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ABSTRAK

Barcode DNA merupakan salah satu teknik molekuler yang digunakan untuk mengidentifikasi dan
mengklasifikasi makhluk hidup. Z. loerzingii adalah salah satu tumbuhan langka dan endemik yang hanya
terdapat di Sumatera Utara. Pengkajian ilmiah mengenai Z. loerzingii masih sangat sedikit yang sudah
dilakukan sehingga informasi mengenai tumbuhan ini terbatas sementara identitas yang jelas pada suatu
tumbuhan benar-benar diperlukan untuk dapat dimanfaatkan secara maksimal. Penelitian ini bertujuan untuk
mengetahui karakteristik molekuler Z. loerzingii dengan menggunakan barcode DNA serta mengkaji hubungan
filogenetiknya berdasarkan lokus gen rbcL. DNA diisolasi dengan kit komersial. Lokus gen rbcL pada genom
kloroplas Z. loerzingii diamplifikasi dengan teknik Polymerase Chain Reaction menghasilkan amplikon dengan
panjang = 600 bp. Penyatuan sekuens konsensus menghasilkan sekuens dengan panjang 575 bp. Rekonstruksi
pohon filogenetik dilakukan dengan metode Neighbor-Joining dan model perhitungan Kimura-2-Parameter
menunjukkan Z. loerzingii termasuk dalam kelompok monofiletik dengan Zingiber mioga dan Zingiber officinale
sebagai sister taxa. Hasil analisis keragaman molekuler Z. loerzingii menunjukkan bahwa pada seluruh sampel
Z. loerzingii koleksi dari Cagar Alam Sibolangit tidak ada keragaman molekuler atau keragaman genetik.
Dengan demikian dapat disimpulkan bahwa barcode DNA dengan lokus gen rbcL dapat digunakan sebagai
metode untuk mengidentifikasi Z. loerzingii secara molekuler serta efisien dalam menentukan hubungan
kekerabatannya dengan spesies lain.

Kata Kunci : Barcode DNA, Zingiber loerzingii, rbcL

DNA BARCODING of Zingiber loerzingii Valeton USING Ribulose-1,5-biphosphate Carboxylase-
Oxygenase Large subunit Gene (rbcL) GENE LOCUS

ABSTRACT

DNA barcode is one of the molecular techniques used to identify and classify living things. Z. loerzingii
is currently reported as a rare and endemic plants that is only found in North Sumatra. Scientific studies for Z.
Loerzingii is measly done so that the information about this plant is limited while a clear identity on a plant is
essential to discover the potential. This study aims to determine the molecular characteristics of Z. loerzingii
by using DNA barcodes and assessing the phylogenetic relationship based on the rbcL gene locus. DNA was
isolated with a commercial kit. The rbcL gene locus in the chloroplast genome of Z. loerzingii amplified using
the Polymerase Chain Reaction technique to produce amplicon with the length approximately 600 bp.
Consensus sequence merging generate a sequence with 576 bp length. The phylogenetic tree reconstruction
was carried out using the Neighbor-Joining method and the Kimura-2-Parameter calculation model showed Z.
loerzingii included in the monophyletic group with Zingiber mioga and Zingiber officinale as the sister taxa. The
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results for the molecular diversity analysis of Z. Loerzingii point out that in all samples of Z. loerzingii which
collected from Cagar Alam Sibolangit have no molecular or genetic diversity. Therefore, it can be concluded
that DNA barcoding with the rbcL gene locus can be used as a method to identify Z. loerzingii molecularly and
efficient in determining their phylogenetic with other species.

Keywords: DNA Barcoding, Zingiber loerzingii, rbcL

Introduction
Zingiber loerzingii Valeton is a
herbaceous plant that belongs to the

Zingiberaceae family with the characteristics of
yellowish white flowers, slimy and flower lips
and dark orange stamens. The distribution area
of Z. loerzingii is in tropical forests from Aceh to
North Sumatra (Rugayah et al, 2017). Z
loerzingii is designated as one of the plants with
a vulnerable status by the IUCN Red List (IUCN,
2019). This plant is difficult to find in nature and
its distribution area is very limited.

Identification of Z. loerzingii is very much
needed as a conservation effortin preventing the
extinction of this species. Conservation efforts
with the aim of revealing and maintaining
biodiversity are needed to ensure the
sustainability of a type of living creature or rare
species in the ecosystem (Rahayu & Nugroho,
2015). Molecular identification is very helpful in
revealing the identity of living things quickly,
easily and accurately (Hubert & Hanner, 2015).

DNA barcodes and genomic approaches
have been carried out in plant identification,
biodiversity studies and conservation (Kress et
al., 2005; Vinitha et al,, 2014; Youm et al., 2016;
Hosein, 2017). Identification technique with
DNA barcodes has been used widely and has a
very important role for taxonomy, especially in
the analysis of rare and endemic species (Kim et
al, 2014; Hashim et al, 2020; Alaklabi et al,
2021). DNA barcodes consist of short DNA
sequences that are unique to each species and
are easily amplified. DNA barcodes performed
with standardized experimental protocols are
stable and can be repeated (Hu et al.,, 2019).

A number of loci have been considered
and validated as ideal loci for plants (Kress et al.,
2005; Ford et al.,, 2009). The Consortium for the
Barcode of Life recommends the matK and rbcL
gene loci as the main loci in plant barcodes
(CBOL, 2009). The variation in rbcL is greater
above the species level, rendering it suitable for
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differentiating species (Fazekas et al, 2008;
Chen et al, 2010). The rbcL gene locus is also
frequently used in phylogenetic analysis (Ismail
etal, 2020).

Z. loerzingii belongs to the genus
Zingiber which are cultivated for their rhizomes
(Brickell, 2012). Studies on this species are still
very limited and not much has been done.
Similar studies of rbcL gene locus used other
species from Zingiberaceae. The use of the rbcL
gene has also never been carried out in
molecular analysis of Z. loerzingii. Therefore, this
study aims to determine the DNA barcode of Z.
loerzingii plant based on the rbcL gene locus and
to get its molecular characteristics.

Materials and Method
Z. loerzingii Sample

2 samples of fresh and whole leaves of Z.
loerzingii were collected from Cagar Alam
Sibolangit (Sibolangit Nature Reserve), Deli
Serdang Regency, North Sumatra Province. The
leaves A total of 10 in-groups and out-groups
samples were taken from the alignment results
on GenBank, namely Zingiber mioga
(MW067010.1 and MWO067011.1), Zingiber

officinale (KU043478.1 and KU043479.1),
Kaempferia  galanga  (KJ667620.1  and
K]667621.1), Anigozanthos flavidus

(EF422992.1) and Lachnanthes caroliniana
(KY626848.1).

DNA Isolation

Fresh leaf from Z. loerzingii was isolated
with the commercial Geneaid Mini Plant DNA
Isolation Kit according to the protocol provided
(Geneaid, 2020). 100 mg of leaf tissue was
crushed and then placed in a 1.5 ml
microsentrifuge tube then added with 400 pl
GP1 buffer and RNase A 5 pl. After being
homogenized, it was then incubated at 60°C for
10 minutes. After incubation, the samples were
added with 100 ul of GP2 buffer. The mixed
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solution was then transferred to a collection
tube containing a filter column and then
centrifuged at 1000 x g for 1 minute. The filter
column containing the supernatant was
discarded and replaced with a new filter column.
The solution in the collection tube was
transferred to a new filter column and added
buffer GP3 as much as 150% of the total volume
of the solution. The GD column and collection
tube were then centrifuged at 16,000 x g for 2
minutes. DNA was cleaned twice with W1 buffer
and wash buffer. DNA in the GD column was then
eluted with 100 pl of elution buffer which had
been incubated at 60°C then centrifuged at a
speed of 16,000 x g for 30 seconds. The solution
that falls on the microcentrifuge tube is pure
DNA. Pure DNA is stored at -20°C temperature
for a longer shelf life.

DNA amplification

DNA was amplified using primers rbcLaf
5'-ATG TCA CCA CAA ACA GAG ACT AAA GC-3'
and rbcLa-rev 5'GTA AAA TCA AGT CCA CCR CG-
3' (El-atroush et al,, 2015; Hashim et al. ., 2020).
DNA amplification of Z. loerzingii was carried out
using the Myfi Mix Bioline PCR Kit with a total
solution composition of 25 pl consisting of 5 pl
of forward primer and 5 pl of reverse primer, 5
ul of sample DNA, 10 pl of distilled water and
12.5 pl of PCR kit. The amplification was carried
out for 35 cycles with stages in the form of
predenaturation at a temperature of 97°C for 4
minutes, denaturation at temperature of 94°C
for 45 seconds, annealing at temperature of 52°C
for 50 seconds and extension at temperature of
72°C for 1 minute. The results of DNA
amplification were visualized with 1% agarose
gel. The amplicon was then sent to the molecular
company FirstBase in Singapore for sequencing.

DNA Analysis

The results of the sequencing in the form
of a chromatogram file were edited using Bioedit
7.2.5 software to obtain a consensus sequence
based on a conservative sequence of sequencing
using rbcLaf primers and rbcLa-rev primers. The
consensus sequences were then aligned using
the Basic Local Alignment Search Tool (BLAST)
from the National Center for Biotechnology
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Information (NCBI). Data with a high level of
similarity will be included in the phylogenetic
analysis. Phylogenetic tree and genetic diversity
were analyzed using Molecular Evolutionary
Genetics Analysis (MEGA) X software (Kumar et
al, 2018) and DnaSP 6% Version. The
parameters will be analyzed include Genetic
Distance Value, Nucleotide Composition and
Haplotype and Nucleotide Diversity.

Results and Discussion
Z. loerzingii DNA Barcode

DNA isolated and sequenced from leaf
tissue samples of Z. loerzingii. The result of Z
loerzingii unification sequencing is a nucleotide
sequence with a length of 576 bp. The sequences
showed a high degree of similarity in both
samples with identical nucleotide composition.
DNA barcodes consist of special regions that are
sequenced and this data then becomes the
"Barcode" of an organism to differentiate it from
other organisms molecularly (Lebonah, et al.,
2014). The composition of AT content in both
samples is 56.51% and GC content is 43.49%.
Variations in GC content in several Zingiber with
rbcL gene locus ranges from 35,75%-36,27% (Li
et al, 2020) and 40% (Osathanunkul et al,
2017). The low percentage of GC content
indicates the primitiveness of a species (Hapsari,
2015).

Genetic Diversity of Z. loerzingii

Results of Z. loerzingii sample alignment
with 8 species of Zingiberaceae taken from
Genbank showing that there are 427 observable
characteristics. There are 8 parsimony sites, 419
conserved sites and no SNP (Single Nucleotide
polymorphism). Polymorphism occurs due to
mutations that cause variations in the DNA
sequence (Choudhuri & Kotewicz, 2014).
Polymorphism can be in the form of bases that
are exchanged, added or deleted in the DNA
strand (Lesk, 2002).

The low diversity value or variation in
the samples analyzed with the rbcL gene locus
can be caused by the chloroplast genome being
inherited from a single parent (maternal) so that
recombination does not occur (Xu et al., 2021).
Maternally inherited genes are much more
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occur and are maintained for a long time
(Fitmawati & Hartana, 2010).

Table 1. Genetic Distance among Z. loerzingii and Genus Zingiber and out-group.

No Spesies 1 2 3 4 5 6 7 8 9
1 L1(Z. loerzingii)

2 L2 (Z loerzingii) 0.000

3 Zingiber mioga 0.000 0.000

4 Zingiber mioga 0.000 0.000 0.000

5 Zingiber officinale 0.007 0.007 0.007 0.007

6 Zingiber officinale 0.007 0.007 0.007 0.007 0.000

7 Kaempferia galanga 0.012 0.012 0.012 0.012 0.019 0.019

8 Kaempferia galanga 0.012 0.012 0.012 0.012 0.019 0.019 0.000

9 Lachnanthes caroliniana 0.059 0.059 0.059 0.059 0.064 0.064 0.066 0.066

10 Anigozanthos flavidus 0.069 0.069 0.069 0.069 0.077 0.077 0.077 0.077 0.046

The genetic distance between Z.
loerzingii and Zingiberaceae ranged from 0.000
to 0.019. The lowest difference is found in Z
loerzingii with a genetic distance value of 0.00,
with the highest value is found in Kaempferia
galanga. Genetic distance between Z. loerzingii
and Lachnanthes caroliniana and Anigozanthos
flavidusas out-groups is between 0.059 and
0.069.

The calculation of genetic distance relies
on the presence or absence of substitution, both

transversion and inversion (Hall, 2018). The
calculation of genetic distance is very influential
in explaining the taxon status of a species (Jarulis
etal,2021). The genetic distance for species that
are still in the same taxon group generally
ranges from <1.0% or <2% (Hebert, et al., 2003).
Genetic distance that shows a number >3%
indicates that the species being compared are at
very different taxonomic levels.

Table 2. Haplotype Diversity and Nucleotide Diversity.

Number Haplotype
of . Hd T
Haplotype Haplotype Variance
Hap_1: 4 [MWO067011.1 Zingibermioga MWO067010.1Zingibermioga S2_rbcL
3 S1rbel] 0,7143  0,00803

Hap_2: 2[KU043479.1 Zingiber officinale KU043478.1Zingiber officinale]

Hap_3: 2[K]667621.1 Kaempferia galanga K]667620.1Kaempferia galanga]

Haplotype diversity analysis showed
that there were 3 groups of haplotypes for all
aligned species with a haplotype diversity value
(Hd) of 0.7143. Nucleotide diversity value () is
0.00803. For both samples of Z. loerzingii there
is 1 haplotype group with the haplotype
diversity value of 0.0 and a nucleotide diversity
value of 0.0. The value of diversity which shows
the number 0.0 can be caused by the limited
distribution area of Z loerzingii, so that
interbreeding or gene flow does not possible to
be happened.

169

Phylogenetic analysis of Z. loerzingii

DNA barcodes have been used not only
to identify living things, but also to find genetic
relationships among many species (Hashim, et
al., 2020). Previous phylogenetic analyzes of
Zingiberaceae were based on morphological
differences such as differences in composition of
bracteole, number of flowers, and color of petals.
This approach is not efficient for describing
parental phylogenetic relationships.
Identification technique with DNA barcodes
provides a high degree of conformity in
determining Zingiberaceae phylogenetic
relationships (Gao et al., 2008).
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MWOET010.1 Zingiber mioga
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100

MWOE7011.1 Zingiber mioga
KUD43479.1 Zingiber officinale
KUD43478 1 Zingiber officinale
KJB67621.1 Kaempferia galanga
KJBETB20.1 Kaempferia galanga
EF422992 1 Anigozanthos flavidus

KYE26848.1 Lachnanthes caroliniana

Gambar 1. The phylogenetic tree based on the rbcL gene locus sequence of Z loerzingii with several
Zingiberaceae species and out-groups was reconstructed using the Neighbor-Joining method, Kimura-2-
Parameter calculation model and bootstrap test with 1000 replications(Felsenstein, 1985).

The phylogenetic tree based on the rbcL
gene locus was reconstructed in this study using
the Neighbor-Joining method and resulted in 3
clades apart from the out-group. Z. loerzingii
samples were in one clade as a monophyletic
group with Z mioga. In clade II there exists Z.
officinale with bootstrap value of 98%. In Clade
Il there is K. galangal with bootstrap value of
98%. L. caroliniana and A. flavidus which is an
out-group separated into its own clade with a
bootstrap value of 100%.

Conclusion

Based on the results of the study, it was
found that the gene locus in Z. loerzingii was
successfully amplified with a nucleotide length
of 576 bp. The composition of the GC content is
lower than the AT content. Genetic distance of Z.
loerzingii with Zingiberaceae members and the
compared out-groups are in the range of O0-
0.069.The alignment results show that there are
427 observable characters with 419 conserved
sites, 8 parsimony sites, and no SNP
regions.Haplotype analysis showed that there
were 3 haplotype groups with haplotype
diversity (Hd) of 0.7143 and nucleotide diversity
(m) of 0.00803.Phylogenetic tree analysis using
the Neighbor-Joining method separated the
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dendogram into 4 clades with Z loerzingii
separating into its own group with Z. mioga as a
monophyletic group.
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