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Abstract

Longan (Dimocarpus longan L.) is an important fruit plant in Vietnam and therefore the demand of genetic con-
servation and variety authentication is of high importance. Due to the limitations of chemical and morphological
longan characterization approaches, it is necessary to develop more precise DNA-based methods. In this study,
we focused on developing SCAR (Sequence Characterized Amplified Region) markers for longan identification.
The total of 11 longan accessions collected from different provinces in Vietnam were genetically characterized
by using 20 RAPD (Random Amplified Polymorphic DNA) primers to identify polymorphic RAPD fragments.
Twenty two polymorphic RAPD fragments were obtained and 2 of them were further sequenced and developed
into SCAR markers. The sequences of specific RAPD fragments were used to design primers. Totally, 2 pairs of
SCAR primers were archived. These primers showed significant effectiveness for cultivar identification of
2 favourite longan cultivars of Vietnam namely “Duong phen Hung Yen” and “Chin muon Hung Yen”.
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Introduction

Longan (Dimocarpus longan L.) is the most popular
member of the Sapindaceae family which produces aril-
late fruits with sweet, translucent and juicy flesh. This
fruits have high sugar and several vitamins and minerals
such as vitamin C, thiamine, niacin, riboflavin, phospho-
rus, iron and calcium content. Longan pulp has long
been used not only as a fruit but also in a traditional me-
dicine for health promotion purposes like enhancing
blood metabolism, nerve soothering, amnesia preven-
tion, insomnia relief and longevity extension. This fruit
can be eaten fresh or processed into different forms
(frozen, canned, dried, juice, wine, pickles, preserves,
ice-cream and yoghurt) (FAO, 2004).

In Vietnam, longan is one of important fruit trees
with total cultivation area of 75 200 ha, over 70% of lon-
gan production is located in Mekong Delta in the south
of Vietnam (Wong, 2000). Vietnam is also the second
biggest longan exporter in the world after Thailand, with

annual export value of approximately 52 million USD
(Tien Giang Promotion Agency, 2017). Despite its high
economic importance, breeding and conserving of this
plant species in Vietnam are still limited (FAO, 2004).
Longan population is unsystematically classified, which
is based on plant or fruit morphology. So far the studies
of longan are scant, and mostly concerning the descrip-
tion of agronomical and morphological characteristics
(FAO, 2004; Hong and Chau, 2004; Hoang, 2011). Thus,
the tracing of longan varieties’ history is confusing and
complicated, because it is relaying on morphological ob-
servations, the features which are highly dependent on
environmental conditions (Yonemoto et al., 2006). 

Due to the high polymorphism level and the ability to
discern between species, varieties and populations, mo-
lecular markers have been used as potential tools for the
characterization of plants’ gene pools (Oversná et al.,
2002; Arif et al., 2010; Lammerts van Bueren et al.,
2010). So far, several different molecular markers such
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as RAPD (Random Amplified Polymorphic DNA), AFLP
(Amplified Fragment Length Polymorphism), SCoT
(Start Codon Targeted Polymorphism), ISSR (Inter-
simple sequence repeat) have been applied for longan
genetic diversity assessment (Lynch and Milligan, 1994;
Chen and Liu, 2001, Cheng et al., 2015; Mariana et al.,
2011). These markers have played an important role to
distinguish, characterize, and elucidate germplasm ori-
gin and diversity. Among these markers, RAPD tech-
nique has been proven useful to detect the genetic diver-
sity of different plants (Chen and Liu, 2001; Mei et al.,
2014). RAPD, a technique where DNA bands are gene-
rated by using polymerase chain reaction (PCR) with
random primers (short oligonucleotide sequences) can
be applied for any organism as generated loci are theore-
tically unlimited (Lynch and Milligan, 1994). Several ad-
vantages such as low cost, short time of experiment, low
DNA requirement, and no previous DNA sequence
knowledge needed, predestine this method to be one of
the first choices to access genetic variability. 

RAPD markers have, however, a disadvantage – the
method is highly sensitive to PCR reaction condition
leading low reproducibility obtained by different labora-
tories. This drawback can be eliminated by SCAR mar-
kers, meanning the conversing of random binding RAPD
primers to specific binding primers (Paran and Michel-
more, 1993). SCAR markers allow the detection of single
genetically defined loci and immediate scoring of results
by the presence or absence of expected PCR bands.
Thus, this method eliminates the need to sequence am-
plified products thereby researchers are able to de-
crease the cost and speed up analysis capacity (Yang
et al., 2013). Consequently, SCAR markers offer the
most practical method for screening numerous samples
in a time and labor-saving manner due to its accuracy
and cost efficiency (Kasai et al., 2000). In this study, two
pairs of SCAR primers were developed and proven as
high potential tool to identify 2 highly favorable longan
cultivars, such as “Duong phen Hung Yen” and “Chin
muon Hung Yen” in Vietnam.

Material and methods

Plant material and DNA extraction

Total of 11 longan leaf samples were collected from
plants growing in different parts of Vietnam (Fig. 1 and
Table 1). The samples were dried and preserved in silica

gel until use. DNA from collected leaf samples was ex-
tracted with CTAB method (Cetyl Trimethyl Ammonium
Bromide) as described by Madhou and coworkers (2013)
and diluted to a final concentration of 10 ng/μl, then sto-
red at !20EC until use.

RAPD analysis

High quality DNA was subjected to RAPD reactions.
The primers for PCR reactions were chosen from Yone-
moto and coworkers (2006) and Mei and coworkers
(2014) (Table 2) and purchased from IDT (Singapore).
The RAPD reactions were performed in a total volume
of 20 μl containing 30 ng DNA, 1 × reaction buffer,
2 mM MgCl2, 0.3 μM of primer, 200 μM of each dNTP,
1 unit of Taq polymerase and sterile water to the final
volume. PCR amplification was carried out in a Sure-
Cycler 8800 thermal cycler (Agilent, USA) as follows:
initial denaturation at 95EC for 2 minutes; followed by
40 cycles of 30 s at 95EC, 30 s at 35EC, 54 s at 72EC and
a final extension for 5 min at 72EC. PCR amplification
was then separated by electrophoresis in 1.5% agarose
gel in 1 × TAE buffer, stained with 0.5 μg/ml Gelred TM
loading buffer and visualized using the Universal Hood
Gel Doc system (Bio-Rad, USA). All reagents for PCR
and electrophoresis were purchased from Biobasic (Ca-
nada) whereas Gelred for DNA staining was purchased
from Biotium (USA).

Cloning and sequencing of DNA fragments

The RAPD reactions which generated amplified
bands tightly linking to the specific genotypes were re-
peated for higher fidelity by using Pfu polymerase (Bio-
basic, Canada). PCR conditions were as mentioned
above- for regular RAPD reactions. The appropriate
bands were then excised from agarose gel and purified
using DNA purification kit (Biolink, India) according to
manufacturer’s instructions and then sequenced fol-
lowing 2 sequencing strategies. Firstly, the purified
RAPD fragments were sequenced using 3N-extended
oligonucleotide primers as described in Mitchelson and
coworkers (1999) in an ABI automated sequencer (Ap-
plied Biosystems, USA) using a DyeDeoxyTM terminator
cycle sequencing kit (Applied Biosystems, USA). The
primers for direct sequencing are presented in Table S1
in supplementary materials.

Secondly, sequencing was performed following the
protocol published by Yang and coworkers (2013). 
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Fig. 1. The locations of longan plants used for samples in the present study
(black dots indicate sample collection sites; A and B representing Northern and Southern regions, respectively)

Table 1. The list of longan samples and its original locations
used for genetic characterization in the present study

Code Accession name Province

DBR Da bo Ba Ria Ba Ria 

TBT Thanh nhan Ben Tre Ben Tre

CHY Chin muon Hung Yen Hung Yen

CTH Chin muon Thanh Hoa Thanh Hoa

DHY Duong phen Hung Yen Hung Yen

TTN Tieu Tay Ninh Tay Ninh

XTG Xuong Tien Giang Tien Giang

XVL Xuong Vinh Long Vinh Long

TNB Thoc Ninh Binh Ninh Binh

ICT Idor Can Tho Can Tho

HHN Huong Chi Ha Noi Ha Noi

Briefly, the purified RAPD products were cloned using
pJET1.2 cloning vector following the manufacturer’s
instructions (Thermo Scientific, USA). The plasmids
containing RAPDs of interest were harvested from
E. coli DHα culture using miniprep isolation and puri-
fication kit (Life Technologies, USA) and subjected to
DNA sequencing using vector-based primers (forward
primer: 5N-CGACTCACTATAGGGAGAGCGGC-3N, rever-
se primer: 5N- AAGAACATCGATTTTCCATGGCAG-3N). 
The obtained DNA sequences were searched for homo-
logy in GenBank by BLAST tool from National Center
for Biotechnology Information (NCBI, http://www.ncbi.
nlm.nih.gov/BLAST/). 

Designing the SCAR primers

SCAR primers were designed using 2 methods.
Firstly using Primer3plus tool (www.bioinformatics.nl/
primer3plus). Secondly, following a method as described

by Paran and Michelmore (1993), where from 8 to 12 ba-
ses were added to the original RAPD primers. The pri-
mer sequences, optimized PCR conditions and amplifica-
tion lengths of these primers are shown in Table S2 in
supplementary materials and Table 3.

Confirming the effectiveness of SCAR primers

The polymorphisms of the newly designed SCAR pri-
mers were evaluated using 11 longan genotypes, as
shown in Table 1. PCR reactions were prepared as fol-
lows: 30 ng DNA, 1 × reaction buffer, 2 mM MgCl2,
0.3 μM of each primer, 200 μM of each dNTP, 1 unit of
Taq  polymerase (Biobasic, Canada) and sterile water to
a final volume of 20 μl. PCR aliquots were then run in
a SureCycler 8800 thermal cycler (Agilent, USA) with an
initial pre-denaturation for 5 min at 95EC and followed
by 35 cycles of denaturation at 95EC for 30 s, annealing
at for 30 s (annealing temperatures of primers is listed
in Table 3), extension at 72EC for 40 s. The final exten-
sion was performed at 72EC for 5 min. PCR amplification
products were analyzed using the same protocol as for
RAPD analysis.

Results and discussion

As a result of RAPD reactions, all 20 primers tested
(Table 1) resulted in amplification of a varying number
of bands (from 3 to 14). The polymorphism among plant
samples ranged from 0 to 77.78% (data not shown).
Although RAPD results show high polymorphism among
different longan accessions with band sizes ranging from
200 bp to 2000 bp, in this study, the surveyed makers
were not able to clearly identify any individual genotype.
This is the common weakness of RAPD markers due to
its dominant and unreliable features (Kumar and Guru-
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Table 2. The list of RARD primers used to analyze the genetic diversity
of longan varieties grown in Vietnam

Primer
name

Primer sequence (5N– 3N) Primer Primer sequence (5N– 3N)

A39a CCTGAGGTAGCT D12 CTGGTCTCTGGG

A58 GTCATGCCTGGA D29 GACCCGGAACGA

A62 TCGTCCGGAGAT D38 AAGCTCGACGGG

C11 AGGTACGCCCGA D41 GAGACCCGTCGA

C16 CGCCCTGCAGTA D50 GACTCGCGGTCT

C31 GAGTTGCCCGGA D53 GCCGCGGAACTA

C34 TACCCAGGAGCG D84 AGACACACGGGC

C59a CGCGTTCGTGGA F10a CAGGCCGAAGTC

C62a CCATCCGCACGA F44a GGTGTCTTGCGG

C82 ATCGTCACCCCG Z1 CCGGTGCCTTCT

Table 3. SCAR primers designed by adding additional nucleotides to RAPD primers
were used to distinguish different longan cultivars grown in Vietnam

(the underlined sequences indicate the corresponding original RAPD primers)

SCAR
primer name Sequence (5N– 3N) Product size

[bp]
Tm
[EC]

DHY Fw – GACCCGGAACGAAATCATGAAAAA
Rv – GACCCGGAACGATTTGTATGAGGT 706 60

CHY Fw – TCGTCCGGAGATAAAAAAAA
Rv – TCGTCCGGAGATTCAGTTAGAC 517 62

Fig. 2. The result of agarose gel electrophoresis showing
RAPD amplification products of 11 longan genotypes, using
D29 primer (M – 1000 bp DNA ladder (Hyper ladder, Bioline,
UK), white arrow indicates a candidate RAPD fragment

for genotype identification)

subramanian, 2011). Another concern about RAPD is its
reproducibility, where at least 15% of low signal bands
should be excluded to increase the repeatability (Ali
et al., 2004). Among several RAPD results, one band
with size of about 700 bp amplified by primer D29, dis-

Fig. 3. The result of agarose gel electrophoresis showing
RAPD amplification products of 11 longan genotypes C59a
(M – 1000 bp DNA ladder (Hyper ladder, Bioline, UK),
white arrow indicates a candidate RAPD fragment for geno-

type identification)

tinguishing “Duong phen Hung Yen/DHY” variety from
remaining genotypes (Fig. 2) has been observed. Where-
as, a band of approximate 500 bp amplified using C59a
primer was also considered as a candidate band to spe-
cifically identify “Chin muon Hung Yen/CHY” longan
variety (Fig. 3).
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Fig. 4. PCR amplification of 11 longan genotypes in Vietnam
by using DHY SCAR marker (M – 1000 bp DNA ladder;

NC – negative control)

To further characterize 2 candidate markers, these 2
bands were excised, purified and sequenced. Initially,
they were sequenced following a method reported by
Mitchelson and coworkers (1999). From 2 original
RAPD primers (D29 and C59a), 8 sequencing primers
were obtained by adding one nucleotide (either A, T, G
or C) at the 3N ends (Table S1). Theoretically, the exten-
ded primer would bind to location of original RAPD pri-
mer and sequencing process would start from extended
nucleotide. However the sequencing reactions were not
successful from any of the primers tested (data not
shown). We propose that since RAPD-amplified bands
have 2 identical terminals, during sequencing reaction
the signals from both terminals were mixed resulting in
sequencing failure. In 2010, Jian and colleagues also
found the limitation of this direct sequencing method.
The authors reported that the factor contributing to the
low success of this method could be the occurance of
different nucleotides immediately internally to the pri-
mer-specified terminal (Jian et al., 2010), which could
prevent the daily application of this method in practice.

Due to the unsuccessfulness of direct sequencing,
these RAPD amplifications were inserted into pJET1.2
cloning vector and transformed into E. coli  DHα. Then
the purified cloning vector were harvested and subjected
to sequence with specific primer using Sanger method.
We successfully sequenced 2 candidate RAPD fragments
indicated previously in Figure 2 and Figure 3 (the 2 se-
quences are presented in Supplementary data file S1).
These 2 sequences were then deposited in GenBank of
NCBI with accession numbers of MH061916 and
MH061917 corresponding to sequences from “Duong
phen Hung Yen/DPH” and “Chin muon Hung Yen/
CMH”, respectively. This suggest that cloning-based
sequencing is a preferred method to convert from RAPD 

Fig. 5. PCR amplification of 11 longan genotypes in Vietnam
by using CHY SCAR marker (M – 1000 bp DNA ladder;

NC – negative control)

to SCAR marker and it has been used by previous re-
search groups in various plant such as longan (Yang
et al., 2013); Commiphora sp. (Sairkar et al., 2016). The
obtained sequences were then searched for homology by
BLAST analysis. The results showed no homological se-
quences among the existing accessions in GenBank, sug-
gesting that these sequences have not been reported
previously.

SCAR primers were initially designed based on in-
ternal parts obtained sequences (Table S2). However,
these primers generated bands with the same amplifica-
tion size for both sequences (data not shown). Thus,
they were not able to differentiate among longan geno-
types. Similar to our findings, considerable research
groups also reported the difficulty in developing SCAR
markers due to the formation of monomorphic products
(Ohmori et al., 1996; Deng et al., 1997; Shen et al.,
2011). However, several authors were successfulin using
this type of primers in SCAR development like for Phyl-
lanthus emblica (Dnyaneshwar et al., 2006); Nepenthes
genus (Anuiwat et al., 2009), Lonicera japonica (Yang
et al., 2014). This suggests that the success of internal-
designed primers could be an organism dependent fea-
ture. We then designed SCAR primers by adding 8-12
nucleotides followed corresponding RAPD markers
shown in Table 3. The usefulness of such SCAR primers
has been further evaluated. As expected, DHY primer
was able to specifically amplify a sequence from “Duong
phen Hung Yen/DHY” cultivar only; the remaining tested
longan accessions showed unspecific amplification
(Fig. 4). CHY primer was able to identify 2 “Chin muon”
or “late ripening in Vietnamese” cultivars consisting of
Chin Muon Hung Yen (CHY) and Chin muon Thanh Hoa
(CTH), which were collected from Hung Yen and Thanh
Hoa provinces, respectively (Fig. 5). 
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SCAR markers are very useful in genetic analyses,
however in this study we found that the success rate of
discovering these markers in longan is relatively low.
The most difficult point was the conversion of RAPD
markers to SCAR markers ensuring the specificity. This
could be explained because the SCAR primers designed
from internal RAPD sequences are less polymorphic
than those designed by adding nucleotides into initial
RAPD primers and the polymorphism is likely only pre-
sent in RAPD primers (Parasnis et al., 2000). Moreover,
GC content is also another factor affecting the specificity
of SCAR markers (Vanichanon et al., 2000), and SCAR
primer design may require whole genome sequence in-
formation for effective development (Khan et al., 2008).
This difficulty was expected as previously Cutler and
coworkers (2006) found only 1 SCAR marker to dif-
ferentiate 13 longan accessions after surveying 17 RAPD
primers. Other groups also faced this problem when
developing SCAR markers for litchi, which is a close
relative of longan (Zhang et al., 2013).

Conclusions

The potential of RAPD markers has been proven as
a useful tool for genetic characterization and genetic
diversity analyses which are important in plant science
and agriculture. However, the conversion from RAPD to
SCAR markers can improve the specificity and stability
of amplifying targeted DNAs, which was successfully
utilized for identifying different plant genotypes in a spe-
cies. In this study we further confirmed that this marker
is also efficient in identification different longan geno-
types of different cultivars. In this research two pairs of
SCAR primers which can be used to identify 2 varieties
consisting of “Duong phen Hung Yen” and “Chin muon
Hung Yen” have been successfully developed. The re-
sults of this project revealed that the conversion of
RAPD markers into SCAR markers has a large potential
for genetic identification of longan. Such markers could
be potentially used for authentication of different plants.
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