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HE FAMILY Lamiaceae (Labiatae) contains several genera, such as sage (Sa/via), mint

(Mentha) and basil (Ocimum) with a rich diversity of ethno botanical uses. It has an
important role as a source of medicinal and aromatic compounds of commercial importance.
Medicinal plants represent an important health and economic component of biodiversity.
It is essential to make the complete inventory of the medicinal component of the flora of
any country for conservation and sustainable use. The conservation of the threatened and
endangered medicinal species in the wild is indispensable. Therefore, protein, isozymes, RAPD
and ISSR markers were employed for molecular characterization, variability evaluation and
genetic relationships of 12 Lamiaceae species collected from various areas Taif region, Saudi
Arabia. All biochemical and molecular markers revealed high polymorphism percentages
among the studied genotypes. The UPGMA clusters result indicated that all genotypes could be
distinguished by these markers. The polymorphism information obtained through biochemical
and molecular analyses may also help for further studies of other Lamiaceae genotypes in Saudi

Arabia.
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Introduction

The diversity of plant life plays an important
role in maintaining the region’s environmental
stability and balance. Saudi Arabia contains one
of the diverse floras of the Asian continent. The
influences of the surrounding floristic regions can
be seen in many parts of the plant diversity areas
of Saudi Arabia (Schultz & Whitney, 1986; Miller
& Nyberg, 1991). According to Collenette (1998)
the greatest species diversity has been observed in
Asir (Sarawatt) and Hijaz mountains, the western
mountainous area, of which 76 species belong to
family Lamiaceae. Most members of the family
are perennial or annual herbs with significance to
humans as fragrance, flavour, or exhibit medicinal
properties.

The biochemical identification is useful
to ensure the genetic purity of plant species,

discriminating between their parental and
hybrids, analyzing phylogenetic relationships,
assessing the geographical origin of germplasm
and describing a new species. Seed proteins and
isozymes were investigated by several authors
to measure genetic variation between Lamiaceae
plants (Lopez-Pujol et al., 2004; Ali et al., 2011;
Hnia et al., 2013). On the other hand, molecular
approaches such as RAPD and ISSR, have
revolutionized the field of DNA fingerprinting of
plant genomes (Cervera etal., 1998) and in genetic
diversity researches (Isshiki et al., 2008). Many
authors used these techniques for initial evaluation
of genetic variation in Rosmarinus tomentosus
(Martian & Bermejo, 2000), Ocimum spp. (Vieira
et al., 2003), Salvia deserti (Echeverrigaray &
Agostini , 2006), Teucrium polium (Boulila et
al., 2010), Mentha spicata and Mentha longifolia
(Al-Rawashdeh, 2011) and Thymus kotschyanus
(Khoshsokhan et al., 2014).
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Limited work has been done on the nature
of genetic diversity and characterization of
Lamiaceae species from Saudi Arabia. Therefore
our present work aims to study the ecological
characters of different habitats, the genetic
variations and phylogenetic relationships
between some Lamiaceae species to establish
species database for the vegetable and related
wild species scattered in Taif highlands.

Materials and Methods

Study area

Saudi Arabia extends over approximately
16° degrees of latitude, from 16° 22° at the
borders with Yemen in the south; to 32° 14’ at
the Jordanian border in the north, and between
34°29°E and 55° 40" E. Longitude. (Fig. 1). Taif
region is located in the central foothills of the
western mountains at an altitude of up to 2500m
above sea level. It is an important place for the
people due to its scenic views and fertile valleys
which support the growth of a favorable fruits
and vegetables. Over the years, vast areas of
virgin lands have turned into agricultural lands,
which resulted in the disappearance of many
wild species including medicinal plants.

Climate of the area is tropical and arid. The
monthly record according to Taif meteorological
station (1997-2009) indicated that the monthly
average of minimum and maximum ambient
temperatures ranged from 7.9+1.2 to 23.4+0.8°C
and 22.9+1.1 to 36.3+0.8°C, respectively with a
total monthly mean of 23.24+5.1°C (Al-Sodany
et al.,, 2016). The mean maximum temperature
during 2006 to 2008 was 36.33%1.15°C,
while average values from 1991 to 2005 were
33.60+3.03°C. During the same period, mean
monthly humidity ranged from approximately
19.6+4.2 to 60.0+6.0%. The data from last 10
years shows considerable inter-annual variation
in the monthly amount (range 4.3+5.7-294.1
+383.8mm mo™') and timing of rainfall. The
yearly amount of rainfall ranges from 83.3mm
yr'in 2007 to 3312mm yr' in 2001.

Plant materials

Fresh leaves of 38 individuals of 4 cultivated
species and 8 wild species (Table 1), varying
from 2 to 4 per species belonging to family
Lamiaceae were collected from Taif highlands
of Saudi Arabia. The collected wild materials
were identified according to Collenette (1998) as
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shown in Table 1 and Fig. 1.

Soil analysis

At each site, three soil samples randomly
distributed were collected close to sampling
species (rhizosphere) as a profile of 20cm
depth and mixed as a composite sample. The
soil sample was air dried and passed through
2mm sieve to separate gravel and debris. Soil-
water extracts at 1:5 were prepared for the
determination of carbonates, bicarbonates, Ca,
Mg, EC (as a measure of salinity), pH, Cland SO,
Determination of carbonates and bicarbonates
(as a measure of alkalinity) was carried out
by the titration with 0.01N HCL, using phenol
phethalein as indicator to carbonates and methyl
orange as indicator to bicarbonates. EC and pH
was measured with conductivity (mS cm™) and
pH- meters. Chlorides were estimated by direct
titration against silver nitrate using 5% potassium
chromate as indicator. Sulphates were determined
using the "gravimetric with ignition of residue
method", where sulphates were precipitated in
1% HCI solution as barium sulphate by adding of
barium chloride (10%), filtered, washed with hot
distilled water, ignited at 800°C for two hours,
then weighted as barium sulphate. Soil texture
analysis was carried out using the Bouyoucos
hydrometer method, whereby the percentage
of gravel, sand, silt and clay were calculated.
Total organic matter was determined by loss-on-
ignition at 550°C for two hours. DTPA solution
(diethylenetriaminepenta acetic acid) was used
for the extraction of available heavy metals (Zn,
Mn, Fe and Cu). Sodium Bicarbonate solution
was used for the extraction of available P.
Potassium sulphate solution was used for the
extraction of available N. Atomic absorption
was used for the determination of Zn, Mn, Fe
and Cu. Estimation of Ca, Na and K was carried
out by flame photometer. Molybdenum blue and
indo-phenol blue methods were applied for the
determination of P and N, respectively, using
a spectrophotometer (Bear, 1975; Allen et al.,
1986).

Protein electrophoresis

Leavesofeach sample (1g) were homogenized
with 1M Tris-HCI buffer to extract proteins using
a mortar and pestle. Electrophoresis was carried
using DISC SDS-PAGE method (Laemmli,
1970). Gels were stained overnight, destained
and photographed.
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TABLE 1. Names and sources of twelve species of family Lamiaceae.

Coordinates
No. Species No. of samples Type
Latitude (N) Longitude (E)

1 Lavandula pubescens Decne. 1-3 wild 210555 4020 34
2 Lavandula dentata L.. 4-7 wild 210555 4020 34
3 1?etrolité%’iafruticosa (Forssk. Schweinf. ex 810 wild 2105 54 4020 35
4 Mentha longifolia L. 11-14 wild 2104.478 40 23.037
5 Marrubium vulgare (Tourn.) L. 15-17 wild 21.35289 40.28971
6 Teucrium polium (L.) Tausch 18-20 wild 2121.723 40 16.185
7 Micromeria imbricata (Forssk.) 21-23 wild 2121.723 40 16.185
8 Salvia deserti Decne. 24-26 wild 2121.723 40 16.185
9 Mentha viridis L. 27-29 cultivated 21 25.9366 40 29.5855
10 Ocimum basilicum L. 30-32 cultivated 21 25.9366 40 29.5855
11 Origanum majorana L. 33-35 cultivated 21 25.9366 40 29.5855
12 Plectaranthus comosus Sims. 36-38 cultivated 21 25.9366 40 29.5855

Isozyme electrophoresis

The investigated isozymes were: Acid
phosphatase (ACP); (EC 3.1.3.2), alcohol
dehydrogenase (ADH); (E.C. 1.1.1.1), aldehyde
oxidase (AO); (E.C. 1.2.3.1), a-and [-esterases
(EST); (E.C.3.1.1.1), malate dehydrogenase
(MDH); (E.C.1.1.1.37) and peroxidase (PRX);
(E.C.1.11.1.7). According to Stegemann et al.
(1986), the supernatant of each sample was
separated by 10% Native-polyacrylamide gel
electrophoresis method. ACP, AO, ADH, MDH,
PRX and a- & B-EST gels were stained according
to protocols of Wendel & Weeden (1989), Weeden
& Wendel (1990), Jonathan & Wendell (1990),
Heldt (1997) and Scandalios (1964), respectively.

DNA isolation and amplification

Fresh leaves of Lamiaceae species were used
for DNA isolation using CTAB method (Doyle &
Doyle, 1987). To obtain different DNA markers,
each species was analyzed with random (RAPD)
and specific ISSR primers (Table 2). A PCR
amplification for each sample was done with a
25ul total reaction/sample that included 10pl
Taq Master Mix, 1ul each, forward and reverse
primers, and Ipl DNA. Thermal cycling was
done with the following program: 105°C heated
lid, initial denaturation of 94°C for 5min, and
35 cycles (Imin at 94°C), annealing (45sec at
different temperatures) and extension (lmin at
72°C) and a final extension at 72°C for 8min.
Primers details are provided in Table 2.
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TABLE 2. List of the investigated primers of RAPD

and ISSR.
Parameter Primer Sequences
OPO-08 5-CCTCCAGTGT-3
OPO-09 5-TCCCACGCAA-3
RAPD OPO-10 5-TCAGAGCGCC-3
OPO-11 5-GACAGGAGGT-3
OPO-13 5-GTCAGAGTCC-3
HB 11 (GT),CC
HB 12 (CAQ),GC
ISSR HB 13 (GAG),GC
HB 14 (CTC),GC
HB 15 (GTG),GC

Statistical analysis

The levels of polymorphism were estimated
by dividing the polymorphic bands by the total
number of scored bands for biochemical and
molecular analyses. The differences in intensities
of bands were not considered. The presence
or absence of each biochemical and molecular
band was treated as a binary character in a data
matrix (coded 1 and 0, respectively) to construct
dendrograms between the studied samples using
unweighted pair group method with arithmetic
average (UPGMA) using SAHN and TREE
modules, respectively depending on NTSYS-pc
2.2 program (Rohlf, 1998).
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Results

Ecological features

Soil analysis

As indicated in Table 3, soil of Mentha
viridis had the highest values of organic matter
(6.0£1.5%), chlorides (21.8+21.9m.eq/L), Ca™
(6.3+£3.8m.eq/L), Mg++ (3.9+2.3m.eq/L), Na*
(16.5£16.5m.eq/L), P (62.4+47.9mg kg soil) and
K (410.5£364.2mg kg soil). The soil of Teucrium
polium, Micromeria imbricata, Salvia deserti
and Marrubium vulgare had the highest value
of sulphate (5.0m.eq/L), K* (1.2m.eq/L) and Mn
(33.6mg/kg soil) but the lowest of chlorides, Na*,
Fe, Cu, gravel, EC and organic matter (4.1, 3.6m.
eq/L, 10.1, 1.1mg/kg soil, 27.0, 0.9 and 0.3%,
respectively). Soil of Origanum majorana had
the highest bicarbonates (1.2+0.3m.eq/L) and
gravel (38.4+3.0%), but the lowest of silt and clay
(14.6+4.5 and 5.4+2.4%, respectively). Soil of
Ocimum basilicum had the highest of Zn, Fe and
N (9.145.3, 57.2+61.7 and 292.3+265.3mg/kg
soil, respectively) and the lowest of sulphate, Ca™
and Mg" (3.2£1.0, 3.1+1.0 and 1.6£0.4m. eq./L,
respectively). Soil of Ofostegia fruticosa had the
highest of clay (10.1+4.4%) and the lowest of pH
(7.4+0.2), while that of Mentha longifolia had
the highest of Cu (7.0+£9.1mg/kg soil) and silt
(23.5£1.1%) and the lowest of bicarbonates, K,
Mn, K , N and sand (0.8+0.4, 0.4+0.1m. eq./L,
5.344.5, 69.4+69.4, 82.3+83.1mg/kg soil and
36.8+3.7%, respectively).

Biochemical features

SDS-protein analysis

Figure 2 demonstrates the SDS-protein profile
of Lamiaceae genotypes. A maximum number
of 34 bands, which were not necessarily present
in all the studied genotypes, were detected
at approximately molecular weights ranging
between 125.22 to 10.17kDa. The resulted
profile comprised one monomorphic band at
66.88kDa and could be used as a common band
for this family. The band at about 22.47kDa was
recorded only in Otostegia fruticosa, while bands
with apparent molecular weights 116.33, 95.60,
37.01, 30.16, 26.25, 18.96, 18.37 and 10.97kDa
were scored in all individuals of each of Mentha
longifolia, Lavendula dentata, Otostegia fruticosa
and Marrubium vulgare, respectively and could be
considered as specific bands for these genotypes.
High polymorphism percentage (97%) was scored
among the studied genotypes (Table 4).

Isozyme analysis

The seven isozymes (Fig. 3) produced
polymorphism percentages ranging between 83
to 100% (Table 4). Three bands at Rf 0.29, 0.54
and 0.76 were specific for Mentha longifolia
(lanes 11-14) in acid phosphatase profile. Alcohol
dehydrogenase scored the lowest number of
bands (3). Only one band at Rf 0.14 characterized
Otostegia fruticosa (lanes 8-10) in aldehyde
oxidase pattern. The resulted a-esterase pattern
recorded the highest number of bands (13). The
band at Rf 0.05 distinguished the cultivated
genotype; Mentha viridis (lanes 27-29), whereas
bands at Rf 0.18 and 0.33 characterized Lavendula
dentata (lanes 4-7). Three bands discriminated
Otostegia fruticosa from other genotypes at
Rf 0.59, 0.67 and 0.71. In P-esterase pattern,
two bands at Rf 0.64 and 0.93 were recognized
as unique bands in Oftostegia fruticosa and
Plectranthus comosus (lanes 36-38), respectively.
As in a-esterase pattern, Lavendula dentata was
also distinguished by two specific bands at Rf
0.18 and 0.30.

Malate dehydrogenase pattern revealed one
monomorphic band and Plectranthus comosus
was discriminated from other genotypes by the
band at Rf 0.07. Peroxidase enzyme identified
three polymorphic bands with polymorphism
percentage (100%). Although alcohol
dehydrogenase, aldehyde oxidase and peroxidase
isozymes detected 100% polymorphism, they
are considered less efficient than both o- and
[-esterases isozymes (Table 4).

UPGMA tree

The cluster (Fig. 4) indicated that the
genotypes could be distinguished by SDS-PAGE
and isozymes markers. A dendrogram divided the
12 genotypes into 3 main clusters at similarity
coefficient (1.17). The first category (I) included
Otostegia fruticosa and Marrubium vulgare. The
second category (II) were further divided into two
subclusters (Ila and IIb) at similarity coefficient
(1.08). Subcluster (Ila) comprised Teucrium
polium, Micromeria imbricata and Salvia deserti.
Plectranthus comosus was found as a separate
clade (IIb). The third group (III) was also divided
into two subclusters (Illa and IIIb), the first
grouped Mentha viridis Origanum majorana
and Ocimum basilicum, whereas, the other
included Lavendula pubescens and Lavendula
dentata. Mentha longifolia was separated in an
independent clade at coefficient 1.30.
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Fig. 2. SDS-protein banding pattern of Lamiaceae species. M:Marker.

TABLE 4. Number and types of bands as well as the percentage of the total polymorphism generated by the
biochemical and molecular approaches for Lamiaceae species.

. Polymorphic bands
Approach Parameter Monl;);:(()ll;phlc Nog-unique Unique bands l;[:l:zls Polymorphism %
ands
Protein SDS-PAGE 1 32 1 34 97
ACP 0 7 0 7 100
ADH 0 3 0 100
AO 0 4 0 4 100
Isozyme o-EST 0 11 2 13 100
B-EST 0 8 2 10 100
MDH 1 5 0 6 83
PX 0 3 0 100
OPO-08 3 8 2 13 77
OPO-09 3 7 0 10 70
RAPD OPO-10 5 5 1 11 54.5
OPO-11 0 12 9 21 100
OPO-13 2 3 1 6 75
HB-11 1 12 9 22 95
HB-12 0 9 2 11 100
ISSR HB-13 2 5 0 7 71
HB-14 0 12 10 22 100
HB-15 0 8 5 13 100
Molecular features and 403.2 bp. OPO-10 primer recorded one unique
RAPD analysis band in Mentha longifolia at 398.2bp, whereas,
Different levels of polymorphism were primer OPO-11 generated 7 unique bands; two in

observed among the genotypes (Fig. 5). The
maximum value of 100% was recorded by primer
OPO-11, while the lowest value was 54.5% and
scored in primer OPO-10. 13 monomorphic bands
were detected. A sum of 48 polymorphic bands
were generated by these primers, from them 13
unique bands were identified and could be used
to discriminate among the studied genotypes
(Table 4). The size of the amplified fragments
ranged from about 887.7bp (OPO-09) to 237.8
bp (OPO-11) across the profiles generated by the
five primers. The pattern of OPO-08 scored two
unique ones distinguishing Salvia deserti at 421.1

Origanum majorana at about molecular sizes of
631.3 and 515.3bp; two in Origanum majorana
and Lavendula dentata at 569.2 and 391.2bp
respectively, the later 3 in Plectranthus comosus at
276.9, 251.6 and 237.8bp. Only one unique band
was detected in Otostegia fruticosa at 716.7bp by
primer OPO-13.

ISSR analysis

High levels of polymorphism were observed
in profiles (Table 4 and Fig. 6). The values
ranged from 71 to 100% detecting the importance
of ISSR as a molecular marker technique. A

Egypt. J. Bot. 59 , No.3 (2019)
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maximum of 22, 11, 7, 22 and 13 DNA bands 1173.1bp (HB-12) to 95.6bp (HB-14) across the
were scored in the ISSR profiles generated by the profiles generated by the five primers. A sum of
primers HB-11, 12, 13, 14 and 15, respectively. 72 polymorphic bands was generated, of them 26
Only, three monomorphic bands were scored. The unique bands were identified. All genotypes were
size of the amplified fragments ranged from about discriminated by one or more unique bands.

Fig. 3. Isozyme banding patterns of Ao, a-est, B-est and Mdh for Lamiaceae species.
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Fig. 4. UPGMA- phenogram based on SDS-PAGE and isozymes data of 12 Lamiaceae species.
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Fig. 6. ISSR fingerprints of 12 Lamiaceae species.
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UPGMA tree

A dendrogram based on UPGMA analysis
grouped Lamiaceac genotypes into one main
cluster and single genotype; Lavendula pubescens,
formed a separate operational taxonomic units
(OTU) in cluster at coefficient 1.18 (Fig. 7).
Genotypes within main cluster were further
divided into 4 subclusters at coefficient 1.00. The
first comprised Ocimum basilicum with Otostegia
fruticosa. The second included Mentha viridis
and Plectranthus comosus. The third grouped
Micromeria  imbricata, Mentha longifolia,
Origanum majorana and Salvia deserti together,
whereas, the fourth included Lavendula dentate,
Teucrium polium and Marrubium vulgare.

Discussion

The soil of Mentha viridis had the highest
values of organic matter, chlorides, Ca*", Mg™,
Na', P and K may be due to the fertilizers added
to soil in cultivated lands. This confirmed by the
study of Weisskopf et al. (2010) who reported
that the soil compactness is an important
component of land degradation syndrome
and is a significant challenge facing advanced
agriculture that adversely affects nearly all soil
properties:physical, chemical and biological.
When soil is compacted, its structure is altered by
crushing aggregate units, reducing the size of pore
spaces between the soil particles, reduction in soil
volume and total porosity that leads to increase
in soil bulk density and penetration resistance.

Soil compaction refers to the formation of dense
layers of well filled that occurs on cultivated
layer, even more, the compressive forces are
applied to compressible soil from wheels (Hamza
& Anderson, 2005; Massah & Azadagan, 2016).
In case of Mentha viridis, Stanev & Zheljazkov
(2004) indicated that K is the element that is found
in the greatest concentration in mint plant tissue
followed by N and P. In this study, the highest
concentration was N, followed by K and P, due to
the accumulation of nutrients which have a direct
relationship with the ionic concentration present
in the nutrient solution (Garlet & Santos, 2008).
This may be due to the response of the plant to the
extraction of N that depends on the supply thereof
in the nutrient solution (Xu et al., 2012). In this
regard, Baranauskiene et al. (2003) indicated
that nitrogen fertilization increases fresh biomass
yield when the N dose is doubled. On the other
hand, the soil of Teucrium polium, Micromeria
imbricata, Salvia deserti and Marrubium vulgare
had the lowest of chlorides, Na®, Fe, Cu, gravel,
EC and organic matter because it is very shallow
soil due to its rocky habitats in the slope of
mountains. The soil of Ocimum basilicum had
the highest of Zn, Fe and N. This indicated that
this species may be a good accumulator of heavy
metals. The plant response to heavy metals in
soil depends on the plant species, the total soil
metal concentration, and on the bioavailability of
the metal itself depending on physico-chemical
properties of soils (Boularbah et al., 20006).
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Fig. 7. UPGMA- phenogram based on RAPD and ISSR data of 12 Lamiaceae species.

Egypt. J. Bot. 59, No.3 (2019)



AUTHENTICATION OF ECOLOGICAL, BIOCHEMICAL AND MOLECULAR FEATURES ... 591

The electrophoretic profile of SDS-protein
detected apparent variations among the genotypes
that were enough to differentiate among them.
The high level of protein polymorphism could be
attributed to the non conservative nature of the leaf
protein that it easily affected by the environmental
conditions. This conclusion was in accordance
with those of Erum et al. (2011) and Ibrahim
et al. (2011). On the other hand, due to higher
percentages of polymorphism, it was obvious
that isozymes provided sufficient polymorphic
expressions to distinguish Lamiaceae genotypes.
Furthermore, the combination of the obtained
data of the utilized isozyme systems seemed to
be sufficient for their complete identification.
The same conclusion was reached by Lopez-
Pujol et al. (2004) and Hnia et al. (2013). The
current study is the first to report the use of seven
enzymes for the identification of different species
of Lamiaceaein Taif of Saudi Arabia, several
studies have also demonstrated the usefulness
of isoenzyme phenotypes to support and extend
taxonomic characterization (Medina et al., 2004;
Collet et al., 2005).

Furthermore, RAPD and ISSR-PCR
approaches succeeded to generate polymorphic
and reproducible amplification products. This
result was in accordance with Shinwari et al.
(2011) who detected that RAPD was efficient in
detecting polymorphism and genetic variation
within and between Mentha spicata and Mentha
royleana. Also, these high levels of variability
were detected in Thymus ssp. (Ali et al., 2012),
Ocimum spp. (Lal et al, 2012) and Salvia
lachnostachys (Erbano et al., 2015). The high
percentages of differences obtained by each of
the ten primers could be interpreted on the bases
of variations that may be present in the repetitive
DNA more than in the expressed DNA within the
studied genotypes. Also, these authors reported
that RAPD markers tend to reside in regions
with many repeated sequences and therefore in
non-coding regions, which are more susceptible
to mutations than the coding ones (Irwin et al.,
1998). Both RAPD and ISSR molecular markers
were proved to be efficient to provide molecular
data for Lamiaceaec species (Al-Rawashdeh,
2011; Khoshsokhan et al., 2014). Furthermore,
the ISSR method has been reported to be more
reproducible than the RAPD approach. The
previous result was in agreement with Goulao
& Oliveira (2001), Chowdhury et al. (2002)
and Abdelmigid (2012) and could be explained

through different mechanisms generating genetic
variation (Lalhruaitluanga & Prasad, 2009)
and the higher mutation rate in the loci of ISSR
(Moghaddam et al., 2010). For this reason, ISSR
markers are suitable for discriminating similar
genotypes, although, little information indicated
that ISSR markers are functionally important
(Esselman et al., 1999). These differences may
also be attributed to marker sampling errors
and/or the percent of polymorphism detected by
different markers (Gajera et al., 2010).

Using cluster analyses depending on
biochemical, molecular data matrices, the
Lamiaceae genotypes were categorized into
different clusters. These results showed the
extensive genetic diversity existed in these
markers used during this study. Al-Rawashdeh
(2011) mentioned that Mentha spicata and
Mentha longifolia were genetically different
from Ziziphora tenuior. Moreover, Javan et al.
(2012) obtained a dendrogram that produced five
and four groups among eight species of Salvia
based on RAPD and ISSR analyses, detecting
high genetic distance at inter-species level. The
inconsistence of the resulted dendrograms with
the realistic taxonomic grouping of the studied
taxa may be interpreted on the bases of high
differences recorded in our genotypes.

Conclusions

The results indicated that SDS-protein, isozymes,
RAPD and ISSR approaches were useful in
the establishment of the genetic fingerprinting
and preliminary database for the cultivated and
the related wild species of family Lamiaceae
scattered in Taif, Saudi Arabia. These techniques
detected enough polymorphism in the studied
genotypes and distinguished each genotype from
all others by at least one unique band or a group
of combined class patterns. The ISSR method has
been reported to be more reproducible than the
RAPD approach. The polymorphism information
obtained through biochemical and molecular
analyses may also help for further studies of other
Lamiaceae genotypes in Saudi Arabia.
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