
ABSTRACT
Jackfruit (Artocarpus heterophyllus) is one of the popular fruit trees grown in tropical countries. This tree is grown popularly since it 
has many uses in cuisine, aesthetics as well as in medicine. Although Vietnam is located in an area suitable for the growth of jackfruit 
trees, the cultivation of this fruit tree is mainly spontaneous on a small scale and the recent studies carried out on jackfruit mostly 
focused on the evaluation of agronomical criteria, describing the botanical characteristics and using traditional breeding techniques that 
are low accuracy leading to low quality of jackfruit, uneven fruit, and low economic efficiency. Currently, DNA barcoding techniques 
are a highly reliable method for genetic diversity assessment and plant taxonomy, in which the matK and rbcL regions are commonly 
used in the classification of different crops. In this study, matK and rbcL loci from jackfruit accessions of Vietnam were sequenced 
and searched for homology in NCBI Genbank to identify Latin names. The obtained sequences from Vietnam jackfruit were then 
combined with published corresponding sequences of jackfruit from different countries and targeted for alignment and phylogenetic 
analysis. The obtained data present the significant variation in both examined DNA barcode loci among jackfruit accessions. The 
sequence alignment also reveals the distinct variation in rbcL regions of jackfruit accessions in Vietnam in the comparison to rbcL 
sequences of jackfruit accession from other countries. The obtained results show high effectiveness of using rbcL in classifying 
jackfruit. Furthermore, it could be helpful tool for scientists in managing, conserving and developing genetic resources for breeding 
programs, it also has the potential to promote the building of an authentication process of jackfruit in Vietnam.
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INTRODUCTION

Jackfruit (Artocarpus heterophyllus) is a perennial tree 
commonly found in several countries such as India, 
Bangladesh, Myanmar, Sri Lanka, South China, Nepal, 
Laos, Vietnam, Cambodia, Malaysia, Philippines, Indonesia 
and throughout Africa, Australia. Presently, Bangladesh, 
India, Myanmar, Thailand, Vietnam, China, the Philippines, 
Indonesia, Malaysia and Sri Lanka are major jackfruit 
producers (Sidhu 2012). Jackfruit is widely grown since it 
has many uses from cuisine, aesthetics, medicine as well 
as in construction. Jackfruit wood is hard, durable and easy 
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to saw or carve. It is used to build homes, manufacture 
high-quality furniture, and make musical instruments 
such as violins. Jackfruit contain high nutrition contents 
such as carbohydrates, proteins, vitamins, minerals and 
phytochemical so it is considered as importance food and 
feed. Jackfruit seeds can be prepared in many ways such as 
boiled, roasted or soaked in syrup. The leaves and pods of 
the fruit are an excellent source of food for livestock such as 
cows, goats, and sheep (Ranasinghe et al. 2019; Srivastava 
and Singh 2020).

Mature jackfruit is used in salads or used as a vegetable. 
Ripe jackfruit can be used as a dessert. In addition, pureed 
jackfruit is also produced into baby food, juice, jam, and 
jelly. Freeze-drying, vacuum frying and freezing are new 
preservation methods for modern jackfruit products (Swami 
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et al. 2012). Furthermore, jackfruit is also traditionally 
applied to treat several diseases such as asthma, ulcers, 
wound healing, cough, hypertension (Srivastava and Singh 
2020). Usually, jackfruit species are distinguished from 
each other by the stems, leaves and flowers on the mature 
tree (Chandrashekar et al. 2018; Dey and Baruah 2019; 
Dhakar et al. 2020). However, this method is often affected 
by external factors, the stage of tree development or lack 
of sufficient morphological variations. The morphological 
characteristics of many types of jackfruit are very similar 
in the non-flowering stage. However, when the plants 
are young, the morphological characteristics have many 
similarities leading to difficulties in distinguishing varieties 
(Bogale et al. 2020).

In addition, jackfruit is a cross-pollination plant, seed-based 
propagation will not guarantee the genetic characteristics as 
well as the desired characteristics in the offspring compared 
to the mother plant, so the common method is through 
asexual propagation. However, if the first parent plant is 
not correctly identified, all subsequent seedlings will be 
affected (Sherif et al. 2020). This puts the importance 
of accurately identifying plants at the molecular level to 
ensure seedling quality. Recently, molecular markers have 
been applied to identify plant and animal varieties that 
are accurate to the molecular level and are not affected by 
environmental influences and the developmental stage of 
the organism. Today, molecular markers are increasingly 
applied for classifying and analyzing the genetic diversity 
and characterization of plant species. Compared with 
traditional markers, molecular markers are easier to 
perform under laboratory conditions, giving fast results 
and high accuracy (Chesnokov et al. 2020; Hariharan and 
Prasannath 2021).

Therefore, molecular markers become effective support 
tools allowing accurate assessment of the genetic diversity 
of medicinal plants for conservation, selection and correct 
identification of plant species, serving for further studies 
on breeding and breeding of important fruit tree species 
(Kreuzer et al. 2019; Wu et al. 2019). DNA barcoding is one 
of molecular markers developed recently, it has begun to 
be applied intensively in plants. In (2009) the International 
DNA Barcoding Organization (CBOL) recommended the 
use of DNA barcoding from the rbcL and matK genes in 
plant research. This method is presently used to serve the 
classification, biodiversity assessment and genetic resource 
conservation. Several gene regions have been utilized as 
barcodes for plant classification such as ITS, matK, rbcL, 
atpF-atpH, psbK-psbI and trnH-psbA. Among them, matK 
and rbcL have been chosen as standard plant barcoding loci 
by The Consortium for the Barcode of Life (CBOL Plant 
Working Group 2009; Swami et al. 2012). 

These two loci have been sucessfully applied to classified 
several plant species such as Cymodocea seagrass genus, 
jewel orchid, Pseuderanthemum palatiferum (Bchir et 
al. 2019; Ho and Bui 2021; Ho et al. 2021). The aim of 
present study was to investigate the discrimination ability 
in classification of jackfruit accessions collected in Vietnam 
and from other countries based one of DNA sequences of 

matK and rbcL loci. The archived results in this study would 
be applicable for authentication, genetic conservation and 
breeding purposes of jackfruit in Vietnam.

Material and Methods

DNA from jackfruit leaves was extracted by Cetyltrimethyl 
Ammonium Bromide (CTAB) method followed Allen 
et al (Allen et al. 2006). After extraction, DNA quality 
was examined by electrophoresis on 1% agarose then 
spectrophotometer (Optima SP 3000 nano UV-VIS, Japan) 
was used to determine DNA concentrations. The DNA 
samples were then kept at -20 °C freezer until use for PCR 
reactions.

MatK and rbcL regions were amplified using the 
PCR method with composition reactions as follows: 
12.5 μL 2X Mytaq Red Mix (Bioline, UK), 20 ng 
DNA, 0.2 μM of each primer (either matK 390F: 5’-
CGATCTATTCATTCAATATTTC-3’; and 1326R: 5’- 
TCTAGCACACGAAAGTCGAAGT-3’ or rbcL: cF: 
5’- TGAAAACGTGAATTCCCAACCGTTTATGCG-3’; 
cR: 5’- GCAGCAGCTAGTTCCGGGCTCCA-3’ and 
PCR water for a final volume of 25 μl (Hasebe et al. 1994; 
Cuénoud et al. 2002). The PCR cocktails were run in 
thermal cyclers SureCycler 8800 Thermal Cycler (Agilent, 
USA) with following conditions: initial denaturation at 94 
°C for 2 minutes; then repeated by 35 cycles of 30 seconds 
at 94 °C, 30 seconds at 55 °C, 50 seconds at 72 °C, and 
finally one minute at 72 °C to complete the reaction. The 
PCR products were then stained with 6X GelRed (Biotum, 
UK) and visualized on gel electrophoresed and 1 kb ladder 
(Bioline, UK) was used to determine amplification length. 
Correct PCR products were sequenced by Sanger methods 
at Nam Khoa Company (Ho Chi Minh City, Vietnam).

Each sample were sequenced for both sense and antisense 
directions. Antisense sequences were reversed and aligned 
with sense sequences to ensure accuracy. Furthermore, 
the all published sequences of matK and rbcL sequences 
of Artocarpus heterophyllus available on NCBI Genbank  
(http: //www.ncbi.nlm.nih.gov) were downloaded and 
evaluated as criteria proposed by Suesatpanit and colleagues 
(2017) (1) sequences are not ‘unverified’ without a species 
name (2) contain <3% ambiguous base ‘N’. All sequences 
were then included for alignment and phylogeny analysis 
(Suesatpanit et al. 2017). The DNA sequences from 
Vietnam jackfruit accessions was checked for homology 
by using Basic Local Alignment Tools (BLAST) (NCBI, 
USA) database. These sequences will be combined with 
NCBI-archived sequences then aligned using the Clustal 
method in Molecular Evolutionary Genetics Analysis 
(MEGA) 6 software (https://www.megasoftware.net). 
Neighbour Joining (NJ) and Maximum Likelihood (ML) 
phylogeneny analysis were then performed and compared 
since they represent for distance methods and discrete 
character methods, respectively. To increase the accuracy 
in phylogenetic construction, 1000 replicates was applied 
for bootstrap analysis (Kress et al. 2005).
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Results and Discussion

Sequence retrieve: After matK and rbcL loci were 
successfully amplified and sequenced, the sequences 
were targeted to find homology using BLAST. However, 
both matK and rbcL sequences are not applicable for 
identification of jackfruit due to the returned BLAST results 

showing the presence of several species in Artocarpus 
genus such as Artocarpus hypargyreus, Artocarpus altilis 
or Artocarpus camansi. This result is in agreement with 
previous study in Indian when 6 jackfruit varieties were 
analyzed by matK marker and the result showing the high 
sequence variation among this locus (Vazhacharickal et 
al. 2017).

matK_MH748883.1_USA		  0.08	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
matK_MK264372.1_Sri_Lanka	 0.99		  0.08	 0.08	 0.08	 0.08	 0.08	 0.08	 0.08	 0.08	 0.08
matK_KU856361.1_USA	 0.00	 0.99		  0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
matK_KU856360.1_USA	 0.01	 1.00	 0.00		  0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
matK_KU856359.1_USA	 0.00	 0.99	 0.00	 0.01		  0.00	 0.00	 0.00	 0.00	 0.00	 0.00
matK_KU856358.1_USA	 0.00	 0.99	 0.00	 0.01	 0.00		  0.00	 0.00	 0.00	 0.00	 0.00
matK_KU856357.1_USA	 0.01	 1.02	 0.01	 0.02	 0.01	 0.01		  0.01	 0.00	 0.01	 0.00
matK_LC461814.1_Thailand	 0.01	 0.99	 0.01	 0.00	 0.01	 0.01	 0.02		  0.00	 0.00	 0.00
matK_Vietnam_1	 0.00	 0.99	 0.00	 0.01	 0.00	 0.00	 0.01	 0.01		  0.00	 0.00
matK_Vietnam_2	 0.01	 0.99	 0.01	 0.00	 0.01	 0.01	 0.02	 0.01	 0.01		  0.00
matK_Vietnam_3	 0.00	 0.99	 0.00	 0.01	 0.00	 0.00	 0.01	 0.01	 0.00	 0.01	

(Standard error of comparison is presented in italics upper diagonal).

Table 1. Estimates of Evolutionary Divergence over Sequence Pairs between Groups for matK

Table 2. Estimates of Evolutionary Divergence over Sequence Pairs between Groups for rbcL

By using keyword “species names + matK/rbcL” to find 
the sequences deposited in NCBI GenBank, after removal 
of unrealizable sequences as Suesatpanit e al. (2017), total 
of 27 sequences were obtained, there are 8, and 19 DNA 
sequences of matK and rbcL regions, respectively (Table 
1). In general, rbcL locus was more intensively studied with 
up to 19 sequences acquired these sequences mostly come 
from USA, Sri Lanka and Japan. Whereas, matK are mostly 

from USA, Thailand and Sri Lanka have one accession for 
each country (Suesatpanit et al. 2017; Ho et al. 2021).

Estimation of sequence divergence: The number of base 
substitutions per site from averaging over all sequence pairs 
within each group are shown in Table 1 and Table 2. The 
variation among matK and rbcL regions is from 0.00 - 0.99, 
0 - 0.06, and 0.00 – 1.85, respectively.

Ngo et al.,
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Substitution bias consisting of transition and transversion 
at codon position for each luster could reveal the trend of 
evolution. In this study, the substitution of different bases 
in analyzed regions is evaluated on entire codon positions 
(1st+ 2nd + 3rd nucleotide) and shown in Table 3. In general, 
transitional substitution is higher than transversional 
substitution in all loci. rbcL show a higher transversionsal 
substitution than matK.

the sequence number should be increased for analysis to 
enhance the accuracy of study (Sikdar et al. 2018). Whereas 
rbcL locus is able to distinguish jackfruit accessions from 
Vietnam with those from other countries (Figure 2). The 
high discrimination power of rbcL found in this study is in 
line with previous reported as a good marker to differentiate 
species in several plant species such as suaeda, jewel orchid. 
After surveying over 10,000 rbcL sequences from Genbank, 
Newmaster and colleagues also reported that this region is 
effective for plant classification (Newmaster et al. 2006; 
Ho et al. 2021).Table 3. Maximum Composite Likelihood Estimate of the 

Pattern of Nucleotide Substitution (in percentage)

(Note: Each entry shows the probability of substitution 
from one base (row) to another base (column). For 
simplicity, the sum of r values is made equal to 100. 
Rates of different transitional substitutions are shown 
in bold and those of transversionsal substitutions are 
shown in italics).

Figure 1. Phylogenetic tree of 11 matK sequences by 
UPGMA (A) and Maximum- Likelihood (B) methods with 
1000 bootstrap replicates.

Estimation of species resolution: Based on phylogenetic 
analysis, the accession resolution is variable between two 
DNA barcode loci (Figure 1, and 2). Accession from Sri 
Lanka is branched into a separate group and remaining 
accessions are grouped together (Figure 1). Nevertheless, 

Figure 2: Phylogenetic tree of 22 rbcL sequences by UPGMA 
(A) and Maximum- Likelihood (B) methods with 1000 
bootstrap replicates.

Conclusion

The findings of the present study suggest that the 
discrimination capacity of matK and rbcL DNA barcode 
loci are variable, in which rbcL locus reveals more potential 
for classification of jackfruit. In the future, higher sequence 
number should be included in the analysis to give more 
reliable result. The information from this study could 
be useful in conservation and development programs 
of jackfruit plants. The usefulness of two main DNA 
barcode loci in classify different jackfruit accessions was 
investigated.
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