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Legundi (Vitex trifolia) is one of the crucial ethno-pharmacological plants. However, the genetic 
exploration of these plants in Indonesia remains limited. Moreover, a set of primers can be an 
initial important step to explore the genetics of V. trifolia as well as to molecularly identify the 
species of Legundi. This study aimed to develop the two pairs of primers of maturase-K (matK) 
and ribulose bisphosphate carboxylase large subunit (rbcL) genes. This type of research is 
exploratory research using a quantitative approach. The research sampling are the leaves of 
the V. trifolia species, which were collected from Makassar, Indonesia, and the purposive 
sampling method. The data were obtained through DNA barcoding, and the data were 
analyzed using bioinformatics analysis. This study found two pairs of developed primers, matK 
and rbcL, successfully amplified both matK and rbcL target genes of V. trifolia. The newly 
developed species-specific primers successfully amplified the matK and rbcL genes of V. 
trifolia, and sequence analysis revealed high similarity values in BLAST and BOLD databases 
ranging from 99.2 to 100%, with PCR amplification of the matK marker showing particularly 
high DNA concentration and specificity for species-level identification. This study supports the 
genetic exploration and identification of useful ethno-pharmacy plants, V. trifolia. The 
conclusion of the study shows that two primer pairs of maturase-K (matK) and ribulose 
bisphosphate carboxylase large subunit (rbcL) genes have been developed from V. trifolia 
plants. This study supports the genetic exploration and identification of ethnopharmaceutical 
plants of V. trifolia and the role of bioinformatics tools in molecular studies of medicinal plants. 
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INTRODUCTION 

Vitex trifolia, commonly known as legundi plant, is one of the species of the Vitex genus 

(Verbenaceae) whose active compounds are commonly used as traditional medicine. Vitex trifolia is 

widely used by various countries in Asia, such as China (Wee et al., 2020), Malaysia (Abas et al., 2020), 

India (Naikwad & Jeedi, 2021), and Indonesia (Arpiwi et al., 2020; Ikawati et al., 2022) to reduce fever. 

reduce pain, reduce migraines, treat wounds (anti-bacterial), asthma, and eye pain (Goh, 2024; Nisa et 

al., 2023).  All parts of this plant can be used as medicine, including seeds, roots, stems, flowers, and 

leaves (Zulkifli et al., 2021). Recently, many studies have been interested in discovering new 

pharmacological activities of Vitex plants (Kamal et al., 2022). From studies related to the Vitex genus, 

extracts and fractions from the leaves and fruits of the Vitex genus contain various types of secondary 

metabolites, including flavonoids, terpenoids, steroids, and iridoids (Bello et al., 2018; Gupta et al., 2022; 

Mottaghipisheh et al., 2024; Purwitasari et al., 2020) that significantly exhibit pharmacological activities 

such as anti-cancer, anti-oxidant, and anti-inflammatory (Bao et al., 2018; Ghafari et al., 2022; Liou et al., 

2018).  

Vitex trifolia is distributed and sold as herbal medicine in Asia under various local names, but the 

genus Vitex L. is difficult to identify and delineate because it has a high morphology that is unclear and 

controversial (Salvaña et al., 2019). In Indonesia, Vitex trifolia leaves have been demonstrated to possess 

anti-inflammatory properties, effective against both immunological and non-immunological inflammatory 

responses (Ikawati, 2022). Vitex trifolia extract could enhance cancer treatment efficacy by overcoming 

chemotherapy resistance (Lubis, 2025). Vitex sp as anti-COVID-19 plants in East Kalimantan (Noor’an, 

2021). Legundi leaf essential oil has good potential to be explored further, especially to better understand 

the chemical activities of its compounds, since it shows toxic properties (Setianingsih et al., 2022). 

Therefore, it is necessary to carry out molecular identification to identify species that have potential as 

herbal medicines so that the public can avoid counterfeiting and errors in the use of herbal products 

(Su’udi et al., 2022).   

Recently, DNA barcoding has developed into an effective taxonomic classification technique for 

species identification. It is considered a promising technique for accurate species identification by 

effectively using short regions of specific DNA sequences (Bhavana et al., 2021). DNA barcoding is a 

molecular technique used to identify species using DNA code-based similarities combined with 

morphological characteristics, which minimizes errors from conventional identification (Wardani et al., 

2022). DNA barcoding can be used for the characterization of new species, cryptic species, or unknown 

species at the species level (Letsiou et al., 2024). Chloroplast DNA (cpDNA) is a specific type of DNA 

barcode that is commonly used in plants (Sundari et al., 2019). Chloroplast DNA sequences that are likely 

to be used for DNA barcoding are the genes atpF-H, matK, ndhF, rpoC1, trnH-psbA, rbcL, rpl32-trnL, and 

rpoB (Paksoy et al., 2022). The matK and rbcL genes have been used as standard coding for plant DNA 

barcoding. Therefore, in this study, these two genes were selected for DNA coding in Vitex trifolia plants. 

The matK and rbcL genes can be used to distinguish different types of plant species and 

subspecies due to sequence variability, including acacia species (Suriani et al., 2021), orchids (Worthy et 

al., 2022), bamboo (Yong et al., 2024), Cucurbitaceae family (Ho & Nguyen, 2020), and Coelogyne genus 

(Pratiwi et al., 2023). The matK gene marker has a total sequence length of 1500 bp, and rbcL has about 

1400 bp, which has high accuracy for DNA barcoding (Utama et al., 2024). The matK and rbcL genes are 

crucial in the authentication of medicinal plants, ensuring the right species is used in medicinal ingredients, 

which is important for conservation and treatment effectiveness (Cahyaningsih et al., 2022). In addition, 

the combination of matK and rbcL genes can discriminate about 90% of flowering plants (CBOL 5). 
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However, more conserved genomic regions can be identified and used to detect adulteration of medicinal 

materials (Wattoo et al., 2016). 

The use of appropriate primers is one aspect that can affect the success of DNA barcoding. Primers 

are short nucleotide or oligonucleotide polymers composed of DNA or RNA that play an important role in 

the PCR (polymerase chain reaction) process (Salsabila et al., 2021). The main cause of unsuccessful 

PCR is the selection of primers that have low quality and are not appropriate (Fulghum et al., 2024). 

Primers are an important component during the amplification process, which consists of forward and 

reverse primers, where the first step of successful DNA sequencing of a gene is the use of appropriate 

primer design. Inaccuracy in primer design can cause the resulting PCR product to be non-specific and 

unable to amplify the entire DNA sequence (Indradewi, 2022). In some studies, it was found that universal 

primers failed to amplify various groups of species (Bahram et al., 2019; Dahl et al., 2022; Cräutlein et al., 

2011). In addition, both primers matK and rbcL failed to discriminate Calligonum species (Kipkiror et al., 

2023). In the study Corvalán et al. (2025), the rbcL primer covering more than 99% of the sequence while 

the matK primer less than 85% despite optimization, thus emphasizing the limitations of universal primers 

and the need for the development of taxa-specific primers. Several studies reported that no single 

universal primer set can successfully amplify all land plants, and matK primers, although informative, 

frequently fail to amplify consistently across taxa without optimization (Yu et al., 2011). Therefore, this 

study aims to design and evaluate species-specific primers based on the matK and rbcL genes using an 

in silico DNA barcoding approach, and to assess their effectiveness for accurate species-level molecular 

identification of Vitex trifolia.  

 

RESEARCH METHODS 

The research was conducted from August to November 2024 at the Biology Laboratory Research 

Department of Biology Education, Faculty of Teacher Training and Education, Muhammadiyah University 

of Surakarta, Indonesia. Data were obtained through DNA barcoding by including several stages such as 

DNA extraction, PCR, DNA visualization and qualification, and DNA sequencing. Then, the data were 

processed using bioinformatics analysis, which can be seen in Figure 1. 

Plant material in the form of leaves from the Vitex trifolia tree was collected from Makassar, 

Indonesia. The plants are maintained in a controlled greenhouse environment with natural light. The full 

sequences of Vitex trifolia were obtained through the database from NCBI (National Center of 

Biotechnology Information). In the genomic DNA extraction and DNA concentration stage, the genomic 

DNA was extracted from 150 g of Vitex trifolia leaves. This consideration is carried out based on the 

criteria of the plants needed in the study, which are the leaves of the Vitex trifolia species with the 

morphology of three-fingered compound leaves, slightly ovoid, and grayish-green colour (Gentallan et al., 

2024).  Samples were sterilized with 70% alkohol and grinded it with nitrogen liquid using a pestle and 

mortar, and extraction was done using a GeneAid plant genomic DNA mini kit. The extracted DNA was 

quantified using the BioDrop spectrophotometer, which was used for measuring the extracted DNA 

concentrations in the samples. DNA was visualized using gel electrophoresis on a 1% agarose gel to 

verify the quality and quantity of the extracted DNA. The DNA was stored at –20°C for subsequent 

amplification experiments.  
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Figure 1. Workflow of DNA Barcoding and Species-Specific Primer Development in Vitex trifolia 

 

The primer design stage. The primer design development was carried out by selecting the Vitex 

trifolia matK and rbcL gene sequences from the NCBI database (accession number NC_062602.1), 

downloaded in FASTA format, and aligned using MEGA version 11 to assess nucleotide similarity and 

sequence identity (Patel et al., 2020). Forward primers (18–30 bp) were manually designed in the 5′→3′ 

direction, while reverse primers were generated from the terminal region and reverse-complemented 

using bioinformatics tools (https://www.bioinformatics.org/sms/rev_comp.html). Primer specificity was 

evaluated in silico by analyzing hairpin formation, melting temperature (Tm), self-annealing, and GC 

content (Sen et al., 2017) and optimized using the PCR primer stats tool 

(https://www.bioinformatics.org/sms2/pcr_primer_stats.html) to meet optimal criteria, including primer 

length of 18–30 bp (Batubara et al., 2024), GC content of 40–60% (Messe et al., 2020), and a maximum 

Tm difference of 5°C between primer pairs (Praja & Rosalina, 2021).  

Polymerase chain reaction (PCR) and DNA visualization stage. PCR was used to amplify the 

isolated DNA through repeated cycles of denaturation, annealing, and extension (Zhang et al., 2019; 

Shahzad et al., 2020), and amplification success was evaluated by gel electrophoresis (Dzikrina et al., 

2022). Each reaction was prepared in a total volume of 50 µL containing 25 µL MyTaq Red Mix, 22 µL 

ddH₂O, 1 µL of each primer, and 1 µL DNA template. The PCR program for matK was as follows: initial 

denaturation at 94°C for 300 s; 35 denaturing cycles at 94°C for 30 s, annealing at 55°C for 45 s, 

extension at 72°C for 60 s; and final extension step at 72°C for 300 s. The DNA was visualized by gel 

electrophoresis using 1% agarose gel. Furthermore, 4 µL of the sample was inserted into the well. After 

all the samples were put into the wells, 4 µL of DNA ladder was run in electrophoresis at 100 volts for 30 

minutes. In the final step, the DNA bands that appeared on the agarose gel 1% under UV light using 

BluPAD Dual LED Blue/White Light Transilluminator (Bio-Helix). 

The DNA sequencing stage. DNA fragments obtained after electrophoresis were sequenced at PT 

Genetics Science Indonesia using the Sanger method. The resulting sequences were assembled into 

contigs with DNA Baser Assembler and then analyzed using BLAST on the NCBI website 

(www.ncbi.nlm.nih.gov) to determine sequence similarity with reference data in the database. The data 

analysis, primer candidates that have been obtained in the previous stage, are tested for primer 

https://www.bioinformatics.org/sms/rev_comp.html
https://www.bioinformatics.org/sms2/pcr_primer_stats.html
http://www.ncbi.nlm.nih.gov/
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specifications in-silico using the PCR primer stats tool from the Bioinformatics website 

(https://www.bioinformatics.org/sms2/pcr_primer_stats.html) to determine the secondary structure of 

each of the candidate primers that exist. The DNA sequencing products are qontique using DNA baser 

software. In the contiq process, the ambiguous sequence was cut. The results of the nucleotide sequence 

were aligned with MEGA version 11, used for the alignment of nucleotides with reference to Vitex trifolia 

sequences that used matK and rbcL gene from NCBI (Budiman et al., 2020). Then the alignment results 

were analyzed for the highest sequence similarity using the BLAST (Basic Local Alignment Search Tool) 

tools on the NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi). can find regions that have similarities 

with other sequences in existing data centers, so it can be known that there is a genetic relationship 

between sequences with other species or just a coincidence (Budiarsa et al., 2022). In addition, to validate 

the BLAST results, the data were analyzed using the BOLD website 

(https://v3.boldsystems.org/index.php/IDS_BlastRequest). BOLD can identify by matching sequences 

with the most closely related individuals available in the database by generating inter and intraspecific 

genetic distance graphs, barcode gaps, reconstruction trees, and haplotype distributions (Imtiaz et al., 

2017). 

 

FINDING AND DISCUSSION 

Based on the results of a DNA sequence search using the NCBI database, one of the Vitex trifolia 

trnK gene sequences was obtained and then downloaded in FASTA format. The length of the V. trifolia 

trnk gene sequence obtained is around 2,580 bp (base pair), then converted into FASTA format as a 

template to facilitate the design of primer design manually, where this format is a text-based format to 

show nucleotide sequences without numbering (Sihotang et al., 2021). In the trnK gene sequence, there 

is a matK gene that overlaps the intron part of the trnK gene with a size of around 1500 bp. 

The matK gene is a gene located within the intron of the trnK gene, where it overlaps with the intron 

of the trnK gene (Figure 2). MatK is a chloroplast coding gene that is nested between exons 5' and 3' of 

the trnK (tRNA-lysine) gene (Udensi et al., 2017). To obtain the full-length sequence of the matK gene, a 

portion of the trnK gene sequence can be used so that the entire matK sequence can be amplified. The 

length of the trnK gene region overlapping with matK is in the order of 2214 to 3744 bp (1.530 bp). Primer 

design to get the desired primer candidates previously needed to be done manually. Based on the DNA 

consensus sequence obtained, the primer candidate was obtained with the Forward and reverse primers 

(Figure 2). Furthermore, the obtained primer candidates can be tested in silico using PCR primer stats 

tools from the Bioinformatics website (https://www.bioinformatics.org/sms2/pcr_primer_stats.html) to 

determine the secondary structure of each candidate primer. The secondary structures observed include 

melting temperature (Tm), GC count (%), GC clamp, self-annealing, and hairpin formation (Table 1). From 

these tests, it will be known whether the primer candidates meet the requirements of a good primer so 

that the resulting primer is specific. Each candidate is given a special naming to make it easier to 

recognize each primer, namely the forward primer with the letter symbol “F” and the reverse primer with 

the letter symbol “R”. 

The results of the test show that the primer candidate that meets the criteria of a good primer is the 

matK primer candidate (forward and reverse), where a good primer meets the criteria of the prime 

parameter (Aulia et al., 2023). Good primer parameters include primer lengths ranging from 18-30 bp, g 

40-60% guanine (G) and cytosine (C) bases, and the melting temperature (Tm) between the forward and 

reverse primers is not too far apart (Nuryady et al., 2025). Meanwhile, the rbcL primer candidate obtained 

low GC content results, namely 35% and 25%, where the amount is <40 - 60% as the ideal limit of the 

https://www.bioinformatics.org/sms2/pcr_primer_stats.html
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://v3.boldsystems.org/index.php/IDS_BlastRequest
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amount of guanine (G) and cytosine (C) contained in a primer to ensure the stability of the bond between 

the primer and the template (Suwarny et al., 2025). A low amount of GC content can reduce primer 

specificity because it leads to a low optimal annealing temperature (So et al., 2020). In addition, unspecific 

and too low primer annealing temperatures can lead to amplification of unwanted DNA segments 

(Mubarak et al., 2020). 

 

 
Figure 2. The Developed Primers of matK and rbcL of Vitex trifolia based on  

Full-Length Mitochondrial Sequences 

 
Table 1. The Output of Primer-Stats for Sequence 

 
No 

 
Accession No 

 
Primers 

 
Name 

 
Length 

(bp) 

Melting 
Temperature 

(Tm ℃) 

GC 
Content 

(%) 

GC 
Clamp 

Self-
Annealing 

 

Hairpin 
Formation 

1 NC_062602.1 matK F 24 63.87 45.83 Pass Pass Pass 
 NC_062602.1 matK R 21 65.80 52.38 Pass Pass Pass 

2 NC_062602.1 rbcL F 20 57.95 35.00 Pass Pass Pass 
 NC_062602.1 rbcL R 20 51.41 25.00 Pass Pass Pass 

 

Visualization of electrophoresis results from Vitex trifolia DNA extraction using 1% agarose gel with 

staining using Florovue gel stain that allows DNA to fluoresce when illuminated with UV light. DNA bands 

were compared with a DNA ladder (Figure 3) and showed fragment sizes of approximately 10,000 bp. 

DNA concentration was measured with a NanoDrop spectrophotometer, giving a value of 100 µg/mL for 

the Makassar sample, a method widely recognized for accurately assessing DNA concentration and purity 

(García-Alegría et al., 2020). Three main factors affect the success of the DNA extraction process, namely 

the quality of the plant tissue used, the quantity of plant tissue, and the technique of destroying plant 

tissue (Nugroho et al., 2019). Good DNA quality obtained from extraction results is a basic requirement 

that must be met in molecular studies (Jayanti & Mushlih, 2021). Good DNA quantity can affect the 

success of subsequent DNA barcoding steps such as PCR, DNA sequencing, and electrophoresis 

(Sittenthaler et al., 2023).  

Vitex trifolia DNA sequences were tested for concentration and purity by PCR using both candidate 

primers, namely matK and rbcL, obtained DNA amplification results that have been visualized by 

electrophoresis using 1% agarose gel (Figure 4) proving that the DNA was successfully amplified by 

looking at the presence of fluorescent DNA bands and measuring more than 1500 bp (Anissa et al., 2023). 

The size of the DNA band formed can determine the high and low concentration of the DNA sample, the 

thicker the DNA band produced, the higher the concentration and vice versa (Setiati et al., 2020). In 

addition, good quality DNA looks thick, solid, and has no smears (Ramlan et al., 2024). In the amplification 
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results of the two primer candidates, it is known that both have high DNA concentrations and sizes ranging 

from 1500 to 2000 bp, but the quality of the DNA is low, marked by smears. Smears that appear at the 

electrophoresis stage can be caused by degradation or contamination of the DNA sample (Kusuma, 

2022).  

 

 
Figure 3. The Result of gDNA Extraction 

 

 
Figure 4. The Amplification Result of Vitex trifolia matK and rbcL Genes 

 

Considering the quality of the matK primer against the in-silico test and the amplification results 

showing thick DNA bands and thinner smears than the rbcL primer, the matK gene will be used as the 

candidate primer tested in the next stage. Vitex trifolia matK gene sequences were tested using BLAST 

tools on the NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi) with various parameters such as 

species name, max score, total score, etc (Table 2). To determine the similarity/compatibility of a DNA 

sequence with the available database, the percent identity value is used; the higher the percent identity, 

the more significant the match, so that it can estimate biological similarity (Samal et al., 2021). In the 

table, the highest percent identity is 100.00% in the species Vitex rotundifolia, Vitex trifolia, and Vitex 

bicolor. So from these results, it is known that the matK primer successfully amplified the Vitex trifolia 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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sequence with a percent identity of 100.00%. The BOLD result details of the Vitex trifolia matK sequence 

can be seen in Table 3. 

 
Table 2. NCBI Blast Result Detail of Vitex trifolia matK Sequence 

No Species 
Max 

Score 
 

Total Score 
Query 
Cover 

E 
value 

Per. Ident Acc. Len Accession 

1 Vitex rotundifolia 3330 3330 100% 0.0 100.00% 154446 OQ942922.1 

2 Vitex trifolia 3330 3330 100% 0.0 100.00% 154472 ON711030.1 

3 Vitex trifolia 3330 3330 100% 0.0 100.00% 154444 NC_062602.1 

4 Vitex bicolor 3330 3330 100% 0.0 100.00% 154460 NC_065871.1 

5 Vitex rotundifolia 3319 3319 100% 0.0 99.89% 154370 NC_05091.1 

6 
Vitex negudo var 

cannabifolia 
3319 3319 100% 0.0 99.89% 154470 OP581016.1 

7 Vitex negudo 3319 3319 100% 0.0 99.89% 154496 PP584504.1 

8 Vitex negudo 3319 3319 100% 0.0 99.89% 154438 NC_057235.1 

9 Vitex tripinnata 3319 3319 100% 0.0 99.89% 154166 MT473785.1 

10 
Vitex negudo var 

cannabifolia 
3314 3314 100% 0.0 99.83% 154520 PQ541021.1 

 
Table 3. The BOLD Result details of the Vitex trifolia matK Sequence 

No Phylum Class Order Family Genus Species Score Similarity 

1 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex trifolia 1298 99.92 

2 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex rotundifolia 1296 99.85 

3 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex negundo 1294 99.77 

4 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex Agnus-castus 1294 99.77 

5 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex Agnus-castus 1294 99.77 

6 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex glabrata 1264 98.62 

7 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex quinata 1264 98.62 

8 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex limonifolia 1235 97.62 

9 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex carbuncolorum 1235 97.62 

10 Tracheophyta Magnoliopsida Lamiales Lamiaceae Vitex canescens 1232 96.97 

 

Furthermore, the same sequences and primer candidates were tested again using a different 

website known as BOLD (https://v3.boldsystems.org/index.php/IDS_BlastRequest). In the test, there are 

parameters that can be observed, including phylum, class, order, family, genus, species, score, and 

similarity (Table 3). When compared to the BLAST Bioinformatics tool, the BOLD system is easier to 

analyze for sequence similarity with the database and is more specific in taxonomy. The similarity 

percentage for identifying the Vitex trifolia matK gene sequence showed a similarity of around 99.92% 

with the Vitex trifolia species. Thus, it is known that the matK primer candidate successfully amplified the 

Vitex trifolia sequence. The similarity percentage of the Vitex trifolia matK gene sequence from both 

BLAST Bioinformatics and BOLD websites was successful in identifying up to the species level with a 

percentage of 99.92-100%, so the matK primer candidate was specific in amplifying the Vitex trifolia 

sequence. This finding is consistent with previous studies, where Wei et al. (2024) reported that 

amplification with the designed matK primer was more successful. Korotkova et al. (2011) observed 

successful matK amplification in Cactaceae, while Sahin et al. (2025) noted moderate performance for 

matK and lower reliability for rbcL in species-level resolution. Mishra et al. (2022) indicated that the matK 

gene exhibits higher sequence variability than the rbcL region. Overall, the findings demonstrate that the 

matK primers developed in this study exhibit higher reliability and specificity than the rbcL primers for 

molecular identification of Vitex trifolia, thereby supporting the use of matK as an efficient DNA barcode 

https://v3.boldsystems.org/index.php/IDS_BlastRequest
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for genetic exploration and accurate species-level identification of ethnopharmacologically important 

plants. 

 

CONCLUSION 

The selection of specific primers is a success factor for DNA barcoding, especially in the PCR 

(polymerase chain reaction) stage. The specific primer must meet the criteria as a good primer so that it 

is optimal in amplifying the target DNA sequence. In this study, it is known that primer candidates that 

qualify as good primers are matK primer candidates consisting of forward primers (5 

‘TGTCCCCGAGGTATCTATTCTTAC 3’) and reverse primers (5 ‘CATTGCACACGGCTTTCCCTA 3’). 

The results demonstrate that the designed matK primers show higher reliability and specificity than the 

rbcL primers for molecular identification of this species. Successful amplification and high sequence 

similarity (99.92-100%) confirmed the effectiveness of the matK marker in achieving species-level 

resolution. These findings imply that the matK primer can serve as a reliable molecular tool for accurate 

identification and genetic exploration of Vitex trifolia, supporting future studies in ethnopharmacology, 

biodiversity assessment, and conservation of medicinal plants. 

 

ACKNOWLEDGMENT 

The researcher would like to thank the Kolaborasi Riset Strategis (KATALIS) of Kementerian 

Pendidikan Tinggi, Sains, Dan Teknologi, Indonesia, under contract number 003/LL6/P. 

Katalis/AL.04/2024 and 279.07/A.3-III/LRI/VIII/ for facilitating and financially supporting this research. 

 

REFERENCES 

Abas, M. A., Hambali, K. A., Hassin, N. H., Karim, M. F. A., Ismail, L., & Rosli, H. (2020). Antifungal activity 
of selected Malaysia’s local medicinal plants against sick building syndrome (SBS) fungi. Asian 
Journal of Plant Sciences, 19(3), 240–245. https://doi.org/10.3923/ajps.2020.240.245   

Anissa, R. K., Lisdiana, L., & Widyayanti, A. T. (2023). Optimasi metode nested PCR untuk deteksi Vibrio 
parahaemolyticus AHPND pada udang vaname (Litopenaeus vannamei). LenteraBio : Berkala 
Ilmiah Biologi, 13(1), 1–13. https://doi.org/10.26740/lenterabio.v13n1.p1-13  

Arpiwi, N. L., Muksin, I. K., & Kriswiyanti, E. (2020). Essential oils from vitex trifolia as an effective repellent 
for aedes aegypti. Biodiversitas, 21(10), 4536–4544. https://doi.org/10.13057/biodiv/d211060  

Aulia, N., Ahda, Y., Achyar, A., & Putri, D. H. (2023). Desain primer dan optimasi suhu annealing untuk 
amplifikasi Gen RET. Jurnal Biology Science & Education, 12(1), 70–77. 
https://doi.org/10.33477/bs.v12i1.4296   

Bahram, M., Anslan, S., Hildebrand, F., Bork, P., & Tedersoo, L. (2019). Newly designed 16S rRNA 
metabarcoding primers amplify diverse and novel archaeal taxa from the environment. 
Environmental Microbiology Reports, 11(4), 487–494. https://pubmed.ncbi.nlm.nih.gov/30058291/        

Bao, F., Tang, R., Cheng, L., Zhang, C., Qiu, C., Yuan, T., Zhu, L., Li, H., & Chen, L. (2018). Terpenoids 
from Vitex trifolia and their anti-inflammatory activities. Journal of Natural Medicines, 72(2), 570–
575. https://doi.org/10.1007/s11418-018-1178-x  

Batubara, J. W., Gultom, R., Hutagaol, A., Parapat, G. G., & Ariansah, R. (2024). Desain primer in silico 
untuk amplifikasi genus andaliman dengan aplikasi bioinformatika. Jurnal Biologi, 1(4), 1–8. 
https://journal.pubmedia.id/index.php/biology/article/view/3283  

Bello, M. O., Zaki, A. A., Aloko, S., Fasinu, P. S., Bello, E. O., Ajao, U. L., & Oguntoye, O. S. (2018). The 
genus Vitex: An overview of iridoids as chemotaxonomic marker. Beni-Suef University Journal of 
Basic and Applied Sciences, 7(4), 414–419. https://doi.org/10.1016/j.bjbas.2017.07.004  

Bhavana, V., Shakunthala, B., & Shruthi, S. D. (2021). DNA Barcoding of few indoor plants and molecular 
characterization of its symbiotic bacteria. Quantum Journal of Medical and Health Sciences, 1(1), 

https://doi.org/10.3923/ajps.2020.240.245
https://doi.org/10.26740/lenterabio.v13n1.p1-13
https://doi.org/10.13057/biodiv/d211060
https://doi.org/10.33477/bs.v12i1.4296
https://pubmed.ncbi.nlm.nih.gov/30058291/
https://doi.org/10.1007/s11418-018-1178-x
https://journal.pubmedia.id/index.php/biology/article/view/3283
https://doi.org/10.1016/j.bjbas.2017.07.004


 
Edubiotik : Jurnal Pendidikan, Biologi dan Terapan 

Vol. 10, No. 02 (2025), pp. 398 – 411 
 

 

407 Hartanto et al. – Development of primers amplifying DNA barcoding genes matK and rbcL of Legundi ... 

 

9–20. https://qjmhs.com/index.php/qjmhs/article/view/2  
Budiarsa, I. M., Dhafir, F., & Suprianto, S. (2022). Studi In silico: Hasil BLAST gen clock pada 

megapodiidae. JRST (Jurnal Riset Sains Dan Teknologi), 6(1), 33-40. 
https://doi.org/10.30595/jrst.v6i1.10827 

Budiman, A., Supramana, & Giyanto. (2020). Morphological and molecular characteristics of 
Hemicriconemoides cocophillus from the origin of Robusta coffee plantation in Malang, East Java. 
IOP Conference Series: Earth and Environmental Science, 468(1), 1-8. 
https://doi.org/10.1088/1755-1315/468/1/012042  

Cahyaningsih, R., Compton, L. J., Rahayu, S., Brehm, J. M., & Maxted, N. (2022). DNA Barcoding 
medicinal plant species from Indonesia. Plants, 11(10), 1–22. 
https://doi.org/10.3390/plants11101375  

Corvalán, L. C., de Melo‐Ximenes, A. A., Carvalho, L. R., e Silva‐Neto, C. D. M., Diniz‐Filho, J. A., Telles, 
M. P. D. C., & Nunes, R. (2025). Is there a key primer for amplification of core land plant DNA 
barcode regions (rbcL and matK)?. Ecology and Evolution, 15(2), 1-19 
https://doi.org/10.1002/ece3.70961   

Cräutlein, M. V., Korpelainen, H., Pietiläinen, M., & Rikkinen, J. (2011). DNA barcoding: A tool for 
improved taxon identification and detection of species diversity. Biodiversity and Conservation, 
20(2), 373–389. https://doi.org/10.1007/s10531-010-9964-0  

Dahl, K. A., Fields, A., Robertson, A., Portnoy, D. S., Grieme, A., Lockridge, G., & Patterson, W. F. (2022). 
Factors affecting DNA barcoding classification accuracy for piscine prey: An experimental 
assessment with invasive lionfish. Journal of Experimental Marine Biology and Ecology, 547(9), 1–
11. https://doi.org/10.1016/j.jembe.2021.151675  

Dzikrina, H., Sari, D. P., Faridah, N., Saidah, S. S., Alifah, S. A. N., & Kusumawaty, D. (2022). Penanda 
DNA: Uji halal pada makanan olahan daging menggunakan primer multiplex PCR (Polymerase 
Chain Reaction). Jurnal Bios Logos, 12(1), 1–8. https://doi.org/10.35799/jbl.v12i1.36437  

Fulghum, B., Tanker, S. H., & White, R. A. (2024). DeGenPrime provides robust primer design and 
optimization unlocking the biosphere. Bioinformatics Advances, 4(1), 1–10. 
https://doi.org/10.1093/bioadv/vbae044   

García-Alegría, A. M., Anduro-Corona, I., Pérez-Martínez, C. J., Corella-Madueño, M. A. G., Rascón-
Durán, M. L., & Astiazaran-Garcia, H. (2020). Quantification of DNA through the nanodrop 
spectrophotometer: Methodological validation using standard reference material and sprague 
dawley rat and human DNA. International Journal of Analytical Chemistry, 2020(1), 1–9.  
https://pubmed.ncbi.nlm.nih.gov/33312204/    

Gentallan, R. P., Sengun, S., Bartolome, M. C. B., Quiñones, K. J. O., Coronado, N. B., Borromeo, T. H., 
& Timog, E. B. S. (2024). The Vitex trifolia complex (Lamiaceae) in the Philippines. PhytoKeys, 248, 
1–40. https://doi.org/10.3897/PHYTOKEYS.248.120387  

Ghafari, A. T., Jahidin, A. H., Zakaria, Y., & Hasan, M. H. (2022). Anti-inflammatory effects of Vitex trifolia 
leaves hydroalcoholic extract against hydrogen peroxide (H2O2)- and lipopolysaccharide (Lps)-
induced raw 264.7 Cells. Malaysian Applied Biology, 51(4), 185–200. 
https://doi.org/10.55230/mabjournal.v51i4.28  

Goh, W. W., Sultana, S., & Azlan, A. (2024). Antioxidant properties of lemuni leaves (Vitex trifolia ver. 
purpurea) in differet concentration of ehanol-water solvent exstraction. Indonesian Journal of 
Agricultural Research, 7(2), 106–118. https://doi.org/10.32734/injar.v7i2.13357  

Gupta, M., Jhade, D., Sharama, N., & Chourasia, V. (2022). Evaluation of antihyperlipidemic and 
phytochemical screening of Vitex trifolia Linn and Corchorus trilocularis in rat. Journal of 
Pharmaceutical Negative Results, 13(8), 4470–4478. 
https://www.pnrjournal.com/index.php/home/article/view/6869  

Ho, V. T., & Nguyen, M. P. (2020). An in silico approach for evaluation of rbcl and matk loci for DNA 
barcoding of cucurbitaceae family. Biodiversitas, 21(8), 3879–3885. 
https://doi.org/10.13057/biodiv/d210858  

https://qjmhs.com/index.php/qjmhs/article/view/2
https://doi.org/10.30595/jrst.v6i1.10827
https://doi.org/10.1088/1755-1315/468/1/012042
https://doi.org/10.3390/plants11101375
https://doi.org/10.1002/ece3.70961
https://doi.org/10.1007/s10531-010-9964-0
https://doi.org/10.1016/j.jembe.2021.151675
https://doi.org/10.35799/jbl.v12i1.36437
https://doi.org/10.1093/bioadv/vbae044
https://pubmed.ncbi.nlm.nih.gov/33312204/
https://doi.org/10.3897/PHYTOKEYS.248.120387
https://doi.org/10.55230/mabjournal.v51i4.28
https://doi.org/10.32734/injar.v7i2.13357
https://www.pnrjournal.com/index.php/home/article/view/6869
https://doi.org/10.13057/biodiv/d210858


 
Edubiotik : Jurnal Pendidikan, Biologi dan Terapan 

Vol. 10, No. 02 (2025), pp. 398 – 411 
 

 

Hartanto et al. – Development of primers amplifying DNA barcoding genes matK and rbcL of Legundi ... 408 

 

Ikawati, Z., Hertiani, T., Hartanti, Y. K., & Sigalih, N. L. (2022). Anti-inflammatory activity of Indonesian 
polyherbal product containing Curcuma zanthorrhiza and Vitex trifolia as the main ingredients in 
carrageenan- and histamine-induced inflammation in Wistar rats. Journal of Medicinal Plants, 
21(84), 39–49. https://doi.org/10.52547/jmp.21.84.39  

Imtiaz, A., Nor, S. A. M., & Md. Naim, D. (2017). Progress and potential of DNA barcoding for species 
identification of fish species. Biodiversitas, 18(4), 1394–1405. 
https://doi.org/10.13057/biodiv/d180415  

Indradewi, R. (2022). Teknik desain primer untuk amplifikasi gen tujuan kloning dari DNA Agrobacterium 
tumefaciens. Perbal: Jurnal Pertanian Berkelanjutan, 10(3), 305–309. 
https://doi.org/10.30605/perbal.v10i3.2090  

Jayanti, L. D., & Mushlih, M. (2021). Comparison of the quality of DNA template isolation results of the 
resin method with and without centrifugation. Indonesian Journal of Innovation Studies, 15, 1–9. 
https://doi.org/10.21070/ijins.v15i.551  

Kamal, N., Mio Asni, N. S., Rozlan, I. N. A., Mohd Azmi, M. A. H., Mazlan, N. W., Mediani, A., Baharum, 
S. N., Latip, J., Assaw, S., & Edrada-Ebel, R. A. (2022). Traditional medicinal uses, phytochemistry, 
biological properties, and health applications of Vitex sp. Plants, 11(15), 1–33. 
https://doi.org/10.3390/plants11151944  

Kipkiror, N., Muge, E. K., Ochieno, D. M. W., & Nyaboga, E. N. (2023). DNA barcoding markers provide 
insight into species discrimination, genetic diversity and phylogenetic relationships of yam 
(Dioscorea spp.). Biologia, 78(3), 689–705. https://doi.org/10.1007/s11756-022-01244-y  

Korotkova, N., Borsch, T., Quandt, D., Taylor, N. P., Müller, K. F., & Barthlott, W. (2011). What does it 
take to resolve relationships and to identify species with molecular markers? An example from the 
epiphytic Rhipsalideae (Cactaceae). American Journal of Botany, 98(9), 1549-1572. 
https://doi.org/10.3732/ajb.1000502 

Kusuma, A. B. (2022). Optimalisasi ekstraksi DNA dan PCR untuk identifikasi molekuler pada 4 jenis 
karang lunak berbeda aradea bujana kusuma. Jurnal Erlanggo, 7(2), 175–182. 
https://ejournal.unib.ac.id/jurnalenggano/article/view/21167  

Letsiou, S., Madesis, P., Vasdekis, E., Montemurro, C., Grigoriou, M. E., Skavdis, G., Moussis, V., 
Koutelidakis, A. E., & Tzakos, A. G. (2024). DNA barcoding as a plant identification method. Applied 
Sciences (Switzerland), 14(4), 1–12. https://doi.org/10.3390/app14041415  

Liou, C. J., Cheng, C. Y., Yeh, K. W., Wu, Y. H., & Huang, W. C. (2018). Protective effects of casticin from 
Vitex trifolia alleviate eosinophilic airway inflammation and oxidative stress in a murine asthma 
model. Frontiers in Pharmacology, 9(635), 1–12.  https://doi.org/10.3389/fphar.2018.00635  

Lubis, H. M. L., Purwoningsih, E., & Saputri, A. Y. F. (2025). Anticancer effects of Vitex trifolia extract on 
cervical cancer animal models: A study of genetic mutations and anti-apoptotic bcl-2 gene 
expression. In 1st International Conference on Lifestyle Diseases and Natural Medicine 
(ICOLIFEMED 2024) 1(3),194-218. https://doi.org/10.2991/978-94-6463-664-2_19  

Messe, Y., Budiarsa, I. M., & Laenggeng, A. H. (2020). Desain primer polymerase chain reaction (PCR) 
secara in silico untuk amplifikasi gen gyra extensively drug resistant tuberculosis (XDR-TB). Journal 
of Biology Science and Education, 8(2), 616–622. 
https://www.jurnalfkipuntad.com/index.php/ejipbiol/article/view/1169  

Mishra, Manoj., Jingade, Pavankumar., & Huded, Arun Kumar C, (2022). DNA barcoding analysis and 
phylogenetic relationships of Indian wild coffee species, Turkish Journal of Botany: 46 (2), 109-122. 
https://doi.org/10.55730/1300-008X.2675 

Mottaghipisheh, J., Kamali, M., Doustimotlagh, A. H., Nowroozzadeh, M. H., Rasekh, F., Hashempur, M. 
H., & Iraji, A. (2024). A comprehensive review of ethnomedicinal approaches, phytochemical 
analysis, and pharmacological potential of Vitex trifolia L. Frontiers in Pharmacology, 15(1), 1–23. 
https://doi.org/10.3389/fphar.2024.1322083   

Mubarak, S. M. H., Al-Koofee, D. A. F., Radhi, O. A., Ismael, J. M., & Al-Zubaidi, Z. F. (2020). An 
optimization and common troubleshooting solving in polymerase chain reaction technique. 

https://doi.org/10.52547/jmp.21.84.39
https://doi.org/10.13057/biodiv/d180415
https://doi.org/10.30605/perbal.v10i3.2090
https://doi.org/10.21070/ijins.v15i.551
https://doi.org/10.3390/plants11151944
https://doi.org/10.1007/s11756-022-01244-y
https://doi.org/10.3732/ajb.1000502
https://ejournal.unib.ac.id/jurnalenggano/article/view/21167
https://doi.org/10.3390/app14041415
https://doi.org/10.3389/fphar.2018.00635
https://doi.org/10.2991/978-94-6463-664-2_19
https://www.jurnalfkipuntad.com/index.php/ejipbiol/article/view/1169
https://doi.org/10.55730/1300-008X.2675
https://doi.org/10.3389/fphar.2024.1322083


 
Edubiotik : Jurnal Pendidikan, Biologi dan Terapan 

Vol. 10, No. 02 (2025), pp. 398 – 411 
 

 

409 Hartanto et al. – Development of primers amplifying DNA barcoding genes matK and rbcL of Legundi ... 

 

Systematic Reviews in Pharmacy, 11(2), 427–436. https://www.sysrevpharm.org/articles/an-
optimization-and-common-troubleshooting-solving-in-polymerase-chain-reaction-technique.pdf  

Naikwad, H. M., & Jeedi, N. M. (2021). Effect of Vitex Trifolia on alloxan induced diabetic rat. International 
Journal of Pharmaceutical Sciences and Drug Research, 13(1), 9–14. 
https://doi.org/10.25004/ijpsdr.2021.130102  

Nisa, A., Kurniawati, A., & Faridah, D. N. (2023). Morphological characters, phenolic and flavonoid 
contents of Vitex trifolia accessions from Lamongan District, Indonesia. Biodiversitas, 24(3), 1635–
1641. https://doi.org/10.13057/biodiv/d240336  

Nugroho, K., Terryana, R. T., Reflinur, & Lestari, P. (2019). Metode ekstraksi DNA tanaman tanpa 
presipitasi etanol untuk kegiatan polymerase chain reaction (PCR). Jurnal Bioteknologi & Biosains 
Indonesia, 6(1), 29–38. https://garuda.kemdiktisaintek.go.id/documents/detail/1616273  

Nuryady, M. M., Prwanti, E., Aldina, S. N., Wahyuni, S., Permana, T. I., Khoiriyah, Z., & Ariesaka, K. M. 
(2025). Desain primer PCR spesifik secara in silico untuk amplifikasi gen cox-1 (cytochrome oxidase 
subunit i) DNA mitokondria pada Aedes aegypti. AL-KAUNIYAH: Jurnal Biologi, 18(1), 23–32. 
https://doi.org/10.15408/kauniyah.v1i1.33726  

Noor’an, R. F., & Wiati, C. B. (2021, November). Potential and distribution of Vitex sp and Peronema 
canescens jack as anti–COVID 19 plants in East Kalimantan Province, Indonesia. In IOP 
Conference Series: Earth and Environmental Science, 886(1), 1-10, https://doi.org/10.1088/1755-
1315/886/1/012030 

Paksoy, M. Y., Sevİndİk, E., & Başköse, İ. (2022). DNA barcoding and phylogenetic analysis of endemic 
Astragalus nezaketiae and Vicia alpestris subsp. hypoleuca (Fabaceae):Evidence from nrDNA ITS 
and cpDNA matK and rbcL sequences. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 50(3), 
1–11. https://doi.org/10.15835/nbha50312900  

Patel, N. B., Prajapati, N., Patel, R., & Patel, K. (2020). In silico approach to study sequence alignment, 
prediction of primer and homology modelling. World Journal of Pharmaceutical Research, 9(3), 55–
570. https://www.wisdomlib.org/uploads/journals/wjpr/volume-9,-march-issue-3_13916.pdf  

Praja, R. K., & Rosalina, R. (2021). Perancangan primer gen lktB pada Fusobacterium necrophorum untuk 
analisis PCR. Jurnal Sains Dan Teknologi Peternakan, 2(2), 47–55. 
https://doi.org/10.31605/jstp.v2i2.960  

Pratiwi, A., Kinasih, A., Meidianing, M. I., Kurniawan, F. Y., & Semiarti, E. (2023). In silico approach for 
DNA barcoding using phylogenetic analysis of coelogyne spp. based on the matK, rpoC1, rbcL and 
nrDNA markers. Journal of Tropical Biodiversity and Biotechnology, 8(3), 1–14. 
https://doi.org/10.22146/jtbb.73130  

Purwitasari, N., Subarka, K. A., Putra, D. F. G., Studiawan, H., & Santoso, K. P. (2020). The effect of 
flavonoid fraction from vitex trifolia leaves on pandemic-2009 h1n1 influenza a virus propagated in 
embryonated chicken eggs. Indian Journal of Forensic Medicine and Toxicology, 14(3), 2074–2079. 
https://doi.org/10.37506/ijfmt.v14i3.10735  

Ramlan, R. R., Harnelly, & Fitri, L. (2024). DNA extraction and PCR optimization of Coffea arabica L. and 
Coffea canephora Pierre ex A. Froehner. Jurnal Penelitian Pendidikan IPA, 10(SpecialIssue), 53–
58. https://doi.org/10.29303/jppipa.v10ispecialissue.7881  

Sahin, E. C., Aydin, Y., & Uncuoglu, A. A. (2025). Assessing the accuracy of cp-DNA barcodes in 
Colchicum species identification. Molecular Biology Reports, 52(1), 1-7,  
https://doi.org/10.1007/s11033-025-10602-3  

Salsabila, N., Fadilah, F., Pramana, R. C., Mutiatul K.A., S., Romzalis, A. A., Ramadhani, D. N., 
Rachmawati, Y., & Arianti, O. F. (2021). Penentuan sekuens terbaik untuk gen COI pada Crocodylus 
rhombifer menggunakan software perlprimer dan primer blast sebagai bentuk praktikum saat 
pandemi Covid-19. Indonesian Journal of Science Learning (IJSL), 2(1), 15–21. 
https://doi.org/10.15642/ijsl.v2i1.1233  

Salvaña, F. R., Eco, K., Madarcos, N. R., & Bautista, N. (2019). Leaf morphological characterization and 
cluster analysis of Vitex negundo morphotypes. Environmental and Experimental Biology, 17(2), 

https://www.sysrevpharm.org/articles/an-optimization-and-common-troubleshooting-solving-in-polymerase-chain-reaction-technique.pdf
https://www.sysrevpharm.org/articles/an-optimization-and-common-troubleshooting-solving-in-polymerase-chain-reaction-technique.pdf
https://doi.org/10.25004/ijpsdr.2021.130102
https://doi.org/10.13057/biodiv/d240336
https://garuda.kemdiktisaintek.go.id/documents/detail/1616273
https://doi.org/10.15408/kauniyah.v1i1.33726
https://doi.org/10.1088/1755-1315/886/1/012030
https://doi.org/10.1088/1755-1315/886/1/012030
https://doi.org/10.15835/nbha50312900
https://www.wisdomlib.org/uploads/journals/wjpr/volume-9,-march-issue-3_13916.pdf
https://doi.org/10.31605/jstp.v2i2.960
https://doi.org/10.22146/jtbb.73130
https://doi.org/10.37506/ijfmt.v14i3.10735
https://doi.org/10.29303/jppipa.v10ispecialissue.7881
https://doi.org/10.1007/s11033-025-10602-3
https://doi.org/10.15642/ijsl.v2i1.1233


 
Edubiotik : Jurnal Pendidikan, Biologi dan Terapan 

Vol. 10, No. 02 (2025), pp. 398 – 411 
 

 

Hartanto et al. – Development of primers amplifying DNA barcoding genes matK and rbcL of Legundi ... 410 

 

75–83. https://doi.org/10.22364/eeb.17.07  
Samal, K. C., Sahoo, J. P., Behera, L., & Dash, T. (2021). Understanding the BLAST (basic local 

alignment search tool) program and a step-by-step guide for its use in life science research. Bhartiya 
Krishi Anusandhan Patrika, 31(1), 55–61. https://doi.org/10.18805/bkap283  

Sen, S., Dehury, B., Sahu, J., Rathi, S., & Yadav, R. N. S. (2017). In silico mining and characterization of 
simple sequence repeats (SSRs) from Euphorbia esula expressed sequence tags (ESTs): A 
potential crop for biofuel. Plant OMICS, 10(2), 53–63. https://doi.org/10.21475/poj.10.02.17.pne370  

Setiati, N., Partaya, & Hidayah, N. (2020). The use of two pairs primer for CO1 gene amplification on 
traded stingray at fish auction Tasik Agung Rembang. Journal of Physics: Conference Series, 
1567(3), 4–10. https://doi.org/10.1088/1742-6596/1567/3/032056  

Setianingsih, N. L. P. P., Singapurwa, N. M. A. S., Arygunartha, G.Y., Djelantik, S. A. M. A. P, & 
Winduyasa, I.W. (2023). Environmental health risk analysis of legundi leaf essential oil toxicity (Vitex 
trifolia L.). Jurnal Kesehatan Lingkungan. 15(1), 67–75. https://doi.org/10.20473/jkl.v15i1.2023.67-
75  

Shahzad, S., Afzal, M., Sikandar, S., & Afzal, I. (2020). Polymerase chain reaction shaheen. Chapter, 
3(1), 1–20. https://doi.org/10.5772/intechopen.81924  

Sihotang, M. A. E. D., Erwinda, Y. E., Suwarni, E., & Lusianti, E. (2021). Desain primer dan analisis in 
silico untuk amplifikasi gen mt-Co1 pada tikus got (Rattus norvegicus). Eruditio : Indonesia Journal 
of Food and Drug Safety, 1(2), 20–29. https://doi.org/10.54384/eruditio.v1i2.82  

Sittenthaler, M., Fischer, I., Chovanec, A., Koblmüller, S., Macek, O., Sattmann, H., Szucsich, N., Zangl, 
L., & Haring, E. (2023). DNA barcoding of exuviae for species identification of Central European 
damselflies and dragonflies (Insecta: Odonata). Journal of Insect Conservation, 27(3), 435–450. 
https://doi.org/10.1007/s10841-023-00467-x   

So, K. Y. K., Fong, J. J., Lam, I. P. Y., & Dudgeon, D. (2020). Pitfalls during in silico prediction of primer 
specificity for eDNA surveillance. Ecosphere, 11(7), 1–16. https://doi.org/10.1002/ecs2.3193   

Su’udi, M., Budyartini, D. W., & Ramadany, Z. (2022). DNA barcoding anggrek Dendrobium linearifolium 
Teijsm. & Binn. berdasarkan penanda molekuler ITS2. Al-Kauniyah: Jurnal Biologi, 15(1), 53–61. 
https://doi.org/10.15408/kauniyah.v15i1.16710  

Sundari, Khadijah, Jayali, A. M., & Sukamto, N. H. (2019). The application of barcode DNA rbcL gene for 
identification of medicinal plants: Red jabon and gofasa. Journal of Physics: Conference Series, 
1146(1). https://doi.org/10.1088/1742-6596/1146/1/012030  

Suriani, C., Prasetya, E., Harsono, T., Manurung, J., Prakasa, H., Handayani, D., Jannah, M., & 
Rachmawati, Y. (2021). DNA barcoding of andaliman (Zanthoxylum acanthopodium DC) from North 
Sumatra Province of Indonesia using maturase K gene. Tropical Life Sciences Research, 32(2), 15–
28. https://doi.org/10.21315/tlsr2021.32.2.2  

Suwarny, S., Purnama, T., & Sanatang, S. (2025). Perancangan primer secara in silico untuk amplifikasi 
gen igf1 menggunakan aplikasi bioinformatika. Bioma : Jurnal Biologi Makassar, 10(1), 94–100. 
https://journal.unhas.ac.id/index.php/bioma/article/view/41961  

Udensi, O. U., Ita, E. E., Ikpeme, E. V., Ubi, G., & Emeagi, L. I. (2017). Sequence analysis of Maturase K 
(matK): A chloroplast-encoding gene in some selected pulses. Global Journal of Pure and Applied 
Sciences, 23(2), 213. https://doi.org/10.4314/gjpas.v23i2.2  

Utama, M. N., Etikawati, N., Sugiyarto, & Susilowati, A. (2024). New specific primer matK and rbcL region 
for DNA barcode pitcher plant Nepenthes spathulata. Biodiversitas, 25(6), 2515–2523. 
https://doi.org/10.13057/biodiv/d250621  

Wardani, I. G. A. K., Amandita, F. Y., de Melo Moura, C. C., Gailing, O., & Siregar, I. Z. (2022). Molecular 
taxonomy via DNA barcodes for species identification in selected genera of Fabaceae. Jurnal 
Pengelolaan Sumberdaya Alam dan Lingkungan, 12(1), 112–122. 
https://doi.org/10.29244/jpsl.12.1.112-122  

Wattoo, J. I., Saleem, M. Z., Shahzad, M. S., Arif, A., & Hameed, A. (2016). DNA Barcoding: Amplification 
and sequence analysis of rbcl and matK genome regions in three divergent plant species. Journal 

https://doi.org/10.22364/eeb.17.07
https://doi.org/10.18805/bkap283
https://doi.org/10.21475/poj.10.02.17.pne370
https://doi.org/10.1088/1742-6596/1567/3/032056
https://doi.org/10.20473/jkl.v15i1.2023.67-75
https://doi.org/10.20473/jkl.v15i1.2023.67-75
https://doi.org/10.5772/intechopen.81924
https://doi.org/10.54384/eruditio.v1i2.82
https://doi.org/10.1007/s10841-023-00467-x
https://doi.org/10.1002/ecs2.3193
https://doi.org/10.15408/kauniyah.v15i1.16710
https://doi.org/10.1088/1742-6596/1146/1/012030
https://doi.org/10.21315/tlsr2021.32.2.2
https://journal.unhas.ac.id/index.php/bioma/article/view/41961
https://doi.org/10.4314/gjpas.v23i2.2
https://doi.org/10.13057/biodiv/d250621
https://doi.org/10.29244/jpsl.12.1.112-122


 
Edubiotik : Jurnal Pendidikan, Biologi dan Terapan 

Vol. 10, No. 02 (2025), pp. 398 – 411 
 

 

411 Hartanto et al. – Development of primers amplifying DNA barcoding genes matK and rbcL of Legundi ... 

 

of Biological Sciences, 4(1), 3–7. https://www.als-
journal.com/submission/index.php/ALS/article/view/298  

Wei, L., Pacheco-Reyes, F. C., Villarreal-Quintanilla, J. A., Robledo-Torres, V., Encina-Dominguez, J. A., 
Lara-Ramirez, E. E., & Perez-Rodriguez, M. A. (2024). Effectiveness of DNA barcodes (rbcL, matK, 
ITS2) in identifying genera and species in Cactaceae. Pak. J. Bot, 56(5), 1911-1928. 
https://www.researchgate.net/publication/379088672  

Wee, H. N., Neo, S. Y., Singh, D., Yew, H. C., Qiu, Z. Y., Tsai, X. R. C., How, S. Y., Yip, K. Y. C., Tan, C. 
H., & Koh, H. L. (2020). Effects of Vitex trifolia L. Leaf extracts and phytoconstituents on cytokine 
production in human u937 macrophages. BMC Complementary Medicine and Therapies, 20(91), 1–
15. https://doi.org/10.1186/s12906-020-02884-w  

Worthy, S. J., Bucalo, K., Perry, E., Reynolds, A., Cruse-Sanders, J., Pérez, Á. J., & Burgess, K. S. (2022). 
Ability of rbcL and matK DNA barcodes to discriminate between montane forest orchids. Plant 
Systematics and Evolution, 308(19). https://doi.org/10.1007/s00606-022-01809-z  

Yong, W. T. L., Mustafa, A. A., Derise, M. R., & Rodrigues, K. F. (2024). DNA barcoding using chloroplast 
matK and rbcL regions for the identification of bamboo species in Sabah. Advances in Bamboo 
Science, 7(6), 1-10. https://doi.org/10.1016/j.bamboo.2024.100073  

Yu, J., Xue, J. H., & Zhou, S. L. (2011). New universal matK primers for DNA barcoding 
angiosperms. Journal of Systematics and Evolution, 49(3), 176-181. https://doi.org/10.1111/j.1759-
6831.2011.00134.x  

Zhang, H., Li, H., Zhu, H., Pekárek, J., Podešva, P., Chang, H., & Neužil, P. (2019). Revealing the secrets 
of PCR. Sensors & Actuators: B. Chemical, 298(126924), 1–6. 
https://doi.org/10.1016/j.snb.2019.126924   

Zulkifli, L., Basri, M. H., & Syukur, A. (2021). Antibacterial activity of Vitex trifolia methanol extract against 
pathogenic bacteria. Journal of Physics: Conference Series, 1869(1), 1-7. 
https://doi.org/10.1088/1742-6596/1869/1/012060 

 

https://www.als-journal.com/submission/index.php/ALS/article/view/298
https://www.als-journal.com/submission/index.php/ALS/article/view/298
https://www.researchgate.net/publication/379088672
https://doi.org/10.1186/s12906-020-02884-w
https://doi.org/10.1007/s00606-022-01809-z
https://doi.org/10.1016/j.bamboo.2024.100073
https://doi.org/10.1111/j.1759-6831.2011.00134.x
https://doi.org/10.1111/j.1759-6831.2011.00134.x
https://doi.org/10.1016/j.snb.2019.126924
https://doi.org/10.1088/1742-6596/1869/1/012060

