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Genetic diversity analysis of Pandanus amaryllifolius using EST-SSR and iPBS markers 1 

 2 

Abstract 3 

Pandanus amaryllifolius, a tropical fragrant screw pine, is commonly used in cooking and 4 

traditional medicine. Despite the fact that various studies have been conducted on the 5 

metabolite, transcriptome and proteome profiles of P. amaryllifolius, there is a scarcity of 6 

molecular markers suitable for genetic improvement.  Therefore, this research aimed to analyse 7 

the genetic diversity of P. amaryllifolius using EST-SSR markers derived from transcriptome 8 

dataset and iPBS marker system. Using the leaf transcriptomes of three biological replicates, 9 

we successfully generated 157,467 unigenes from P. amaryllifolius, with an average length of 10 

1,084 base pairs. Of these, 66,820 EST-SSRs were identified, presenting one SSR for every 11 

2.6 kb of distribution density. The most common SSRs were dinucleotides (45.54%), followed 12 

by mononucleotides (32.65%). Out of 48,816 developed EST-SSR markers, we randomly 13 

selected 30 for the genetic diversity analysis among 24 P. amaryllifolius accessions, together 14 

with sixteen iPBS markers for P. amaryllifolius diversity study. Only two EST-SSR and three 15 

iPBS markers showed polymorphic bands, indicating a low polymorphism level among 24 P. 16 

amaryllifolius accessions. Diversity analysis using EST-SSR markers revealed 3 polymorphic 17 

bands with an average polymorphic information content (PIC) value of 0.26. Meanwhile, the 18 

iPBS markers generated10 polymorphic bands with an average PIC value of 0.16. The UPGMA 19 

cluster analysis differentiated accessions into 5 clusters with iPBS markers and 2 clusters with 20 

EST-SSR markers, indicating that iPBS marker system is more effective in identifying the 21 

polymorphism of this species. The present work provides a great resource for identifying genes 22 

and developing markers in P. amaryllifolius. 23 

 24 
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Pandanus amaryllifolius (common name: pandan), a tropical plant in the screw pine family 50 

Pandanaceae, is commonly found in Southeast Asia, such as Thailand, Malaysia, Indonesia, 51 

and India (Mohd Amnan et al. 2023). Similarly to Basmati-India, Jasmine-Thai, and Kaorimai-52 

Japan rice, P. amaryllifolius is well-known for its exotic fragrance emitted by its leaves 53 

(Wongpornchai 2006). Besides their aromatic value, the leaves are often used in cooking to 54 

give flavour and natural colour to foods. 2-acetyl-1-pyrroline (2AP) is the major chemical 55 

compound of the leaves (Yahya et al. 2011), while essential oils, carotenoids, tocopherols and 56 

tocotrienols also present (Lee et al. 2004).  57 

The leaves of this plant species have been used as a folk medicine to energise the body, 58 

relieve indigestion and treat fever (Reshidan et al. 2019) and diabetes mellitus (Kaban and Putri 59 

2020). In addition, some alkaloids from P. amaryllifolius leaves exhibited antimicrobial 60 

activity and antihyperglycemic effects (Chiabchalard and Nooron 2015; Laluces et al. 2015; 61 

Wakte et al. 2007). Although there are reports on the metabolite (Ghasemzadeh and Jaafar 62 

2013), transcriptome (Bhatt et al. 2021) and proteome (Amnan et al. 2022) profiles of P. 63 

amaryllifolius, there has been little analysis of the genetic variations within P. amaryllifolius, 64 

hindering its use in genetic and breeding studies. Previously, a study by Wakte et al. (2012) 65 

utilised ISSR and amplified fragment length polymorphism (AFLP) markers to evaluate the 66 

genetic diversity between P. amaryllifolius accessions from India, Sri Lanka and Thailand. 67 

However, until now, the genetic diversity of this species in Malaysia has not been evaluated.  68 

Simple sequence repeat (SSR) marker system has been widely utilised to study the 69 

genetic basis of important traits and the mapping of regulatory genes in plants (Wang et al. 70 

2018). SSRs are repetitive DNA sequences found in both protein-coding and non-coding 71 

regions of DNA sequences. They are abundant, highly polymorphic, multiallelic, codominant, 72 

reproducible, and transferable (Boopathi 2020). Nevertheless, generating SSR markers from 73 

genomic DNA is both costly and ineffective, resulting in limited transferability of these 74 
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markers. Therefore, expressed sequence tag (EST)–SSR markers system is preferable, 75 

particularly in organisms that lack of sequence database of their own (Cai et al. 2019). High-76 

throughput NGS technologies, such as RNA sequencing (RNA-seq), offer a new platform to 77 

obtain large transcriptome sequences of non-model species. The transcriptome sequences 78 

generated from RNA-seq can mine SSR marker sequences and develop the required primers 79 

for EST-SSR markers (Taheri et al. 2019; Zhang et al. 2019). 80 

In addition to SSR marker systems, the inter-primer binding site (iPBS) marker has 81 

gained attention for analysing genetic variation in plant species. This marker system was 82 

developed by Kalendar et al. (2010) and has been effectively used to evaluate the genetic 83 

diversity in various plant species (Aydın et al. 2020; Bayat et al. 2018; Borna et al. 2017; 84 

Coutinho et al. 2018). The iPBS marker system was developed based on the conserved regions 85 

of the primer binding site (PBS) sequences for transfer RNAs (tRNAs), which are used in 86 

reverse transcription during the replication cycle of the long terminal repeat (LTR) 87 

retrotransposons (Guo et al. 2014). The iPBS is a useful DNA fingerprinting tool without 88 

requiring previous genomic DNA information. The iPBS marker system is able to differentiate 89 

among closely related genotypes. These markers exhibit a significant level of reproducibility 90 

attributed to the length of the primers and the great stringency that the annealing temperature 91 

achieves (Amom and Nongdam 2017; Bonchev et al. 2019). 92 

The primary objective of this research was to analyse the genetic diversity of P. 93 

amaryllifolius utilising a combination of EST-SSR markers derived from the transcriptome 94 

dataset and the iPBS marker system. This transcriptome and genetic variation analyses provide 95 

new perspectives into the evolutionary origin of P. amaryllifolius and are valuable resources 96 

for molecular breeding to develop improved cultivars. 97 

 98 
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Materials and Methods 99 

Plant material and RNA extraction 100 

P. amaryllifolius plants purchased from a nursery in Sungai Buloh, Selangor, Malaysia, were 101 

grown in clay silt loam soil and acclimatised in a growth room at the Universiti Malaya, 102 

Malaysia. All plants were maintained at 25°C with a cycle of 16 h of light and 8 h of darkness. 103 

After two weeks of acclimatisation, young leaves from three P. amaryllifolius plants were 104 

sampled, immediately frozen in liquid nitrogen, and stored at -80°C. Total RNAs were 105 

extracted using a modified CTAB method (Tattersall et al. 2005). The leaf samples were 106 

ground into fine powder in liquid nitrogen using a sterilised mortar and pestle. Subsequently, 107 

5 ml preheated extraction buffer was added to 1 g of sample, followed by an incubation step at 108 

65°C for 10 min. The aqueous phase was recovered and subjected to two rounds of chloroform: 109 

isoamyl (24:1) alcohol extraction. The upper aqueous phase was recollected and transferred to 110 

a new centrifuge tube. After adding 2.5 M of lithium chloride (Calbiochem, USA), the mixture 111 

was incubated at -20°C overnight. Next, the samples were spun at 11,000 × g for 30 min at 112 

4°C. After washing with 70% ethanol, the pellet was briefly dried before adding 50 µl DEPC-113 

treated water (Simms et al. 1993). The RNA samples were kept at -80°C for future use. 114 

 115 

cDNA library construction and RNA sequencing 116 

mRNA from each sample was purified using Oligo (dT) magnetic beads (Thermo Fisher 117 

Scientific, USA). The mixture was supplemented with a fragmentation buffer to induce mRNA 118 

breakdown before synthesising complementary DNA (cDNA) using reverse transcription-119 

polymerase chain reaction (RT-PCR) and random primers. The short cDNA fragments were 120 

purified and resolved using the elution buffer. These fragments were then subjected to end 121 

reparation using T4 DNA and Klenow DNA polymerase (Thermo Fisher Scientific, USA). 122 

Subsequently, a 3’-terminal adenylation was added to the mixture to repair cDNA fragments 123 
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and link with sequencing adapters. A cDNA library was created by utilising purified products 124 

and amplified through PCR. Prior to sequencing on an Illumina HiSeq 4000 system at Beijing 125 

Genomics Institute (Shenzhen, China), the quality of cDNA was assessed using an Agilent 126 

2100 Bioanalyzer (Agilent Technologies, Germany).   127 

 128 

De novo assembly and functional annotation of unigenes 129 

The generated raw reads from sequencing were checked to exclude low-quality reads (>20% 130 

Q-score of <20 bases), adaptor-polluted reads, unclear reads with >5% unknown base (N), and 131 

non-coding RNA. Then, the ‘Clean Reads’ were saved in FASTQ format (Cock et al. 2010). 132 

The Trinity program (v2.8.5) was used to assemble the clean reads to obtain P. amaryllifolius 133 

transcriptome dataset (Grabherr et al. 2011). The TGICL pipeline (v2.0.6) was used to cluster 134 

and assemble the Trinity-assembled transcriptome to produce longer and unique contigs (Pertea 135 

et al. 2003).  136 

The functional annotation of the assembled unigenes was performed by searching 137 

transcripts against the NCBI non-redundant protein Nr, https://www.ncbi.nlm.nih.gov/), 138 

Cluster of Orthologous Groups (COG, https://www.ncbi.nlm.nih.gov/research/cog-project/), 139 

Swiss-Prot (Boeckmann et al. 2003), and Gene Ontology (GO, http://geneontology.org/) 140 

databases. The search was conducted using BLASTx with an E-value cut-off of 1e−5 (Altschul 141 

et al. 1990). The KEGG metabolic pathway database (https://www.kegg.jp/blastkoala/) was 142 

searched to assign the molecular and higher-level function to P. amaryllifolius transcriptome 143 

dataset (Kanehisa et al. 2007). The functional classification of unigenes was performed using 144 

the WEGO2.0 (https://wego.genomics.cn/) (Zhang et al. 2018). 145 

 146 

SSR locus detection and primer design 147 

The detection of SSRs in unigenes was done using the Perl script MicroSAtellite identification 148 
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tool (MISA, http://pgrc.ipk-gatersleben.de/misa/misa.html) (Beier et al. 2017). The assembled 149 

transcriptome was examined for di-, tri-, tetra, penta-, and hexanucleotide repeat motifs. EST-150 

SSR primers were designed using Primer 3 (http://bioinfo.ut.ee/primer3) (Untergasser et al. 151 

2012) according to the following parameters: length 18–23 nucleotides, with 21 optimal; PCR 152 

product size 100–400 bp; optimum annealing temperature 55°C; and GC content 40–60%, with 153 

50% optimal. For this study, 30 primers were randomly selected for synthesis (Table S2). 154 

 155 

DNA extraction and genetic variation analysis 156 

This study collected 24 accessions of P. amaryllifolius from different locations in Malaysia 157 

(Fig. 1; Table S1). The DNA extraction of P. amaryllifolius leaves was done using a modified 158 

CTAB protocol (Porebski et al. 1997). The quality and quantity of DNA were checked on 1 % 159 

gel electrophoresis and a Nanodrop spectrophotometer (Thermo Fisher Scientific, USA), 160 

respectively. The 30 EST-SSR primer pairs from the previous section and 10 ISSR primers 161 

were validated experimentally through PCR and electrophoresis. A 25 μl final PCR reaction 162 

consisted of 1x buffer (Promega, USA), 2.5 mM MgCl2, 0.2 mM dNTP, 1 μM of each primer, 163 

0.5 U Taq polymerase (GoTaq, Promega, USA), 25 ng of DNA sample and 15.75 µl of 164 

autoclaved distilled water (Kaushal et al. 2017).  165 

The PCR for EST-SSR markers was done using a Gradient Thermal cycler (Bio-Rad 166 

Laboratories, USA) under the following conditions: initial denaturation of template DNA at 167 

95°C for 3 min, followed by 35 cycles of 94°C for 30 s, 57°C – 65°C (depending on the 168 

annealing temperature of different primer pairs) for 1 min, 72°C for 1 min, and a final 169 

elongation step of 72°C for 10 min. Subsequently, PCR products were separated on 3% (w/v) 170 

Metaphor agarose gel (Lonza, Switzerland) electrophoresis. 171 

For iPBS markers, sixteen primers with an 18-mer length, which were originally 172 

designed by Kalendar et al. (2010), were utilised. These primers were selected due to their 173 
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demonstrated high efficiency through PCR (Table S3). First, all primers were amplified with 174 

P. amaryllifolius accessions to test their efficiency in the amount and quality of bands at 95 °C 175 

for 2 min, followed by 34 cycles of 95 °C for 15 s, 50 – 60 °C (Table S6) for 30 s and 72 °C 176 

for 60 s, with a final elongation at 72 °C for 5 min. Ultimately, three primers were chosen to 177 

analyse 24 P. amaryllifolius accessions based on reproducibility and clear visible loci. Each 178 

primer was tested twice using genomic DNA from all accessions. The PCR products were 179 

separated on 2% agarose gel electrophoresis.  180 

 181 

Data analysis 182 

The amplified bands were assessed using manual scoring, where a value of 1 indicated the 183 

presence of the band and a value of 0 indicated its absence. In the scoring process, only clearly 184 

visible bands that exhibited repetition and were well-distinguished from one another were 185 

selected. POPGENE statistical software ver. 1.32 was used in Nei’s distance coefficient (h) 186 

and Shannon’s information index (I) (Yeh 1999). The genetic distance index (D) was used to 187 

measure the genetic differences between populations (Nei 1972). The NTSYSpc 2.11 V 188 

software package was used to analyse the iPBS-retrotransposon binary matrices (Rohlf 2000). 189 

The unweighted pair group method with arithmetic Mean (UPGMA) dendrogram was 190 

generated with the SAHN subprogram. 191 

 192 

Results 193 

Illumina sequencing and de novo assembly of paired-end reads 194 

The sequencing analysis generated 73,687,726 raw reads (7.369 Gb), with the percentage of 195 

Q20 bases being 97.18 % (Table 1). The GC content was approximately 41.01 %. After raw 196 

read filtering, high-quality reads were assembled into 157,467 unigenes, reaching 170,772,211 197 

bp. All the unigenes were classified based on the length of the sequences, ranging from 301 to 198 
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over 3000 bp. The unigenes’ average length was approximately 1084.5 bp and N50 of 2,514 199 

(Table 1). Most reads (91.7%) were in the 200-1000 bp range. There were 63,170 unigenes less 200 

than 1000 bp in length, 65,339 unigenes ranging from 1000-3000 bp, and 32,363 unigenes with 201 

more than 3000 bp (Fig. 2). 202 

 203 

Functional annotation and classification of the transcripts 204 

The assembled unigenes were searched against public databases, including NR, SwissProt, 205 

COG, TrEMBL, KEGG, and GO, using blastn/x (E-value 10-5) to understand their features and 206 

functions. Among these unigenes, 43,891 (27.82%), 76,755 (48.74%), 40,807 (25.91%), 207 

43,991 (27.91%), 6,432 (4.08%) and 22,503 unigenes (14.29%) have significant matches in 208 

the NR, SwissProt, COG, TrEMBL, KEGG, and GO databases, respectively. Overall, 112,525 209 

(71.45%) unigenes were annotated in all six databases (Table 2). In the BLASTx search of the 210 

NR database, 41,568 unigenes (41.16%) were found to have similarities with sequences from 211 

Aegilops tauschii (3.69%), Beta vulgaris (3.56%), Cucumis melo (3.48%), Glycine max 212 

(3.64%), Oryza sativa indica (3.73%), Oryza sativa japonica (3.54%), Physcomitrella patens 213 

(3.03%), Solanum lypersicum (3.6%), Zea mays (3.67%),  and other species (68.09%) (Fig. 3). 214 

In a search against the KEGG database, the unigenes were separated into 5 main 215 

categories and were classified into 320 KEGG pathways. Among 5 main categories, 216 

metabolism was the biggest category (3,731, 58.01%), followed by genetic information 217 

processing (977, 15.19%), organismal systems (660, 10.26%), cellular processes (646, 10.04%) 218 

and environmental information processing (660, 10.26%) (Fig. 4). 219 

In this study, P. amaryllifolius unigenes were annotated into 3 GO categories and 67 220 

subcategories (Fig. 5). A large number of unigenes were annotated in the cellular component 221 

(CC) category and divided into 19 subcategories, of which most were represented by the term 222 

of cell, cell part, organelle, organelle part and membrane. In the biological process (BP) 223 
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category, the unigenes were clustered into 31 terms at the second level, and the terms, cellular 224 

process, metabolic process, and biological regulation, were the top 3 subcategories. In 225 

molecular function (MF) category, the unigenes constructed 16 terms at the second level, 226 

dominantly represented by binding and catalytic. 227 

 228 

Identification of EST-SSRs from P. amaryllifolius transcriptome 229 

Approximately 66,820 out of 157,467 unigenes encode 48,816 potential EST-SSRs. Among 230 

these unigenes, 13,054 contain multiple SSRs, while 6,596 were identified to be present in 231 

compound formation (Table 3). A total of 170,772,211 kilobases (kb) of sequenced data were 232 

analysed, revealing a frequency of at least one SSR every 2.6 kb within the expressed part of 233 

the P. amaryllifolius genome. The SSRs comprised 21,820 mononucleotide (32.65%), 30,428 234 

dinucleotide (45.54%), 11,809 trinucleotide (17.67%), 1,052 quadnucleotide (1.57%), 847 235 

pentanucleotide (1.27%), and 864 hexanucleotide motifs (1.29%) (Fig. S1).   236 

Among the two types of mononucleotide repeat motifs, it was observed that the A/T 237 

motif exhibited the highest frequency, accounting for 30.7% of the total number of SSRs (Fig. 238 

6). The frequency of the C/G pattern was found to be less frequent compared to the A/T motif, 239 

with a value of 1.95%. The AG/CT dinucleotide repeat motif exhibited the highest prevalence 240 

among the other motif types, accounting for 33.94% of the total SSRs. Conversely, the CG/CG 241 

motif was found to be the least prevalent, representing only 0.24% of the total SSRs. Among 242 

the trinucleotide repeat motifs, the AGG/CCT repeat motif accounted for 4.3% of the total 243 

SSRs, making it the most frequently observed pattern. The AAG/CCT repeat motif was the 244 

second most common, representing 3.36% of the total SSRs. Following these, the AGC/CTG 245 

repeat motif accounted for 1.48% of the total SSRs. The patterns of quad-, penta-, and hexa-246 

nucleotide repeats accounted for 4.13% of the overall SSRs, as seen in Table 4.  247 

 248 
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SSR marker system 249 

Among 48,186 designed SSR primers, 30 were randomly selected to analyse the polymorphism 250 

of 24 P. amaryllifolius accessions. Of these, 28 pairs were successfully amplified among these 251 

primers, producing the expected band sizes. Two primers (SSR29 and SSR31) produced 252 

polymorphic bands from the PCR products (Table 5). The number of polymorphic bands is 2 253 

(SSR19) and 1 (SSR30), with a mean of 1.5 bands per primer. The highest polymorphic 254 

information content (PIC) value was 0.14, which was obtained from SSR30. The Nei’s genetic 255 

diversity for both markers was 0.10 and 0.12, respectively. The average value of Shannon’s 256 

information index (I) was 0.22. 257 

A UPGMA dendrogram constructed from the two EST-SSR markers generated data 258 

has grouped the 24 P. amaryllifolius accessions into two clusters (Fig. 7). The first cluster 259 

comprised 14 accessions which were collected from Johor, Pulau Pinang, Sarawak and Kedah 260 

states. The second cluster contained 10 accessions from Selangor. The principal coordinate 261 

analysis (PCoA) presented the existence of two separate groups between the accessions (Fig. 262 

8). The first group consisted of twelve accessions of P. amaryllifolius originating from Perak, 263 

Johor, Kedah, Sarawak, Sabah, and Pulau Pinang. These accessions were observed to cluster 264 

together and positioned in the upper right of the plane. The second group consisted of ten 265 

accessions originating from Selangor state and were allocated to the lower left region of the 266 

plane. 267 

    268 

iPBS marker system 269 

Sixteen iPBS primers were employed in the first screening process to assess polymorphism 270 

across the 24 accessions of P. amaryllifolius. Three primers (iPBS2399, iPBS2226, and 271 

iPBS2238) were chosen for iPBS PCR amplification (Table 6). A total of 10 scorable bands 272 

were amplified using these primers, resulting in a polymorphism rate of 73.88% (Table 6). The 273 
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primer iPBS2399 exhibited the highest number of band, producing a total of five bands. In 274 

contrast, primers iPBS2226 and iPBS2238 yielded three and two bands, respectively. The 275 

primer iPBS2399 had the highest PIC value of 0.08, whereas iPBS2238 produced the lowest 276 

PIC value of 0.03. The average Nei’s genetic diversity and average value of Shannon’s 277 

information index (I) was 0.03 and 0.10, respectively. 278 

A dendrogram constructed based on the three iPBS markers has grouped the P. 279 

amaryllifolius accessions into five main clusters (Fig. 9). The first cluster comprised five 280 

accessions from Johor. The second cluster contained twelve accessions from Selangor. The 281 

third cluster included two accessions of P. amaryllifolius from Kedah, the fourth cluster 282 

consisted of accessions from Pulau Pinang and the fifth cluster had accessions from Sabah. The 283 

PCoA based on iPBS markers revealed the presence of five distinct groups, as depicted in 284 

Figure 10. The 24 accessions of P. amaryllifolius were distributed into 6 groups. The first group 285 

comprised two accessions from Sabah, distributed at the upper left of the plane. Three groups 286 

of eight accessions from Sarawak, Kedah and Johor were distributed at the upper right of the 287 

plane. The fifth group comprised ten accessions from Selangor and two from Perak, clustered 288 

in the lower left plane. The sixth group on the lower left plane had two accessions from Pulau 289 

Pinang. 290 

 291 

Discussion 292 

De novo assembly and EST-SSR markers development 293 

RNA-seq and de novo assembly are powerful tools for gene discovery and generating markers 294 

(Unamba et al. 2015). As shown in this study, we successfully generated 73.69 million reads, 295 

with an average transcript size of 1395.39 bp, for the analysed P. amaryllifolius. In comparison, 296 

Bhatt et al. (2021) only reported 29.46 million reads in P. amaryllifolius, with a transcript size 297 

of 802 bp. Although both assemblies were generated using the Trinity program, different 298 
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sequencing depths might cause the discrepancy. However, our assembled P. amaryllifolius 299 

unigenes (1084.50 bp) are comparable to Cyamopsis tetragonoloba (1045.24 bp)(Al-Qurainy 300 

et al. 2019) and Avena sativa L. (1071.7 bp)(Kim et al., 2022). We achieved a 71.5% annotation 301 

rate for the unigenes, probably due to the high amount of unigenes with over 500 base pairs in 302 

length within the assembled transcripts. The length of these unigenes appears to affect the 303 

annotation rate, with longer sequences increasing the likelihood of identifying BLAST matches 304 

in the protein databases (Parchman et al. 2010).  305 

During the BLASTx search in the NR database, we observed low similarity between P. 306 

amaryllifolius and various plant species, including Aegilops tauschii, Beta vulgaris, Cucumis 307 

melo, Glycine max, Oryza sativa indica, Oryza sativa japonica, Physcomitrella patens, 308 

Solanum lypersicum, and Zea mays. This could be attributed to the absence of publicly 309 

available whole-genome sequencing of Pandanus sp. in existing databases. Our GO analysis 310 

showed that the largest groups were the metabolic processes and catalytic activity. The 311 

classification of unigenes into 67 subcategories highlighted the diverse transcripts in the P. 312 

amaryllifolius transcriptome. When analysing the KEGG database, we observed that 313 

metabolism was the largest group, followed by genetic information processing, organismal 314 

systems, cellular processes and environmental information processing (Figure 6). These 315 

findings revealed the possibility of generating high-quality transcriptome data for non-model 316 

plants with large genomes using high-throughput technology.  317 

DNA markers derived from transcriptomic sequences often outperform those derived 318 

from genomic sequence data (Taheri et al. 2019). In this study, we successfully identified EST-319 

SSR markers (30.06%), with a distribution density of one SSR per 2.6 kb, which was 320 

remarkably higher than Curcuma alismatifolia (12.57%) (Taheri et al. 2019), Panicum 321 

sumatrense (11.25%) (Desai et al. 2021), Mucuna pruriens (9.3%) (Sathyanarayana et al. 322 

2017), Magnolia wufengensis (8.7%) (Wang et al. 2019), Coriandrum sativum L. (21.91%) 323 
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(Tulsani et al. 2020), and Polygonatum sibiricum (25.86%) (Yang et al. 2022), but lower than 324 

Glycyrrhiza uralensis (60.10%) (Liu et al. 2015) and Gentiana macrophylla (30.73%) (Wang 325 

et al. 2015). The frequency and abundance variations of SSRs between different species can be 326 

attributed to several factors, including the criteria utilised for SSR detection, the size of the 327 

dataset, the techniques employed for database mining, the specific species under investigation, 328 

and the scale of the unigene assembly dataset (Varshney et al. 2005).  329 

In this study, we identified six distinct repeat motifs. We found that dinucleotide repeats 330 

(45.54%) were the most prevalent type, followed by mononucleotide repeats (32.64%) and 331 

trinucleotide (17.67%). In contrast, hexa- (1.29%), penta- (1.29%), and quad nucleotide repeats 332 

(1.57%) were rare. The present analysis revealing a substantial prevalence of dinucleotide 333 

repeats aligns with other research findings on Mentha piperita (Kumar et al. 2015), Camellia 334 

sinensis (Liu et al. 2018), Jatropha curcas L. (Kumar Yadav et al. 2011), and Capsicum 335 

frutescens (Zhong et al. 2021). According to Kumpatla and Mukhopadhyay (Kumpatla and 336 

Mukhopadhyay 2005), the abundance of dinucleotide repeat sequences may be due to the 337 

UTRs’ overexpression compared to open reading frames. The AG/CT motif (22,697, 33.94%) 338 

was the most common of the dinucleotide repeats, followed by the AT/AT motif (4,649, 6.96%) 339 

(Table 4). These findings were similar to previous studies on Polygonatum sibiricum (Yang et 340 

al. 2022) and Glycyrrhiza uralensis (Liu et al. 2015). The dominant motifs for mononucleotide 341 

were A/T (30.70%), followed by C/G (1.95%). The prevalent of A/T was also reported in 342 

Glycyrrhiza uralensis (Liu et al. 2018), Punica granatum L (Hasnaoui et al. 2012), and 343 

Eucommia ulmoides (Zhang et al. 2016). According to Gur-Arie et al. (2000), a high number 344 

of A/T bases implies a potential correlation between the phenomena and the ease of DNA 345 

melting in repeat sequences that are abundant in A/T bases.  346 

 347 

Genetic diversity analysis using EST-SSR and iPBS 348 
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Genetic diversity in plant species can be effectively assessed using specific molecular markers, 349 

depending on the research objective and the genetic makeup of the plant species. In this study, 350 

both the EST-SSR and iPBS marker systems effectively differentiate P. amaryllifolius 351 

accessions into separate groups. Nevertheless, the markers employed in the study revealed a 352 

low level of polymorphism, as indicated by the PIC value and the previous study by Wakte et 353 

al. (2012). PIC is a marker index to estimate the discriminating ability and informativeness of 354 

markers employed in the analysis. It allows for measuring the effectiveness of polymorphic 355 

loci in detecting genetic diversity among different plant varieties (Botstein et al. 1980). The 356 

PIC values are often categorised as low (PIC < 0.25), medium (0.5 > PIC > 0.25), or high 357 

(PIC > 0.5) (Botstein et al. 1980). They have been widely used to assess the informativeness 358 

EST-SSR and iPBS markers in different cultivated species (Eren et al. 2022; Guo et al.  2014; 359 

Sharma et al. 2020; Shimira et al. 2021). For example, several studies reported low PIC value 360 

for various plant species (Singh et al. 2013; Ates et al. 2019; Yaldiz et al. 2018; 361 

Shirmohammadli et al. 2018). 362 

The present study observed a lower average number of polymorphic EST-SSR and 363 

iPBS-retrotransposon bands compared to those reported by Kizilgeci et al. (2022), Borna et al. 364 

(2017), Aydın et al. (2020) and Karagoz et al. (2020). This could be because EST-SSR and 365 

iPBS-retrotransposon primers for P. amaryllifolius genome are more conserved than other 366 

studied plants. To further assess the genetic diversity among the varieties and evaluate the 367 

performance of the examined markers, the Shannon’s information index (I) and genetic 368 

diversity (h) parameters were calculated. The results revealed that these loci are informative, 369 

and EST-SSR and iPBS markers efficiently determine the genetic diversity and relationships 370 

of P. amaryllifolius.  371 

The UPGMA dendrogram and PCoA produced from the DNA profile displayed the 372 

genetic diversity of the P. amaryllifolius accessions. The comparison of population clustering 373 
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between EST-SSR and iPBS markers was not similar. This study showed that the iPBS marker 374 

system is more effective than EST-SSR markers in distinguishing genetic diversity in P. 375 

amaryllifolius. One possible reason for this could be the location of the markers in the genome. 376 

For instance, iPBS markers are generated from genomic regions (Kalendar et al. 2010), while 377 

EST-SSR markers are derived from expressed regions of the genome (Parthiban et al. 2018). 378 

For this reason, iPBS markers can potentially capture a wider range of genetic variation than 379 

EST-SSR markers, which are limited to variations in expressed regions. Based on the iPBS 380 

marker system, the accessions of P. amaryllifolius exhibited minimal genetic variation, 381 

although they displayed a tendency to cluster according to their respective geographical origins. 382 

This finding indicates that accessions from the same geographic region exhibit no genetic 383 

variation, but slight genetic diversity may be detected among accessions from different states. 384 

Accessions from Pulau Pinang and Sabah might be distributed from different sources since 385 

they were clustered differently from other accessions. P. amaryllifolius is said to be the original 386 

native of Moluccas (The Maluku Islands) since the only flowering specimen was found in that 387 

geographical region (Stone 1987).  388 

 389 

Conclusions 390 

The de novo assembly of the P. amaryllifolius transcriptome, facilitated by RNA-seq 391 

technology, produced a substantial number of unigenes. These unigenes were used to develop 392 

suitable EST-SSR primers. Based on the genetic diversity analysis, we found that the iPBS 393 

marker system showed a higher efficacy in evaluating polymorphism in P. amaryllifolius 394 

compared to the EST-SSR marker system. Furthermore, the availability of the transcriptome 395 

dataset would provide a comprehensive collection of distinct genes, together with profound 396 

understanding of their respective pathways. These findings could be a significant resource for 397 

genetic investigations on P. amaryllifolius. However, considering that genetic analysis was 398 
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conducted on only 24 individuals from different regions of Malaysia, it is essential to conduct 399 

further studies with a larger sample size to analyse the genetic diversity and structure of the 400 

species. 401 
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Figures

Figure 1

Geographical locationof P. amaryllifolius samples collected in Malaysia.



Figure 2

Length distribution of the assembled unigenes in P. amaryllifolius.

Figure 3

Species-based distribution of the top BLASTx hits for each assembled unigenes.



Figure 4

KEGG enrichment for the transcriptome of Pandanus amaryllifolius. The groups are labelled as follows:
Metabolism categories, Genetic information processing categories, Environmental information
processing categories, Cellular process categories, and Organismal systems categories.

Figure 5

Gene ontology (GO) classi�cation of assembled unigenes of P. amaryllifolius. Results are summarized in
three main categories: molecular function, cellular component, biological process. The x-axis indicates
the subgroups in GO annotation while the y-axis indicates the percentage of speci�c categories of genes
in each main category.



Figure 6

The frequency distribution and repeat numbers of SSRs based on motif sequence type.

Figure 7

UPGMA dendrogram of 24 P. amaryllifolius accessions based on two EST-SSR markers.



Figure 8

Principal coordinate analysis of 24 P. amaryllifolius accessions based on two EST-SSR markers.

Figure 9

UPGMA dendrogram of 24 P. amaryllifolius accessions based on three iPBS markers.



Figure 10

Principal coordinate analysis of 24 P. amaryllifolius accessions based on three iPBS markers.
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