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SUMMARY

Pandan from Riau is one of the important plants in Kajuik Lake located in Langgam, Riau Province of Indonesia,
although its scientific name has not been recognized. This study reports the use of three DNA barcodes: matK, rbcL,
and trnL-trnF intergenic spacer; to determine the Pandan’s taxonomic status. The methods included DNA isolation,
PCR, electrophoresis, and sequencing. The software BLASTn, BioEdit, and MEGA were used to analyze the data.
The matK, rbcL, and trnL-trnF intergenic spacer sequences obtained were 639 bp, 539 bp, and 1014 bp in size,
respectively. The results showed that although the identification had already been performed using two standard
DNA barcodes sequences for plants, i.e. the matK and rbcL, and also the trnL-trnF intergenic spacer sequence which
was commonly used as a DNA barcode in Pandanaceae and abundantly available in GenBank, none of them had
100% similarity to Pandan from Riau. In addition, the dendrogram generated from those sequences showed that
Pandan from Riau had the closest relationship with a few species of Benstonea rather than Pandanus,
Martellidendron, and Freycinetia. It can be concluded that the scientific name of Pandan from Riau can only be
determined up to the genus level, i.e. Benstonea sp. This suggests that Pandan from Riau is an identified species but
its DNA barcode sequences are not present in the GenBank database. It can also be understood that this plant is a
new species of Benstonea which has never been identified and reported.
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Key findings: As a flood-adapted plant, Pandan from Riau may provide many submergence tolerance
genes from its genome and the genes could be used in crop breeding through genetic engineering.
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INTRODUCTION identified as Pandanus sp (a member of

Pandanaceae family) based on its morphological
Pandan from Riau is one of the plants growing character without being furnished by female and
in and around Kajuik Lake located in Langgam, male flowers (Elvyra and Yus, 2010). The
Pelalawan Regency, Riau Province, Indonesia. identification was then resumed in 2016 using
This plant, along with others, has an important DNA barcode, namely internal transcribed
role for all animals in Kajuik Lake ecosystem spacer (ITS). Unfortunately, the taxonomic
(Elvyra and Yus, 2010; Roslim, 2017; Roslim et status still could not be determined up to the

al., 2016a, 2016b). Pandan from Riau has been species level due to the limited number of ITS
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sequence database of Pandanus in GenBank.
There is only one datum of ITS available in
GenBank updated on April 24™ of 2016 (Roslim,
2017).

Prior to the discovery of molecular
identification technique, people have identified
plants based on their morphological characters
and it had to be supported by complete organs
such as: stem, leaves, flower, and fruit (Sofiyanti
et al., 2016; Harsono et al., 2016; Roslim et al.,
2016c¢). Moreover, if plants are identified from a
genus with a lot of morphological similarities, it
will be difficult to distinguish them as different
species. Another constraint is that the
morphological characteristic-based identification
requires a specific expertise in the taxonomic
field. The DNA barcoding technique using short
DNA sequences may be to assist and facilitate
the identification of organisms, including plants
(Hebert et al., 2003).

One advantage offered by the DNA
barcoding technique is that the identification can
be performed without the complete organs and
anyone could perform it, regardless of their
expertise in the field of taxonomy (Jarman and
Elliott, 2000; Hebert et al., 2003; Stoeckle,
2003; Ali et al., 2014). In practice, the
convenience offered by the identification
technique should be accompanied with a
complete database of DNA barcodes and other
related data, such as morphology, and other
phenotypes. It means that both identification
techniques, conventional and  molecular,
complement each other. Moreover, the DNA
barcoding technique used to determine the
taxonomic status of an organism cannot replace
the conventional one (Will and Rubinoff, 2004;
DeSalle, 2006; Roslim, 2017; Roslim et al.,
2016b, 2016c).

Since the discovery of the DNA
barcoding technique, some of the DNA barcodes
have been developed and deposited in GenBank.
The two standardised DNA barcodes for plant
identification are matK and rbcL genes. These
genes are selected based on some considerations,
such as the ability to be recovered, the quality of
sequence, and the ability to discriminate species
(CBOL Plant Working Group, 2009). Both
genes are part of the plant chloroplast genome.

The matK encodes the maturase enzyme
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and has higher subtitution mutation rate than the
rbcL. Consequently, the matK variation between
species is higher than rbcL. Thus, the matK is
often used in plant phylogenetic studies and
plant molecular identification. The rbcL gene
encodes the large subunit of the ribulose
bisphosphate carboxylase enzyme that plays an
important role in photosynthesis. The rbcL
sequence is more conservative than the matK
sequence (Fazekas et al., 2008; Lahaye et al.,
2008; Patwardhan et al., 2014; Guo et al., 2016).

Another DNA barcode, which is also
frequently used in plant molecular identification
in Pandanaceae family, is the trnL-trnF
intergenic spacer (Buerki et al., 2012; Gallaher
et al., 2015). It is a region in the plant
chloroplast genome located in between the genes
encoding tRNA Leu (UAA) and tRNA
Phenylalanine (GAA). Unlike the matK and
rbcL which is the coding region, the trnL-trnF
intergenic spacer is a non coding region that has
the highest variation compared to matK and rbcL
(Kress et al., 2005).

This study reports the use of three plant
DNA barcodes (matK, rbcL, and trnL-trnF
intergenic spacer) to determine the taxonomic
status of Pandan from Riau.

MATERIALS AND METHODS
Plant materials

The plant materials used in this study were
Pandan plants (six plants) collected from Kajuik
Lake located in Langgam, Pelalawan Regency,
Riau Province, Indonesia. However, the DNA
was extracted from only one plant. The primer
pairs for the matK and rbcL used in this study
were designed based on the DNA sequences that
were available in the GenBank database.
Moreover, the primer pairs for trnL exon and
trnL-trnF intergenic spacer were designed on the
basis of Taberlet et al. (1991) suggestions (Table
1). Sequences of rbcL, matK, and trnL-trnF
intergenic spacer from some accessions used to
create phylogenetic trees were derived from the
GenBank.
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Table 1. Primers for amplification of matK, rbcL, and trnL-trnF intergenic spacer regions.

Primers 5' 3 Annealing Temperatures (°C) Regions
P-matK-F GCGATTCTTTCTCCATG

47.0 maturase K
P-matK-R GGTCCAGATCGGCTTACTA
P-rbcL-F1 ACTCCTGAATACGAAACCA ribulose

52.5 bisphosphate
P-rocL-R1 ~ TCACCTGTTTCGGCCTGCGCT carboxylase
B49317 F2 CGAAATCGGTAGACGCTACG

- 51.8 trnL-trnF exon

A49855 R2 GGGGATAGAGGGACTTGAAC
B49873_F3  GGTTCAAGTCCCTCTATCCC 506 trnL-trnF Intergenic
A50272_R3 ATTTGAACTGGTGACACGAG ' Spacer

Total DNA isolation

The total DNA was extracted from fresh leaves
using DNeasy plant mini kit (Qiagen). The DNA
was then migrated on 1.2% agarose gel in 1X
TBE buffer (Tris-Borate-EDTA pH 8.0) at 65
volts for 30 minutes to predict the quality and
guantity of the DNA. The band was recorded
using Olympus SP-500 UZ camera.
The DNA amplification using PCR
(polymerase chain reaction) technique

The total DNA was amplified in 50 pl PCR
reaction with the following components: 1X
PCR buffer (plus Mg®"), 0.1 mM dNTPs, 2.4 uM
primer forward, 2.4 puM primer reverse, 2 U
enzim Dream Taq DNA polymerase (Thermo
Scientific), and 1 ng DNA total, and water
(Porebski et al., 1997). The PCR analysis was
conducted with the following conditions: 5
minutes at 94 °C for 1 cycle, followed by 45
seconds at 94 °C, 45 seconds at annealing
temperature (Table 1), and 1 minute at 72 °C for
35 cycles. The PCR process was ended with 1
cycle of post-PCR for 10 minutes at 72 °C.

Electrophoresis

The PCR products were migrated using
electrophoresis on 1.2% agarose gels in 1X TBE
buffer at 65 volts for 1 hour. After that, the
bands were stained using 5 pg/ml ethidium
bromide solution, then visualized on the UV
lamp transilluminator (WiseUv WUV-M20,
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Daihan Scientific), and then documented using a
digital camera (Olympus SP-500 UZ).

PCR purification and sequencing

The PCR products were then sent to PT
Genetika Science located in Jakarta to be
purified and sequenced at 1% Base Malaysia.
Sequencing was performed using the PCR
primer pairs.

Data analysis

The forward and reverse sequences were aligned
using BioEdit version 7.0.0 software (Hall,
1999) to get the sequence of each region (matk,
rbcL, and trnL-trnF intergenic spacer). After
that, the sequences were analyzed using
BLASTn program (Basic Local Alignment
Search Tool) at
http://www.ncbi.nim.nih.gov/BLAST  (Altschul
et al., 1997) to search the similarity between the
three sequences and the sequences deposited in
the GenBank database. Phylogenetic tree or
dendrogram was then created using MEGA
version 6.06 software (Build#: 6140226)
(Molecular Evolutionary Genetics Analysis)
(Tamura et al., 2013). The trees were
reconstructed by nucleotide sequences using
Kimura 2-parameter model and neighbor joining
method with 1000 bootstrap. Stemona tuberosa,
which is a member of Stemonaceae familiy and
Pandanales ordo, was used as an outgroup. The
sequences of matK, rbcL, and trnL-trnF
intergenic spacer of S. tuberosa were obtained
from the GenBank database.
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RESULTS

The Total DNA of Pandan from Riau was thick
enough and was used as a PCR template. The
obtained PCR products of matK, rbcL, trnL
exon, and trnL-trnF intergenic spacer regions
were approximately 650 bp, 550 bp, 570 bp, and
450 bp in size, respectively (Figure 1).

The matK sequence analysis of Pandan from
Riau

It was obtained that the matK sequence of
Pandan from Riau was 639 bp in size and had
been registered in GenBank with the accession
number KY503024 (Figure 2). The alignment of
the sequence using BLASTN analysis had also
been performed and showed that Pandan from
Riau had high similarity (ident = 99%) to several
species of Pandanus and Martellidendron. This
was supported by query cover value reaching
100%, E-value = 0.0, high max score and total
score values (Table 2).

The analysis of matK sequences of
Pandan from Riau, several species of
Pandanaceae, and an outgroup (S. tuberosa)
showed that there were some variations or
differences in nucleotides (Table 3). The length
of the matK sequence of Pandan from Riau was
639 bp and there were 59 nucleotide differences
between Pandan from Riau and accessions
analyzed. Nucleotide number 599 was a critical
nucleotide for the identification of Pandan from
Riau. At that position, Pandan from Riau had
Timin (T) while all other accessions analyzed
had Cytosine (C) (Table 3).

The matK nucleotide sequence-based
phylogenetic analysis showed that Pandan from
Riau was in group | together with P. affinis, P.
tsaratananensis, P. maromokotrensis, and P.
gibbsianus. Based on the database in GenBank,
P. gibbsianus and P. affinis have synonyms,
namely Benstonea gibbsianus and B. affinis,
respectively. Consequently, this clustering
showed that group | actually consisted of
mixture species of Benstonea and Pandanus.
Moreover, Pandan from Riau had closest
relationship with P. affinis syn. B. affinis rather
than other Pandanus species. In addition, group
Il comprised two species of Martellidendron
such as M. karaka and M. kariangense, and
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group I was only composed of the outgroup,
i.e. S. tuberosa (Figure 3).

The rbcL sequence analysis of Pandan from
Riau

The rbcL sequence of Pandan from Riau
obtained in this study was 539 bp in size and
was already registered in GenBank with the
accession number KY503025 (Figure 4). The
BLASTn analysis was also performed and it
showed that Pandan from Riau had high
similarity (ident = 99%) to several species from
Pandanus and Martellidendron genus. This
result was supported by query cover value
reaching 100%, E-value = 0.0, and high values
of max score and total score (Table 4).

The analysis of the rbcL sequences of
Pandan from Riau, several species of
Pandanacea, and S. tuberosa as an outgroup
showed that there were variations or differences
on nucleotide. The length of the rbcL sequence
of Pandan from Riau analyzed was 539 bp and

the sequence contained 23  nucleotide
differences. Nucleotide number 536 was a
critical nucleotide for the identification of

Pandan from Riau. At that position, Pandan from
Riau had Cytosine (C) while P. vandermeeschii,
P. copelandii, and S. tuberosa had Guanine (G)
and P. tectorius and M. Karaka had Adenine (A)
(Table 5). These results also showed that the
rbcL genes were more conservative and less
varied than matK gene.

The dendrogram, which was constructed
based on the rbcL nucleotide sequences, showed
that Pandan from Riau formed the same cluster
(group 1) as three species of Pandanus, namely
P. vandermeeschii, P. copelandii, and P.
tectorius. Based on the GenBank database,
Pandanus copelandii has a synonymous name,
i.e. B. copelandii. In other words, these results
also showed that group | comprised mixture
species of Pandanus and  Benstonea.
Furthermore, group Il only comprised one
species of Martellidendron, M. Karaka, and
group Il was only composed of S. tuberosa as
an outgroup (Figure 5).
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Figure 1. The total DNA (1) and DNA fragments of matK (2), rbcL (3), the trnL exon (4), and trnLtrnF
intergenic spacer (5) of Pandan from Riau that were migrated on 1.2% agarose gel in 1X TBE buffer. (M)
1 kb DNA Ladder (Thermo Scientific).

>KY503024 | Pandan from Riau maturase K (matK) gene, partial
sequence; chloroplast
TCTCCATGAATATCATAATTGGAGTAGTTTCATTACTCTGAAGAAATCTATTTACGGTTT
TTCAARAGAAAATAAAAGACTATTTCGATTCCTATATAATTCTTATGTATCTGAATGCGA
ATTTGTATTAGTTTTTTTTTGTAAACAATCTTCTTATTTACGATCAACATCTTCTGGAAC
CTTTCTTGAGCGAACACATTTCTATGGAAAAATAGAACATCTTAATCCTATAGTAGTGTG
TCGTAATTATTTTCCGAAGAACCCTTTGTTCTTCAAGGATCCTTTCATGCATTATGTTCG
ATATCAAGGAAAAGCAATTCTGGCTTCAAAAGGAACTCATCTTCTGATGGAAAAATGGAG
ATGTCACCTTGTCAATTTCTGGCAATATTATTTTCACTTTTGGTCTCAACCGTACAGGAT
TCGTATAAACCGATTATCAAACCATTCTTTCTATTTTCTGGGTTATCTTTTAAGTCTACT
AATAAATCCTTCGTCGGTAAGGAATCAAATGCTAGAAAATTCATTTCTAATAGATACTGT
TACTAAAAAATTCGATCCCATAGTCCCAATTATTCCTCTTATTGGATCATTGTCTAAAGT
TAAGTTTTGTACCGTATCAGGGCATCCTAGTAGTAAGCC

Figure 2. The matK sequence of Pandan from Riau.

Table 2. The alignment analysis using BLASTn on the matK sequence of Pandan from Riau.

Description Max score  Total score Query cover E value Ident Accession

Pandanus gibbsianus 1144 1144 100% 0.0 99% JX286821.1
Pandanus affinis 1135 1135 100% 0.0 99% JX286801.1
Martellidendron karaka 1135 1135 100% 0.0 99% JX286739.1
Martellidendron kariangense 1135 1135 100% 0.0 99% JX286737.1
Pandanus tsaratananensis 1130 1130 100% 0.0 99% JX286742.1
Pandanus maromokotrensis 1130 1130 100% 0.0 99% JX286743.1
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Table 3. Nucleotide differences in matK sequences.

Nucleotide number*

No 111111111 2222222222233333333334444444444445550505T5[5(66
2 2345891234458909125¢6¢666¢6¢6 88133345567 9122334445779 112368[9]/01
72388684399050006737501236812901891838421918127705236¢6186|9|3 8

) GAGTTGTTAATGCTCCAACGACCCTTCTCAGAGAATCCTCCGACCTCTCGAACAAT|T|GA

@) c . . . C

3) T .. T . . G C

(@) G T . C C

) . G . . T . c . cl. .

6) T T G cl. ¢

8 AGACCTGGGCATAC. .GGTAC .TTGG .CTGACAG.CAAC.TAGTACTCGACGA . GG|C|AG

(1) Pandan from Riau, (2) Pandanus gibbsianus, (3) Pandanus affinis, (4) Martellidendron karaka, (5) Martellidendron kariangense, (6) Pandanus tsaratananensis, (7) Pandanus maromokotrensis, and
(8) Stemona tuberosa.
*The numbers arranged vertically show nucleotide positions referring to Pandan from Riau sequence.

Dots (.) indicate that the nucleotide on particular position was the same as the one of Pandan from Riau sequence.

Nucleotides in the box and bold are the critical nucleotides for the identification of Pandan from Riau.

59

53

0.01

Pandan from Riau
Pandanus affinis

Pandanus tsaratananensis I

97! Pandanus maromokotrensis
Pandanus gibbsianus

\_{ Martellidendron karaka

87! Martellidendron kariangense
Stemona tuberosa

=
I

|

Figure 3. Dendrogram constructed based on the matK sequences using Neighbor Joining method with 1000 bootstraps.
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>KY503025 | Pandan from Riau ribulose-1,5-bisphosphate
carboxylase large subunit (rbcL) gene, partial sequence;

chloroplast

CCCGGAGTTCCGCCTGAAGAAGCAGGGGCAGCGGTAGCTGCCGAATCTTCTACTGGTACA
TGGACAACTGTGTGGACTGATGGACTTACCAGTCTTGATCGTTACAAAGGACGATGCTAC
CACATAGAGGCCGTTGTTGGGGAGGACAATCAATATATTGCTTATGTAGCTTATCCTTTA
GACCTTTTTGAAGAAGGTTCCGTTACTAACATGTTTACTTCCATCGTAGGTAATGTATTT
GGTTTCAAAGCCCTACGAGCTCTACGTCTGGAGGATTTGCGAATTCCTCCTGCTTATTCC
AAAACTTTTCAAGGCCCGCCTCATGGCATCCAAGTTGAAAGAGATAAATTGAACAAGTAT
GGTCGTCCCCTATTGGGATGTACTATTAAACCAAAATTGGGATTATCTGCAAAGAACTAC
GGTAGGGCGGTTTATGAATGTCTACGCGGTGGACTTGATTTTACCAAGGATGATGAAAAC
GTGAACTCACAACCATTTATGCGTTGGAGAGACCGTTTCGTATTTTGTGCCGAAGCCCT

Figure 4. The rbcL sequence of Pandan from Riau.

Table 4. The alignment analysis using BLASTnN on the rbcL sequence of Pandan from Riau.

Roslim (2017)

Description Max score  Total score  Query cover E value Ident Accession
Pandanus vandermeeschii 964 964 100% 0.0 99% JX903247.1
Pandanus tectorius 964 964 100% 0.0 99% JN407337.1
Pandanus copelandii 964 964 100% 0.0 99%  AY465701.1
Martellidendron karaka 955 955 100% 0.0 99%  FN870868.1
Table 5. Nucleotide differences on rbcL sequence.

Nucleotide number*
Species 111112222233333444145]|5
46 2234400279001 2522441]|3
165903609463 2846958¢619 9|6

Pandan from Riau CAAGCGCCCCTTATCCTGGCT G|C

Pandanus vandermeeschii C G

Pandanus tectorius C A

Pandanus copelandii : C . G

Martellidendron karaka ...c. ..., ..C. . .A . . . A

Stemona tuberosa TTCAGAATTTCCG ATCACGGT|G

*The numbers arranged vertically show nucleotide positions referring to Pandan from Riau sequence.
Dots (.) indicate that the nucleotide on particular position was the same as the one of Pandan from Riau sequence.
Nucleotides in the box and bold are the critical nucleotides for the identification of Pandan from Riau.

37

48

70 Pandanus vandermeeschii
Pandanus copelandii
Pandanus tectorius

Pandan from Riau

L—— Martellidendron karaka

0.005

Stemona tuberosa

J
J

Figure 5. Dendrogram constructed based on the rbcL sequences using Neighbor Joining method with

1000 bootstraps.
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https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&DISPLAY_SORT=3&HSP_SORT=3
file:///D:/4-ARTIKELKU/2017%20SABRAO%20BENSTONEA%20trnL-F%20IGS/Alex%20Hartana/6-PENELITIAN/SUBMIT%20GENBANK/Pandanus-Calamus-Syzygium_matk-rbcL&Gluta_rps16-trn/BLAST/NCBI%20Blast%20Pandanus%20sp%20rbcL-seq4.htm%23alnHdr_499068567
https://www.ncbi.nlm.nih.gov/nucleotide/499068567?report=genbank&log$=nucltop&blast_rank=1&RID=8G29KZ5J015
file:///D:/4-ARTIKELKU/2017%20SABRAO%20BENSTONEA%20trnL-F%20IGS/Alex%20Hartana/6-PENELITIAN/SUBMIT%20GENBANK/Pandanus-Calamus-Syzygium_matk-rbcL&Gluta_rps16-trn/BLAST/NCBI%20Blast%20Pandanus%20sp%20rbcL-seq4.htm%23alnHdr_349591185
https://www.ncbi.nlm.nih.gov/nucleotide/349591185?report=genbank&log$=nucltop&blast_rank=2&RID=8G29KZ5J015
file:///D:/4-ARTIKELKU/2017%20SABRAO%20BENSTONEA%20trnL-F%20IGS/Alex%20Hartana/6-PENELITIAN/SUBMIT%20GENBANK/Pandanus-Calamus-Syzygium_matk-rbcL&Gluta_rps16-trn/BLAST/NCBI%20Blast%20Pandanus%20sp%20rbcL-seq4.htm%23alnHdr_42539812
https://www.ncbi.nlm.nih.gov/nucleotide/42539812?report=genbank&log$=nucltop&blast_rank=3&RID=8G29KZ5J015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_440577110
https://www.ncbi.nlm.nih.gov/nucleotide/440577110?report=genbank&log$=nucltop&blast_rank=7&RID=8SUSZ5HA015
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The intergenic spacer trnL-trnF sequence
analysis of Pandan from Riau

The sequences of trnL exon (570 bp) and trnL-
trnF intergenic spacer (466 bp) had been
obtained and made a contig sizing the 1014 bp.
The contig of trnL-trnF intergenic spacer had
been registered in GenBank with the accession
number KY649618 (Figure 6). The BLASTn
analysis was performed and it showed that
Pandan from Riau had higher similarity to
species  from  genus  Benstonea  and
Martellidendron (ident = 99%) compared to
species from genus Pandanus (ident = 96%-
97%) and Freycinetia (ident = 97%). This was
supported by high values of max score, total
score, and query cover (91%), as well as E-value
=0.0 (Table 6).

The analysis of trnL-trnF intergenic
spacer sequences of Pandan from Riau, several
species of Pandanaceae, and S. tuberosa as an
outgroup showed that there were more
nucleotide variations or differences compared to
matK and rbcL sequences. A total of 195
nucleotide  differences  were  observed.
Nucleotides at positions 854 and 855 were
critical nucleotides for the identification of
Pandan from Riau. At that position, Pandan from
Riau had Timin (T) and Cytosine (C)
respectively, while others had Adenine (A) at
both position (Table 7).

The dendrogram that was created based
on the trnL-trnF intergenic spacer sequences
showed that there were five groups. The first
group (1) comprised of Pandan from Riau and
three species of Benstonea. The second group
(1) only consisted of M. hornei. The third group
(111 comprised four species of Pandanus. The
fourth (1V) and fifth (V) groups were composed
of Freycinetia multiflora and S. tuberosa,
respectively  (Figure 7). These results
demonstrated that Pandan from Riau was more
closely related to species of Benstonea than the
other three genus (Pandanus, Martellidendron,
and Freycinetia) of Pandanaceae based on the
trnL-trnF intergenic spacer sequence.
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General description of Pandan from Riau

Pandan from Riau is an acaulescent shrub that
grows under large trees such as Syzygium sp,
Planchonia valida, and Ochrenauclea maingayi
trees at the edge of the lake. Plant height
reaches 62 cm with one clump of leaves bearing
a single fruit. The leaves have prickles at their
margin, their main vein on the lower part of leaf
surface, and the tip of main leaf vein on the
upper part of leaf surface. The width of the leaf
is 1.5 cm and the length of the leaf can reach up
to 43.5 cm. The ripe fruit has the diameter of 14
cm and length of 5 cm. There are approximately
430 seeds in one fruit with the length of fruit
stem is 8 cm (Figure 8).

DISCUSSION

Identity or taxonomic status of an organism is
crucial for studies in the biological field. The
taxonomic status can be determined based on the
morphological and agronomical characteristics,
protein or biochemical, and DNA. The
identification of an organism identity using short
DNA sequence, which is located in the nuclear
and plastid genomes, is called DNA barcoding
technique, and this is applicable for plant
molecular identification (White et al., 1990;
Herbert et al., 2003; Kress et al., 2005; Fazekas
et al., 2008; Lahaye et al., 2008; Buerki et al.,
2012; Patwardhan et al., 2014; Ali et al., 2014;
Gallaher et al., 2015; Guo et al., 2016). This
technique is crucial for plants and is required to
help identify plant specimens which, when
identification process is conducted, is not
accompanied by complete plant parts such as
leaf, stem, flower, and fruit. The plant specimen
is a member of a genus with very extensive
morphological variation such as Pandanus
(Stone, 1974, 1983, 1993; Buerki et al., 2012).
Pandanus is a genus which belongs to
the Pandanaceae family composed of
monocotyledonous and dioecious plants. Prior to
2012, the Pandanaceae family was divided into
four genus with 700 species which are:
Pandanus Parkison, Freycinetia Gaudich,
Martellindendron (Pic. Serm.) Callm & Chassot,
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>KY649618 | Pandan from Riau tRNA-Leu (trnlL) gene, partial
sequence; trnL-trnF intergenic spacer, complete sequence;
and tRNA-Phe (trnF) gene, partial sequence; chloroplast.
GGTGACGCTACGGACTTGATTGGATTGAGCCTTGGTATGGAAACCTGCTAAGTGGTAACT
TCCAAATTCAGAGAAACCCTGGAATTAAAAATGGGCAATCCTGAGCCAAATCTTTATTTT
GAGAAAACAAAACAAGGGTTTATAAAACCAGAATCAAAAAAAGGATAGGTGCAGAGACTC
AATGGAAGCTGTTCTAACGAATGGAGTTGATTGCGTTACGTTGGTAGCTGGAATCCCTCT
ATCGAAATTACAGAAGGGATTGACCTATATTATATACCTGTACGTATACATACTAACATA
GCAAACGATTAATCACGACCAAATCCATATATATATGAATATGAAAAAATTCAGAATTAT
TGTGAATCCATTTCAATCGAAATCGAAGTTGAAGGAAGAATTGAATATTCAGTGATCAAA
TCATTCATTCCAGAGCCGATCTTTTGAAAAACTGATTAATCGGACGAGAATAAAGAGAGA
GTCCCGTTCTACATGTCAATACCAACAACAATGAAATTTATAGTAAGAGGAAAATCCGTC
GACTTTAGAAATCGTGAGGGTTCAAGTCCCTCTATCCCCAATAAAAAGACCATTTTACCT
CCTAACTAGTTATTCTCTTTTTTTTCATCAGCGCTTTAAACTTCACTATCTTTTTCATTC
ACTCTACTCTTTCAAAAACAGATCCGAACAGAAATCTTTGGATCTTATCCTAAGTCTTTT
GGATAGATACGATACCCGTACCCGTACAAATAAACATATATGGAAAAGGAATTTCTATTA
TTGAATCATTCACAGTCCATATCATTATCTTTACACTTACAAAGATAGTCTTCTTTTTGA
AGATCTTCAAAATTTGGAGACTGGTTAAGATTTATTAATTTAATACTTTTTTAGTTCCTT
TAATTGACATAGAATAGATACAAGTACTCTACTCGGATGATGCGCGGGAAATGGTCGGGA
TAGCTCAGTTGGTAGAGCAGAGGACTGAAAATCCTCGTGTCACCAGTTCAAATA

Figure 6. The trnL-trnF intergenic spacer sequence of Pandan from Riau.

Table 6. The alignment analysis using BLASTn on the trnL-trnF intergenic spacer sequence of Pandan.

Description Max score  Total score Query cover E value Ident Accession
Benstonea monticola 1654 1654 91% 0.0 99% KJ681562.1
Benstonea lauterbachii 1645 1645 91% 0.0 99% KJ681568.1
Benstonea affinis 1636 1636 91% 0.0 99% KJ681518.1
Martellidendron hornei 1631 1631 91% 0.0 99% KJ681504.1
Pandanus tectorius 1613 1613 94% 0.0 97% FJ194471.1
Pandanus pygmaeus 1564 1564 91% 0.0 97% KJ681527.1
Pandanus furcatus 1544 1544 91% 0.0 96% KJ681539.1
Pandanus pancheri 1544 1544 91% 0.0 96% KJ681508.1
Freycinetia multiflora 1537 1537 91% 0.0 97% KJ681552.1
e7— Pandan from Riau ]
Benstonea affinis I
a3 Benstonea monticola
60— Benstonea lauterbachii J
44| Martellidendron hornei I I
Pandanus furcatus ]
Pandanus tectorius I I I
Pandanus pygmaeus
Pandanus pancheri .
Freycinetia multiflora J IV
Stemona tuberosa ] V
P

0.01

Figure 7. Dendrogram generated from the trnL-trnF intergenic spacer sequences using Neighbor Joining

method with 1000 bootstraps.
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https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4725%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=HPNDCZ2Y01R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118490
https://www.ncbi.nlm.nih.gov/nucleotide/702118490?report=genbank&log$=nucltop&blast_rank=1&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118496
https://www.ncbi.nlm.nih.gov/nucleotide/702118496?report=genbank&log$=nucltop&blast_rank=2&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118446
https://www.ncbi.nlm.nih.gov/nucleotide/702118446?report=genbank&log$=nucltop&blast_rank=3&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118432
https://www.ncbi.nlm.nih.gov/nucleotide/702118432?report=genbank&log$=nucltop&blast_rank=4&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_206967472
https://www.ncbi.nlm.nih.gov/nucleotide/206967472?report=genbank&log$=nucltop&blast_rank=5&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118455
https://www.ncbi.nlm.nih.gov/nucleotide/702118455?report=genbank&log$=nucltop&blast_rank=7&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118467
https://www.ncbi.nlm.nih.gov/nucleotide/702118467?report=genbank&log$=nucltop&blast_rank=8&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118436
https://www.ncbi.nlm.nih.gov/nucleotide/702118436?report=genbank&log$=nucltop&blast_rank=9&RID=A2PEH0KT015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702118480
https://www.ncbi.nlm.nih.gov/nucleotide/702118480?report=genbank&log$=nucltop&blast_rank=11&RID=A2PEH0KT015
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Table 7. Nucleotide differences on trnL-trnF intergenic spacer sequence.

Nucleotide number*
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(1) Pandan from Riau, (2) Benstonea monticola, (3) B. lauterbachii,( 4) B. affinis, (5) Martellidendron hornei, (6) Pandanus tectorius, (7) P. pygmaeus, (8) P. furcatus, (9) P. pancheri, (10) Freycinetia
multiflora, (11) Stemona tuberosa.
*The numbers arranged vertically show nucleotide positions referring to Pandan from Riau sequence.

Dots (.) indicate that the nucleotide on particular position was the same as the one of Pandan from Riau sequence. Hypens (-) show that the nucleotide on particular position experienced deletion.
Nucleotides in the box and bold are the critical nucleotides for the identification of Pandan from Riau.
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Figure 8. Pandan from Riau plant habit. (a) an acaulescent shrub habit with a terminal fruit, (b) zoom of a terminal syncarp, (c) zoom of a single
drupe freely from syncarp, (d) a terminal female flower, and (e) a terminal male flower.
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and Sararanga Helms (Stone, 1983; Stone et al.,
1998; Huynh, 2001; Callmander et al., 2003;
Keim, 2009). Pandanus is dominated by trees
and shrubs and has wide geographic distribution,
i.e. from India to South Pacific. Meanwhile,
Borneo and Peninsular Malaysia are the
diversity center of this genus. Pandanus is then
divided into four sections, sect. Acrostigma
(Kruz) B.C. Stone, sect. Epiphytica Martelli,
sect. Fusiforma H. St. John, and sect.
Pseudoacrostigma B.C. Stone (Stone, 1978,
1983, 1993; Callmander, 2000; Keim, 2009).

Recently, an update on phylogenetic
relationship between species and genus has been
performed in the Pandanaceae family using three
DNA chloroplast sequences, including matk,
trnQ-rps16, and trnL-trnF. It is concluded that
there are five clades in Pandanaceae family. The
five clades are Freycinetia, Sararanga,
Martellidendron, Pandanus sect. Acrostigma,
and the rest of Pandanus. Such analysis was
done using molecular techniques, as
morphological analysis often caused error in
placing species into a genus or clade (Buerki et
al., 2012).

Buerki et al. (2012) stated that
morphologically, Pandanus sect. Acrostigma has
its own flowers characteristics which are
different from the three sections of Pandanus,
and this difference leads Pandanus sect.
Acrostigma to further become the fifth new
genus in Pandanaceae family and named as
Benstonea Callm. & Buerki (Callmander et al.,
2012). At this time, 60 species are recorded in
Benstonea (originates from Benjamin Stone’s
name) and 21 of them have synonyms
(Callmander et al., 2012).

Previously, Pandan from Riau had been
characterized morphologically and categorized
into Pandanus. However, the species’ name has
not been determined due to the absence of
flower during identification (Elvyra and Yus,
2010). Therefore, DNA barcoding technique
was applied in this study to determine the
scientific name of Pandan from Riau using three
plant DNA barcodes. Two of them, matK and

trnL-trnF intergenic spacer regions, were
commonly applied in Pandanaceae family
identification (Buerki et al., 2012, 2016;

Callmander et al., 2012, 2013) and there were
abundance of data in the GenBank database. The
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166 sequence of matK, 54 of rbcL, and 320 of
trnL-trnF intergenic spacer of Pandanus were
already available in the GenBank database
(updated 26 January 2017), but none of them has
100% similarity to the Pandan from Riau
sequences.

Four nucleotides, such as nucleotide
number 599 on matK sequence, number 536 on
rbcL, number 854 and 855 on trnL-trnF
intergenic spacer, were stated as critical
nucleotides for the identification of Pandan from
Riau. It was because at those nucleotide
positions, Pandan from Riau had different
nucleotides compared to other accessions that
were analyzed. These results support the idea
that DNA barcoding technique can help in
confirming the taxonomic status of an organism
based on the nucleotide differences on certain
position or called critical nucleotide.

This study also showed several pieces of
evidence of the limitations of matK and rbcL
sequences as molecular identification tools for
the Pandanaceae family. Firstly, both sequences
were more conservative compared to trnL-trnF
intergenic spacer sequence. However, the rbclL
sequence was the most conservative one.
Secondly, the matK and rbcL sequences cannot
discriminate species in Benstonea and Pandanus
genus. This can be seen on the dendrograms
generated from those sequences. On the
contrary, the trnL-trnF intergenic spacer
sequence can differentiate and cluster the species
of Benstonea and Pandanus genus separately
(Figure 7). Therefore, the trnL-trnF intergenic
spacer sequence was often used to identify and
analyze the phylogenetic relationship, evolution,
and distribution on the species of Pandanaceae
family (Burki et al., 2012, 2016; Callamander et
al., 2012).

This study had suceeded in determining
the taxonomic status of Pandan from Riau up to
the genus level (Benstonea sp). It also suggested
that the Pandan from Riau might be an identified
species, although its DNA barcode sequences
were not present in the GenBank database or this
plant is a new species of Benstonea which has
never been identified and reported.
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CONCLUSION

The combination of DNA barcode sequences can
be used to identify plants, particularly for
specimens that are members of a genus with
wide morphological variation such as the
Pandanaceae. The taxonomic status of Pandan
from Riau stipulates that it is a member of
Benstonea by using the three DNA barcodes. It
is suggested that Pandan from Riau is an
identified species, although its DNA barcode
sequences were not present in the GenBank
database. It can also be understood that this plant
is a new species of Benstonea which is never
been identified and reported.
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