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Article Info ABSTRACT
Article type: The genus Origanum in the lamiaceae family includes several
Research Article pharmaceutically important plants whose antioxidant properties are

known to depend on the phenolic compounds, including rosmarinic
acid. Biosynthetic pathway of rosmarinic acid is common to many
species of the lamiaceae family. This study aimed to isolate and
sequence two genes, Rosmarinic acid synthase (RAS) and
Hydroxyphenylpyruvate reductase (HPPR), involved in the
biosynthesis of rosmarinic acid in three taxa including Origanum
vulgare subsp. vulgare, Origanum vulgare subsp. viridulum and
Origanum majorana, L. as well as to unravel phylogenetic
relationships in the lamiaceae family based on the sequences of
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Available online: June 30, 2026 (PCR) using DNA extracted from the Lamiaceae species as
template, followed by PCR products sanger sequencing. The
obtained sequences, along with other sequences recorded from
these two genes in the GenBank database, were used to investigate
phylogenetic relationships in the lamiaceae family. Species of the
genus Mentha L. and the species Satureja khuzestanica Jamzad
were found to be the closest taxa to Origanum plants. The genetic
similarity coefficient between endemic Iranian species was higher
than that between other studied species. These findings can be
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Keywords: explained by the close geographical proximity and the high
Intron, likelihood of gene flow among endemic species. Furthermore, this
Rosmarinic acid, study contributes to the global genomic database, enhances the
Phylogenetics, taxonomic identification of Origanum and Lamiaceae species, and
Marjoram, supports the genetic improvement of this valuable endemic
Oregano medicinal plant.
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Introduction

The Lamiaceae family is known as the sixth largest family of herbaceous plants, comprises
approximately 230 genera and more than 7000 species, distributed globally across warm and
temperate regions. The genus Origanum belonging to the lamiaceae family consists several
pharmaceutically important plants in the world, with circa 50 identified species. The
considerable anticancer and antioxidant properties of this plant are mainly due to phenolic
compounds, including rosmarinic acid. The biosynthesis pathway of rosmarinic acid is known
to be common in many lamiaceae species. The three important species of this genus in Iran
include Origanum vulgare L., O. majorana L. and O. laevigatum Boiss. In the species O.
vulgar, six subspecies have been identified so far among which three subspecies vulgare,
viridulum and gracile are found naturally in Iran, mainly in the western, northwestern and
northern regions. Rosmarinic acid is an ester of caffeic acid and dihydroxyphenyl rosmarinic
acid that the highest amount of its biosynthesis occurs in the mint family in species of the
subfamily Nepetoideae. This study aimed to identify and sequence the Rosmarinic acid
synthase (RAS) and Hydroxyphenylpyruvate reductase (HPPR) genes involved in the
biosynthetic pathway of rosmarinic acid in three lamiaceae taxa, including Origanum vulgare
subsp. vulgare, O. vulgare subsp. viridulum and O. majorana, and to identify the phylogenetic
relationships between lamiaceae taxa based on the sequences of these two genes.

Materials and Methods

Specific primers were designed and constructed based on the conserved regions of two genes
in the sequences registered in the GenBank database. Due to the large size of the reported
sequences of the RAS and HPPR genes, both larger than 1000 bp, in order to increase the
efficiency of gene amplification in the polymerase chain reaction, the sequence of each gene
was divided into two smaller overlapping fragments. Therefore, two pairs of specific primers
were designed for each gene, which together amplified a larger region of the target gene as two
overlapping fragments. Gene amplification was performed by polymerase chain reaction with
DNA extracted from the studied species and the reaction products were used to sequence the
genes. The sequences obtained, along with other sequences registered in GenBank, were used
to investigate phylogenetic relationships in the Lamiaceae family based on the sequences of the
RAS and HPPR genes using MEGA 11 software.

Results and Discussion

For all three taxa examined, fragment lengths for the RAS sequence were 1,322, 1,319, and 775
bp, respectively, while the HPPR gene regions measured 2,217, 2,203, and 2,222 bp,
respectively. The HPPR had a large intron approximately 1300 bp and with a very similar
position and sequence in all three studied plants. BLASTn results showed that the coding region
sequences of the RAS and HPPR genes in the two studied species have a very high similarity
(alignment score higher than 200) with other records studied and registered in the GenBank
database. In the phylogenetic tree drawn for both genes, different species of Origanum were
classified together in a separate subclass. The Bootstrap test statistic confirmed with high
accuracy the validity and reliability of the branches in both trees. Within this genus, the most
similar species were O. majorana and O. vulgare subsp. vulgare, followed closely by O.
vulgare subsp. viridulum. The two species Salvia yangii and Salvia abrotanoides were
identified as the closest species to Origanum based on the sequence of the coding region of both
genes. These results demonsterated that single-gene phylogenies in plants, especially at the
intrageneric level, can diverge from traditionally taxonomic markers nd conventional
interspecific similarity patterns. In both trees, the species of the genus Mentha spp. and the
species Satureja khuzestanica were known as the closest species to the Origanum spp. in terms
of evolutionary history.
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Conclusion

In general, a newer and more comprehensive scheme of the phylogenetic and evolutionary
relationships of plants in the mint family was obtained. The phylogenetic affinity based on the
RAS and HPPR sequences in the native Iranian species was higher than that of other lamiaceae
species. This phylogenetic position can be explained considering the close geographical
distance between habitats and the greater probability of gene flow between the species. The
results of this study play an important role in enriching the international genomic database and
in deeper identification of the Origanum spp. taxa and the phylogenetic relationships between
species of this genus and other lamiaceae taxa, and can be an effective contribution to planning
for the genetic improvement of this native medicinal plant.
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Figure 1. Proposed biosynthetic pathway for rosmarinic acid in lamiaceae (Petersen et al., 2009) and the position of the
genes investigated in this study, which are marked in red. The enzymes involved in the pathway include: PAL =
phenylalanine ammonia lyase; C4H = cinnamic acid 4-hydroxylase; 4CL = 4-coumaric acid CoA-ligase; TAT = tyrosine
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Table 1. Origanum species and subspecies assessed in this study

s, S5/ 4658 ol aulis (Quw\/aw)@j@},&w
No. Species / Subspecies Abbreviation Collection site (county / province)
1 Origanum vulgare subsp. viridulum 0O.v.Sil ) sif Ol /MU'L*“_”.
Silvaneh / West Azerbaijan
2 Origanum vulgare subsp. vulgare O.v.Esf Oleaal /0leisl
Isfahan / Isfahan
3 Origanum majorana L. O.m.Pas o B
Pasargad / Fars

HPPR}RASQJJJL;‘);wLﬂ‘J.:dL;aLwoj,;‘-;{,:Lj)l.:.é.]m\j)w))fjhahuaw‘hjjﬂéuduﬁwj@ﬁ—" d).,b-

Table 2. List of species used in the study of phylogenetic relationships of the Lamiaceae family based on the
sequences of the R4S and HPPR genes

GenBank o jzws aulbis

) <55 el GenBank accession number
No. Species name RAS O} HPPR &}
RAS gene HPPR gene

1 Lavandula angustifolia Miller JF343521.1 -
2 Coleus scutellarioides (L.) Benth. 0Q032559.1 -
3 Ocimum tenuiflorum L. MN542659.1 -
4 Satureja khuzistanica Jamzad KY682077.1 MG515244.1
5 Prunella vulgaris L. KMO053280.1 KMO053279.1
6 Perilla frutescens L. KC355369.1 HM587131.1
7 Salvia yangii B.T. Drew MW854245.1 MN248743.1
8 Salvia abrotanoides (Kar.) Sytsma MW854244.1 MN248742.1
9 Salvia miltiorrhiza Bunge. KF220573.1 KF220566.1
10 Agastache rugosa (Fisch. and C.A.Mey.) Kuntze MT268328.1 MT268327.1
11 Salvia officinalisL. e JX566894.1
12 Melissa officinalisL. - MW118284.1
13 Mentha aquaticaL. - MG893900.1
14 Mentha spicataL.. . MG893898.1
15 Mentha longifolia (L.)Huds. - MG869898.1
16 Mentha x piperitaL. e MG893899.1
17 Ocimum basilicumL. e KJ004761.1
18 Solenostemon scutellarioides (L.) Benth. - AJ507733.2
19 Scutellaria baicalensis Georgi e KC834747.1
20 Phacelia campanularia A. Gray” MHS878833.1 -
21 Ehretia asperula Zoll. & Moritzi" PX688503.1 e
22 Henckelia pumila (D.Don) A.Dietr™ 0 XM073272835
23 Olea europaea L. XM022992761
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Table 3. Specifications of primers designed for R4S and HPPR genes based on the consensus sequence of these
two genes in Lamiaceae plants

Db e el oy Skl Jigs S, Skl g (°C) =il sles
Forward primer sequence Reverse primer Annealing
Gene name Fragment No. (5-3) (5-3) temperature (°C)
RAS 1 AGAATCGACGATGGTGAGGC GGTCGCGAGTGAGCTTGAA 56
2 CCCTCCACTTCATCAACACG AAGCGCTCCATATGCTGCTT 54
HPPR 1 GAGGCGATCGGTGTTCTGAT TGGAGTCAGGGCACATGCTA 57
2 GGCAGAATCGGGTTAGCAGT CCACAGGAGTTAACAGAGGCTT 58
F1 Fragment 1 : Rl:
=) <m

Gene of interest #
[ _—t
Tt

| F2

4=

1 Fragment 2 R2

150 bp

jf)".'gig;b.-}:L.4§QL.':};AA4314.5):Q)y@HPPRJRASij);ijbe\JL Sl ebulw\bjyéﬂ\—YJg.i
.w\wua;5\j¢;§ﬂ}a)5u;;uiﬁu%;@R2JF2}J}luwélﬂg,;fwa)du;jmﬁw

Figure 2. The template used for primer design in the RAS and HPPR genes as two overlapping fragments that are
amplified with two primer pairs. By combining the sequences of the two fragments, the sequence of a large
region of the target gene may be obtained. F1 and R1 indicate the forward and reverse primers for the first

fragment, and F2 and R2 indicate the forward and reverse primers for the second fragment, respectively.
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Table 4. Information related to the registration of sequences identified for the RAS and HPPR genes in Origanum
spp. species in the GenBank database

GenBank . jiws 4wl

3, “ ;f rU GenBank accession number
No. Species name RAS O} HPPR )}
RAS gene HPPR gene
1 Origanum vulgare subsp. viridulum PX610330.1 PX641990.1
2 Origanum vulgare subsp. vulgare PX610329.1 PX641989.1
3 Origanum majorana PX610328.1 PX641988.1

O. majorana 5 O. vulgare s\as S 53 RAS 05 3 el glubis Slalad 4y by 0 BLASTN (sla 2l 5 (gt ledlbl =0 J s

Table 5. Structure information and BLASTn indices related to identified fragments of the RAS gene in O.
vulgare and O. majorana species

ot /&8 ankas 63100 BLASTn s
- e . e BLASTn results
< . ‘u‘)sji) . o%‘}wﬂ’.‘)\) Uw-:’ﬁ M)) QAL.«.:: MJJ
Gene name Species / Subspecies Amplicon size (bp) Query cover (%) Percent identity (%)
O. vulgare subsp. vulgare 1322
RAS O. majorana 1319 91 97.20
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Figure 3. Electrophoresis gel image of RAS amplification in different Origanum spp. species. The first column
from the left indicates the size marker (100 bp ladder).
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Figure 4. Electrophoresis gel image of HPPR amplification in different Origanum spp. species. The first column
from the left indicates the size marker (100 bp ladder).
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Table 6. Information on structure of the identified fragments of HPPR gene in assessed Origanum taxa

o5 el S8 e S
Gene name Species /Subspecies

a.,b'},\ir ,M.i.:”:' 5 anad c)'\Ju"

Amplicon size (bp)

o)".)u'\ E] )LE.\J\ Sy o)".,\.':\ |
()L“> ()bg;ﬂp-)a.x\lj::)/dé\x]a_;@.gb
) Difference between actual and
expected size of the amplicon (bp)

O. vulgare subsp. vulgare
HPPR O. majorana

O. vulgare subsp. viridulum

2217 1806
2203 1820
2222 1314
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Figure 5. Graphic summary of the alignment of the HPPR gene sequence in Salvia miltiorrhiza Bunge against
sequences known in Origanum spp. performed using the BLASTn algorithm. In the lower part of the figure, Intron,
CDS, and Regulatory represent the intronic region, coding region, and regulatory regions of the gene, respectively.
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Figure 6. Phylogenetic tree drawn using the Maximum likelihood method in MEGA11 software based on Rosmarinic
acid synthase (RAS) gene sequences in different taxa of the lamiaceae family, with the position of Origanum spp.
highlighted. The numbers on the nodes indicate the Bootstrap test statistics to check the validity of the nodes.
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Figure 7. Phylogenetic tree drawn using the Maximum lilelihood method in MEGA11 software based on the
sequences of the coding regions of Hydroxyphenylpyruvate reductase (HPPR) gene in different taxa of the lamiaceae
family, with the position of Origanum spp. highlighted. The numbers on the nodes indicate the Bootstrap test statistics

to check the validity of the nodes.
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