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ABSTRACT. Dimocarpus longan Lour. is an edible and traditional 
herb in China, commonly referred to as longon. An improved randomly 
amplified polymorphic DNA (RAPD) protocol was here developed 
in order to determine the geographical origins of D. longan samples 
collected from 5 provinces in the southern and southwestern areas of 
China, including Sichuan, Hainan, Fujian, Guangdong, and Guangxi. 
Generally, the improved RAPD method generated good fingerprinting 
of the 5 samples using the selected 17 primers. In particular, primers 
SBS-A5, SBS-A13, SBS-I9, SBS-I20, SBS-M1, and SBS-Q12 
produced distinguishable bands that clearly separated all 5 cultivars, 
suggesting that there are variations in RAPD genetic sites among the 
samples. The similarity index ranged from 0.69 to 0.76. The Sichuan 
and Hainan clades clustered together with a 0.73 similarity index. The 
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Guangxi and Fujian clades clustered together with a 0.76 similarity 
index, and they formed the sister clade to the Sichuan/Hainan clade 
with a 0.71 similarity index. The Guangdong clade was in a basal 
polytomy with a 0.70 similarity index. Based on the abundant DNA 
polymorphisms, these longan accessions are distinguishable using our 
improved RAPD technique. Therefore, RAPD analysis is an effective 
technique in distinguishing the geographical origins of D. longan. 
Moreover, the improved method could also be employed for a variety 
of applications including genetic diversity and fingerprinting analyses.
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INTRODUCTION

Dimocarpus longan Lour., commonly known as longan, is a commercially attractive 
fruit that is widely distributed in subtropical areas. China has an over 2000 year old history 
of longan cultivation. In China, D. longan is grown in the provinces of Guangdong, Guangxi, 
Fujian, Sichuan, Yunnan, and Hainan. Longan production is dominant in Guandong, Guangxi, 
and Fujian, although D. longan is also grown in several areas of Luzhou city in Sichuan. De-
spite its own high production of the crop, China is a net importer of D. longan. As a traditional 
herb, longan fruit is used for enhancing memory (Park et al., 2010), promoting blood metabo-
lism, relieving insomnia, and preventing amnesia (Yi et al., 2011). In addition, its secondary 
metabolic products have been shown to have antioxidative (Okuyama et al., 1999; Rang-
kadilok et al., 2005, 2007; Sun et al., 2007; Jiang et al, 2009), antiobesity (Yang et al., 2010), 
anticancer (Chung et al., 2010), antityrosinase (Prasad et al., 2010), and immunomodulatory 
activities (Su et al., 2010; Zhong et al., 2010; Yi et al., 2011).

Several molecular markers have been developed and applied since 1980, including 
random amplified polymorphic DNA (RAPD) (Williams et al., 1990; Devaiah and Venkata-
subramanian, 2008; Ruzicka et al., 2009; Yazbeck et al., 2011; Noormohammadi et al., 2013), 
inter-simple sequence repeats (Feofilov et al., 2011; Ganopoulos et al., 2011; Noormoham-
madi et al., 2013), and amplified fragment length polymorphism (Vos et al., 1995). These mo-
lecular markers have been extensively utilized across various fields for assessments of genetic 
diversity, genotype fingerprinting, and molecular-assisted breeding.

D. longan from the city of Luzhou, in Sichuan Province along the Yangtze River, 
where it is also called Deng Gui, is commonly considered to be of greater value and is mar-
keted at higher prices due to its fine, delicate scent and sweeter taste than those grown in 
Guangdong, Guangxi, and Fujian. Thus, it is essential to authenticate Luzhou longan cultivars 
from others. In this study, RAPD analysis was carried out to identify the geographical origin 
of longan samples from 5 different provinces. Usually, RAPD analyses are restricted due to 
the low stability and reproducibility of the technique. Fu et al. (2000) demonstrated that the 
resolution and production of RAPD markers might be greatly enhanced by prolonging the 
ramp time between the annealing and extension stages. The aims of this study were to develop 
an improved RAPD method for longan, and to examine the effectiveness of this improved 
method for discriminating Luzhou longan from other market varieties. We further discuss 
specialized local genotypes and evaluate the RAPD site variations among them.
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MATERIAL AND METHODS

Plant materials

The sources of the 5 longan accessions used in the RAPD analysis are listed in Table 
1: Hainan, Sichuan, Guangxi, Guangdong, and Fujian Provinces (HN, SC, GX, GD, and FJ, 
respectively). All accessions were collected from typical places in Luzhou city in Sichuan, 
Dongwan city in Guangdong, Yulin city in Guangxi, Wanning city in Hainan, and Quanzhou 
city in Fujian (Figure 1). The plants were carefully identified and the specimens have been 
deposited at the source bank of the Luzhou Medical College.

Sample	 Common name	 Sources	 Accession No.

HN	 Longan	 Wanning/Hainan	 GY001
SC	 Longan	 Luzhou/Sichuan	 GY002
GX	 Longan	 Yulin/Guangxi	 GY003
GD	 Longan	 Dongwan/Guangdong	 GY004
FJ 	 Longan	 Quanzhou/Fujian	 GY005

Table 1. Sources of five Longan samples used in RAPD analysis.

Figure 1. Localities of Dimocarpus longan samples from Luzhou (Sichuan), Dongwan (Guangdong), Yulin 
(Guangxi), Quanzhou (Fujian), and Wanning (Hainan), respectively, in China. Directions are indicated in the upper 
right. The spots in blue indicate the cities and the line in green indicate the Yangzi River.
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DNA extraction and purification

Fresh leaf samples were collected from plants of each accession and DNA was ex-
tracted using a newly developed method (Sharma et al., 2010). DNA quality was determined 
after electrophoresis on 1% agarose gels (Fu, 2012). DNA concentration was measured 
by spectrophotometry at 260 and 280 nm (Fu, 2012). The final concentration of all DNA 
samples for PCR analysis was adjusted to 10 ng/µL.

RAPD PCR amplification and electrophoresis

The primers used in the RAPD analysis are listed in Table 2; they were synthesized 
at Beijing SBS Genetech Co. Ltd., China. PCR was carried out using the SBS primer sets 
A, I, M, N, and Q. RAPD was performed in a total volume of 20 µL containing 30 ng DNA, 
1X reaction buffer, 2 mM MgCl2, 0.25 µM of each primer, 200 µM of each dNTP (TaKaRa 
Biotechnology, Dalian Co. Ltd., China), 1 U rTaq DNA polymerase (TaKaRa), and sterile 
water to the final volume. PCR amplification was performed as follows: initial denaturation 
at 95°C for 90 s; followed by 40 cycles of 40 s at 94°C, 90 s at 36°C, 90 s at 72°C; and a final 
extension of 5 min at 72°C. PCRs of each accession were performed in a Mastercycler 5331 
system (Eppendorf, Germany). The amplified PCR products were resolved by electropho-
resis on 1.8% agarose gel in 1X TAE buffer. Gels were visualized with 0.5 µg/mL ethidium 
bromide staining and the images were documented using ChemiDoc XRS (Bio-Rad, USA) 
(Fu, 2012). Bands that were unambiguous and reproducible in successive amplifications 
were selected for scoring. An improved method for increasing the efficiency of the RAPD 
technique was also applied to compare the resolution and production of the 2 methods. The 
new technique involved adjusting the ramp time from annealing to extension from 3 to 
0.3°C/s (Fu et al., 2000). All PCRs were repeated at least 5 times for each of the 5 samples.

Primer	 Sequence	 Primer	 Sequence

SBS-A7	 GAAACGGGTG	 SBS-A9	 GGGTAACGCC
SBS-A14	 TCTGTGCTGG	 SBS-A15	 TTCCGAACCC
SBS-A16	 AGCCGGCGAA	 SBS-I9	 TGGAGAGCAG
SBS-I1	 ACCTGGACAC	 SBS-I20	 AAAGTGCGGG
SBS-I2	 GGAGGAGAGG	 SBS-N5	 ACTGAACGCC
SBS-M1	 GTTGGTGGCT	 SBS-N15	 CAGCGACTGT
SBS-Q1	 GGGACGATGG	 SBS-Q9	 GGCTAACCGA
SBS-Q12	 AGTAGGGCAC	 SBS-Q18	 AGGCTGGGTG
SBS-Q19	 CCCCCTATCA

Table 2. Primers used in RAPD analysis.

Band scoring and data analysis

Bands in the gel profiles were recorded as present (1) or absent (0). The similar-
ity matrix and the similarity index were calculated using the simple matching coefficient. 
The dendrogram was based on the unweighted pair group method with arithmetic mean, 
and the algorithm (UPGMA) was generated using the SAHN module in NTSYS pc 2.1 
package.
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RESULTS

All accessions were collected from typical places in Luzhou city in Sichuan, Dong-
wan city in Guangdong, Yulin city in Guangxi, Wanning city in Hainan, and Quanzhou city 
in Fujian (Figure 1). RAPD analysis was carried out to identify the geographical origins of 
the longan samples from the 5 provinces. Three primers demonstrated similar repeatable fin-
gerprints, but their low stability and reproducibility restricted the use of the regular RAPD 
technique (Figure 2A, B, and C; left panels). When the ramp time from annealing to extension 
was adjusted from 3° to 0.3°C/s, resolution and production were markedly increased in the 5 
longan samples (Figure 2; right panels).

Figure 2. Comparison for RAPD profiles of five Dimocarpus longan samples generated by the primers SBS-A15, 
SBS-Q9, SBS-Q19 (A-C) with a 3°C/s ramp (left) and a 0.3°C/s (right). The “stars” in the right panels show the 
extra bands generated, indicating the increasing of the resolution and production with the new method. Lanes 1-5 
= samples from Hainan, Sichuan, Guangxi, Guangdong, and Fujian, respectively. 

Specifically, in the SBS-A15 amplification patterns, the band numbers and products 
were substantially enhanced in Hainan longan (Figure 2A; lane 1). In Sichuan Province, 
products increased from 2 to 6 (Figure 2A; lane 2), and in the Fujian sample the increase 
was from 1 to 2 (Figure 2A; lane 5). Primer SBS-Q9 showed the same 3 bands in all longan 
samples using the 3°C/s ramp time (Figure 2B; left panel). However, fragment numbers 
increased when using a 0.3°C/s ramp time; 6 fragments were obtained in the Sichuan samples, 
and 4 fragments were obtained in the other longan samples (Figure 2B; left panel). Similarly, 
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band numbers and products increased using a 0.3°C/s ramp time with the primer SBS-Q19 
(Figure 2C). Furthermore, no bands were generated in Guangdong longan under a 3°C/s 
ramp time (Figure 2C; left panel), whereas this sample produced 3 bands when the ramp time 
was adjusted to 0.3°C/s (Figure 2C; right panel). Therefore, the improved RAPD technique 
enabled the production of more reproducible polymorphic amplification bands compared with 
the traditional RAPD analysis technique.

Based on these results, this improved RAPD technique was applied to the remaining 
subset of the typical samples from the 5 provinces using RAPD primers. A total of 100 SBS 
primers were selected for polymorphism, and 17 primers (Table 2) generated reproducible 
polymorphic amplification bands. This indicated that these 17 primers were useful for identi-
fying DNA polymorphisms and determining genetic relationships among the longan samples. 

The representative characteristic bands and representative fingerprints of the 5 sam-
ples produced by these 17 primers are shown in Figures 3 to 5. Amplification patterns with 
primers SBS-N15 and SBS-Q18 differed among the 5 longan samples (Figure 3). The ampli-
fication patterns of Sichuan longan were similar to those of Guangdong (Figure 4A, C, and D) 
and Guangxi (Figure 4B) when the primers SBS-I1, SBS-A14, and SBS-Q1 were used (Figure 
4), but differed from the other samples. Primers SBS-A5, SBS-A13, SBS-I9, SBS-I20, SBS-
M1, and SBS-Q12 produced distinguishable patterns and specific bands that clearly identified 
Luzhou longan from the others (identified by the arrows in Figure 5).

Figure 3. Similar RAPD banding patterns obtained with the primers SBS-N15 and SBS-Q18 (A and B). Lanes 1-5 
= samples from Hainan, Sichuan, Guangxi, Guangdong, and Fujian, respectively.

Figure 4. RAPD banding patterns obtained with the primers SBS-I1, SBS-I4, SBS-I20, SBS-A14 and SBS-Q1 (A-
D). The patterns in the Luzhou Dimocarpus longan sample were different from the other three places. Lanes 1-5 
= samples from Hainan, Sichuan, Guangxi, Guangdong and Fujian, respectively. Arrows indicate different RAPD 
patterns and specific band fragments.
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The number of amplified fragments ranged from 2 (SBS-Q19) to 15 (SBS-A13) across 
the accessions tested, and band sizes ranged from approximately 250 to 2000 bp. The 17 
primers produced a total of 87 bands with an average of 5.11 per primer. Thirty-two percent of 
the 87 generated bands were polymorphic. These results illustrated that DNA polymorphisms 
could be detected among the 5 longan cultivars.

Based on scoring of the 87 bands, the similarity matrix was used to determine genetic 
relationships. The resulting dendrogram, based on a UPGMA algorithm, is displayed in Figure 
6. The similarity coefficients ranged from 0.69 to 0.76 (Table 3). Sichuan and Hainan clades 
clustered together with a 0.73 similarity index, while Guangxi and Fujian clades clustered to-
gether with a 0.76 similarity index, and formed a sister to the Sichuan/Hainan clade with a 0.71 
similarity index. The Guangdong clade was in a basal polytomy with a 0.70 similarity index.

Figure 5. Different RAPD banding patterns in the Luzhou Dimocarpus longan sample obtained with the primers 
SBS-A5, SBS-A13, SBS-I9, SBS-I20, SBS-M1, and SBS-Q12 (A-F). Lanes 1-5 = samples from Hainan, Sichuan, 
Guangxi, Guangdong, and Fujian, respectively. Arrows indicate different RAPD patterns with specific band 
fragments in the Luzhou D. longan sample.

Figure 6. Dendrogram of the five Dimocarpus longan samples based on 87 PCR bands amplified by the 17 
primers. HN, SC, GX, GD, and FJ represent samples from Wanning (Hainan), Luzhou (Sichuan), Yulin (Guangxi), 
Dongwan (Guangdong), and Quanzhou (Fujian), respectively. Bar on the bottom indicates similarity index based 
on the similarity matrix coefficient.
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DISCUSSION

RAPD and cluster analysis is a useful tool for providing valuable data in determining 
relationships among different populations (Crawford, 1990; Williams et al., 1990). Based on 
scoring of the 87 bands by RAPD, the similarity matrix was used to determine genetic rela-
tionships. The similarity coefficients ranged from 0.69 to 0.76. Sichuan and Hainan clades 
clustered together with a 0.73 similarity index, while Guangxi and Fujian clades clustered 
together with a 0.76 similarity index, and formed a sister to the Sichuan/Hainan clade with a 
0.71 similarity index. The Guangdong clade was in a basal polytomy with a 0.70 similarity 
index. Therefore, based on the abundant DNA polymorphisms identified using our improved 
RAPD technique, the longan accessions are clearly distinguishable.

In the dendrogram of the 5 cultivars, Guangxi longan was found to be more closely 
related to the Fujian samples than to the others. Although there is geographic isolation between 
Sichuan and Hainan longan, they were clustered together. This suggested that the genetic rela-
tionship among the 5 accessions is not always correlated to their geographic localities. These re-
sults suggest that the Sichuan longan might have originated from Hainan. Furthermore, longan 
from the Luzhou city of Sichuan Province along the Yangtze River is commonly considered to 
be of better quality and achieves higher prices on the market than the other cultivars, suggesting 
that this improved quality might depend on characteristics of the soil and climate in this region.

The template quality, cycle numbers, and primer concentrations can all affect the reso-
lution and repetition of RAPD analyses. Fu et al. (2000) reported that RAPD resolution and 
production are greatly increased by prolonging the ramp time from annealing to extension in 
spider DNA amplification. In the present study, this improved RAPD method, adjusting the ramp 
parameter to 0.3°C/s, was effective in revealing genetic characterizations of longan by generat-
ing more and/or stronger bands with clear, reproducible, and distinguishable patterns (Figure 2).

In RAPD experiments, the reliability and stability of fingerprints mostly depends on 
the complexity of genomic DNA (Carl et al., 1995). The amplification repetitions guaranteed 
RAPD reproducibility in the current study. Different longan genotypes were revealed by spe-
cific or polymorphic bands. Therefore, the improved RAPD technique of prolonging the ramp 
time to increase resolution and production is useful for the identification of different longan 
cultivars, and could be applied in a variety of fields, particularly for genetic diversity and fin-
gerprinting analyses in plants.
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Sample	    HN	    SC	   GX	 GD	 FJ

HN	 1	     -	     -	   -	 -
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FJ	 0.7125	 0.6875	 0.7625	 0.7	 1

Table 3. Similarity index of RAPD fingerprints generated by the 17 primers.

For abbreviations, see Table 1.
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