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Abstract

Background and Objective: Strawberry (Fragaria spp.) is known for producing fruit with high economic value and significant nutritional
content. Recently, the growing diversity of cultivated strawberries in Indonesia has made it challenging to distinguish the original
characteristics of early ancestors and identify superior traits. The DNA barcoding, mainly through the chloroplast gene rbd., offers a precise
and detailed method for this identification. This research aims to reconstruct a phylogenetic tree, analyze genetic variation and determine
the haplotype distribution of six strawberry cultivars from Java, particularly Yogyakarta and Central Java, based on the rbd. gene.
Materials and Methods: The rb6d._ gene was amplified using DNA amplification techniques with rbd.-F and rbcL.-R primers. The resulting
data were analyzed to construct a phylogenetic tree using ML via IQtree software and Bl using MrBayes software. The alignment results
were used to determine genetic distances and identify polymorphic sites. This study assessed intraspecific genetic variation by
examining h, identifying polymorphic sites, generating a haplotype network using PopART v1.7 and conducting PCoA with GenAIEx 6.503.
Results: The results showed that the rbd. gene was successfully amplified with a length of 1,221 bp after alignment with the GenBank
database. Phylogenetic analysis using ML revealed that the six cultivars formed a single clade with a bootstrap value of 97. Bl similarly
indicated the formation of one clade with a posterior probability value of 1. Haplotype analysis showed that the cultivars ‘Californica’,
‘Knia’,'Mencir’,'Moha’ and ‘Geolhyang'’ belonged to the same haplotype group, while the ‘Bali X Jumbo’ cultivar was placed in a different
group. Conclusion: Haplotype network analysis and PCoA further indicated that the genetic variation of Indonesian strawberries, as
assessed through the rbd. gene, is similar to strawberries from the United States and China.
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INTRODUCTION

Strawberry (Fragaria spp.) is one of the plants that
produce fruits with high economic value and nutritional
content'. According to FAOSTAT (Food and Agriculture
Organization of the United Nations) data in 2020, Global
strawberry fruit production amounted to 14 billion US dollars?.
InIndonesia, strawberry production reached 8,350 ton in 2020,
increased to 9,860 ton in 2021 and sharply rose to 28,895 ton
in 2022. Asia is the continent that produces the most
strawberries®. The strawberries successfully cultivated in
Indonesia resulted from cultivation abroad, with 23 species
and cultivars planted in the highlands of Indonesia*.
These cultivated varieties exhibit varying morphological
characteristics, yields, pest resistance and productivity.

Analysis of the diversity of various strawberry cultivars has
been widely conducted by comparing their morphology and
anatomy. Genetic variation in strawberry plants has also been
studied using RAPD and ISSR techniques'®. However, research
onanalysis relationshipsinferred by phylogeneticand genetic
variation at the gene level in strawberries has not been
extensively studied. This resulted in gaps and unclear
identities regarding strawberry evolution and domestication
lines. Therefore, DNA barcoding analysis is needed because it
can examine the level of gene character differences and
explain their evolutionary lines. The DNA barcodes as an
approach to identifying genetic variation and new species,
since having short gene sequences from standard regions of
agenome’. The commonly used genome is cpDNA because it
is highly conserved with low nucleotide substitution rates.
The cpDNA is circular, containing two types of RNA, tRNA and
rRNA, which play a role in regulating mRNA production and
most of the proteins found in the chloroplast®. Each subunit
forming the photosynthetic protein complex contains genetic
information, including one of them, ribulose 1,5-bisphosphate
carboxylase oxygenase (rbcl). The rbcl gene encodes the
Rubisco protein®'®. The advantage of the rbd. gene is capable
amplify DNA with a high success rate using one or two types
of universal primers'. On the whole, the rbd. gene had

Table 1: Strawberry (Fragariax ananassa) sample collections used in this study

approximately 1400 bp long, providing many characters for
phylogenetic studies®. The rbcl gene has a relatively slow
mutation rate compared to other genes used as barcodes for
cpDNA. As a result, species tend to exhibit a higher level of
similarity. This lower mutation rate is advantageous for
conducting detailed examinations of genetic and
phylogenetic variations within species'®. This research
concentrates on creating a phylogenetic tree, analyzing
genetic diversity and identifying the distribution of haplotypes
within six varieties of strawberries from Java, particularly from
Yogyakarta and Central Java, using the rbd. gene.

MATERIALS AND METHODS

Sample collection and species identification: This study was
carried out from November, 2023 to April, 2024, the sample
collection of six strawberry leaf samples were taken from
2 locations (Table 1), UPTD BP2TPH DIY unit Ngipiksari
(-7.61343110457552, 110.42648776441945) and Inggit
Strawberry Agrotourism (-7.472920285446705,
110.39358789519403). The samples were placed into Ziplock
bags, stored in a cool box and transported to the Geneticsand
Breeding Laboratory, Faculty of Biology, Universitas Gadjah
Mada. The samples were kept at a temperature of -20°C for
sample preservation. To expand this research, 14 rbcd. gene
sequences were obtained from GenBank, which had been
previously documented in countries such as China, the
United States, Switzerland and Japan (Table 1). The purpose of
including these samples was to improve the comprehension
of the genetic variability and connections among diverse
strawberry populations on the Island of Java.

DNA extraction and quantitative-qualitative analysis:
Genomic DNA was extracted from 50 mg of strawberry leaf
tissue using the Genomic DNA Mini Kit (Geneaid) according to
the manufacturer’s instructions. The purity and concentration
of the extracted DNA were then assessed using a Nanodrop
spectrophotometer (Thermo Scientific, Loughborough,
Leicestershire, United Kingdom) at an A260/280 wavelength,

Cultivars Sample code Collection time Location sites Latitude Longitude
Californica CL/S13 December 8, 2023 UPTD BP2TPH DIY, Sleman, Special Region of Yogyakarta 7°36'48.348"S  10°25'35.3568"E
Knia KN/S14 December 8, 2023

Mencir MR/S15 December 28,2023 Strawberry Garden Inggit 3, Banyuroto Village, Magelang, Central Java 7°28'22.512"S  110°23'36.9168"E
Moha MK/S16 December 28,2023

Geolhyang GL/S17 December 28,2023

JumboXBali  Bali_J/S18 December 28,2023
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with an optimal purity ratio ranging between 1.8 and 2.0'2. To
evaluate the DNA quality, electrophoresis was performed
using an electrophorator (Mupid-exU, Chuo-ku, Tokyo, Japan)
to separate and measure the DNA fragments. The samples
were mixed with loading dye and loaded into wells containing
0.8% agarose gel. Electrophoresis was conducted at 50 V for
30 min in a 10X TBE buffer solution and the gel was
subsequently visualized under ultraviolet light.

DNA amplification, electrophoresis and sequencing of
rbd.: The rbcd. gene was amplified using a Biorad Thermal
Cycler. One pair of chloroplast primers was used:
rbd-F  (5'-ATGTCACCACAAACAGAAAC-3') and rbcl-R
(5'-CTATAAGGTATCCATCGCT-3").Each PCRreaction had a total
volume of 30 pL, including 5 L of genomic DNA, 12.5 L of
MyTagq HS Red Mix (Bioline), 1 uL of 10 uM primerand 7.5 pL of
ultrapure water (ddH,0). The process of DNA amplification
started with an initial denaturation for 5 min at 95°C.
Following this, 35 cycles included denaturation at 95°C for
30 sec, annealing at 54.1°C for 45 sec and extension at 45°C
for 30 sec. Finally, there was a final extension at 72°Cfor 5 min.
After that, the products were analyzed by electrophoresis on
a 0.8% agarose gel, stained with Florosafe dye (Bioline) and
run in 10X TBE buffer at 100 V for 30 min. The gel was then
visualized under ultraviolet light.

Data analysis

Sequence editing and alignment of rbd.: Ambiguous bases
in the DNA sequences were manually corrected using
GeneStudio Pro v2.2. To confirm the strawberry species, the
consensus sequences were compared to existing data in
GenBank through the Nucleotide BLAST program. Six rbcl
sequences from strawberry samples were aligned, yielding a
fragmentlength of 1,221 bp. These rbd. sequences were then
used for further intraspecific genetic analysis. In constructing
the phylogenetic tree, two additional samples were included
as outgroups, though this did not alter the fragment length,
which remained at 1,221 bp'.

Phylogenetic and genetic distance analysis: For
phylogenetic reconstruction, 20 samples were analyzed,
including two outgroup samples from GenBank: Potentilla
sterilis (KF602156) and Alchemilla glabra (KF602207). The
phylogenetic tree was created by implementing the ML
method and the partition parameters were established using
Partition Finder 2.1.1.One thousand bootstrap replicates were
utilized in1Qtree2.In addition, Bl analysis was carried out using
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the MrBayes v3.2.6 software. Markov Chain Monte Carlo
(MCMC) method was utilized for 4 million generations, with
sampling conducted every 1,000 generations to estimate the
posterior probability distribution. The resulting consensus tree
was visualized using FigTree v1.4.4. Genetic distance analysis
was conducted using the K-2P model in MEGA11 software.

Genetic variation, haplotype network and Principal
Coordinate of Analysis (PCoA): This study analyzed
intraspecific genetic variation by examining h, identifying
polymorphic sites and generating a haplotype network using
PopARTv1.7.PCoAwasalso conducted using GenAlEx 6.5032,

RESULTS

Analysis of quantitative test: The solution obtained from the
DNA extraction process was clear and colorless and the
concentrations and purity of the genomic DNA extracted
were summarized in Table 2. Genomic DNA concentrations
above 100 ng/uL are considered adequate for successful
amplification, with a minimum requirement of 25 ng/uL.
Typically, DNA purity values range from 1.8 to 2.0, indicating
the absence of contaminants such as polysaccharides,
proteins, phenols or RNA molecules. In this investigation,
the ‘Californica’ variety exhibited the highest genomic DNA
concentration at56.4 ng/uL, while the ‘Geolhyang' variety had
the lowest concentration at 152 ng/pL. The lower
concentration in ‘Geolhyang’ may be due to phenolic
compounds, overly mature leaf samples or DNA
degradation during extraction. Regarding purity, ‘Geolhyang’
demonstrated the highest value at 1.79, while ‘Californica’
displayed the lowest at 1.49, falling below the acceptable
range, suggesting potential RNA or protein contamination.

Analysis of qualitative test: The DNA analysis of the six types
of strawberries showed that all samples had genome sizes
larger than 100 kb (Fig. 1), it is reported that strawberry
chloroplast genomes are between 155,459 and 155,709 bp.
The electrophoresis results confirmed intact DNA bands in all
samples, indicating successful isolation of genomic DNA from
the leaves of strawberry plants.

The PCRelectropherogram successfully amplified the rbc.
gene in all six cultivars, as indicated by target bands (Fig. 2).
The length of the amplified product was about 1,428 bp. The
successful amplification of the target region is due to the
effective recognition of genomic DNA in the samples by the
primers.
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Fig. 1: Gel electrophoresis of the genome of six strawberry cultivars
M: Marker 1 kb, 1: Californica, 2: Knia, 3: Drowning, 4: Moha, 5: Geolhyang and 6: Jumbo X Bali
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Fig. 2: Gel electrophoresis of target gene rcbl of six strawberry cultivars shown 1428 bp
M: Marker 1 kb, CL: Californica, KN: Knia, MR: Mencir, MK: Moha, GL: Geolhyang and Bali_J: Jumbo X Bali

Table 2: DNA concentration results of samples

Cultivars Concentration (ng/pL) Purity (Ayso/Ass0)
Californica 56.4 1.49
Knia 219 1.64
Mencir 256 1.63
Moha 21.8 1.63
Geolhyang 15.2 1.79
Jumbo X Bali 22.2 1.55
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26
22
12

Fragaria iturupensis USA (JX118092)

Fragaria vesca subsp. vesca USA (NC_015206)
Fragaria vesca Swiss (KF602201)

Fragaria vesca subsp. americana USA (3X118089)
Fragaria bucharica USA (3X11809)
Fragariaxbifera USA (JX118091)

Fragaria vesca subsp. bracteata USA (NC_018766)

Fragaria moschata China (MZ702811)
Fragariaxananassa cultivar BalixJumbo Indonesia

71

57

23

19
29
31
17
19
22

54
36

Fragariaxananassa cultivar Kania Indonesia
Fragariaxananassa subsp. cuneifolia USA (JX118093)

Fragariaxananassa cultivar Moha Indonesia
Fragariaxananassa cultivar California Indonesia
Fragaria virginiana USA (NC_019602)
Fragaria chiloensis USA (NC_019601)
Fragariaxananassa cultivar Geolhyang Indonesia

97

Fragariaxananassa cultivar Mencir Indonesia
64— Fragaria viridis China (MZ702808)
Fragaria viridis USA (JX118097)

Fragariaxananassa cultivar Benihoppe China (NC_035961)

Alchemilla glabra

#

Swiss (KF602207)

0.004

Potentilla sterilis Swiss (KF602156)

Fig. 3: Phylogenetic tree reconstruction of 20 rbcl. samples from Fragaria spp., members and 2 outgroup sequences Potentilla

steriflis and Alchemilla glabra using IQTree2 program

Result of sequencing: The sequencing results were examined
using GeneStudio software to detect uncertainties and verify
the sequences. Ambiguous nucleotides were excluded and
valid stop codons were authenticated. The absence of
discrepancies in the sequence alignment and the successful
creation of the phylogenetic tree indicates the high quality of
the sequences. In this study, DNA barcoding, which utilizes
conserved functional genes to distinguish between species,
was implemented. The sequences were stored in fasta format
for future alignment.

The length of the rbcl sequences from the samples
ranged from 1,215-1,317 bp and 1221 bp after alignment.
Analysis using Nucleotide BLAST showed sequence similarities
ranging from 99.67-100% with £. virginiana, Fragaria hybrid
cultivars, £. chiloensis, F. iturupensis, F. moschata and F. vesca.
Sequence similarities between 98 and 100% generally support
classification within the same species, indicating that the
specimens tested likely belong to these species.

Phylogenetictree and genetic distance: A phylogenetic tree
was created using the maximum-likelihood (ML) technique
with the Kimura-2-Parameter model and 1,000 bootstrap
replicates (Fig. 3). This approach offers insights into
evolutionary connections, where the length of branches
indicates the level of genetic variation. Longer branchesin this
analysis represent greater evolutionary distances, while
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shorter branches indicate closer relationships. The
phylogenetic tree illustrated that the Fragaria samples from
this research formed a large group with other GenBank
species, supported by a high bootstrap value of 97.

The reference GenBank samples had a lower bootstrap
value of 57, while the tested samples showed similarities
ranging from 99.67-100%. The phylogenetic tree displays four
distinct groups: One including six cultivar samples with a
bootstrap value of 97, a second with various GenBank data
with a value of 57, a third with £ viridis from China and the
USA with a value of 64 and a fourth group with the outgroups,
supported by a bootstrap value of 97.

The reconstruction of the Bayesian Inference (BI)
phylogenetic tree using the Markov Chain Monte Carlo
(MCMC) method was applied for 4 million generations, with
sampling every 1,000 generations to estimate the posterior
probability distribution in (Fig. 4). Based on the resulting
reconstruction of the phylogenetic tree, the six Fragaria
cultivar samples used are in a large group with posterior
probabilities values of 1. A good posterior probability value is
>0.98. These results indicate that the six samples are closely
related to FragariaX ananassa var. Benihoppe, F. chiloensis
and F£. virginiana.

Genetic distances among Ffragaria species were
measured using the Kimura 2P model (Table 3). The genetic
distance among the five sampled cultivars showing perfect
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similarity is indicated by ***(0.000), meaning there is no
genetic distance among these cultivars, but ‘BaliXJumbo’
shows a genetic distance thus implying there is a genetic
variation in the sequence.

Polymorphic sites: The alignment of 1,221 bp of the control
region sequence revealed the presence of 13 singleton

variable sites and two parsimony-informative sites, resulting
in 15 mutations across the samples (Table 4). These mutations
contributed to the identification of six haplotypes (Table 5).
Among the samples, the BaliX Jumbo (518) cultivar displayed
significant genetic variation, with numerous indels and two
singleton variable sites distinguishing it from the other
cultivars.

Table 3: P-distance of six strawberry cultivars from Indonesia and a strawberry cultivar from GenBank

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
1
2 *¥X%
3 *X¥ *X¥
4 *X¥ *X¥ *%¥%
5 *¥X¥ *X¥ *%¥% *¥X%
6 0002 0.002 0.002 0.002 0.002
11 0.001 0.001 0.001 0.01 0.001 0.003 0.001 0.001 0.001 0.001
120001 0.001 0.001 0.001 0.001 0.03 0.001 0.001 0001 0.001 0.002
13 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0001 0001 0.001 *** 0.002
14 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0001 0001 0.001 *** 0.002  ***
15 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0001 0.001 *** 0.002  *** Frx
16 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0001 0.001 *** 0.002  *** Frx Frx
17 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0001 0.001 *** 0.002  *** Frx Frx Frx
18 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0001 0001 0.001 *** 0.002  *** Frx Frx Frx Frx
19 0.002 0.002 0002 0.02 0002 0003 0.002 0002 0002 0.002 0001 0003 0001 0001 0001 0.001 0.001 0.001
20 0002 0.002 0.02 0.002 0.002 0004 0.002 0002 0.002 0002 0003 0.001 0.003 0.003 0003 0003 0003 0.003 0.003

***Means no genetic distance (0,000)

— Fragariaxbifera USA (JX11809)
— Fragaria bucharica USA (JX118095)
— Fragaria iturupensis USA (JX118092)
Fragaria moschata China (MZ702811)
— Fragaria vesca Swiss (KF602201)
— Fragaria vesca subsp. americana USA (JX118089)
— Fragaria vesca subsp. bracteata USA (NC_018766)
'— Fragaria vesca subsp. vesca USA (NC_015206)
_|_— Fragaria viridis China (MZ702802)
1Y— Fragaria viridis USA (JX118097)

Fragariaxananassa cultivar BalixJumbo Indonesia
— Fragariaxananassa cultivar Benihoppe China (NC_035961)
— Fragariaxananassa cultivar California Indonesia

Fragariaxananassa cultivar Geolhyang Indonesia
I— Fragariaxananassa cultivar Knia Indonesia
— Fragariaxananassa cultivar Mencir Indonesia
[— Fragariaxananassa cultivar Moha Indonesia
— Fragariaxananassa subsp. ceuneifolia USA (JX118093)
— Fragaria chiloensis USA (NC_019601)
'— Fragaria virginiana USA (NC_019602)

0.9919

1
1
1
1
1
1
1
1
1

0.9263

O N = T = = T = T [N

Alchemilla glabra

—

1

Swiss (KF602207)

0.002

Potentilla sterilis Swiss (KF602156)

Fig. 4: Phylogenetic tree reconstruction of 20 rbd. samples from Fragaria spp., members and 2 outgroup sequences Potentilla

sterilis and Alchemilla glabra using the MrBayes program
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MZ702802

JX118097

s18 NC_018766

10 samples

1 samples

@ Indonesia
O USA
@ China

MZ702811 O Swiss

Fig. 5: Median-joining haplotype network of 6 strawberry samples and references from GenBank based on the rbd. gene

sequence (1221 bp)

Size of the circles indicates the number of samples. Lines between circles show how the samples are related and shorter lines show where changes have
occurred between the samples. Each color represents the location of the sample in this study

Table 4: Twenty polymorphic sites of strawberry cultivar based on rbd. gene

5 3 4 5 9
6 4 7 1
6 3 4

o W O

Sample

JX118089
JX118091
JX118092
JX118093
JX118095
JX118097
KF602201
MZ702802
MZ702811
NC_015206
NC_018766
NC_019601
NC_019602
NC_035961
S13-California
S14-Knia
S15-Mencir
S16-Moha
S17-Geolhyang
S18-Bali X Jumbo - -
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Data on the number of nucleic acids that have experienced mutations, is indicated in the second column of the first row. This data is read in a vertical format. The
subsequent row in the same column lists various nucleotides, which will appear distinct when aligned

Analysis of haplotype and PCoA: Haplotype analysis
classified the 20 samples into six groups, with five
cultivars-‘Californica’ (S13), ‘Knia’" (S14), ‘Mencir’ (S15),
‘Moha’ (S16) and ‘Geolhyang’ (517)-belonging to haplotype
group H4, while ‘BaliXJumbo’ (S18) was assigned to
haplotype group H6 (Fig. 5). The analysis reveals that
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nearly all haplotypes are grouped closely together in the
coordinate axis, except haplotype H6, which is distinctly
separate from the others. The PCoA revealed that Indonesian
strawberry cultivars share the same genetic flow of the
rbcl gene as strawberries from the United States and
China (Fig. 6).
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Fig. 6: PCoA of 6 strawberry cultivars based on the rbd. gene (1221 bp)

Table 5: Haplotype of twenty samples based on rbd.
Haplotype Number of samples
H1 7

Sample codes
JX118089
JX118091
JX118092
JX118095
KF602201
NC_015206
NC_018766
MZ702811
JX118097
JX118093
NC_019601
NC_019602
NC_035961
S13

S14

S15

S16

S17

H5 1 MZ702802

H6 1 S18

S13: Californica, S14: Knia, S15: Mencir, S16: Moha, S17: Geolhyang and
S18: Jumbo X Bali. The Haplotype codes in the first column, highlight the
presence of six distinct haplotypes. To gain a deeper understanding of the
variations among these haplotypes, it is essential to reference Table 4 as well,
which outlines the specific differences

H2 1
H3 1
H4

DISCUSSION

The results of the DNA extraction show that while some
samples, particularly ‘Geolhyang’, had lower-than-desired
concentrations of genomic DNA, the overall purity across
several cultivars could have been better. Low concentrations
and impurities, such as DNA amplification, can negatively
impact subsequent analyses''. This highlights the need to
optimize extraction protocols, especially for samples with high
levels of interfering compounds like phenolics™'6. The
suboptimal purity observed suggests potential contamination,
which could compromise downstream processes such as
sequencing'’18,
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Despite these challenges, the successful isolation of
genomic DNA and the subsequent amplification of the rbc.
genein all samples demonstrate the reliability of the selected
primers and PCR conditions'?'. The clear DNA bands
observed during electrophoresis confirm the robustness of
the extraction and amplification procedures?2, Proper primer
selection is crucial for ensuring successful amplification,
particularly for target regions like the rbcl gene, which is
essential in phylogenetic studies?24,

The high sequence similarities between the tested
strawberry samples and known Fragaria species support the
hypothesis that these cultivars share significant genetic traits
with other strawberry species>?. The absence of alignment
gapsand valid stop codons furtherindicates the high integrity
of the DNA sequences?®. The DNA barcoding remains an
effective tool for species identification and in this study, the
rbcd. gene proved valuable for confirming species-level
classification for these strawberry cultivars.

Identifying polymorphic sites within the control region
highlights the genetic variability among the tested strawberry
cultivars. The genetic divergence observed in ‘Bali X Jumbo’
suggests the influence of selective breeding, leading to
unique allelic patterns. Detecting haplotypes and genetic
variation provides valuable insights for future breeding
programs to develop improved strawberry varieties? %,

Additionally, the haplotype and Principal PCoA suggest
that the genetic flow of strawberries in Indonesia has been
shaped by hybridization with cultivars from the United States
and China. The genetic divergence observed in ‘Bali X Jumbo’
may result from selective breeding efforts to enhance
cultivar traits®®. These findings underscore the importance
of genetic analysis in understanding the evolutionary
history and breeding dynamics of strawberry cultivars in
Indonesia.
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CONCLUSION

The six strawberry cultivars (FragariaX ananassa)
‘Californica’, ‘Knia’, ‘Mencir, ‘Moha’, ‘Geolhyang’ and
‘BaliXJumbo’ showed amplification of the rbd. gene
with a fragment length of 1221 bp after alignment.
Phylogenetic analysis using Maximum-Likelihood (ML) by
IQtree2 showed that the six cultivars formed a large group
with a bootstrap value of 97, while according to Bayesian
Inference (BI), they also formed a large group with a posterior
probability (pp) value of 1. The haplotype values indicated that
the ‘Californica’, ‘Knia’, ‘Mencir, ‘Moha’ and ‘Geolhyang’
cultivars belong to the same haplotype group, while the
‘Bali X Jumbo' cultivars belong to a different group. Haplotype
network analysisand (PCoA) indicated that strawberries found
in Indonesia share the same genetic flow of rbd. as those from
the United States and China.

SIGNIFICANCE STATEMENT

This study allows precise identification of local
strawberry species because many may not have been
genetically characterized. This will enhance the understanding
of regional biodiversity. The genetic data generated can be
used as data for agricultural practices, aiding in the
development of strawberry varieties with improved disease
resistance, climate adaptability and fruit quality. The use of the
rbcl gene as a barcode in this research demonstrates the
reliability of DNA barcoding as a powerful tool for species
identification. The unique contribution of this study lies
in its focus on the genetic diversity of strawberries in a
largely underexplored region, addressing a critical gap in
scientific knowledge and agricultural advancement in
Southeast Asia.
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