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ABSTRACT. Patchouli [Pogostemon cablin (Blanco) Benth.] is an aromatic,
herbaceous plant belonging to the Lamiaceae family native to Southeast
Asia. Its leaves produce an essential oil regularly used by the perfume
and cosmetics industries. However, since patchouli from the Philippines
and India were described and named Pogostemon patchouli, there has
been a divergence in the identity of these species. The objective of the
current study was to study the genetic diversity of patchouli accessions
in the Active Germplasm Bank of Universidade Federal de Sergipe using
microsatellite and inter simple sequence repeat markers. The results of
both types of molecular markers showed that there are two well-defined
clusters of accessions that harbor exclusive alleles. It was observed that
these two clusters are genetically distant, suggesting that they belong to
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two different species. Based on the results, two accessions were classified
as Pogostemon heyneanus and the remaining accessions were classified
as P. cablin.

Key words: Pogostemon cablin; Pogostemon heyneanus; Microsatellites;
ISSR

INTRODUCTION

Patchouli [Pogostemon cablin (Blanco) Benth.] is an herbaceous plant native to Southeast
Asia and grown extensively in India, Malaysia, Philippines, Indonesia, and Singapore (Swamy et
al., 2010). Patchouli essential oil is used by the perfume and cosmetic industries (Sugimura et al.,
2005; Singh and Rao, 2009; Paul et al., 2010). Patchouli also has great relevance in traditional
Chinese medicine, for which it is used to treat colds, vomiting, diarrhea, and as an antifungal
treatment (Hsu et al., 2006; Xu et al., 2010).

Since patchouli from the Philippines (P. cablin) and the Indian patchouli (Pogostemon
heyneanus) were described and named Pogostemon patchouli, there has been a divergence in
the identity of the two species (Murugan and Livingstone, 2010). According to these same authors,
the names Pogostemon patchouly, P. patchouli, Pogostemon suavis, P. patchouli var. suavis,
and Pogostemon javanicus refer to the same plant, P. cablin, which is the commercial patchouli.
However, Oyen (1999) reported that P. cablin is a synonym of P. patchouly, whereas P. heyneanus
is a synonym of P. patchouli. lt is, thus, clear that even among researchers, there is disagreement
regarding patchouli nomenclature and taxonomy. Therefore, it is necessary to use molecular
tools to confirm the differences between these species, if they exist, to assist in the building and
management of germplasm banks so that there are no issues in the identification of accessions of
different species.

The use of molecular markers is typically efficient in studies identifying closely related
individuals in germplasm banks. They provide important information in population genetics studies
and in the management of natural resources because they are not influenced by environmental
variables, as is the case for morpho-agronomical markers. Microsatellite markers, or single
sequence repeats (SSR), are ubiquitous and abundant in the prokaryotic and eukaryotic genomes
studied to data; they are present in coding and non-coding regions of the genome, and are generally
characterized by a high degree of polymorphism compared with other molecular markers (Kelkar et
al., 2010; Remya et al., 2010). PCR amplification of genomic DNA using a single primer that targets
the SSR per se has resulted in a new type of analysis using inter-simple sequence repeats (ISSR)
(Liu and Wendel, 2001). ISSR markers were developed by Zietkiewicz et al. (1994) and brought a
new approach for fingerprinting, applicable to taxonomy and phylogenetic comparisons, as well as
a mapping tool for a wide range of organisms (Zietkiewicz, et al., 1994).

The objective of the present study was to molecularly characterize the patchouli accessions
of the Active Germplasm Bank of the Universidade Federal de Sergipe using SSR and ISSR.

MATERIAL AND METHODS

Young, recently expanded leaves were collected from one sample of the 10 patchouli
accessions in the Active Germplasm Bank of Universidade Federal de Sergipe (Table 1).
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Table 1. Characteristics of the 10 patchouli accessions from the Active Germplasm Bank of Medicinal and
Aromatic Plants of Universidade Federal de Sergipe.

Accession code | Scientific name Source No. in the Herbarium of
Universidade Federal de
Sergipe
Multidisciplinary Center for Chemical, Biological and
POG-001 Pogostemon heyneanus | Agricultural Research, Universidade Estadual de 13,169
Campinas, Campinas, SP, Brazil
POG-002 Pogostemon cablin Free market, Sdo Paulo, SP, Brazil 13,170
POG-006 Pogostemon heyneanus | Richters company, Canada 13,171
POG-014 Pogostemon cablin Free market, Belo Horizonte, MG, Brazil 13,172
POG-015 Pogostemon cablin Free market, Sdo Cristévéo, SE, Brazil 13,173
POG-016 Pogostemon cablin Embrapa Genetic and Biotechnology Resources, Brasilia, DF, Brazil 13,174
POG-017 Pogostemon cablin Embrapa Genetic and Biotechnology Resources, Brasilia, DF, Brazil 13,175
POG-019 Pogostemon cablin Univeridade Federal do Parana, Curitiba, PR, Brazil 13,176
POG-021 Pogostemon cablin Growmore Ltd company, India 13,177
POG-022 Pogostemon cablin Free market, Belém, PA, Brazil 13,178

Molecular analyses with SSR markers

The cetyltrimethylammonium bromide (CTAB) protocol described by Doyle and Doyle (1990)
was used to extract genomic DNA from the samples and a genomic library enriched for patchouli
SSRs was generated (Billotte et al., 1999). The genomic DNA was digested with the enzyme Afal,
and the digestion product was ligated to the adaptors Afa 21 (5'-CTCTTGCTTACGCGTGGACTA-
3') and Afa 25 (5'-TAGTCCACGCGTAAGCAAGAGCACA-3"). The fragments were pre-amplified
using polymerase chain reaction (PCR) and purified with the QIAquick® PCR Purification kit
(Qiagen, Chatsworth, CA, EUA) according to the manufacturer protocol.

Fragments containing SSRs were selected using beads (magnetic spheres) bound to
streptavidin from the Streptavidin MagneSphere Paramagnetic Particles kit (Promega). Beads pre-
washed with purified DNA were mixed with the biotinylated SSR oligonucleotides (CT) and (GT).

The selected fragments were amplified using PCR, and the amplified fragments were
ligated to a cloning vector ()GEM-T). The cloning product was added to medium with XL1-BLUE
cells for bacterial transformation, and the insert was, thus, amplified. Colonies with a white color
were replica-plated on an ELISA plate. The construct (vector + fragment) was maintained in
U-bottom plates under appropriate conditions for subsequent analysis, and a step was performed
to check if the transformed clones contained the inserts. The plasmid DNA was isolated from the
recombinant colonies, and the insert was amplified so that the fragment could be sequenced.
To eliminate possible interfering products or an excess of the sequencing reaction reagents, the
samples were purified and sequenced.

WebSat (http://wsmartins.net/websat) was used to identify SSR regions and primers
were designed with Primer3 software (Untergrasser et al., 2012). Gene Runner v. 3.05 (Hastings
Software Inc., Hastings, NY, USA; http://www.generunner.net/) was used to validate the
parameter values established for primer design and demonstrate the probability of formation of
secondary structures preventing the use of the primers. Finally, the Chromas (Technelysium Pty
Ltd., Australia; http://www.technelysium.com.au) program was used in the sequencing analysis
of the SSR and primer regions.

The reaction was optimized on agarose gel, and the primers were tested on a polyacrylamide
gel. For those primers that did not yield any bands, even with a temperature gradient, a touch
down program was also used. The PCR-amplified fragments were subjected to 7% denaturing
polyacrylamide gel electrophoresis and stained with silver nitrate.
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The 10 accessions were divided into two clusters based on the results obtained by Blank
et al. (2011): one cluster consisted of POG-001 and POG-006 and the other cluster consisted
of the remaining 8 accessions. In the statistical-genetic analyses, the allele frequency, observed
heterozygosity (H,), expected heterozygosity (H,), allele amplitude, and polymorphic information
content (PIC) were determined using MStools (Park, 2001). FSTAT provided the number of alleles
per locus (N,), allelic richness and F-statistics (fixation index F, and inbreeding coefficient F )
using Weir and Cockerham’s methods (1984) (Goudet, 1995). The allele and genotype frequencies
of each locus were calculated using the TFPGA program (Miller, 1997). The Structure software
(Pritchard et al., 2000) was used to estimate the most probable number of clusters of samples.
The number of clusters, K, was defined according to the criteria proposed by Evanno et al. (2005).

Molecular analyses with ISSR markers

Genomic DNA was extracted as described for SSR markers. After extraction, samples
were quantified and diluted in Tris-EDTA buffer to a final concentration of 3 ng/uL. PCR was
optimized using accessions POG-001 and POG-014 to determine which primers would amplify
DNA fragments with specific, polymorphic bands.

A total of 41 ISSR primers already available in the literature were tested, and 22 were
selected. To determine the annealing temperature, a temperature gradient was tested, and the
temperature showing the best amplification of non-specific, robust bands was selected.

PCR products were analyzed using 1.4% agarose gel electrophoresis and stained with
blue green loading dye | (LGC Biotechnology). After the run, the gels were photographed under
ultraviolet light, which revealed the DNA fragments marked with the dye. The bands for each primer
were analyzed according to their presence (1) or absence (0).

Arlequin version 3.11 was used to perform analysis of molecular variance (AMOVA)
(Excoffier et al., 2005). PopGene version 1.31 was used to calculate genetic similarities between
the two clusters, assuming that the populations are in Hardy-Weinberg equilibrium (Yeh et al.,
1999). The estimates used were N,, effective number of alleles (N;) (Kimura and Crow, 1964), H_
(Nei, 1973), Shannon index, and PIC.

The Structure software was used to estimate the number of clusters present for the studied
patchouli accessions (Pritchard et al., 2000). DarWin was used to generate a dendrogram of the
cluster formation, using Dice dissimilarity.

When evaluating chemical variations of the essential oil of the patchouli accessions in
the Active Germplasm Bank of Universidade Federal de Sergipe (except POG-017), Blank et al.
(2011) detected two clusters through multivariate analyses of four harvests, with POG-001 and
POG-006 forming the first cluster (P. heyneanus), and the remaining accessions forming the
second cluster (P. cablin).

RESULTS
Molecular analyses with SSR markers

Sequencing of 96 samples from a plate using the genomic library revealed 24 SSR sequences,
a 25% enrichment index. Of the SSR motifs identified, 10 were dinucleotides, four were trinucleotides,

eight were tetranucleotides, one was a pentanucleotide, and one was a compound. Among the SSRs
identified, only six pairs of primers were designed, making it necessary to sequence other colonies.

Genetics and Molecular Research 15 (1): gmr.15017458 ©FUNPEC-RP www.funpecrp.com.br



Molecular characterization of patchouli 5

The enrichment index in the second sequencing reaction (10.4%) was lower than that in
the first, and only 10 SSRs were identified among 96 samples. These motifs were classified and
quantified as two dinucleotides, three trinucleotides, three tetranucleotides, one pentanucleotide,
and one motif that was redundant with the first sequencing reaction. Six additional pairs of primers
were designed from these nine non-redundant sequences.

A total of 12 pairs of primers were synthesized and named Pca1 to Pca12. Following
optimization of the primers on a polyacrylamide gel, six polymorphic loci were used in further
analyses (Table 2).

Table 2. Details of the six synthesized single sequence repeat (SSR) primer pairs used to characterize 10
patchouli accessions from the Active Germplasm Bank of Medicinal and Aromatic Plants Universidade Federal
de Sergipe.

Primer Motif Classification Allele amplitude (bp) T(°C) Primer sequence
Pca 1 GA(16) Dinucleotide 228-240 57.2 F: ACACACTCCCCCACCATAC
R: CCACCTGTTTCTTTCACTTCC
Pca 3 CA(8) Dinucleotide 164-168 Touchdown | F: CCATTTCGTCACCTCTC
R: AAACAGGCAAGTGAAAGT
Pca 4 AG(14) Dinucleotide 258-266 65 F: AGGGAAGCAGGGAAAACATT
R: CTTGCGGCATTTAGGGATAC
Pca 6 TG(4). TC.TG(5)AG(4)...TGTT(3) | Compound 180-216 Touchdown | F: ACAAAGGGTTGACGATTG
R: GTGATGAAACTGTCTCTCCTG
Pca7 TG(6).AGTC.TA(4) Compound 186-220 57.2 F: AAGCGTGATTGCCCTTAAT
R: GCCGTATTTGAGAAATGCTT
Pca 8 CAT(5) Trinucleotide 207-210 Touchdown | F: ACCTGACGCCACTACTCCTC
R: TCACTTTGAATGCGAACCA

Using the optimized primers, 14 alleles were identified for the six loci studied. The Pca1
primer revealed the highest number of alleles (4), whereas all the other loci revealed two alleles,
with an average of 2.33 alleles per locus.

Of the polymorphic microsatellite loci, five contained dinucleotide motifs, and only one
featured a trinucleotide motif. All the primers designed for tetranucleotide or pentanucleotide
microsatellites were monomorphic.

For the Pca1 locus, H_ was 0.66 for cluster A and 0.53 for cluster B, whereas H, was 1 for
both clusters at the same locus. For the other loci, H. and H_ were both 0. The PIC value for Pcal
was 0.375 for both clusters studied. For the other primers, PIC was 0.

Using the matrix of genetic distances created by Rogers (1972), modified by Wright (1978),
and according to the Neighbor-Joining method clustering criteria, a dendrogram was generated
using the TFPGA program (Miller, 1997), which shows the relationships between the 10 accessions
studied (Figure 1).

Em

Figure 1. Dendrogram of 10 patchouli accessions from the Active Germplasm Bank of Universidade Federal de
Sergipe based on single sequence repeat (SSR) loci, created using the UPGMA method and Roger’s genetic distance.
Numbers on branches indicate confidence from 1000 bootstrap repetitions.
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The Structure software proved to be an efficient tool in cluster identification because it
was successful in clustering the 10 accessions into two distinct, well-defined clusters: the black
colored cluster, containing POG-001 and POG-006 (P. heyneanus), and the gray colored cluster,
containing the remaining accessions (P. cablin) (Figure 2A).
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Figure 2. Subdivision of 10 patchouli accessions from the Active Germplasm Bank of Universidade Federal de Sergipe
into clusters based on inter-simple sequence repeat (ISSR) data (A) and single sequence repeat (SSR) data (B),
inferred from Bayesian analysis performed using the Structure program (K = 2). Each accession is represented by a
vertical bar, with bars of the same color clustered together. Membership of each accession to each cluster is shown
on the y-axis.

Molecular analyses with ISSR markers

Of the 41 primers used, 22 generated specific bands. Of the 181 bands obtained, a total of 146
were polymorphic (80.66%) and 35 were monomorphic, with an average of 8.23 bands per primer. The
number of bands identified per primer ranged from 3 (primer 7) to 20 (primer MAO; Table 3).

Table 3. Details of the 22 inter simple sequence repeat (ISSR) primers that successfully amplified specific bands
in 10 patchouli accessions from the Active Germplasm Bank of Medicinal and Aromatic Plants of Universidade
Federal de Sergipe.

Primer name Sequence Annealing temperature (°C) | No. of bands | No. of polymorphic bands | No. of monomorphic bands
JOHN (AG)/CC 45 4 4 0
843 (CT)sAA 47.8 7 4 3
844 (CT)sAC 45 12 11 1
898 (CA)AT 32 13 10 3
899 (CA)AG 33.8 7 4 3
902 (GT)eAT 45 4 3 1
AW3 (GT)GG 45 4 4 0
MANNY (CAC)AC 45 11 11 0
GOOFY (GT)CC 52 7 [ 1
TERRY (GTC)GC 45 5 4 1
BECKY (CA)TC 50 10 9 1
MAO (CTC}AC 45 20 19 1
OMAR (GAG)GC 48 7 4 3
DAT (GA)’AG 45 16 12 4
1 (AG)s 54 6 3 3
5 (GAG)s 54 7 3 4
7 (CT)sAG 56.2 4 2 1
7 (GTG)s 52 3 3 1
18 (GA)eT 59 8 8 0
ISSR3 (CTC)RC 45 11 9 2
ISSR4 (AG)sYC 48 8 7 1
ISSR6 (CA)G 48 7 6 1

ISSR data also shows high F value (0.905) between Pogostemon heyneanus and Pogostemon cablin clusters.

Genetics and Molecular Research 15 (1): gmr.15017458
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The mean N,, N, Nei's (1973) gene diversity, and Shannon’s Information index were
1.055, 1.055, 0.028, and 0.038, respectively, for P. heyneanus and 1.210, 1.089, 0.059, and 0.095,
respectively, for P. cablin (Table 4). The average Nei’s gene diversity (1973) and the Shannon index
(Lewontin, 1972) were 0.0229 and 0.0334, respectively, for P. heyneanus and 0.0695 and 0.1046,
respectively, for P. cablin. The percentage of polymorphic loci was 5.52% for the first cluster and
20.99% for the second cluster.

Table 4. Genetic parameters of the patchouli accessions from the Active Germplasm Bank of Universidade
Federal de Sergipe based on inter-simple sequence repeat (ISSR) data.

Na Ne h |
Pogostemon heyneanus 1.055 (0.229) 1.055 (0.229) 0.028 (0.115) 0.038 (0.159)
Pogostemon cablin 1.210 (0.408) 1.089 (0.243) 0.059 (0.124) 0.095 (0.191)
Overall 1.807 (0.396) 1.399 (0.243) 0.261 (0.142) 0.405 (0.212)

N,, observed number of alleles; N, effective number of alleles (Kimura and Crow, 1964); h,
Nei’'s (1973) gene diversity; I, Shannon’s Information index (Lewontin, 1972). Standard deviations
are show in parentheses.

AMOVA for the 10 patchouli accessions studied showed higher genetic variation between
the two clusters (90.51%) than within the clusters (9.49%; Table 5).

Table 5. Analysis of molecular variance (AMOVA) for the patchouli accessions from the Active Germplasm Bank
of Medicinal and Aromatic Plants of Universidade Federal de Sergipe based on inter simple sequence repeat
(ISSR) data.

Variation source Degrees of freedom | Sum of squares Variance Variation percentage
components

Between populations 1 188.625 57.07520 Va 90.51

Within populations 8 47.875 5.98438 Vb 9.49

Total 9 236.500 63.05957

Fst 0.90510

The use of the Structure program led to the formation of two specific clusters from the 10
accessions studied. One of the clusters consisted of accessions POG-001 and POG-006. All the
remaining patchouli accessions of the Active Germplasm Bank Universidade Federal de Sergipe
formed the second cluster, colored in black (Figure 2B).

DarWin was used to identify the individual clusters, placing accessions POG-001 and
POG-006 in a cluster separate from that of the other accessions (Figure 3).

The F, calculated (0.833) shows the divergence between P. heyneanus and P. cablin
clusters. Deficit of heterozygotes was detected by F estimate (0.917) (Table 6).
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Figure 3. Dendrogram of 10 patchouli accessions from the Active Germplasm Bank of Universidade Federal de
Sergipe based on Dice genetic dissimilarity from inter-simple sequence repeat (ISSR) loci, created using the UPGMA
method. Numbers on branches indicate confidence from 1000 bootstrap repetitions.

Table 6. Weir and Cockerham (1984) estimation of F, (theta) and F (f) for the patchouli accessions from the
Active Germplasm Bank of Medicinal and Aromatic Plants of Universidade Federal de Sergipe based on SSR data.

Theta f
Main 0.833 0.917
Lower CI 0.75 -1
Upper Cl 1 1

Cl, confidence interval.

DISCUSSION
SSRs

The use of molecular markers is an efficient option for the characterization of germplasm
banks, which is necessary for appropriate maintenance of biological resources to ensure no genetic
losses or duplications occur. The division of the patchouli accessions into two clusters was based
on a study by Blank et al. (2011). Considering that POG-001 and POG-006 are different species of
P. cablin, the genetic divergence between individuals - if placed into a single cluster - would be very
high, but would not represent the real genetic characterization of the accessions.

One of the advantages of using SSR markers is their codominance, allowing individuals
with heterozygous loci to be differentiated from homozygous individuals. In this study, only POG-
001 and POG-006 featured heterozygous loci, which may be explained by the fact that they are
the only plants among the 10 accessions that generate inflorescences in northeast Brazil. It is
likely that, in their native environment, there was gamete exchange between plants, which enabled
genetic recombination and heterozygote emergence. Because the other genotypes of patchouli
from the Active Germplasm Bank of Universidade Federal de Sergipe do not produce flowers and
reproduce asexually, there has been no allele exchange between different individuals. In general,
in their natural habitat, heterozygous plants of P. cablin must be uncommon.

Genetics and Molecular Research 15 (1): gmr.15017458 ©FUNPEC-RP www.funpecrp.com.br
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In both the first and second sequencing reactions, primers were not designed for all SSR
sequences identified because it was not possible to design good quality primers. This occurred due
to the proximity of SSRs to the adapters or because the flanking regions of the fragments did not
have good sequencing quality, preventing primer design.

Among the polymorphic SSR loci, five contained dinucleotide motifs and only one featured
a trinucleotide motif. All the primers designed for SSRs with tetranucleotide or pentanucleotide
motifs were monomorphic. The dinucleotide motifs were polymorphic because they had more
repetitions than, for example, the pentanucleotides. This finding has already been reported by Chin
et al. (1996), who determined that dinucleotide microsatellite repetitions are frequently the most
polymorphic class, and by Zhu et al. (2003), who correlated the non-occurrence of polymorphisms
in microsatellites with few repetitions in tandem with the “slippage” of the DNA polymerase.
Therefore, loci with a higher number of repetitions are more susceptible to mutation, and there
is a higher probability of error by the DNA polymerase during DNA replication through slippage.
Strassmann et al. (1997) explained that it is expected that loci with fewer than five repetitions are
rarely polymorphic, as in the case for patchouli.

In general, the SSR motifs more commonly found in plant genomes are the AT/TA
dinucleotides, followed by AA/TT and GA/CT (Pinto et al., 2001). More than half the SSR loci used
in this study featured these repetitions, which confirm the data by Pinto et al. (2001).

For the Pca1 locus, because H_ was lower than H_ in both clusters, we concluded that
there is an excess of heterozygotes relative to the expected number based on Hardy-Weinberg
equilibrium. de Moura et al. (2009) also found a higher H_ than H_ in a study of Solanum lycocarpum,
which suggests an excess of heterozygotes. The observed heterozygosity may be considered a
relationship between the heterozygous individuals in the cluster.

A higher average index of H, and H_ relative to other studies may result in part from the
lower number of individuals evaluated here. A sampling error based on the small sample size used
here could lead to a lack of possible representative genotypes for each locus. The presence of
a higher number of homozygotes in the studied cluster, with heterozygotes being rare, may be
explained by the fact that patchouli reproduction occurs via cuttings. Therefore, in future study,
population heterozygosity data will probably be in agreement with those of other researchers if a
larger sample of individuals is used.

Regarding the other loci studied, H. and H, were null, indicating a deficit of heterozygotes.
According to Huang et al. (2009), this could suggest a loss of genetic polymorphism due to genetic
drift or possibly due to population structuring within that cluster. These two hypotheses could
explain the null H. and H,,, and they also imply that individuals in each cluster may be clones.

Analyzing the plots of allele frequencies, it is evident that for the primers studied, the
alleles of the first cluster are not shared with any individual in the second cluster and vice-versa.

P. cablin alleles (POG-002, POG-014, POG-015, POG-016, POG-017, POG-019, POG-
021, and POG-022) are shared by all the accessions in this cluster. The same is true for Pogostemon
sp (POG-001, POG-006) accessions evaluated for their alleles.

A good indicator of marker quality in genetic studies is PIC, described by Botstein et al.
(1980). According to the classification by this author, markers with PIC values higher than 0.5
are considered to be very informative, those with values between 0.25 and 0.50 are moderately
informative, and those with values lower than 0.25 have little informative value. According to this
classification, only Pcal was a moderately informative marker because its PIC value was 0.375,
whereas the other markers were not informative, with PIC values of 0. However, this low value, which
tends to suggest a marker of low quality in terms of its informativeness, is due to the low number of
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individuals in the study; if we increase the sample size, the PIC value will probably change.

The Bayesian analysis performed using the Structure software confirmed that there is no
allele sharing between the accessions in the first cluster relative to the second cluster and vice-versa,
at least for the primers used in this study. The graph produced by Structure showed filled vertical bars,
representing total certainty that the accessions were grouped correctly. The dendrogram obtained
with the Neighbor-joining method also showed the formation of two well-specified clusters, which
correspond to the results of the Structure analysis. From these analyses, it was determined that the
Pogostemon sp accessions are genetically very distant from the P. cablin accessions.

ISSRs

While ISSR markers are also dominant, they are more reproducible than random amplified
polymorphic DNA. This reproducibility is associated with two characteristics that provide higher
specificity to the ISSR primers, their higher annealing temperature and their design based on
microsatellite regions, making them semi-arbitrary markers.

A high number of primers yielding polymorphic, robust bands were obtained in this
study (22), considering that in several other research studies, the number of primers used was
approximately 10. de Almeida et al. (2009), who performed molecular characterization of sugarcane
with ISSR markers, were able to generate robust bands with eight primers. Hussein et al. (2008)
used nine primers to amplify fragments in studies of strawberry. From 21 initial primers, Dje et al.
(2006) obtained bands with good amplification using 11 of the primers in studies of Cucurbitaceae.

The number of bands obtained from the 22 primers was relatively high (146 polymorphic) and
was close to that reported by Wu et al. (2010) in a study of P. cablin populations using ISSR markers,
who observed a total of 241 bands from 19 primers. The percentage of polymorphic bands relative to
all accessions was very close to the results of Pan et al. (2006), who genetically characterized five P.
cablin populations using RAPD markers, identifying 79.76% of the total bands as polymorphic, which
enabled the identification of genetic variation within the different populations studied.

The Shannon index is a metric that ranges from 0 to 1; the closer that value is to 0, the
lower the diversity. This index was close to O for the two clusters studied here, establishing that
the diversity within these clusters is low. These results were expected upon visual analysis of the
agarose gel because it was evident that almost no variation in terms of the height of the bands
existed within the clusters studied.

The Fg, value (0.90510), which was obtained from AMOVA, was highly significant (P <
0.001). This value indicates that 9.49% of the total variation occurs within the clusters and that 90.51%
occurs between the clusters. This high value (Fg, = 0.9051) may indicate that there is reduced gene
flow between the clusters, leading to an increase in genetic differentiation. According to Hartl and
Clark (2007), F, values above 0.25 indicate very high genetic differentiation. We suggest that the
high genetic variation between the two clusters, provided by AMOVA, probably occurred because the
P. heyneanus individuals belong to a different species from that of P. cablin cluster.

The low genetic diversity found within each cluster studied in this study may be associated
with the fact that patchouli is not a species native to Brazil and is present in a germplasm bank, without
allele exchange between individuals. Moreover, according to Paul et al. (2010), the propagation of
patchouli occurs via cuttings, and there is no allele exchange through sexual reproduction.

The use of the two types of molecular markers evaluated in this article enabled a more
general analysis of the active germplasm bank studied. The specificity of the SSR markers proved
to be efficient for differentiation of the accessions into two well-defined clusters. To compensate
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for the limited number of individuals, characterization with ISSR markers was necessary and
completed the analysis satisfactorily. Being semi-arbitrary markers, ISSRs enabled the detection of a
higher number of bands and also confirmed the results obtained with the SSRs for Pogostemon sp.

Based on these results, we conclude that POG-001 and POG-006 are different species of
P. cablin, commonly known by the same name (patchouli) and classified as P. heyneanus by the
herbarium of Universidade Federal de Sergipe. The analysis using the six pairs of SSR primers
placed the other individuals from the active germplasm bank into a single cluster, as clones.

The SSR primers described here were very efficient in the detection of polymorphisms
because we obtained polymorphic bands. The results obtained with ISSR markers indicate that
these markers may be used efficiently in the fingerprinting of patchouli accessions.
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