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Introduction

Genus Plantago of family Plantaginaceae consists of ∼200
species (Rahn 1996). Plantago ovata Forsk. is a medicinal
herb cultivated extensively in western India for seed husk
known as blonde psyllium or isabgol (in Hindi). Besides
being used as laxative, psyllium is also used in ice creams,
chocolates, cosmetics and in printing and finishing. It lowers
blood cholesterol levels considerably and has been used as an
indigenous Ayurvedic and Unani medicine for a wide range
of bowel problems including chronic constipation, amoebic
dysentery and diarrhea (Dhar et al. 2011).

Plantago ovata has a small genome of 621 Mb based on
four (2n = 2x = 8) heterochromatin rich chromosomes. It
has a narrow genetic base and therefore lacks in-built varia-
tion (Dhar et al. 2009). Thus, it exhibits low chiasmata fre-
quency and low recombination index. Wild species of Plan-
tago are potential sources of several important genes, which
if transferred to P. ovata, can revolutionize the production of
psyllium (Dhar et al. 2011). However, to develop efficient
interspecific crosses it is essential to determine their phy-
logenetic relationships. Although some workers have tried
nuclear ribosomal DNA internal transcribed spacer (ITS)
regions for this purpose (Ronsted et al. 2002; Dhar et al.
2006), it would be worthwhile to use molecular markers,
especially amplified fragment length polymorphism (AFLP)
and simple sequence repeat (SSR) markers, which can later
be followed in hybrids. The present investigation was aimed
at detection of genetic variability in this species and several
of its wild allies using molecular markers which was not oth-
erwise possible through conventional methods. If successful,
such a study would provide a platform for further genetic
studies including the development of a mapping population.

∗For correspondence. E-mail: sanrozie@rediffmail.com.

Material and methods

Plant material

Genomic DNA was isolated from young leaves of accessions
of P. ovata and some of its wild allies (table 1) by follow-
ing the protocol of Doyle and Doyle (1987) with slight mod-
ifications. DNA was purified and quantified using standard
procedures.

AFLP analysis

For AFLP analysis, AFLP kit (Invitrogen Life Technologies,
New York, USA) was used following manufacturer’s
instructions. Among 20 primer pair combinations, eight
combinations (EcoRI-AGC/MseI-CAT, EcoRI-AGG/MseI-
CAA, EcoRI-ACT/MseI-CTC, EcoRI-ACC/MseI-CTA,
EcoRI-ACT/MseI-CTG, EcoRI-AGG/MseI-CAT, EcoRI-
AAC/MseI-CAC and EcoRI-ACG/MseI-CAG) were finally
used. Genomic DNA (0.5 μg) was first digested with 5 units
each of EcoRI and MseI for 1 h and then 500 pmol MseI
adapter and 50 pmol of EcoRI adapter were ligated to the
restriction fragments with 1 unit T4 DNA ligase for 3 h.
Restriction and ligation were performed in 1× RL buffer at
37◦C. The PCR conditions for preamplification and selective
amplification were as described by Vos et al. (1995). The
amplified product was resolved on 10% polyacrylamide gel
(PAGE) and visualized autoradiographically.

SSR analysis

For SSR analysis, various accessions of P. ovata and its wild
allies were used (table 1). Initially, 18 SSR primers; three
primers reported earlier for Plantago sp. (Squirrell and Wolff
2001) and 15 primers based on Malus sp. and Phaseolus
sp. (unpublished data) were used for PCR amplification on
five samples. Finally, 12 primers A3, A4, A6, BB1, BB2,
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Table 1. Plantago ovata and its wild relatives used for genetic diversity analysis.

Marker analysis

Accession no. Species Original source AFLP SSR

Pov78 Plantago ovata USDA + −
Pov79 P. ovata USDA + +
Pov80 P. ovata USDA + −
Pov83 P. ovata USDA + +
Pov85 P. ovata USDA + −
Pov86 P. ovata USDA + +
Pov90 P. ovata USDA + +
Pov93 P. ovata USDA + +
Pov25 P. ovata Jammu, India + +
A2 P. ovata Jammu, India − +
B3 P. ovata Jammu, India − +
B5 P. ovata Jammu, India − +
Pov26 P. ovata Gujarat, India + −
Par P. arenaria RBG, Kew + +
Pse01 P. serraria RBG, Kew + +
Pco01 P. coronopus RBG, Kew + −
Pin01 P. indica RBG, Kew + +
Pla P. lagopus RBG, Kew + +
Pma01 P. maritima RBG, Kew + +
Prh01 P. rhodosperma Kansas, USA + −
Pru01 P. rugelii Kansas, USA + −
Pex01 P. exigua Jammu, India + +
Pmj01 P. major Jammu, India + −
Pln01 P. lanceolata Jammu, India + −

+, indicates the presence of taxa in the particular study; −, indicates absence of taxa.

BB3, BB4, BB5, BB6, BB7, BB8 and BB9 showing best
amplification were selected. DNA ladder, 100 bp was used
as the marker. Polyacrylamide gel (PAGE), 10% was used to
resolve the amplified products and silver staining was done
for fragment visualization.

Data analysis

For AFLP and SSR analyses, separate binary data matri-
ces were generated indicating the presence or absence of
the specific band as 1 or 0, respectively. The genetic asso-
ciation among taxa was evaluated by calculating the Jac-
card’s similarity coefficient (Jaccard 1908) (see tables 1,
2 and 3 in electronic supplementary material at http://
www.ias.ac.in/jgenet/) for pairwise comparisons based on
the proportion of shared bands produced by the primers.
A distance matrix was generated using Nei and Li simila-
rity index (Nei and Li 1985), which provides the genetic
distance between two samples. The distance matrix was
further analysed using PHYLIP 3.5 program (Felsenstein
1981). The tree was prepared using TreeView software
(taxonomy.zoology.gla.ac.uk/rod/treeview.html). The poly-
morphic information content (PIC) was calculated as pro-
posed by Botstein et al. (1980) as PIC = 1 − �p2

i , where
p2

i is the allele frequency of the ith allele. The marker index
(MI) was calculated by using the formula MI = EHav,

where E is effective multiplex ratio and Hav average het-
erozygosity. The marker index is the product of diversity
index and effective multiplex ratio (EMR), where EMR (E) is
the number of loci polymorphic in the germplasm of interest
analysed per experiment. Resolving power (Prevost and
Wilkinson 1999) was used to identify the primers that
could distinguish samples most efficiently. For bootstrap-
ping analysis FreeTree software was used and TreeView
(www.natur.cuni.cz/flegs/programs/freetree.htm) was used
for representation of the trees.

Results and discussion

Several primer combinations with different numbers of selec-
tive bases at the 3′ end were initially tested for generating
AFLP fingerprints. The combination having three selective
bases revealed excellent polymorphism. EcoRI + 3 com-
bined with MseI + 3 resulted in amplification of fairly
high number of bands which could be easily separated on
a sequencing gel. Out of eight primer combinations tested,
the band profile of six primer combinations was unambigu-
ous, therefore, final scoring was based on six primer combi-
nations (table 2). In different accessions of P. ovata, primer
combination EcoRI-ACT/MseI-CTG resulted in a minimum
of 104 bands (figure 1a) and primer combination EcoRI-
AGC/MseI-CAT resulted in the maximum number of bands
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Table 2. Analysis of polymorphism generated by AFLP markers among different accessions of Plantago ovata and its wild allies.

Monomorphic bands Polymorphic bands Total bands % Polymorphism PIC MI

Plantago Wild Plantago Wild Plantago Wild Plantago Wild Plantago Wild Plantago Wild
Primer ovata allies ovata allies ovata allies ovata allies ovata allies ovata allies

A 61 0 101 194 162 194 62.3 100.0 0.58 0.86 58.6 166.8
B 84 13 51 161 135 174 37.8 92.5 0.41 0.60 20.9 96.6
C 108 11 10 114 118 125 8.5 91.2 0.18 0.67 1.8 76.3
D 55 07 66 131 121 138 54.5 94.9 0.34 0.66 22.4 86.4
E 26 0 78 158 104 158 75.0 100.0 0.54 0.89 42.1 140.6
F 24 01 95 139 119 140 79.8 99.2 0.72 0.92 68.4 127.8

Primer combinations: A, EcoRI-AGC/MseI-CAT; B, EcoRI-AGG/MseI-CAA; C, EcoRI-ACT/MseI-CTC; D, EcoRI-ACC/MseI-CTA;
E, EcoRI-ACT/MseI-CTG; F, EcoRI-AGG/MseI-CAT.

(figure 1b). The percentage polymorphism of all the primers
varied between 8.5 to 79.8%. The PIC value for AFLP
primers ranged from 0.60 to 0.89 in different species of
Plantago, whereas, as it ranged from 0.18 to 0.72 in different
accessions of P. ovata.

The results of SSR analysis were interesting. Variable
number of alleles (4–11) was observed in the samples used
for the present study. The highest number of alleles was
detected by primer pair A6 while the primer pair BB7
resulted in the detection of minimum number of alleles
(table 3). The allelic variation was also observed in vari-
ous accessions of P. ovata and it ranged from 3 to 7. In
the present study primer pair BB8 helped in discriminating
various P. ovata accessions more efficiently than the others
(figure 1, c–e). PIC values ranged from 0.34 to 0.77. In addi-
tion to the PIC, expected heterozygosity (He) and observed
heterozygosity (H◦) were also calculated for each primer pair
(table 3).

TreeView program was used to generate dendrogram of
the AFLP scoring data of different accessions (figure 2a).
Out of the 10 accessions of P. ovata used in the study, Pov83
forms an outgroup. Four major clusters were formed of the
remaining nine accessions; the first cluster includes Pov80
and Pov90. Second cluster includes accessions Pov85 and
Pov86. Third cluster consists of two accessions Pov26 and
Pov79. Fourth cluster is made of three accessions, Pov78,
Pov25 and Pov93. Out of these, the last two are geneti-
cally closer than the first. Overall, the genetic variability in
the set of accessions of P. ovata is limited. However, AFLP
seems to bring out whatever little variability exists but is
hidden.

Analysis of the dendrogram constructed on the basis of
AFLP scoring data of different species of Plantago revealed
interesting results: only four clusters were formed. The first
cluster consists of P. coronopus and P. serraria which is
in agreement with the ITS data of Ronsted et al. (2002).
Both these species belong to subgenus Coronopus. The
second cluster consists of two species, namely P. lagopus
and P. lanceolata. Both these species belong to subgenus
Bougueria section Lanceifolia (Rahn 1996) and thus were

expected to group together. The third cluster consists of four
species, namely P. indica, P. major, P. rhodosperma and
P. rugelii. This result is in complete agreement with the
data on ITS regions generated by Dhar et al. (2006) and
Ronsted et al. (2002). The fourth cluster is of P. arenaria and
P. exigua, which is also in line with the phylogenetic work
of Rahn (1996), wherein he has placed both these species in
subgenus Psyllium. Placement of P. maritima in the present
tree is surprising where it forms an outgroup. The species
belongs to subgenus Coronopus and should have therefore
clustered with species in the first cluster, which would also
be in agreement with the results obtained on the basis of
ITS regions and morphological data. Since ITS represents
a specific region of the genome, while AFLP markers are
randomly distributed in the genome, therefore, P. maritima
may be an example where the two markers do not agree with
the data on morphology and other characteristics. Another
possibility is that it may be a case of mistaken identity
(figure 2b). The AFLP molecular marker technique is consid-
ered to be the most suitable, reliable and appropriate method
for the analysis of genomes for which limited information is
available, because it is more reproducible than other molec-
ular markers and moreover, AFLP profile does not alter with
minor variations in experimental conditions (Tomkins et al.
2001).

SSRs, like AFLP are PCR-based markers are codominant
in nature, multiallelic and uniformly dispersed throughout
plant genomes. SSR primers show cross genus and cross
species amplification (Liebhard et al. 2002; Yamamoto et al.
2004). Yamamoto et al. (2004) examined SSRs derived
from pear and apple for cross genus amplification in quince
(Cydonia oblonga Mill). In their study, 50% pear markers
and 73% apple markers showed amplification in quince. In
the present study, 83.3% of the primers showed cross ampli-
fication in majority of the Plantago species while 50% of
them showed polymorphism.

During the present investigation, the dendrogram con-
structed on the basis of SSR scoring data (figure 2c) clearly
revealed P. indica as an outgroup. The remaining taxa could
be divided into two groups; one based on single species,
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Figure 1. (a, b) AFLP profiles generated with two different primer combinations. Lanes 1 to 10 represent different accessions of P. ovata
namely, Pov80, Pov90, Pov86, Pov85, Pov79, Pov26, Pov78, Pov25, Pov83 and Pov93, respectively. Lanes 11–19 represent different
species of Plantago namely, P. coronopus, P. lanceolata, P. lagopus, P. serraria, P. exigua, P. maritima, P. arenaria, P. indica, P. major,
P. rugelii and P. rhodosperma respectively. (c, d, e) Amplification of SSR loci in different species of Plantago using using A6 (1c), A3 (1d)
and A4 (1e) primers. Lane 1, Plantago ovata (Po-A2); 2, P. ovata (Po-B3); 3, P. ovata (Po-B5); 4, P. lagopus (P-L); 5, P. exigua (P-E); 6,
P. indica (P-I); 7, P. serraria (P-S); 8, P. ovata (Po-86); 9, P. ovata (Po-93); 10, P. ovata (Po-90); 11, P. ovata (Po-79); 12, P. ovata (Po-83);
13, P. arenaria (P-A); 14, P. maritima (P-M); 15, P. ovata (Po-25); M, 100-bp ladder.

namely P. maritima while the other group comprised of
P. ovata, P. arenaria and P. lagopus. This finding is in accor-
dance with the work conducted by Ronsted et al. (2002) and
Dhar et al. (2006). P. maritima and P. serraria belong to
the subgenus Coronopus and the remaining taxa belong to
subgenera Psyllium and Albicans (Rahn 1996). Therefore,
P. maritima and P. serraria were expected to group together.
However, surprisingly the two were found distant from each
other. This observation can be explained on the basis of their

different chromosome numbers; while, P. maritima has 2n =
2 × = 12; P. serraria has 2n = 2 × = 10. Rahn (1996)
has drawn similar conclusions on the basis of morphologi-
cal, embryological and chemical data while comparing these
two species. In his study, P. maritima and P. serraria did not
fall under one clade and he has placed them into different
sections i.e. Maritima and Coronopus respectively.

The larger group of species could be further divided into
three smaller subgroups. The first subgroup includes all the
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Table 3. Polymorphic information content (PIC), expected (He) and observed (Ho) heterozygosity
values of different SSR primers.

Primer Total number of alleles PIC He Ho

1 A3 7 0.65 0.65 0.89
2 A4 9 0.73 0.73 0.81
3 A6 11 0.34 0.34 0.26
4 BB1 6 0.62 0.73 0.97
5 BB2 9 0.60 0.60 0.61
6 BB3 5 0.49 0.59 0.87
7 BB4 5 0.34 0.70 0.57
8 BB5 7 0.57 0.75 0.87
9 BB6 5 0.49 0.57 0.87
10 BB7 4 0.36 0.72 0.76
11 BB8 10 0.77 0.77 0.80
12 BB9 6 0.39 0.39 0.55

accessions of P. ovata as was expected and also confirms
our earlier observations of low variability within the species
(Dhar et al. 2011). The second group was based on P. lago-
pus and P. serraria. These two species are grouped together
in this study, which is a sign of their genetic affinity but
in Rahn’s (1996) study the two species did not fall under
one clade and were placed into different subgenera Albicans
and Coronopus, respectively. The last subgroup consists of
P. arenaria and P. exigua, and it can be inferred that these
two species are closely related to each other. Their placement
is in agreement with the work done by Rahn (1996).

A significant feature of the present study is that except
primers based on P. lagopus, which is a relative of P. ovata,
primers based on unrelated genera like Malus and Phaseolus

turned out to be highly successful. The primers designed by
Squirrell and Wolff (2001) on the basis of P. major showed
limited cross amplification in other species of Plantago.
We also observed limited transferability of these primers in
P. ovata. Same is true of few earlier workers who used these
primers for other Plantago species (Koorevaar et al. 2002;
Wolff et al. 2009).

The presence of unique SSR and AFLP markers among
various Plantago species indicates the usefulness of this
approach for fingerprinting purposes. AFLP primers showed
values from 0.18 to 0.92 and the PIC values obtained in case
of SSR primers ranged from 0.34 to 0.77. AFLP proved to
be more efficient in unraveling the intraspecific and interspe-
cific genetic diversity in the genus Plantago. Similar types
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Figure 2. Dendrograms based on AFLP (a) different accessions of P. ovate, (b) different Plantago species, and (c) SSR data.
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of results have also been reported in other studies as well
(Skrede et al. 2009; Biswas et al. 2011). AFLP markers are
considered to be markers of choice because no prior informa-
tion of the genome is necessary and a very high level of poly-
morphism can be detected. It has been further documented
that for the large scale intraspecific and interspecific studies
AFLP is the most appropriate molecular marker (Woodhead
et al. 2005).

Thus, it can be concluded that AFLP and SSR markers are
highly useful for not only unraveling and assessing genetic
diversity in P. ovata and some of its wild allies at molecular
level but also for determining their phylogenetic relation-
ships. For developing mapping population it would be worth-
while to select parents from accessions, Pov80 and Pov79
based upon the AFLP molecular characterization. Once the
mapping population is obtained, the next step can be the
development of a genetic map, which has not yet been gen-
erated in P. ovata or any of its wild allies. This can prove to
be a major breakthrough for the genetic improvement of this
plant.
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