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Abstract. Yulita KS, Susilowati A, Rachmat HH, Susila, Hidayat A, Dwiyanti FG. 2022. Molecular identification of Eurycoma longifolia 
Jack from Sumatra, Indonesia using trnL-F region. Biodiversitas 23: 1374-1382. Eurycoma longifolia Jack (Simaroubaceae) or pasak 
bumi is a popular medicinal plant from Southeast Asia’s rainforests that is used as an aphrodisiac, antimicrobial, anti-malaria 

antidiabetic, antiulcer, and anticancer agent. However, the increasing demand for this species for medicinal industries has led to illegal 
export in Indonesia. This study aimed to determine the specific genetic variation and develop DNA barcode using trnL-F region for E. 
longifolia originating from Sumatra, Indonesia. Twenty-two samples of the species were collected from four locations in Sumatra. An 
aligned sequence of the trnL-F was 960 bp with an A/T rich region (A: 30.2%, T: 34.5%, C: 16.7%, and G: 18.7%). The homology 
search using BLASTn of the GenBank NCBI showed that the nucleotide composition of the species was similar (99.9%) to the partial 
trnL-F region of E. longifolia MH751519 and E. apiculata GU593014. Close examination of the gene structure and composition showed 
that the DNA sequences have five nucleotides variations that were not possessed by the reference E. longifolia, and other taxa used. The 
obtained variations occurred mostly in the trnL intron region, and the phylogenetic analysis showed that the correct identity of the 
species of the samples by their position was at a similar clade as the other accessions of E. longifolia.  
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INTRODUCTION 

Eurycoma longifolia Jack (Simaroubaceae) is a herbal 
medicinal plant from the rainforests of Southeast Asia that 

is commonly known as ‘tongkat ali’ or ‘pasak bumi' 

(Susilowati et al. 2019). The species is distributed in South 

Myanmar, Vietnam, Laos, Cambodia, Thailand, Peninsular 

Malaysia, Singapore, Sumatra, Borneo, the Philippines and 

may occur in Bangladesh based on herbarium records of 

GBIF (Global Biodiversity Information Facility 2020). The 

roots of this species contained several active compounds, 

such as canthin, b-carboline alkaloids, a derivate of 

squalene tirucallane triterpenes, biphenylneolignans, and 

quassinoids (Abubakar et al. 2017). These compounds 
contain antimicrobial (Kong et al. 2014), antimalarial (Low 

et al. 2013), antidiabetic, antiulcer, anticancer (Bhatt and 

Karim 2010; Nhan and Loc 2017; Ismail et al. 2012, and 

biological activities that are commonly used as aphrodisiac 

agent (Ismail et al. 2012; Chen et al. 2014). Some of the 

products derived from these plants are currently found in 

the market as raw materials or packaged herbal products 

such as coffee, tea, capsules, tablets (Rehman et al. 2016), 

and sweets (Edwar 2015). 

The species has been traded intensively in the domestic 

and international markets, but not included within the 

CITES appendices (Sihotang and Rahmawati 2019). In 
combination with the increasing market demand and low 

prices from farmers, make this species become a target for 

illegal exports in Indonesia. The extraction of plants is 
usually carried out by the destructive harvesting of root 

extracts in the wild population (Susilowati et al. 2021). The 

sustainability use of the species cannot be guaranteed when 

this continues to happen. Therefore, it is important to 

develop a system that can be used for tracking and tracing 

the source plants, including E. longilofia such as DNA 

barcode, HPLC (Abubakar et al. 2018), and bar-high 

resolution melting analysis (Fadzil et al. 2018).   

DNA barcode is a standard tool for species 

identification by using a fragment of the sequence of 

certain genes/regions (CBOL 2009). Initially, this term was 
used in 2003 (Herbert et al. 2003) and has gained global 

attention in the scientific community (Chen et al. 2010). 

Recently, the use of DNA barcodes covers a wide range of 

studies from the discovery of new species, discriminating 

cryptic species, population diversity, food safety, and 

conservation (Hollingsworth 2011; Hartvig et al. 2015; 

Imtiaz et al. 2017). The CBOL proposed portions of two 

coding regions from the plastid (chloroplast) genome, 

namely rbcL and matK as a “core barcode” for plants were 

supplemented with additional regions as required 

(Hollingsworth 2011; Daniel et al. 2016). In this study, 

trnL-F was used as a marker of choice for DNA barcodes 
for E. longifolia and the region was widely used for 

molecular systematics, such as Mangifera (Fitmawati et al. 
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2017), Taxus (Coughlan et al. 2020), and Prunus (Sevendik 

et al. 2020).  This is because of its sufficient mutations to 

detect variations at specific and infraspecific levels 

(Hocaoglu-Ozyigit et al. 2020).  

The trnL-F region is one of the recommended regions 

for DNA barcoding analysis (Ng et al. 2019; Hocaoglu-

Ozygyt et al. 2020), since it meets all requirements 

identified by the CBOL. The loci were routinely retrievable 

with single primer pair, easy to obtain bidirectional 

sequence reads, and provided maximal discrimination 
among plant species (CBOL 2009). This study aimed to 

determine the specific genetic variation and develop DNA 

barcode using trnL-F region for E. longifolia originating 

from Sumatra, Indonesia. 

MATERIALS AND METHODS 

Plant materials 

Twenty-four leaves samples were collected from 

Sumatra, Indonesia (Figure 1; Table 1) and dried in silica 

gel for DNA analysis. The identity was verified by 

collecting voucher herbarium specimens that were 

deposited at the University of Sumatra Utara, Medan and 
Forest Research and Development Center, Bogor 

(Indonesia). Meanwhile, the total genomic DNA was stored 

and the lab work was carried out at the Molecular 

Systematic Laboratoty, Research Center for Biology, The 

National Agency for Research and Innovation – Indonesia. 

Isolation of DNA, amplification, and sequencing 

The total DNA was isolated using Genomic DNA Mini 

Kit (Plant) from GeneAid following the manufacturer’s 

protocol. Amplification of trnL-F region by the PCR 

technique was conducted using a universal pair primer of 

forward primer ‘c’ (CGAAATCGGTAGACGCTACG) and 

reverse primer ‘f’ (ATTTGAACTGGTGACACGAG) 

(Taberlet et al. 1991). The PCR mixture of a total volume 
of 12.5 µL consisted of 0.375 µL each of forward and 

reverse primer (5 pmol each), 0.25 µL Taq DNA 

polymerase, 2.5 µL of dNTP, 6.25 µL PCR Buffer, 1.75 µL 

of nuclease-free water, and 1 µL of DNA template (10 

ng/µL). The reaction was performed in Sedi G Thermo 

Cycler (Wealtec) with the optimum condition of the 

following: a pre-denaturation at 94°C for 2 min, 30 cycles 

denaturation at 94°C for 30 s, annealing at 52°C for 30 s 

and extension at 72°C for 1 min, and a final extension at 

72°C for 10 min.  

The amplified bands were visualized on 1.5% agarose 
stained with GelRad. Meanwhile, electrophoresis was 

executed with 50 V for 60 min in 1x TBE buffer, and the 

target trnL-F bands were visualized under the UV light 

using Atto Bioinstrument. Sanger sequencing was used to 

sequence the amplicons at the First Base company, 

Singapore. 
 

 

 

 
 

Figure 1. Source of E. longifolia from Sumatra, Indonesia 
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Table 1. Sources of E. longifolia from Sumatra, Indonesia and reference taxa were used for the phylogenetic analysis. 
 

Species Locality 

Sample code (for this 

study), GenBank 

accession (for 

reference taxa) 

Reference 

Eurycoma longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 1PEL This study 

E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 2PEL This study 

E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 4PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 5PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 6PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 7PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 8PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 9PEL This study 
E. longifolia Jack Batang Lubu Sutam, Padang Lawas, North Sumatra 10PEL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru, West Sumatra 02EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru, West Sumatra 03EL This study 

E. longifolia Jack Sijunjung, Kanagarian Paru,  West Sumatra 04EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru,  West Sumatra 06EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru, West Sumatra 07EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru,  West Sumatra 08EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru, West Sumatra 09EL This study 
E. longifolia Jack Sijunjung, Kanagarian Paru, West Sumatra 10EL This study 
E. longifolia Jack Sanglap, Indragiri Hulu, Riau ES1EL This study 
E. longifolia Jack Sanglap, Indragiri Hulu, Riau ES2EL This study 

E. longifolia Jack Sanglap, Inragiri Hulu, Riau ES3EL This study 
E. longifolia Jack Ampang delapan, Indragiri Hulu,  Riau A81EL This study 
E. longifolia Jack Ampang delapan, Indragiri Hulu, Riau A83EL This study 
E. longifolia Jack Kuala Lumpur, Malaysia MH751519 Ng et al. (2019) 
E. apiculata A.W.Benn. Unknown GU593014 Clayton et al. (2010 unpubl.) 
Simaba morettii Feuillet French Guiana MG599405 Devecchi et al. (2018) 
Odyendea gabunensis (Pierre) Engl. Gabon MG599427 Devecchi et al. (2018) 
Simaba glabra Engl. Mato Grosso, Brazil MG599404 Devecchi et al. (2018) 

Perriera_madagascariensis Courchet Unknown GU593020 Clayton et al. (2010 unpubl.) 
Simaba sp. nov. ined. 1“arborea" Brazil, Amazonas MG599416 Devecchi et al. (2018) 
Perriera madagascariensis Courchet Madagascar, Toliara MG599408 Devecchi et al. (2018) 
Simaba suffruticosa Engl. Brazil, Minas Gerais MG599407 Devecchi et al. (2018) 
Simarouba glauca DC. Belize, Cayo MG599406 Devecchi et al. (2018) 
Simaba sp. nov. ined. 5 “pumila” Brazil, Goiás MG599403 Devecchi et al. (2018) 
Simarouba amara Aubl. Bolivia, Larecaja MG599401 Devecchi et al. (2018) 
Simarouba versicolor A.St.-Hil.  Brazil, Goiás MG599400 Devecchi et al. (2018) 

 

 

 

Data analysis 

Contig editor on ATGC software package version 4.3.5 

was used to assemble the trnL-F sequence (Genetyx Co., 

Japan). The forward and reverse sequences were observed 

to ensure there was no mismatch in the consensus 

produced. Furthermore, MEGA 7.0 software was used to 

evaluate the nucleotide composition of the trnL-F gene 

(Kumar et al. 2016). The homology and identity of samples 

were examined by using BLAST nucleotide on GenBank 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) available in 

Geneious (Geneious version 2021). Meanwhile, the data 
from the GeneBank were downloaded in FASTA format 

and aligned using Geneious. 

The evolutionary history was inferred by using the 

Maximum Likelihood method based on the Kimura 2-

parameter model (K2P) (Kimura 1980; Kumar et al. 2016). 

Furthermore, the bootstrap consensus tree inferred from 

1000 replicates (Felsenstein 1985) represented the 

evolutionary history of the taxa analyzed. The branches 

corresponding to partitions reproduced in less than 50% 

bootstrap replicates were collapsed. The percentage of the 

replicated trees in which the associated taxa clustered 

together (1000 replicates) was shown next to the branches. 

Initial tree(s) for the heuristic search were obtained 

automatically by applying Neighbor-Join and BioNJ 

algorithms to a matrix of pairwise distances. They were 

estimated using the Maximum Composite Likelihood 

(MCL) approach, and their topology was selected using a 

superior log-likelihood value. Furthermore, a discrete 

Gamma distribution was used to model evolutionary rate 

differences among sites (5 categories (+G, parameter = 
1.7815). Bootstrap support (BS) values of ≥85%, 75-84%, 

and 50-74% were considered to be strongly, moderately, 

and weakly supported, respectively; and values <50% were 

not indicated (Devecchi et al. 2018). 

Bayesian inference was performed using MrBayes 3.6 

(Hueselbeck and Ronguist 2001) as plugins in Geneious 

version 2021.0, and the substitution model of HKY85 with 

rate variation of distributed gamma was applied for this 

analysis. Two independent MCMC runs of four chains for 
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1,100,000 generations and sampling tree topologies are for 

every 200 generations. Burn-in periods were set to 100,000 

generations according to the standard deviation of split 

frequency values (<0.01). Meanwhile, a consensus 

topology and nodal support estimated as posterior 

probability values were calculated from the remaining 

trees. Posterior Probability (PP) values ≥0.95 and < 0.95 

were considered as strongly and weakly supported 

(Devecchi et al. 2018). 

RESULTS AND DISCUSSION 

The sequence homology and identity of E. longifolia  

The amplicon size of the trnL-F chloroplast gene from 

the 24 samples was 931 bp consisting of 439 bp trnL (its 

exons and majority of the intron) and 492 trnF genes with 

the intergenic spacer between trnL and trnF. From the 439 

trnL region, 409 bp were homologue to many sequences of 

the GenBank, 18 of which were having similarities of more 

than 99% (data not shown). Furthermore, thirteen reference 

species -that will be used as outgroup taxa were 

incorporated into this study to build a phylogenetic tree 

based on Maximum Likelihood and Bayesian analyses 
(Table 2). This was aimed to assess the phylogenetic 

position of E. longifolia samples from Sumatra, therefore 

determining its identity. 

Nucleotide composition and variations 

The aligned DNA sequence of trnL-F is 960 bp. The 

trnL-F is an A/T rich region, composed of 34.5 % thymine 

(T), 16.7% cytosine (C), 30.2% adenine (A), and 18.7% 

guanine (G) (Table 3). The single-base substitution (point 

mutations) found in the 931 bp of the trnL-F region were 5, 

located at positions 209, 534, 822, 907, and 910, and one 

mutation at position 272, was found only in E. longifolia of 
the reference taxon (Table 3). Meanwhile, the first base 

mutation was observed in position 209, a trans-version of G 

--> C in five samples from West Sumatra. The second was 

a transversion from C --> G in position 272 as an 

autapomorph nucleotide for E. longifolia from Malaysia 

(MH751519), and the third point mutation was another 

transversion from C--> A observed in the same five 

samples at position 534. Furthermore, there was another 

point mutation in transition A --> G of position 822 

belonging to samples from Riau. Another transition of G --

> A at position 907 was recorded from samples Sanglap 

Riau (ES1, 2, 3EL, Table 3), while a base substitution (T) 
was also recorded in some of the outgroups observed. 

Finally, a transition from C--> T was observed in the 

intergenic spacer between trnL and trnF gene (position 

910). These mutations were observed in the same three 

samples from West Sumatra and most samples from North 

Sumatra. 

Phylogenetic tree 

The results of the phylogenetic tree reconstruction using 

Maximum Likelihood showed that a monophyletic group 

with high (99%) bootstrap support (BS) was formed 

between the E. longifolia samples, the reference, and E. 

apiculata (Figure 2, clade A). Samples from Riau islands 

(F) formed a group together with low support from the 

bootstrap (66%) within the ingroup, while samples from 

West and North Sumatra were placed randomly and some 

were grouped in mixed groups (E) with 66% BS. 

Furthermore, five samples of West Sumatra were united in 

group G with 64% BS, and two from the North Sumatra 

populations remained unresolved (9PEL and 10PEL). This 

ingroup was similar to Simarouba spp. with high support 

from the bootstrap (B, 92%) (Figure 2).  The remaining 
reference taxa considered as outgroup were located at the 

basal lineages, and they formed subgroup C with 91% BS 

and subgroup D with 87% BS or remained single with 

unresolved position (Simaba sp. nov. ined. 1“arborea" 

MG599416, Simarouba glauca, and Perriera 

madagascarensis). 

A similar topology was obtained by Bayesian analysis, 

where the ingroup samples were E. longifolia from 

Sumatra, Kuala Lumpur (Malaysia), and E. apiculata 

(Figure 3). The phylogenetic position of E. longifolia from 

Kuala Lumpur (Malaysia), E apiculata, and 2 samples of E. 
longifolia from the North Sumatra remained unresolved. 

The related taxa of the ingroup were two species of 

Simarouba as shown in the ML tree. Primarily, the 

difference between the Bayesian and ML topology existed 

in the phylogenetic position of Pierreria madagascarensis 

placed at the basal lineages in the Bayesian topology, 

instead of Odyendea gabunensis (Figure 2). The remaining 

outgroup taxa were located at the basal clade C (Figure 3). 

Discussion 

Determining the sample size for DNA barcode studies 

helped to generate sufficient and consistent nucleotide 
variations that can be used as identities for certain species, 

such as Single Nucleotide Polymorphisms (SNPs) and 

haplotypes. Meanwhile, a small sample size leads to low 

information content due to the high presence of sequence 

artifacts, such as indels events (Liu et al. 2012; Jarret et al. 

2019).  
 

 
Table 2. Species accession number, pairwise identity, and 
identical sites of E. longifolia references 

 

Accession 

number 
Species 

% pairwise 

identity 

% identical 

sites 

GU593014 Eurycoma apiculata 99.9 99.9 
MG599427 Odyendea gabunensis 98.5 98.5 
MG599405 Simaba morettii 99.1 99.1 
MH751519 Eurycoma longifolia 99.9 99.9 

GU593020 Perriera madagascariensis 98.7 98.7 
MG599404 Simaba glabra 98.8 98.8 
MG599416 Simaba sp. nov. ined. 

1“arborea" 
98.4 98.4 

MG599408 Perriera madagascariensis 98.9 98.9 
MG599407 Simaba suffruticosa 98.4 98.4 
MG599406 Simarouba glauca 98.8 98.8 
MG599403 Simaba sp. nov. ined. 5 

“pumila” 

98.7 98.7 

MG599401 Simarouba amara 98.9 98.9 
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Table 3. Nucleotide composition and variation found in the trnL-F sequence of E. longifolia from the reference accessions 
 

Species Nucleotide content (%) Position of point mutation 

 T(U) C A G 209 272 534 822 907 910 

Reference nucleotide 
 

   G C C A G C 
Eurycoma longifolia 02EL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 03EL 34.6 16.6 30.1 18.7 . . . . . T 

E. longifolia 04EL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 06EL 34.5 16.6 30.2 18.7 C . A . . . 
E. longifolia 07EL 34.5 16.6 30.2 18.7 . . A . . . 
E. longifolia 08EL 34.5 16.7 30.2 18.6 C . A . . . 
E. longifolia 09EL 34.5 16.7 30.2 18.6 C . A . . . 
E. longifolia 10EL 34.2 16.9 30.1 18.7 C . A . . . 
E. longifolia 1PEL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 2PEL 34.5 16.7 30.2 18.6 . . . . . T 
E. longifolia 4PEL 34.6 16.6 30.1 18.7 . . . . . T 

E. longifolia 5PEL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 6PEL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 7PEL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 8PEL 34.6 16.6 30.1 18.7 . . . . . T 
E. longifolia 9PEL 34.6 16.6 30.1 18.7 . . . . . . 
E. longifolia 10PEL 34.5 16.7 30.1 18.7 . . . . . . 
E. longifolia ES1EL 34.5 16.7 30.1 18.7 . . . G A . 
E. longifolia ES2EL 34.5 16.7 30.1 18.7 . . . G A . 

E. longifolia ES3EL 34.5 16.7 30.1 18.7 . . . G A . 
E. longifolia A81EL 34.5 16.7 30.0 18.8 . . . G . . 
E. longifolia A83EL 34.5 16.7 30.0 18.8 . . . G . . 
E. longifolia MH751519 34.3 16.7 30.1 18.8 . G . .  . 
E. apiculata GU593014 shrub or small tree    34.5 16.7 30.1 18.7 . . . . . . 
Simaba sp. nov. ined. 5 “pumila” 
MG599403 geophytic subshrub 

34.5 16.6 30.4 18.5 . . . . . . 

Perriera madagascariensis GU593020 tree 34.6 16.5 30.3 18.7 . . . . . . 

P. madagascariensis MG599408 tree 34.7 16.6 30.1 18.6 . . . . . . 
Simarouba amara MG599401 tree 34.4 16.8 30.3 18.6 . . . . T . 
Simarouba glabra MG599404 shrub 34.5 16.6 30.4 18.5 . . . . T . 
Simaba glauca MG599406 tree 34.6 16.7 30.2 18.5 . . . . T . 
Simaba morettii MG599405 tree 34.3 16.6 30.3 18.7 . . . . T . 
Simaba sp. nov. ined. 1“arborea" 
MG599416 unknown 

34.3 16.7 30.5 18.5 . . . . . . 

Simaouba versicolor MG599400 tree 34.4 16.7 30.2 18.7 . . . . . . 

Odyendea gabunensis GU593019 tree 34.1 16.5 30.1 19.2 . . . . . . 
Average  34.5 16.7 30.2 18.7       

 

 

Consequently, a lack of resolution was obtained to 
accurately identify certain specimens. It is a common 

consensus that 5-10 samples for each species were 

sufficient to conduct a DNA barcode study (Jarret et al. 

2019). Liu et al. (2012) considered that relatively small 

sample sizes were adequate to recover sequence variation 

in slowly evolving genes (two or three sequences per 

species population for matK), while higher numbers are 

necessary for rapidly evolving markers (minimum of 10, 8, 

and 6 individuals per population for trnH-psbA, trnL-F, and 

ITS, respectively). A sample size of 8-10 individuals per 

species was further recommended in the geographic area to 

be sufficient for the Taxus barcode. In this current study, 22 
samples of E. longifolia representing a geographic range in 

Sumatra were considered sufficient to produce consistent 

nucleotide polymorphism in the trnL-F region. Therefore 

nucleotide variation and composition from this study are 

sufficiently achieved. In addition, the composition of E. 

longifolia from this study is similar to those reference 

sequences (Table 2) as well as in Prunus armeniaca 

(Rosaceae) (Sevindik et al. 2020). 

Sumatra shares many of its species with peninsular 
Malaysia and Borneo. The three landmasses were once part 

of a single, larger landmass during the last ice age when the 

sea level was more than 100 m lower than now. 

Consequently, these forests share many similarities in their 

flora and fauna. The geological similarity of the E. 

longifolia from North Sumatra and Peninsular Malaysia is 

due to their similar location. The North Sumatra basin is 

one of three back-arc basins formed during the Tertiary 

(Early Oligocene), on the Eurasian plate or the Sunda Shelf 

(Inger and Voris 2001; Rosid et al. 2020). The 

southwestern Sumatra is bordered by the Bukit Barisan 

Mountains uplifted in the Middle Miocene, in the southeast 
by the Asahan Arc. In the northeastern of Sumatra, it 

borders Peninsular Malaysia, and in the northern, the basin 

opens to the Andaman Sea. Hence the reference species 

(MH 751519) that is the genome sequence of E. longifolia 

from Kuala Lumpur Malaysia is placed in the same clade 

as the samples studied (Figures 2 and 3). 
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Figure 2. A phylogenetic tree generated by Maximum Likelihood method using 35 trnL-F sequences. The tree with the highest log 

likelihood (-1607.01) was shown, and branch supports were inferred using 1000 bootstrap replicates. The values are shown in the 
branches, and the tree is drawn to scale, with lengths measured in the number of substitutions per site 
 
 

 

Samples sequence from North Sumatra did not have a 

single substitution, since the sequence compositions are 

similar to West Sumatran and Riau populations. This idea 

was confirmed by the unresolved phylogenetic position of 

the two North Sumatran samples (9PEL and 10 PEL) and 
reference samples from Kuala Lumpur, which were 

consistent in both topologies (Figure 2 and 3). In addition, 

of the five single base substitutions possessed by the 

samples from Sumatra, at least two base substitutions may 

be unique to Riau. The pattern seemed to be consistent in 

all studied samples even though this deduction was derived 

only from one region (trnL-F) particularly referring to the 

point mutations recorded only from Riau. 

The two phylogenetic trees using Maximum Likelihood 

and Bayes resulted in a similar topology. Meanwhile, the E. 

longifolia from Indonesia, the reference species from 

Malaysia as well as E. apiculata formed a monophyletic 

group. This clade has received strong branches support in 

the ML and the Bayesian topology. Therefore, the identity 

of E. longifolia from Sumatra was correctly inferred, and 
the nesting of E. apiculata was interesting due to its high 

similarity to the region. The incorporation of more regions 

may provide different results. Meanwhile, no phylogenetic 

study has been conducted to highlight the genus Eurycoma. 

However, this study suggested that this genus is related to 

Simarouba. Another result has been reported from an 

earlier phylogenetic study of Simaroubaceae (with an 

emphasis on the genus Simaba) based on combined 

morphology and molecular biology datasets (Devecchi et 

al. 2018).  

E 

A 

F 

G 

B 

C 
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Figure 3. A phylogenetic tree generated by 35 trnL-F sequences of 12 species within family Simaroubaceae based on Bayesian 
inference (Figure created from Geneious version 2021.0 created by Biomatters. Available from: https://www.geneious.com). The 
number above branches are Posterior Probability (PP) values. Capital case in boxes refers to the same placement in node as in Figure 2 
 
 
 

The result classified E. longifolia (sample was from 

Thailand), Pierreodendron africanum, and Gymnostemon 

zaizou into a similar group, and Simarouba was nested 

within the genus Simaba, which is a paraphyletic genus. 

Both Pierreodendron africanum and Gymnostemon zaizou 

are endemic genera to Africa and form a large tree 

compared to E. longifolia that resembles palm-like treelets.  

All the included outgroup (reference taxa) have different 

habitus as E. longifolia. Eurycoma longifolia has palm-like 

treelets, while the other species have tree, shrub, and 
geophytic sub-shrub (Devecchi et al. 2018) The 

phylogenetic placement of E. longifolia as a sister to both 

genera is due to the inclusion in a similar sample species. 

Therefore, a more detailed study on the phylogenetic 

position of Eurycoma spp. should be conducted to clarify 

the evolutionary relationships among the genera of the 

Simaroubaceae family, particularly within the paleotropic 

species. 

In conclusion, a total of 931 bp trnL-F sequence used, 

five-point mutations were specifically discovered in the 

samples of E. longifolia from Sumatra. Four of the 
nucleotides were found in the trnL intron and one in the 

intergenic spacer between the trnL and trnF genes. 

Furthermore, two point mutations were observed from 

some and all samples from West Sumatra and Riau 

respectively. Therefore, the Riau clades were the only 

groups of E. longifolia that were resolved in the 

phylogenetic analysis. In addition, the trnL-F region can be 

used as one of the potential markers for establishing DNA 

barcodes for E. longifolia. Addition DNA barcode markers 

were recommended to be used with a similar mutation rate 

as trnL-F to complement these present results. The use of 
genomic data and the inclusion of more samples from 

Borneo should provide better resolution to the data set and 

establish DNA barcode for E. longifolia from Indonesia. 
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