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Abstract

Background and objectives: As a member of the Lamiaceae family native to Europe, Asia,
and North Africa, Vitex agnus-castus is a popular medicinal plant. Despite much research, it is
always essential to verify the safety of this valuable species, as it is among the world's best-
selling plants. Several species in the genus Vitex do not exhibit recognizable morphologies,
confusing their identification. The medicinal use of V. agnus-castus differs from that of other
species. For effective pharmaceutical performance, the identification of this species is essential.
This study used morphological, micromorphological, and molecular approaches to identify this
medicinal plant.

Methodology: A total of 17 populations of the target species were investigated in Maraveh
Tappeh, a city in the Golestan province located in the eastern region. Pollen samples were
collected directly from the natural habitat of the target area. After acetolysis, 30-40 pollen grains
were photographed from the polar and equatorial views with a light microscope and 40 and 100
magnification and with the help of a Canon digital camera. In order to study the seed
morphology, fully ripe fruits were collected from each studied population during the fruiting
season. Twenty seeds from each population were kept for photography with light microscopy
and Scanning electron microscopy (SEM). Electron micrographs were prepared from suitable
seeds and pollen at the Razi Metallurgical Research Center (RMRC) using an SEM electron
microscope. Leaf cells from herbarium samples were extracted from DNA using a DNA
extraction kit. Plastid trnL-trnF sequences and nrDNA ITS region sequences were used as
barcodes. Polymerase chain reaction (PCR) was performed in 20 microliters with desired
primers and a specific temperature program in a thermocycler. After performing the polymerase
chain reaction, in order to ensure the amplification of fragments, the final product was
electrophoresed. Strong single bands were sent to Codon Genetics Company in Tehran for
sequencing.

Results: Pollen grains of all species are small (12-28 micrometers). According to Ertman’s
classification, Ghazan ghayeh pollen grains are prolate spheroidal (elongated spherical), and
Ghoshe Tappeh pollen grains are subprolate (semi-elongated). All pollen grains are tricolporate.
Ghazan ghayeh ornamentation is micro-perforated, while Ghoshe Tappeh ornamentations are
reticulated-micro-perforated. With an average length of 3.84 mm and width of 1.52 mm,
Ghazan ghayeh seeds are the largest. They are all almond-shaped, but in the Ghazan Ghayeh
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population, the outer surface of the seed is hollow; in the Ghoshe Tappeh population, the
surface is wrinkled and striated. The trnL-trnF gene locus was found to have a multiplication
success rate of 85% in the examined plants. There were 516 nucleotides in the amplified
fragment in this species. For final registration, the sequence was sent to the GenBank. A 675
nucleotide fragment amplified from this species' ITS marker was sequenced, and the
chromatograms were compared with the NCBI database. The gene bank has been notified of the
sequence determination. The results showed the highest similarity (98%) with the Vitex agnus-
castus species reported from America.

Conclusion: Local herbal medicines are gaining popularity in different countries and play a
significant role in treating diseases today. In order to make medicinal plants more accessible, we
need to pay more attention to trust, marketing, and consumption. Barcoding and molecular
approaches serve this purpose effectively. To compare plant samples available on the market
with natural medicinal plants using DNA barcoding of correctly identified medicinal species.
Hence, the sequences used in this study are essential for barcoding Vitex agnus-castus. The
medicinal species has been correctly identified and can be used as a standard for evaluating the
plants available on the market.

Keywords: ITS nuclear barcode, trnL-trnF chloroplast barcode, Seed, pollen, Vitex.
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Figure 1. Region location studied in Golestan province
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Table 1. Geographical data of Vitex agnus-castus populations studied

No. Location Altitude (m) Longitude and latitude Voucher

number*
1 Golestan.Mareveh Tappeh. Ghazan ghayeh 342 43°53°51"-41°99°82" 803898
2 Golestan.Mareveh Tappeh. Ghazan ghayeh 343 43°52°43"-41°99°93" 803899
3 Golestan.Mareveh Tappeh. Ghazan ghayeh 340 43°55708"-41°99°94" 803900
4 Golestan.Mareveh Tappeh. Ghazan ghayeh 347 43°557417-41°99°50" 803901
5 Golestan.Mareveh Tappeh. Ghazan ghayeh 352 43°48°62"-42°00°09" 803902
6 Golestan.Mareveh Tappeh. Ghazan ghayeh 347 43°55777"-41°9968" 803903

7 Golestan.Mareveh Tappeh. Ghazan ghayeh 346 43°54734"-41°99°79 803904
8 Golestan.Mareveh Tappeh. Ghazan ghayeh 340 43°55°13"-41°99°47" 803905
9 Golestan.Mareveh Tappeh. Ghazan ghayeh 352 43°48768"-42°00°09" 803906
10 Golestan.Mareveh Tappeh. Ghazan ghayeh 339 43°55'28"-41°99°81" 803907
11 Golestan.Mareveh Tappeh. Ghoshe Tappeh 296 43°44°00"-41°96"50" 803914
12 Golestan.Mareveh Tappeh. Ghoshe Tappeh 300 43°43°457-41°96°49" 803915
13 Golestan.Mareveh Tappeh. Ghoshe Tappeh 303 43°43°57"-41°96°49" 803916
14 Golestan.Mareveh Tappeh. Ghoshe Tappeh 306 43°43°94"-41°96"48" 803917
15 Golestan.Mareveh Tappeh. Ghoshe Tappeh 307 43°44°117-41°96°43" 803918
16 Golestan.Mareveh Tappeh. Ghoshe Tappeh 305 43°437947-41°96°46" 803919
17 Golestan.Mareveh Tappeh. Ghoshe Tappeh 309 43°43°94"-41°96°46" 803920

*: GKUH (Gonbad Kavous University Herbarium)
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Figue 2. Vitex agnus-castus samples collecting in Golestan province
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Table 2. Sequence of primers used for polymerase chain reactions

Primer Direction Sequence

ITS5m Forward 5'-GGAAGGAGAAGTCGTAACAAGG-3'
ITS4 Reverse 5-TCCTCCGCTTATTGATATGC-3'
trnLe Forward 5’-GGTTCAAGTCCCTCTATCCC-3’
trnFf Reverse 5’-ATTTGAACTGGTGACACGAG-3’

@jﬂ‘gﬂj&_}‘nwﬂ\hQﬁ.ii‘@dl:&uéucﬁwn;d\:a.\.&éﬁb_}‘.ﬁ‘@ﬁ.&—‘“ NERCY

Table 3. Pollen traits of different Vitex agnus-castus populations measured by scanning electron microscopy

Py Ex Length of Distance of Exin
Population (um) (um P/E colpi colpi (um) Ornamentation
(um) (Hm)
Ghazan ghayeh 17.31 1395 124 16.68 7.98 2.51 micro-perforated
Ghoshe Tappeh 19.80 1437 133 2117 8.25 2.81 reticulated-micro-

perforated

P: Polar axis, E: Equatorial axis, and P/E: ratio of polar axis to equatori

al axis.
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Figure 3. Vitex agnus-castus pollen images by scanning electron microscopy in Ghazan ghayeh (A, B, C, and D)
and Ghoshe Tappeh (E, F, G, and H) populations from polar and equatorial views with 10 and 2 micron
magnifications
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Table 4. Seed traits of different Vitex agnus-castus populations measured by scanning electron microscopy

. Length Width . .
Population Length/ Width Shape Ornamentation
(mm) (mm)
Ghazan ghayeh 3.84 1.52 2.52 almond hollow
Ghoshe Tappeh 2.70 1.30 2.07 almond wrinkled
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Figure 4. Vitex agnus-castus pollen images by scanning electron microscopy in Ghazan ghayeh (A, B, C, and D)
and Ghoshe Tappeh (E, F, G, and H) populations from polar and equatorial views with 10 and 2 micron
magnifications
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Table 5. Database sequence information (NCBI) on Vitex spp.

Species Accession number Barcode
Vitex rotundifolia MG822403.1 ITS
Vitex lucens DQ499150.1 ITS
Vitex cofassus DQ499149 ITS
Vitex negundo MT227710 ITS
Vitex negundo DQ304787.1 trnL-trnF
Vitex negundo DQ304786.1 trnL-trnF
Vitex trifolia MK797715.1 trnL-trnF
Vitex rotundifolia OK064552.1 trnL-trnF
Vitex doniana MK187249.1 trnL-trnF
Vitex trifolia AJ505539.1 trnL-trnF
Vitex agnus-castus Ghazan ghayeh
100 Vitex agnus-castus Ghazan ghayeh
Vitex agnus-castus Ghoshe tappeh
Clade1 98 Vitex agnus-castus Ghoshe tappeh
Vitex negundo
Vitex negundo
Subclade A 92 Vitex trifolia
Clade 2 Vitex rotundifolia
Subclade B 85 Vitex doniana

Vitex trifolia

truL-troF O3S )4 J 5 s b p o Vitex (i (s s« (Neighbor-joining) s sliy 5> cé 53 -0 IS

Figure 5. Neighbor-joining tree of different Vifex species based on zrnL-frnF barcode sequence alignment
Numbers on branches are posterior probability based on Bayesian inference analysis (\VValues <50% were not shown).
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Figure 6. Neighbor-joining tree of different Vitex species based on ITS barcode sequence alignment
Numbers on branches are posterior probability based on Bayesian inference analysis (Values <50% were not shown).
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