1), T.
longicaulis (HEB19415.1), T. vulgaris
(HE819432.1), T. wvulgaris (MN972467.1), T.
striatus var. ophioliticus (HE819413.1), Thymus
pulegioides (GU381790.1) and the other listed
Thymus species with E-value = Zero, 99.50% -
98.15% with 10 Origanum genera which belong
also to family Lamiaceae with E-value = Zero, while
it showed low similarity with the other different
species  70.50% Linum  usitatissimum
(HM544115.1) with E-value = 2e-75, 78.42%
Helianthus annuus (AY215805.1) with E-value =
Zero, 71.32% Arabidopsis thaliana (JF926679.1)
with E-value = 4e-76 and 66.80% Ginkgo biloba
(EU518462.1) with E-value = 6e-19 as an out group
of the family Lamiaceae. Phylogenetic
relationships analyses were conducted in MEGA
7.0 software program by Maximum Likelihood (ML)
tree with the highest log likelihood (-3275.04)
(Kumar et al., 2016).They enable us to check and
clarify the relatedness between plant species. The
phylogenetic trees were constructed based on the
48 amino acid sequences encoded from the
maturase gene (matK) including 3 Thymus
species (T. wvulgaris, T. capitatus and T.
decussatus) that have the highest percentages of
similarity with species from Thymus genus and
Origanum genus, showing closely related species
clustering together from family Lamiaceae and they
showed low similarities towards relatively distant
related species belonging to 4 different families as
an out group of the family ( Figure 7).

Sequence homology of each nucleotide of the
52 chloroplast maturase gene (matK) searches
(Code 1 to 3) for Thymus species (current study),
(Code 4 to 11) for Thymus genus, (Code 12 to 13)
Conradina genus, (Code 14 tol5) for Dicerandra
genus, (Code 16 to 18) for Monarda genus, (Code
19 to 21) Pycnanthemum genus, (Code 22 to 24)
for Bystropogon genus, (Code 25 to 26) for
Clinopodium genus, (Code 27 to 28) for Satureja
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genus, (Code 29 to 31) for Mentha genus, (Code
32 to 34) for Origanum genus, (Code 35 to 36) for
Agastache genus, (Code 37 to 38) for
Dracocephalum genus, (Code 39 to 41) for
Nepeta genus, (Code 42 to 43) for Prunella genus
and Lepechinia genus (No record), (Code 44 to 46)
for Rosmarinus genus, (Code 47 to 48) for Salvia
genus, and (Code 49 to 52) for 4 different species
Linum usitatissimum (HM544115.1), Helianthus
annuus (AY215805.1), Arabidopsis thaliana
(JF926679.1) and Ginkgo biloba (EU518462.1) as
an out group of family were tested by top-scoring
hits through NCBI database using Basic Local
Alignment Search Tool (BLASTn) as shown in
Table (4). The phylogenetic trees were conducted
using MEGA 7.0 software program by Maximum
Likelihood (ML) tree with the highest log likelihood
(-3908.76) (Kumar et al., 2016). The phylogenetic
trees were constructed based on the 52 amino acid
sequences encoded from maturase gene (matK)
including 3 Thymus species (T. vulgaris, T.
capitatus and T. decussatus) that have the highest
percentages of similarity with species from 16
genus, no record with genus Lepechinia, showing
closely related species clustering together from
family Lamiaceae and they showed low similarities
towards relatively distant related species from
different families as an out group of the family
(Figure 8).

Our data analysis were in agreement with the
Plant Working Group CBOL, 2009; Fazekas et al.,
2008; and Newmaster et al., 2008 for examined the
suitability of different leading candidate markers
and proposed the two-locus combination of matK
and rbcL as the core plant barcodes. Other authors
Bafeel et al., (2011) used universal matK primer for
matK as a barcode. Schori and Showalter, (2011)
analyzed 14 species from Labiatae in Pakistan, the
rbcL, matK, psbA-trnH loci, could serve as single-
region barcodes depending on plant to be
identified, one region was preferred over the other
to aid with species identification. Bafeel et al.,
(2012) tested the potential of the rbcL marker for
the identification of wild plants belonging to diverse
families of arid regions. Maximum likelihood tree
analysis was performed to evaluate the
discriminatory power of the rbcL gene. Federici et
al., (2013) showed clear amplification and
sequencing of 36 samples of Thymus spp. using
molecular analysis based on the core barcode
regions (matK and rbcL) and the plastid intergenic
spacer trnH-psbA. Skuza et al., (2019) observed
that nucleotide sequences had a high variability
within matK and rbcL regions and the matK region
is suitable for differentiation and discrimination

between the studied species.

CONCLUSION

The results revealed that the two partial genes
(rbcL and matK) as a multi locus barcoding
markers are the most suitable for the molecular
authentication and identification of the three
Egyptian Thymus species under study. They also
enabled us to define the closest 17 different genera
of family Lamiaceae to Thymus species and could
be helpful in the identification and monitoring of the
adulteration of seed varieties under national and
international trade.
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