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Abstract: In this work, sequence-related amplified polymorphism (SRAP) marker was employed to assess the genetic diversity
and genetic similarity relationships among14 species of Alcea collected from northwest of Iran. Seventeen SRAP primer combina-
tions generated 104 fragments, of which 97 (93%) were polymorphic, with an average of 5.7 polymorphic fragments per primer.
Percentage of polymorphism ranged from 50% (ME2-EM6) to a maximum of 100%, and mean polymorphism information content
value obtained was 0.3. The lowest genetic similarity (0.17) was observed between A. sophiae and A. flavovirens, while the highest
was found between A. digitata and A. longipedicellata (0.68). Two main clusters were detected using UPGMA, which did not
correspond to geographical origin of the species. The study indicates that SRAP markers could be good candidates for assessing
genetic variation in Alcea.
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Resumen: En este trabajo se usé el marcador de polimorfismo de amplificado de secuencias relacionadas (SRAP) para evaluar
la diversidad genética y las relaciones de similitud genética en 14 especies de Alcea distribuidas en el noroeste de Irdn. La com-
binacion de 17 primers de SRAP generaron 104 fragmentos, de los cuales 97 (93%) fueron polimdrficos, con un promedio de
5.7 fragmentos polimdrficos por primer. El promedio de polimorfismos varié entre 50% (ME2-EM6) y 100%, y el contenido de
informacion de polimorfismo fue de 0.3. Las semejanzas genéticas mds bajas (0.17) se observaron entre A. sophiae y A. flavovi-
rens mientras la mds alta se encontrd entre A. digitata y A. longipedicellata (0.68). Usando UPGMA se encontraron dos grupos
principales sin relacidn al origen geografico de las especies. El estudio indica que el marcador SRAP podria ser un buen candidato

para evaluar la variacién genética en Alcea.
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he genus Alcea, a member of Malvaceae family, is pe-

rennial herb of Mediterranean with main centers of di-
versity in the Western Mediterranean Basin and the Middle
East. Alcea contains only a few species in Europe (Escobar
et al., 2009). Riedl (1976) has reported 39 species in Iran,
but the number has been reduced to 34 due to taxonomic
rearrangement (Pakravan, 2008). The mucilage that con-
taining the plants of the Malvaceae family are sources of
carbohydrates, which are used in medicine (Azizov et al.,
2007). The species of this family, especially Alcea rosea
has been used as diuretic, demulcents, emollient, aperients,
and in the treatment of burning sensation, skin disease, and
constipation (Shaheen et al., 2010).

Comparison of plant phenotypes is the simplest approach

for the detection of mislabeled genotypes and assessment of
genetic diversity. However, the environment also affects the
phenotypes (Chakrabarti ez al., 2001). Moreover, phenoty-
pic characters are small in number and might be epistatica-
Ily controlled (Sensoy et al., 2007). Alcea has a complicated
taxonomy due to the very small number of diagnostic mor-
phological characters, such as leaf sequence and configura-
tion of the carpels (Pakravan, 2008).

DNA markers offer many advantages over morphological
characters since are less influenced by the environment and
provide a direct detection at the DNA level (Pradeepkumar
etal.,2003; Joy et al.,2007). The polymerase chain reaction
(PCR) amplification of the DNA has proven to be a rapid,
simple and inexpensive way to assess the structure and ge-
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Figure 1. Distribution of Alcea in North West of Iran. Squares are representative of collection sites. The numbers indicate locations of
collection: 1. Balanoj, 2. Ghasemlu, 3. Khoy, 4. Razhan, 5. Silvana, 6. Band village.

netic diversity (Liu et al., 2012). Sequence-related ampli-
fied polymorphism (SRAP), is a new molecular approach,
introduced by Li and Quiros (2001). SRAP shows dominant
molecular markers similar to Random Amplified Polymor-
phism DNA (RAPD) markers, but with preferential random
amplification of coding regions in the genome (Li and Qui-
ros, 2001). The technique has been successfully applied in
gene tagging (Song et al., 2010; Mishra et al., 2011; Inan
et al., 2012), genetic linkage, map construction and genetic
diversity analysis (Li and Quiros, 2001; Ferriol et al., 2003;
Guo and Luo, 2006; Ding ef al., 2008).

Actuality, no report has been published on genetic diver-

Table 1. Name and geographic locations of Alcea species studied.

sity of Alcea in the world. In this study, we report the first
SRAP-based assessment of genetic diversity of Alcea spe-
cies selected from six geographical locations in Iran. The
objectives of the present work were: (1) to evaluate the level
and distribution of genetic diversity of Alcea in North West
of Iran, and (2) to analyze the genetic relationship of almost
half number of species grown in this country.

Materials and methods

Plant materials. A total of 14 species of Alcea, collected
from 6 regions of North West Iran, were chosen to represent

Species Collection site Herbarium number Longitude Latitude

A. sophiae Balanoj 9455 37°22'59” 45°8'19”
A. kurdica Balanoj 9456 37°22"'31" 45°10" 58"
A. rosea Balanoj 9458 37°22'59” 45°8"19”
A. fasciculifolora Balanoj 9459 37°22'48” 45°11'59”
A. xanthochlora Ghasemlu 9460 37°19' 47" 45°7'30”
A. mozaffarianii Ghasemlu 9461 37°21' 47" 45°7'8”

A. ghahremanii Khoy 9463 38°28'24” 44°24' 24"
A. glabrata Razhan 9464 37°25'9” 44° 50" 5"
A. wilhelminae Silvana 9465 37°25"19” 44° 538"
A. tholozani Silvana 9466 37°25"42" 44° 513"
A. digitata Silvana 9469 37°25"42" 44° 513"
A. longipedicellata Silvana 9470 37°23"15” 44° 51’ 50”
A. hohenackeiri Band village 9472 37°28'55” 45°8'19”
A. flavovirens Band village 9471 37°31'42” 45°55'2”

434

Botanical Sciences 92 (3): 433-439, 2014



EVALUATION OF GENETIC DIVERSITY IN ALCEA (MALVACEAE) USING SRAP MARKERS

Table 2. Forward and reverse primer sequences used for SRAP analysis of Alcea species.

Forward primer sequences GC% Reverse primer sequences GC %
(5" =3 (5" =3
MET-TGAGTCCAAACCGGATA 47 EM1-GACTGCGTACGAATTCAAT 42
ME2-TGAGTCCAAACCGGAGC 58 EM2-GACTGCGTACGAATTCTGC 52
ME3-TGAGTCCAAACCGGAAT 47 EM3-GACTGCGTACGAATTCGAC 52
ME4-TGAGTCCAAACCGGACC 58 EM4-GACTGCGTACGAATTCTGA 47
ME8-TGAGTCCAAACCGGTGC 58 EM6-GACTGCGTACGAATTCGCA 52

a wide geographic range according to the distribution map
of Alcea in Iran (Figure 1). Fresh leaves were randomly co-
llected from 3-5 plants for each species and stored at -80 °C
prior to DNA extraction. Voucher specimens were deposited
at the Herbarium laboratory of Urmia Agriculture Research
Center. Locality and Herbarium number of the Alcea spe-
cies are indicated in Table 1.

DNA extraction and SRAP amplification. Genomic DNA
was isolated from fresh leaves tissue based on a modified
CTAB procedure (Doyle and Doyle, 1987). The quantity
and quality of DNA were assessed using Biophotometer
(Eppendorf, Germany) and 1% agarose gel electrophoresis,
respectively. Twenty five different SRAP primer combina-
tions were employed using 5 forward and 5 reverse primers
(Cinnagen, Iran; Table 2), of which 17 pairs produced clear

Table 3. List of SRAP primers used in the present research.

Primers Total Polymorphic ~ Polymorphism  PIC
bands bands (%)
METEM1 10 9 90 0.2
METEM2 8 8 100 0.31
METEM3 9 9 100 0.34
METEM6 6 6 100 0.28
ME2EM2 3 2 66 0.27
ME2EM3 6 5 83 0.24
ME2EM6 2 1 50 0.28
ME3EM1 6 6 100 0.34
ME3EM2 7 7 100 0.32
ME3EM3 6 6 100 0.34
ME3EM4 5 5 100 0.35
ME3EM6 6 5 83 0.23
ME4EM1 4 3 75 0.27
ME4EM2 3 3 100 0.41
MESEM2 5 4 80 0.29
MESEM3 8 8 100 0.36
MESEM4 10 10 100 0.36
Total: 17 104 97 93 0.3
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and reproducible bands. These combinations were selected
for the subsequent experiments (Table 3). Each 25 ul PCR
reaction mixture consisted of 2.5 ul 10X PCR buffer, 1 ul
of MgCl, (50mM), 3 ul of template DNA (10 ng/ul), 0.75
pl of ANTP (10mM), 0.5 ul of primers (100uM), 0.5ul of
Taq DNA polymerase (5U/ul), and 16.25 ul of ddH20 (Cin-
nagen, Iran). PCR amplification was performed under the
following conditions: 3 min of denaturing at 94 °C, 5 cycles
of three steps: 1 min of denaturing at 94 °C, 1 min of annealing
at 35 °C and 1 min 30 s of elongation at 72 °C. In the following
30 cycles, the annealing temperature was increased to 50
°C, with a final elongation step of 10 min at 72 °C. PCR
products were analyzed on 3% agarose gel with 0.5X TBE
buffer. By staining with ethidium bromide, the gels were vi-
sualized under UV transilluminator (Carestream Gel Logic
212 Pro Imaging System, USA) and photographed.

Data analysis. SRAP amplifications were repeated twice
and only clear bands recorded for all samples. For each
primer combination, the presence (1) or absence (0) of
bands in each plant was visually scored. Data were set in
a binary matrix and analyzed using the Numerical Taxo-
nomy and Multivariate Analysis System (NTSYS-pc) 2.02
version software package (Rohlf, 2000). Polymorphism
information content (PIC) values were estimated accor-
ding to the formula: PIC =1 - X (Pij) 2, where Pij is the fre-
quency of the i, marker revealed by the j, primer summed
across all markers revealed by the primers (Botstein et al.,
1980). The PIC was used to obtain the Jaccard genetic si-
milarity (Jaccard, 1908), and to construct an unweighted
pair group method with arithmetic mean (UPGMA) den-
drogram (Rohlf, 2000) using the SIMQUAL module (part
to the NTSYS package). The dendrogram was evaluated
by comparing the Cophenetic Correlation Coefficient for
the dendrogram with the similarity matrix using Mantel
matrix correspondence test (Mantel, 1967). Bootstrap
analysis was also used to evaluate the degree of support for
clusters within the dendrogram with 1000 replicates using
WINBOOT module (part to the NTSYS package). Prin-
cipal Coordinate Analysis (PCoA) was obtained with the
use the Jaccard coefficient to confirm associations among
14 species. A three dimensional plot (3D) was constructed
using the first three PCs.
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Figure 2. SRAP amplified result of 14 species of Alcea using MES-EM3 primer combination. 1) A. sophiae, 2) A. kurdica, 3) A. rosea, 4)
A. fasciculifolora, 5) A. xanthochlora, 6) A. mozaffarianii, 7) A. ghahremanii, 8) A. glabrata, 9) A. wilhelminae, 10) A. tholozani, 11) A.
digitata, 12) A. longipedicellata, 13) A. hohenackeiri, 14) A. flavovirens. M = molecular marker (100- 3,000 bp).

Results

Genetic diversity. Seventeen SRAP primer pairs showing
polymorphic and reproducible bands, generated a total of
104 bands. Percentage of polymorphism ranged from 50%
(ME2-EM6) to a maximum of 100% (nine other combina-
tions), with an average of 93% (Table 3). The number of
bands varied from two (ME2-EM6) to ten (ME1-EM1 and
ME&S8-EM4) with an average of 6.11 per primer combination
(Table 3). Amplicons were produced in a range of 100 to
3000 bp. The extent of polymorphism, revealed by the MES-
EM3 primer combination, is shown in figure 2. The number
of polymorphic bands per primer ranged from one to ten,
with an average of 5.7 per primer combination (Table 3).
All primer combinations, except ME2-EM?2 and ME2-EM6,
showed more than 75% polymorphism. The PIC values for
17 primer combinations ranged from 0.2 (ME1- EM1) to
0.41(ME4-EM2), with an average of 0.3 (Table 3). Varying
degrees of genetic similarity were revealed among Alcea
species. Lowest similarity (0.17) was observed between A.
sophiae and A. flavovirens, followed by 0.18 between A. so-
phiae and A. ghahremanii. The A. digitata and A. longipedi-
cellata appeared to have the highest similarity (0.68).

Genetic relationship. Cluster analysis grouped 14 species
of Alcea into two distinct clusters (Figure 3). Cluster I was
further divided into two subclusters. The subcluster Ia com-
prised of four species including Alcea sophiae, A. kurdica,
A. mozaffarianii, and A. hohenackeiri. The subcluster Ib
consisted of A. xanthochlora, A. glabrata, A. wilhelminae,
and A.tholozani. Cluster II was also further split into two
subclusters. Subcluster IIa manifested of five species in-
cluding A. rosea, A. digitata, A. longipedicellata, A. fasci-
culifolora, and A. ghahremanii. The A. flavovirens formed
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a single sub cluster (sub cluster IIb). The three branching
points that differentiated Alcea species had bootstrap values
of 75, 51, and 56, respectively. The rest of the branching
points presented bootstrap values lower than 50. Bootstrap
percentages above 50 were indicated (Figure 3). Cophenetic
Correlation Coefficient of 0.71 was obtained between the
similarity data matrix and the dendrogram. The separation
of the species was also estimated using Principal Coordinate
Analysis (PCoA). Based on genetic similarity, PCoA data
accounted for 27.9%, 10.7%, and 9.7% of total variations,
respectively (Figure 4). The result distinctly categorized 14
Alcea species into three clear groups. The A. xanthochlora,
A. glabrata, A. wilhelminae, and A. tholozani shared genetic
similarity and formed one group. Alcea sophiae, A. kurdi-
ca, A. mozaffarianii, and A. hohenackeiri species were also
grouped together. These two groups corresponded to clus-
ters Ia and Ib of the dendrogram. Species of A. rosea, A.
digitata, A. longipedicellata, A. fasciculifolora, A. ghahre-
manii and A. flavovirens formed the third group. These spe-
cies corresponded to cluster IIa and IIb of the dendrogram.
PCoA analysis of whole collection obviously showed that
results of PCoA are in good accordance with the clusters
revealed by the dendrogram (Figures 3, 4).

Discussion

Knowledge of genetic relationship among plant taxa be-
longing to different species and genera is very important.
Discovering new relationship provides a direction and se-
quential scale for plant evolution (Savolainen and Chase,
2003). In this work, SRAP marker was employed to assess
genetic profile and pattern of genetic relationship within
14 species of Alcea. SRAP technique has been known as a
powerful tool to identify genetic distance among different

Botanical Sciences 92 (3): 433-439, 2014
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Figure 3. UPGMA cluster analysis based on Jaccard similarity coefficient, showing the genetic relationships among 14 Alcea species
based on SRAP analysis. Bootstrap percentages above 50 are indicated.

species. Budak et al. (2004) compared revealing genetic di-
versity power of four DNA markers including SRAP, SSR,
ISSR, and RAPD. They reported SRAP as the most power-
ful DNA marker. This could be explained by the fact that
SRAP markers preferentially detect polymorphism in co-
ding sequences which are usually conserved among closely
related species and varieties with low mutation rate (Mishra
etal.,2011).

In our study, 17 primer combinations could amplify 104
discrete bands of which 97 were polymorphic (93% poly-

A. sophiae
[m]

A. kurdica
a

9.7 %

o| A. mozaffarianii

A. tholozani

A. glabrata

morphism). This value appeared to be relatively high, simi-
lar to the other SRAP based studies, e.g. orchid (80.52%;
Cai et al., 2011), Salvia miltiorrhiza (90%; Song et al.,
2010), and coffee species (93%; Mishra et al., 2011). This
result implies that SRAP markers are efficient for analyzing
polymorphism level in Alcea. Occurrence of high polymor-
phism could be explained for species in different climatic
zones with varying selection pressure during the course of
evolution (Mishra et al., 2011). Genetic diversity is affected
by a number of evolutionary factors including mating sys-
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Figure 4. PCoA scatter plot of 14 species of Alcea based on SRAP data.
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tem, gene flow and seed dispersal, geographic range, as well
as natural selection (Hamrick and Godt, 1989). The geogra-
phic range of species appears to influence the levels of ge-
netic diversity greatly. Generally, small geographic range
of species leads to less genetic diversity than geographica-
Ily widespread species (Hamrick and Godt, 1989). Based
on this assumption, a high level of genetic diversity within
species is expected in Alcea. Our genetic similarity analysis
revealed a wide degree of variation from 0.17 to 0.68, which
reflects sufficient amount of diversity among Alcea species
in Iran.

The PIC value estimates the discriminatory power of a
marker and, markers with higher PIC value possess higher
identification power. Based on this point of view, values bet-
ween 0.25-0.5 classify loci as middle diversity loci (Botstein
et al., 1980). Our SRAP analysis produced a PIC value of
0.3 on average. The ME1-EM1 and ME4-EM?2 primer pairs
produced the lowest (0.20) and highest (0.41) PIC value,
respectively.

To date, only a few studies looked at genetic variation
in Alcea. Based on RAPD markers analysis, Kazemi ef al.
(2011) showed 93% polymorphism level with high variation
in genetic similarity (0.31 to 0.75) within A. rosea popula-
tions in Iran. Oztiirk et al. (2009) analyzed genetic profile
of 18 Alcea species using RAPD markers and reported wide
differentiation (0.13 to 0.69) among them.

According to SRAP dendrogram, most of the species
were grouped in cluster 1. Alcea sophiae and A. flavovirens
appeared to have the least similarity (0.17). The A. longi-
pedicellata and A. digitata, both collected from Silvana re-
gion, showed maximum similarity (0.68) and placed close
to each other in the dendrogram. The UPGMA dendrogram
(Figure 3) and PCoA plot (Figure 4) revealed no geographic
tendency in the present study. The first three principal axes
accounted for 48.3% of total variation, indicating the com-
plex multidimensional nature of SRAP variation. However,
both multivariate approaches used in the analyses of genetic
similarity relationships among Alcea species produced com-
parable results (Figures 3, 4).

Despite of high level of distance observed among spe-
cies, the statistical support for UPGMA clustering was
low and only three branching events exhibited bootstrap
support greater than 50%. The branch point that grouped
Alcea sophiae and A. kurdica had the highest value (75%).
These two species have the same geographical origin. This
lack of support could be explained by insufficient number
of SRAP markers tested.

Iranian Alcea species have only been characterized with
morphological data, so far. However, the genus has a com-
plicated taxonomy due to small number of characters. Based
on study of Pakravan (2008) on Alcea, only examination of
the leaf sequence and configuration of the carpels would re-
present valuable characters. For example, A. flavovirens and
A. glabrata differ only in the size of the carpel and width
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of wing (Pakravan, 2008). Our results grouped these two
species into two different clusters.

DNA markers hold useful information in comparison to
morphological data (Chakrabarti ef al., 2001; Pradeepku-
mar et al., 2003; Joy et al., 2007; Celka et al., 2010). The
present study demonstrates that PCR based fingerprinting
techniques, such as SRAP, are informative for estimating
the extent of genetic diversity, as well as to determine the
pattern of genetic relationships. Our results indicated su-
fficient amount of genetic distance (0.32 to 0.83) among
different species of the genus in Iran. We also propose si-
multaneous use of different types of molecular markers in
generating future information (Mishra et al., 2011). The
primers used in our study will be useful in genetic analysis
of Alcea in germplasm holding programs. Observed po-
lymorphism level was sufficient to establish informative
fingerprints with relatively few primer sets. We hope this
research could be a good start to preserve pharmaceutical
value of these species.
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