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ABSTRACT

Baeckea frutescens or Cucur Atap, is a medicinal plant that has been traditionally used as herbal medicine
and has great potential for pharmaceutical application due to its biological properties. The increasing
demand for B. frutescens herbal medicinal products has led to its over-exploitation. Therefore, it is crucial
to generate baseline genetic information in order to formulate conservation and breeding programmes for
this species. In this study, a total of 26 polymorphic simple sequence repeat (SSR) markers have been
developed in B. frutescens based on the leaf transcriptome sequence data obtained via next generation
sequencing (NGS) technology. These markers were evaluated using 32 individuals from Forest Research
Institute Malaysia Research Station in Setiu, Terengganu. The mean number of alleles was two and the
average expected (Hg) and observed heterozygosity (Ho) were 0.484 and 0.900, respectively. Cluster
analysis revealed high genetic similarity among the individuals, whereby many of them were of the same
clones. It is essential to assess more individuals from other populations for better understanding on the
genetic diversity of this useful medicinal plant.

Keywords: Cluster analysis; genetic diversity; medicinal plant; next generation sequencing (NGS); simple
sequence repeats (SSRs).

INTRODUCTION

Baeckea frutescens, locally known as Cucur Atap, is a medicinal plant of the family Myrtaceae and
subfamily Myrtoideae. It is a shrub or small evergreen tree that is found in Peninsular Malaysia, Sumatra
and the coastal areas of southern China to Australia. In Peninsular Malaysia, B. frutescens is found on
mountain tops, quartz ridge and sandy coasts of the eastern parts (Wong et al., 2010). Throughout South-
East Asia, the flowers and leaves of B. frutescens are made into herbal tea and are used in treating dyspepsia
and menstrual problems (Navanesan et al., 2015). In Malaysia and Indonesia, it is traditionally associated
with health drinks and powders given to mothers after childbirth. Furthermore, the essential oil from this
plant is also used in the treatment of rheumatism. Although B. frutescens has been widely used as traditional
medicine and has shown great potential for use in pharmaceuticals because of its anti-inflammatory,
antimicrobial, antimalarial and antioxidant properties (Navanesan et al., 2015), very little is known about
the genetics of this species. In view of the importance and rising demand of B. frutescens for pharmaceutical
industries, it is important to gather baseline genetic data for B. frutescens to facilitate conservation and
breeding programmes for this species.

Simple sequence repeats (SSRs), also known as microsatellites, are short tandem repeat sequences
of DNA that are useful for the detection of genetic variations because they are abundant, highly
polymorphic, highly reproducible and multiallelic (Wang et al., 2018). Additionally, the co-dominance
nature of SSRs allows the direct measurement of heterozygosity, which only requires small amount of DNA
for data collection (Mason, 2015). As such, SSR markers have also been widely used as a powerful tool in
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studies of population genetic diversity and genetic structure analysis (Yoichi et al., 2016). The emergence
of next-generation sequencing (NGS) in recent years has increased the sequencing capability far beyond
the traditional Sanger method. Recent publications have shown that NGS plays a low-cost and time-efficient
role in polymorphic SSR discovery (Chen et al., 2014). In fact, transcriptome method has facilitated the
effort of SSR discovery especially in non-model plants with no reference genome, thus it has become the
method of choice nowadays (Zalapa et al., 2012; Yan et al., 2015).

In this study, we developed polymorphic SSR markers based on the transcriptome sequence of B.
frutescens obtained via Illumina paired-end sequencing. To the best of our knowledge, this was the first
study on the development of SSR markers in B. frutescens. The developed SSR markers can be used for
genetic studies to improve the utilisation and conservation of B. fiutescens genetic resources.

MATERIALS AND METHODS
Sample collection and DNA extraction

Leaf samples of 32 B. frutescens individuals were collected from Forest Research Institute Malaysia
(FRIM) Research Station in Setiu, Terengganu (SPF Setiu). Total DNA was extracted from approximately
5 g of fresh leaf tissues for each sample using a modified CTAB method (Murray and Thompson, 1980)
and further purified using High Pure PCR Template Preparation Kit (Roche Diagnostics, Germany). The
integrity and quality of the DNA were evaluated by electrophoresis on 1% agarose gels and the
concentration of the DNA samples was determined using NanoDrop 2000 spectrometer (Thermo Fisher
Scientific, USA).

RNA extraction and transcriptome sequencing

Total RNA from fresh leaves of B. frutescens was extracted using RNeasy Plant Mini Kit (Qiagen, USA)
following the manufacturer’s instructions. The quality of the extracted RNA was checked using NanoDrop
2000 spectrometer (Thermo Fisher Scientific, USA) and 1% agarose gel electrophoresis, and quantified
using Qubit 2.0 (Thermo Fisher Scientific, USA). The RNA integrity and quantification were verified using
Bioanalyzer 2100 system (Agilent Technologies, Santa Clara, CA, USA) with the minimum RNA
integrated number (RIN) value of 8. The cDNA library was constructed following the NEBNext Ultra 11
RNA Library Prep Kit protocol along with NEBNext Poly(A) mRNA Magnetic Isolation Module (New
England BioLabs, USA). The transcriptome sequencing was carried out at the Genetics Lab, FRIM,
Kepong, Selangor using paired-end Illumina MiSeq sequencing on an [llumina MiSeq (Illumina Inc., USA)
with 600 cycles according to the manufacturer’s instructions.

SSR identification and marker development

The quality of generated paired-end reads was checked using FastQC (Andrews, 2010). The sequences had
undergone pre-processing analysis using Trimmomatic v0.32 (Bolger et al., 2014) to discard low quality
sequences. De novo transcriptome assembly of the cleaned paired-end reads was then performed using
Trinity RNA-Seq v2.4.0 with default parameters (Grabherr et al., 2011). The assembled data were deposited
in the NCBI Sequence Read Archive (SRA) under the accession number PRINA725027. SSR-containing
sequences were identified using MIcroSAtellite identification tool (MISA) (Thiel et al., 2003), with the
minimum number of repeats set at 10 for mono-nucleotide repeats, six for di-nucleotide motifs, and five
for tri-, tetra-, penta- and hexa-nucleotide repeats. Primers were designed using Primer 3 (Rozen and
Skaletsky, 2000) using an in-house script. Selection of primers was based on the criteria which were primer
length of 18 to 24 bases, GC content of 50 to 60%, melting temperature of 50 to 63°C and the predicted
PCR product sizes of 100 to 380 bp.
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Screening of SSR primer pairs and validation of SSR loci

Initially, 70 primer pairs from the Primer 3 output that meet the criteria mentioned above were randomly
selected and screened for four B. frutescens individuals by PCR amplification and electrophoresis on 2%
agarose gels. The sizes of the PCR products were calculated by comparison with 1 kb DNA ladder. The
primer pairs that produced specific-single band were then selected for 5’ end fluorescent labelling using
either 6-FAM or HEX, at the forward primers. The labelled primers were further screened for
polymorphisms using 32 individuals from FRIM Research Station in Setiu. The multiplex PCR
amplifications were performed in 8 pL reaction mixture, consisting of approximately 5 ng of DNA template,
1 x Type-it Multiplex PCR Master Mix (Qiagen, Germany) and 0.2 uM of primer mix for an initial
denaturing step of 5 min at 95°C, 35 cycles of 95°C for 30 s, 55°C annealing temperature for 1 min 30 s,
and 72°C for 30 s, followed by a final extension of 30 min at 60°C. The PCR products were subjected to
fragment analysis using an ABI 3130xl Genetic Analyzer (Applied Biosystems, USA) with ROX 400 as
the internal size standard (Applied Biosystems, USA). Genotyping was performed using GeneMarker
v2.6.4 (SoftGenetics, 2010).

Evaluation of SSR markers

The 32 B. frutescens samples were used for SSR markers evaluation. Microsatellite Toolkit (Park, 2008)
was applied to analyse the genotypic data. Genetic diversity parameters such as number of alleles (A),
observed (Ho) and expected heterozygosities (Hg) as well as polymorphic information content (PIC) were
estimated. MICROCHECKER v.2.2.3 (van Oosterhout et al., 2004) was used to check for scoring errors
caused by stutters or large-allele dropouts and to estimate null-allele frequencies. For analysing the genetic
relationship among the samples, cluster analysis was carried out based on unrooted tree construction and
Unweighted Pair wise Methods with Arithmetic averages (UPGMA) (Nei and Li, 1979) to generate a
dendogram via PowerMarker version 3.25 (Liu and Muse, 2005).

RESULTS AND DISCUSSION
SSR distribution in transcriptome sequences of B. frutescens

Transcriptome sequencing of B. frutescens produced 3,649,253 raw reads. After trimming, a total of
3,597,597 clean reads were obtained. The clean reads were de novo assembled into 96,581 contigs and were
used for mining potential SSR motifs. From the total number of sequences examined, there were 9,213
identified SSRs with di-nucleotide motifs being the most enriched (8,500; 92.26%), followed by tri-
nucleotides (682; 7.4%) and tetra-nucleotides (31; 0.34%) (Figure 1). B. frutescens is classified as
dicotyledonous plants. According to Biet et al. (1999), di-nucleotide repeats are generally the most frequent
SSR motif type in dicotyledonous species whereas tri-nucleotide repeats are most common in graminaceous
plants such as rice, wheat and barley. The finding was comparable to the study by Peng et al. (2008) which
demonstrated that di-nucleotide repeat type had the highest occurrence rate (36.03%) in cassava, followed
by tri-nucleotide (31.84%) and mono-nucleotide repeat type (30.10%). The result was also consistent with
a study by Liu et al. (2018), showing that di-nucleotide SSRs were the most common in Eucalyptus,
followed by tri-nucleotide SSRs. Furthermore, similar results by Yan et al. (2015), Chen et al. (2015) and
Xing et al. (2017) have shown that di-nucleotide repeats were the most common SSR repeat type in
dicotyledonous plants. In contrast, Li et al. (2018) reported that tri-nucleotide repeats were the most
common in centipedegrass, followed by di-, tetra-, hex- and penta-nucleotides repeats. The results were
also in accordance with the findings in other plant species, for example peanut (Zhou et al., 2016) and
chrysanthemum (Wang et al. 2013).

In addition, a total of 24 different types of motifs were identified which belonged to four types of
di-nucleotides repeats, nine types of tri-nucleotides and 11 types of tetra-nucleotides. As shown in Figure
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2, the AG/CT motif was the most predominant di-repeat (8,139; 88.34%) followed by AC/GT (264; 2.87%),
AT/AT (92; 1.00%) and CG/CG (5; 0.05%). For the tri-nucleotide motifs, the AAG/CTT motif (319;
3.46%) was the most abundant tri-repeats followed by AGG/CCT (141; 1.53%) and AGC/CTG (77,
0.84%). Among tetra-repeats, ACAT/ATGT showed the largest proportion (6; 0.07%). The findings were
consistent with the result of centipedegrass (Li et al., 2018) and Vernicia fordii (Xu et al., 2012), which
reported that AG/CT showed the largest proportion in di-nucleotide repeat whereas AAG/CTT showed the
largest proportion in tri-nucleotide repeat. Previous studies by Chen et al. (2015) also indicated that AG/CT
and AAG/CTT were the most abundant di- and tri-nucleotide repeat motifs, respectively in dicotyledonous
plants. In contrast, CCG/CGG (21; 0.23%) was a rare motif type in the transcriptome of B. frutescens. This
was similar to other dicotyledonous plants, for instance Dysosma versipellis (Guo et al., 2014), Epimedium
sagittatum (Zeng et al., 2010) and Raphanus sativus L. (Jiang et al., 2012).

Screening of SSR primers

Initially, 70 primer pairs with 30, 34 and 6 primer pairs for di-, tri- and tetra-nucleotide SSRs, respectively,
were randomly selected for screening. Fifty-five primer pairs showed specific-single bands on 2% agarose
gel electrophoresis (Figure 3) and subsequently the forward primers were fluorescently labelled to be used
for fragment analysis. In this study, 15 out of 70 primer pairs were unable to amplify effectively and have
been excluded from further analyses.

Furthermore, fragment analysis showed that 38 out of 55 SSR markers yielded consistent genotypes
and clean peaks without any noise. Among these 38 SSR loci, 26 loci were polymorphic while the remaining
12 SSR markers were identified as monomorphic with only one allele observed per locus. The examples of
the genotype profiles of selected polymorphic loci were shown in Figure 4. Out of the 26 markers
developed, tri-nucleotide SSRs have the highest abundance with 14 markers, followed by eight and four
markers for di- and tetra-nucleotide SSRs, respectively. The overall proportion of polymorphic primers was
47.3%, which was comparable to the polymorphic ratio of EST-SSRs in castor bean (41.1%) (Qiu et al.
2010).

682 (7.4%)  31(0.34%)

B Dinucleotide
@A Trinuclectide

O Tetranucleotide

Figure 1. Di-, tri- and tetra-nucleotides SSR distribution in B. frutescens
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Figure 2. Distribution of SSR repeat motifs in B. frutescens showing details of motifs comprising di-, tri-
and tetranucleotides with sequence complementary
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Figure 3. Part of the results for primer screening viewed in 2% agarose gels. Gel images for PCR products
of (a) BfrT19-BfiT36 (b) BfirT37-BfrT54 primer pairs with 100 base pair ladders on the leftmost well of
each lane.
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Figure 4. Genotype profiles of selected polymorphic loci. (a) BfrT04 (b) Bf#T06 (c) BfrT60 and (d)
BfirT69.

Evaluation of SSR markers

Genetic diversity is defined as the variation of heritable characteristics present in a population of the same
species (Swingland et al., 2001). The 26 polymorphic genic SSR markers developed in this study were
evaluated based on the 32 B. frutescens individuals. As presented in Table 1, the average expected ({g) and
observed heterozygosity (Ho) were 0.484 and 0.900, respectively, with a mean number of alleles of two.
Mean number of alleles (MNA) per locus is a good indicator of the genetic polymorphism within the
population (Hassen et al., 2012). However, it is largely dependent on the sample size (Hipparagi et al.,
2017). In this study, the MNA was low despite substantial sample size because the samples studied were
closely related.

The number of detected alleles may increase when more populations were investigated, assuming
that more genetic diversity will be captured from different populations. Salunkhe et al. (2013) analysed the
genetic diversity of 48 Indian emmer wheat cultivars using 47 SSR markers and identified 2 to 9 alleles per
locus with a mean of 3.87. In other study on 34 Ethiopian emmer cultivars using 29 SSR markers, an
average of 6.95 alleles per locus was detected (Teklu et al., 2006). This proved that larger sample size with
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relatively higher diverse individuals led to higher number of alleles per locus (Rafeipour et al., 2016;
Hipparagi et al., 2017).

Polymorphic information content (PIC) is an index that indicates the information content of
molecular markers and is widely used to evaluate molecular marker polymorphism. The PIC value of each
SSR locus is determined by both the number of alleles and their frequency distribution within the population
(Aljumaah et al., 2012). In this study, the PIC ranged from 0.110 to 0.470 with an average of 0.362. The
obtained average PIC is comparable to the value of 0.35 reported for 48 Indian emmer wheat individuals
(Salunkhe et al., 2013). Similarly, Hipparagi et al. (2017) also reported 2.61 alleles with an average PIC
value of 0.36 among 75 soybean genotypes assayed by 21 SSR markers. Previous studies by Bisen et al.
(2015) detected 2.22 alleles per locus with an average PIC value of 0.199 using 16 SSR markers on 38
soybean varieties.

Table 1. Genetic diversity parameters for the 26 genic SSR markers in B. frutescens. Number of alleles
(A), observed (Ho) and expected heterozygosity (He) and polymorphic information content (PIC) were
estimated based on 32 individuals.

Locus Repeat motif ~ Allele size range (bp) A Ho Hg PIC
BfiT03 (AG)s 114 - 122 2 1.000 0.508 0.375
BfrT04 (AG)15 290 - 292 3 0.344 0.572 0.470
BfiT0S (GT)o 123 - 145 2 1.000 0.508 0.375
BfrT06 (AG)20 165 -167 2 0.250 0.268 0.229
BfirT22 (CT)s 238 - 250 2 1.000 0.508 0.375
BfiT25 (TC)s 185-195 2 1.000 0.508 0.375
BfrT27 (CT)2 309 -317 2 1.000 0.508 0.375
BfiT30 (GA)17 268 - 290 2 1.000 0.508 0.375
BfrT31 (TCG)s 240 - 250 2 1.000 0.508 0.375
BfrT34 (AAG)s 263 - 294 2 1.000 0.508 0.375
BfiT40 (GAG)s 192 -200 2 1.000 0.508 0.375
BfiT41 (TCT)s 135-154 2 1.000 0.508 0.375
BfrT42 (ATG)s 314 -330 2 1.000 0.508 0.375
BfiT43 (GGA)g 253 -256 2 1.000 0.508 0.375
BfrT46 (CTT)io 333-345 2 1.000 0.508 0.375
BfiT47 (TCC)s 349 -353 2 1.000 0.508 0.375
BfrT49 (AAG)10 256 - 259 2 1.000 0.508 0.375
BfiT52 (GAA)g 181 -190 2 1.000 0.508 0.375
BfiT56 (GGC)s 212 -216 2 1.000 0.508 0.375
BfrT60 (TTC)s 170 - 174 3 0.688 0.458 0.349
BfiT62 (GGA)g 142 - 148 2 1.000 0.508 0.375
BfrT63 (AGG)s 196 - 203 2 1.000 0.508 0.375
BfrT65 (AGGG)s 232 - 236 2 1.000 0.508 0.375
BfiT66 (TCCT)s 160 - 172 2 1.000 0.508 0.375
BfrT67 (GAGT)s 248 - 251 2 1.000 0.508 0.375
BfirT69 (TATG)s 195 -203 2 0.125 0.119 0.110

Mean 2 0.900 0.484 0.362

A marker with PIC of more than 0.5 can be considered as highly informative and polymorphic
whereas PIC value in the range of 0.25 to 0.5 indicates moderate polymorphism and reasonably informative,
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and PIC value of less than 0.25 is measured as low polymorphism (Marshall et al., 1998). Less informative
markers lead to lower PIC values. In this study, 24 of the 26 pairs (92.3%) of primers showed moderate
polymorphism while the remaining two markers (Bf#T06 and Bfi'T69) showed low polymorphism (7.7%).
The highest PIC value was 0.470, for locus BfrT04. Null alleles usually occur due to mutations at the
priming sites. In this study, null allele was detected only in one locus (BfrT04) and repetition of
amplification yielded the same result. In general, these 26 SSR markers were reasonably informative and
could be used in future genetic analysis of B. frutescens.

Genetic relatedness among individuals

The close genetic relationship among the 32 individuals was confirmed by cluster analysis. Based on the
26 loci, the 32 individuals of B. frutescens were separated into three main clusters, corresponding to Cluster
A, Cluster B and Cluster C (Figure 5). Cluster A consisted of 15 individuals with six sub-clusters. Cluster
B comprised nine individuals with six sub-clusters. Cluster C consisted of eight individuals with three sub-
clusters. The dendrogram generated revealed high genetic similarity among the individuals. Overall, there
were 15 sub-clusters of individuals which shared similar multilocus genotype within sub-cluster (Figure 5),
implying the presence of clonal plants.

CONCLUSIONS

A total of 26 polymorphic genic SSR markers with consistent and scorable genotypes based on the fragment
analysis which excluded the monomorphic loci have been successfully developed for B. fiutescens. Our
study demonstrated that SSR technology is a powerful tool for evaluating genetic diversity and relationship
among the B. frutescens individuals. However, since the gene pool of B. frutescens at our study site was
very limited, it is essential to assess more individuals from other populations across Peninsular Malaysia to
reveal information on the genetic diversity distribution and population genetic structure of B. frutescens.
The SSR markers developed can also be utilised to evaluate B. frutescens germplasm collections for
conservation and breeding purposes. Conservation programme guided by genetic information is crucial to
prevent irreversible genetic erosion of this useful medicinal plant, while effective breeding programme will
support planting of B. frutescens to ensure sustainable utilisation
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