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Abstract

Information on patterns and structure of populations’ genetics in plants are useful in understanding breeding
systems, population dynamics and designing conservation programs. Glycyrrhiza glabra L. (liquorice, Fabaceae) is a
perennial plant and has high commercial uses for medicinal, flavouring and sweeting purposes. However, there is little
information on the genetic structure of liquorice. In the current study the levels of genetic variations were investigated
in four eco-geographically different populations of liquorice using Inter Simple Sequence Repeats (ISSRs) by randomly
sampling 10 individual plants from each of population in East-Azerbaijan Province, Iran. The population genetic
variation were measured based on Nei's and Shannon's information indices using Popgen, and the genetic similarity
among the populations was studied by the clustering analysis of Unweighted Pair-Group Method with Arithmetical
Averages (UPGMA). Total genetic variation was partitioned into within and among the populations using analysis of
molecular variance (AMOVA) by Arlequin. A total of 139 polymorphic reproducible ISSRs loci were obtained. The
percentage of polymorphic ISSRs loci ranged from 35.97% to 61.15%. Consequently, the range of within-population
Nei's diversity varied from 0.172 to 0.301. Partitioning of total ISSRs variation by AMOVA showed that total genetic
variation was equally partitioned to within-population and among-populations, indicating that the species has
intermediate breeding systems by carrying out equally self- and outcrossing. Nei’s based UPGMA dendrogram showed
no ecological correlation among the populations. Moreover, the genetic similarity among populations was not correlated
with the geographical distances (Spearman rho correlation, N=6, P > 0.787), while as expected, the populations size
affected significantly on population genetic variation (Spearman, N=4, P < 0.05). This study emphasizes the application
of conservation program in the study sites in order to prevent the potential risk of the species extinction.
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1. Introduction

Understanding the patterns of population genetic structure and the levels of genetic variations in plants are
important for estimating the mode of breeding systems and also useful in designing conservation programs (Hamrick
and Godt, 1989; 1996; Nybom and Bartish, 2000). Furthermore, studying the patterns of the environmental impact on
populations’ genetic structure in plants could be used to understand the adaptation patterns of plant populations to the
environments (Fahima et al., 1999; Feder and Mitchell-Olds, 2003), the selective forces shaping the population genetic
structure (Allnutt et al., 2001; 2003).

Studies have shown that there is relationship between levels of plant populations genetic variations and several
factors including breeding systems (Hamrick and Godt, 1996; Nybom and Bartish, 2000), population’s size (Frankham,
1996; Reed and Frankham, 2003), environmental stresses e.g. edaphic and climatic (Nevoet al., 1991; 1998) and floral
morphology and display (Richards, 1986; Brunet and Echert, 1998). QOutcrossing plant species have usually higher
levels of within-population genetic variation while selfing species were shown to have the greatest values of between-
population genetic variation (Hamrick and Godt, 1989). The population size has a major impact on levels of genetic
variation and structure in plants. For instance, there is often pollination failure in small and fragmented plant
populations, since small-sized populations are less attractive for pollinators (Jennersten 1988; Wilcock and Neiland,
2002; Andrieu et al., 2009). Habitat fragmentation and destruction and consequently decreasing the plant populations’
size are mostly caused by human activities and misuses (Young and Clarke, 2000). This eventually can lead to genetic
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consequences e.g. genetic drift due to loss of genetic diversity, and therefore, can produce challenges and problems in
conservation biology (Fahrig, 2003).

This work aimed to study the impact of both population size and geographical distance on the genetic patterns
in eco-geographically different populations of Glycyrrhiza glabra in East Azerbaijan Province, Iran using ISSRs (Inter
Simple Sequence Repeats) markers.

The genus Glycyrrhiza (Fabaceae) includes about 30 species, some of which, especially G. glabra L.
(liquorice) have economic importance and commercial uses due to possessing glycyrrhizic acid, a triterpenoid saponin,
in rhizomes and roots (Nomura et al., 2002). G. glabra is a hermaphrodite perennial herbaceous plant native to Eurasia,
northern Africa and western Asia, and is widely cultivated for its rhizomes. The products of the rhizome are used as
sweetening and flavouring agents in tobaccos, chewing gums, candies, and also as pharmaceutical products e.g.
antiulcer, antihepatitis medicines and antitussives (Davis and Morris, 1991; Nomura et al., 2002).

Inter-simple sequence repeats (ISSRs) is a PCR-based technique, in which DNA segments between two
microsatellite sites oppositely situated on double-strand DNA were amplified by a single 16-25bp primer
complementary to microsatellite site (Reddy et al., 2002). The most limitations of the other DNA markers such as low
reproducibility of RAPDs, high cost of AFLP, and requirement for preliminary knowledge on flanking primers sites of
SSRs were resolved in ISSRs (Zietkiewiczet et al., 1994). The higher evolutionary rate of ISSRs has provided these
markers as the best suitable markers for genetic studies at lower taxonomic levels (Reddy et al., 2002). ISSRs have been
widely used for investigating of genetic similarities among population and accessions at different taxonomic levels i.e.
intra-specific, inter-specific levels and cultivars (Bornet and Branchard, 2001; Rakoczy-Trojanowska and Bolibok,
2004; Li and Chen, 2008; Wang et al., 2009). More recently, ISSRs have been the markers of choice for population
genetic studies in plants such as Ipomoea batatas (Moulin et al., 2012), Michelia coriacea (Zhao et al., 2012), Allium
(Mukherjee et al., 2013), Vicia (Bozkurt et al., 2013), Magnolia wufengensis (Chen et al., 2014), Abelmoschus
esculentus (Yuan et al., 2014) and Gossypium (Ashraf et al., 2016).

2. Materials and methods
2.1 Populations’ studied

A number of ten individual plants were randomly sampled from each of four eco-geographically different
regions in East-Azerbaijan Province, Iran. Sampling in each population was randomly carried out with a minimum
distance of 200m between each individual plant. The four regions studied differ in terms of the edaphic and climatic
conditions. The geographical distances between population pairs vary from 153 km to 315. One population was
included from saline soil (Malekan), while the two other populations were sampled from cold areas (Khalkhal and
Saivan), and the fourth population was included from temperate-warm climate and low altitude (Aslandoz).

2.2 DNA extraction, ISSRs-PCR amplification and analysis

Nuclear DNA was extracted from seeds and/or seedlings following Miller (2002) with replacement of silver
sand by liquid nitrogen. The DNA concentration was measured by spectrophotometry, and wherever needed, adjusted at
10ng/ml. A number of ten ISSRs primers were examined, of which 5 primers produced the most polymorphic and clear
reproducible bands, and therefore, were used in the study (Table 1). The ISSRs amplifications were repeated three times
to insure the reproducibility. The ISSRs loci were scored as 1 for present and 0 for absent. Consequently, the obtained
dataset were entered in a binary matrix for cluster analysis using the NTSYS-pc (Numerical Taxonomy and
Multivariate Analysis System, ver. 2.02). The levels of genetic variation were measured for each population based on
Nei's (1973) and Shannon's information index using Popgen, version 1.32. To study the genetic similarity among the
populations, the UPGMA (Unweighted Pair-Group Method with Arithmetical Averages) dendrogram was generated
based on matrix of Nei’s distances between populations pairs through the SHAN (sequential, hierarchical,
agglomerative and nested clustering of the NTSYS-pc). Total genetic variation was partitioned into within- and among-
populations using analysis of molecular variance (AMOVA) in Arlequin. AMOVA (Excoffier et al., 1992) has widely
used in ISSRs analysis to estimate between-population variation (Nybom and Bartish, 2000).

Table 1. The ISSRs-primers used for analyzing the population genetic variations in Glycyrrhiza glabra

Primer code Primer sequence Primer annealing time (s)
H2 5'-(AC)sT-3’ 52
H3 5"-(AC)sG-3 52
H4 5"-(AC)sCG-3’ 52
E 5'-(AG)10C-3' 50
F 5'-(AG)sGC-3' 50
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3. Results

Applying 5 ISSRs primers in 40 individual plants randomly sampled from four eco-geographically different
populations of Glycyrrhiza glabra produced a total of 139 polymorphic reproducible bands (Figure 1). The lowest
number and percentage of polymorphic ISSR loci were detected in Khalkhal population (50 and 35.97, respectively),
while the highest values were revealed in Aslandoz population (85 and 61.15%). As a result, the Khalkhal population
had the smallest within-population Shannon's and Nei's diversity (0.116 and 0.172, respectively), whereas the Aslandoz
population possessed the highest values of these diversity (0.195 and 0.301) (Table 2).

Figure 1. Samples of ISSRs patterns in different populations of Glycyrrhiza glabra L. produced by primer H2 (A=
Aslandoz, B=Saivan, C=Malekan, D=Khalkhal)

Table 2. Number and percentage of polymorphic ISSRs loci, Nei’s genetic diversity and Shannon information index in
different populations of Glycyrrhiza glabra

Sha
Population No. polymorphic %  Polymorphic nnon’s Nei’s
name ISSRs loci ISSRs loci ind  gene diversity (h)
ex (1)
Aslandoz & 61.15% o 0.301
Saivan 69 49.64% 6 0.264
Malekan 59 42.45% 36 0.1 0.208
Khalkhal ~ °C 35.97% s 0.172

Total polymorphic bands=139

AMOVA analysis showed that total ISSRs variation was equally partitioned to within- and among-populations
(Table 3). UPGMA dendrogram conducted for genetic similarity among the populations clustered Malekan, Khalkhal
and Saivan populations in one cluster, while Aslandoz population was situated in distinct branch (Figure 2).

Table 3. Analysis of molecular variance (AMOVA) within- and among-populations of Glycyrrhiza glabra using ISSRs

Source of variation d.f. SS Est. Var. %Genetic variation P value
Among populations 3 327.425 9.910 50 <0.01
Within populations 36 361.500 10.042 50 <0.01

There was no correlation between the ISSRs-based genetic similarity and the geographical distances among
populations of G. glabra (Spearman rho correlation, N=6, P > 0.787, SPSS, ver. 11.2, Table 4 and Figure 3). However,
population size in G. glabra was found to be significantly correlated with percentage of polymorphic ISSRs loci,
Shannon and Nei’s diversities, since the larger populations e.g. Aslandoz had higher variations (61.15%, 0.195, 0.301,
respectively) compared to small-sized populations e.g. Khalkhal (35.97%, 0.116, 0.172, respectively) (Spearman rho
correlation, N=4, P < 0.05, SPSS, ver. 11.2).
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Figure 2. UPGMA dendrogram generated from Nei’s genetic distances based on ISSRs loci showing similarity among
different populations of Glycyrrhiza glabra

Table 4. Geographical and ISSRs-based genetic distances between pairs of populations of Glycyrrhiza glabra

Population pairs Geographical Genetic
P P distance (Km) distance (Nei’s)

Khalkhal- Aslandoz 276 0.252
Khalkhal- Saivan 229 0.236
Khalkhal- Malekan 251 0.147
Saivan- Aslandoz 201 0.289
Aslandoz- Malekan 315 0.318
Malekan- Saivan 148 0.285

. 0.35 4

‘n *

@ 0379 - .

=z

o 0251 /—00”

Q

% 0.2 1

2 015 - .

(8]

uq:) 0.1 4

c

@ 0.05 1

o

0 T T T T d
100 150 200 250 300 350

Geographical distance (Km)

Figure 3. Lack of correlation between geographical and ISSRs-based genetic distances among populations of
Glycyrrhiza glabra (Pearson rank correlation test, N = 6, P > 0.877, correlation coefficient = 0.082)

4. Conclusions and discussion

The current study showed that total ISSRs variation was equally allocated to within- and among-populations in
Glycyrrhiza glabra. On the UPGMA dendrogram, nesting the three eco-geographically different populations of Saivan,
Malekan and Khalkhal within one cluster indicated that there was no eco-geographical based relationship among
populations of G. glabra, rather this similarity was most likely caused by random. This was further supported by lack of
correlation between geographical and genetic distances among populations of G. glabra. This finding is incongruent
with some empirical studies (e.g. Nevoet al., 1998; Fahima et al., 1999; Nianxi et al., 2006), which have shown that
similarities in ISSRs pattern between populations of plant species have been caused due to natural selection, rather than
random.

The genetic similarities between two different populations are caused by either gene flow due to geographical
closeness or ecological similarities due to adaptive by the natural selection (Hamrick and Godt, 1989; 1996; Nybom and
Bartish, 2000). However, since there is wide geographical distances among the populations of G. glabra investigated, it
is most unlikely for gene flow to occur among the populations. Moreover, the results showed a lack of geographical
correlations among populations in genetic similarity. These data indicate that ISSRs patterns are most likely under
random genetic causes rather than by selective forces.

The positive correlation between ISSRs variation and population size revealed in the current study in G. glabra
is consistent with the general long-known rule in the population genetics. The uncontrolled excessive collection of the
roots of G. glabra for commercial purposes in the study regions resulted in gradual decline in populations’ size. That is
in turn has caused decreased ISSRs variations in the study sites. The decreased level of ISSRs diversity detected in
small populations of G. glabra in the current study is most likely caused by genetic drift because in small populations
random genetic drift is more strong (Nei et al., 1975; Rich et al., 1979), and consequently reduces genetic diversity of
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the population through the generations, and increases the frequency of slightly deleterious recessive mutations (Lienert,
2004). As a result of lower genetic diversity, small populations have low ability to adapt to environmental change and
consequently have a higher likelihood of extinction (Lande and Barrowclough, 1987). Moreover, inbreeding depression
in such small populations increases (Frankham, 2003). That subsequently gives rise to decreased reproductive fitness
and success (Lande, 1988; Reed and Frankham, 2003).

This study indicates the importance of genetic variation studies in the conservation strategies, and suggests the
necessity of application the conservation programs to liquorice populations in the study sites.
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