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Abstract Litchi (Litchi chinensis Sonn., L. chinensis), a

type of tree growing in most areas of southern China, produces

an edible fruit that is also a source of traditional medicine.

Genetic identification of litchi species or cultivars using

molecular markers is very important. In this study, a total of

six litchi samples from Fujian, Hainan, Guangdong, Guangxi

and Sichuan province, as well as one wild Dimocarpus conf-

inis (D. confinis) sample from Guangxi province were col-

lected for genetic analysis. The cluster dendrograms were

constructed for genetic analysis on the basis of DNA ampli-

fication results by RAPD and ISSR. The improved RAPD

amplified DNA with consistent and clear banding patterns. A

total of 176 bands were found, indicating a 72.7 % poly-

morphism in L. chinensis DNA samples. Significant genetic

distances were found among the different species or cultivars,

with an index of similarity coefficient ranging from 0.59

to 0.87. Similar to RAPD results, ISSR analysis of the

L. chinensis DNA samples showed a range of 0.70–0.93

similarity coefficients. The genetic distance between Hainan

sample and Sichuan samples was the farthest, which is con-

sistent with their geographic distance. Furthermore, the index

of similarity coefficient between D. confinis and L. chinensis

was 0.35–0.41 by RAPD and 0.38–0.48 by ISSR, indicating

that these two species have significant genetic difference. This

study reveals the high level of genetic differences between

different litchi species or cultivars, and confirms the signifi-

cance of the improved RAPD method in genetic character-

ization of organisms. Taken together, the improved RAPD

combined with ISSR analysis can be used frequently for the

genetic diversity, germplasm resources preservation, molec-

ular-assisted breeding, and genetic characterization of various

organisms.
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Introduction

Litchi chinensis Sonn. (litchi or lychee), belonging to the

family of Sapindaceae, is a tropical and subtropical evergreen

tree, native to the Hainan, Guangdong and Fujian provinces

of China. It is also cultivated in many other parts of the

world, particularly in Southeast Asia. Litchi has been culti-

vated in China since 2000 BC. Litchi is an edible fruit and

source of traditional medicine. As a traditional medicine,

litchi fruit and its secondary metabolic products, have been

reported to have anticancer [1, 2], anti-inflammatory [3],

antifungal [4], antiviral [5], antioxidant [6–11], antiplatelet

and anticoagulant [12], and antidiabetic activities [13–15].
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Random amplified polymorphic DNA (RAPD) analysis

was developed in 1990 [16]. Since then, RAPD analysis,

combined with other molecular techniques such as internal

transcribed spacer (ITS), simple sequence repeat (SSR),

inter-simple sequence repeat (ISSR), inter-retrotransposon

amplified polymorphism (IRAP), amplified fragment

length polymorphism (AFLP) and restriction fragment

length polymorphism (RFLP) [17–22], has been widely

used in the various unicellular and multi-cellular organisms

across various fields for assessments of genetic diversity

and characterization of germplasm, identification and fin-

gerprinting of genotypes, and molecular-assisted breeding

in ecological, evolutionary, taxonomical, phylogenic and

genetic studies. Although RAPD has gained popularity

because of its advantages, it also has some disadvantages,

including low production and poor reproducibility. Inter-

estingly, the resolution and production can be greatly

increased by an improved RAPD technique (also called

RAMP-PCR), in which ramp time from the stage of

annealing to extension is elongated [23, 24].

There are numerous litchi species or cultivars, and con-

siderable confusion has been noticed regarding their naming

and identification. The same cultivar grown in different cli-

mates may produce very different fruit. Cultivars can also

have different synonyms in various parts of the world.

Therefore, the nutritional or medicinal values of litchi may

vary. Heretofore there are very limited genetic studies of this

edible and medicinal species exist. Ding et al. [25] established

the segregation patterns by RAPD markers in an F1 popula-

tion. Liu et al. [26] investigated the genetic relationship

between superior individual late-maturity Yurongwanli and

other cultivars from Fuqing city of Fujian province by POD

isoenzyme and RAPD analysis. Zhou et al. [27] constructed

two high density genetic linkage maps by RAPD, AFLP and

SRAP techniques based on the mapping population derived

from a cross of ‘Maguili’ and ‘Jiaohesanyuehong’. However,

no study has been conducted for the measurement of genetic

distance and diversity between species of litchi (including D.

confinis) from different geographic origins using the improved

RAPD together with ISSR.

In this study, we collected the DNA materials from

different geographic localities, characterized them geneti-

cally by using our developed RAMP-PCR technique, and

validated the RAPD results by ISSR technique.

Materials and methods

Experimental reagents

The RAPD primers (SBS Genetech Corporation) (Table 1),

ISSR primers (UBC Primer Set #9) (Table 2), 2 9 PCR

Taq Mastermix (TianGen Biotech Co. Ltd, Beijing, China)

and DNA Marker (Takara Biotechnology Co. Ltd, Dalian,

China) were used in this study. Other reagents were ana-

lytical grade reagents that we described in our previous

studies [23, 24, 28–30].

Collection of plant samples

A total of six litchi samples were collected in southern

China: 1 from Quanzhou of Fujian, 1 from Wanning of

Hainan, 1 from Dongguan of Guangdong, 1 from Yulin of

Guangxi, and 2 from Luzhou of Sichuan including 1 from

the Hejiang county and 1 from Zhangba Longan Park

(Fig. 1); (Table 1). One wild D. confinis sample was pro-

vided from Agricultural College of Guangxi University,

Guangxi province and was described previously [31].

DNA extraction

Total genomic DNA was extracted from fresh leaves using

a modified Cetyl trimethylammonium bromide (CTAB)

method, described previously [24, 32]. The leaves were

first fixed in fixing solutions containing chloroform, PVP,

2-Hydroxy-1-ethanethiol (without liquid nitrogen), and

then ground into tiny pieces by silica (SiO2) for the

extraction of DNA using the CTAB method. DNA quality

was checked by 0.8 % agarose gel electrophoresis and

Table 1 Sources of RAPD-ISSR samples

No. Samples Species Sources

1 LL D. confinis Nanning, Guangxi

2 FJ Heiye, Litchi Quanzhou, Fujian

3 HN Longqiao, Litchi Wanning, Hainan

4 GD Samyuehong, Litchi Dongguan, Guangdong

5 GX Heli, Litchi Yulin, Guangxi

6 LZ Dahongpao, Litchi Zhangba, Luzhou, Sichuan

7 LH Dahongpao, Litchi Hejiang, Luzhou, Sichuan

Table 2 Sequences of RAPD primers

Primer Sequence 50–30 Primer Sequence 50–30

SBS-A7 GAAACGGGTG SBS-A11 CAATCGCCGT

SBS-A12 TCGGCGATAG SBS-A15 TTCCGAACCC

SBS-A16 ACCTGGACAC SBS-I1 ACCTGGACAC

SBS-I4 CCGCCTAGTC SBS-I8 TTTGCCCGGT

SBS-I10 ACAACGCGAG SBS-N8 ACCTCAGCTC

SBS-M17 TCAGTCCGGG SBS-Q1 GGGACGATGG

SBS-Q2 TCTGTCGGTC SBS-Q3 GGTCACCTCA

SBS-Q4 AGTGCGCTGA SBS-Q5 CCGCGTCTTG

SBS-Q9 GGCTAACCGA SBS-Q12 AGTAGGGCAC

SBS-Q19 CCCCCTATCA
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spectrophotometry [33]. The final concentration of all

DNA samples was adjusted to10 ng/ll for PCR, and stored

at -20 �C until use.

RAPD-PCR

Twenty three different SBS primers were initially evaluated

for the polymorphism detection by improved RAPD analysis,

among which nineteen primers amplified DNA with poly-

morphic profiles for data analysis (Table 2). The contents of

PCR system (10 ll) were as follow: 1 ll of primers

(2.5 lmol/L), 1 ll (10 ng) of L. chinensis or D. confinis

DNA templates, 5 ll of 2 9 PCR Taq Mastermix and 3 ll of

ddH2O. The PCR condition was as follows: initial denatur-

ation at 95 �C for 90 s, followed by 40 cycles of 40 s at

94 �C, 60 s at 36 �C, 90 s at 72 �C, and final extension of

5 min at 72 �C. PCR was performed in Applied Biosystems

Veriti� 96-Well Thermal Cycler (Life Technology, USA).

The RAMP rate from annealing to extension was adjusted

from 2.5 �C/s (100 % ramp rate) to 0.125 �C/s (5 % ramp

rate) for L. chinensis and D. confinis species using our pre-

viously established ramp PCR conditions [24] to compare the

resolution and production of the two methods in the present

study. PCRs were repeated three times for all 7 samples.

ISSR amplification

ISSR amplifications were performed in 10 ll reactions

volumes consisting 1 ll of 2.5 lmol/L primers, 1 ll of

DNA template of L. chinensis or D. confinis species

samples, 5 ll of 2 9 PCR Taq Mastermix, and 3 ll of

ddH2O. The PCR condition was as follows: initial dena-

turation at 95 �C for 90 s, followed by 35 cycles of 40 s at

94 �C, 30 s at 50 �C, 90 s at 72 �C, and final extension of

5 min at 72 �C [24]. PCR was executed in an above

mentioned ‘‘Applied Biosystems Veriti� 96-Well Thermal

Cycler’’. Totally twenty-two ISSR primers (from UBC

Primer Set #9), were tested initially. Twelve primers

(Table 3) amplified DNA well with polymorphic bands and

were selected for further use.

Agarose gel electrophoresis

The amplified PCR products were separated by electropho-

resis on a 1.8 % agarose gel in 1 9 TAE buffer. Gels were

visualized by 0.5 lg/mL ethidium bromide staining and the

images were documented using the ChemiDoc XR (Bio-

Rad, USA) under UV light. Unambiguous and reproducible

bands in successive amplifications were selected for scoring.

Data analysis

The presence of each selected clearly DNA band in the

amplified gel profiles was recorded as ‘‘1’’, and absence of

this corresponding band in other sample(s) was recorded as

‘‘0’’. The similarity matrix (SM) and the similarity index

(SI) were calculated by using SM coefficient. The

dendrograms based on unweighted pair group method with

arithmetic mean algorithm (UPGMA) were generated using

the SAHN module in a NTSYS pc 2.1 package [34].

Fig. 1 The localities of samples

of L. chinensis or D. confinis

species from different regions of

southern China. The spots in

dark blue indicate the cities and

the line in light blue indicates

the Yangtze River. The detailed

information for each sample is

shown in Table 1. (Color figure

online)
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Results

Comparison between regular RAPD amplification

and improved RAPD technique for litchi DNA analysis

To increase the RAPD amplification efficiency and get

more specific bands, PCR was first used to amplify DNA

by adjusting RAMP time from annealing to extension with

a ramp rate for 5 % (0.125 �C/s) and 100 % (2.5 �C/s)

from 7 of L. chinensis or D. confinis species samples

(listed in Table 1) by RAPD primers SBS-Q2 and SBS-

Q10. Specifically, with primer SBS-Q2, the range of

amplified bands was 0-6 by regular PCR (Fig. 2a, left

panel), whereas the amounts of PCR products and the

numbers of DNA bands (8–11) were clearly increased in

RAMP PCR (in which RAMP rate was adjusted from 100

to 5 %) (Fig. 2a, right panel); In the case of primer SBS-

Q10, there were 2–5 amplified bands in regular PCR

(Fig. 2b, left panel), whereas the amounts of PCR products

and the numbers of DNA bands (6–12) were clearly

increased by RAMP PCR with 5 % RAMP rate (Fig. 2b,

right panel). Particularly, the signals of some PCR bands

in the right panels of Fig. 2 were much stronger than the

corresponding bands in the left panels, which demon-

strates that the yield was higher by improved RAPD PCR

than by regular RAPD PCR. Hence, our modified RAPD

condition with prolonging ramp time from annealing to

extension, would be useful for genetic analysis of L.

chinensis or D. confinis species as the yield, resolution,

and reproducibility were significantly improved. This

improved condition was then used to complete amplifi-

cation of 7 samples of L. chinensis or D. confinis species

by other RAPD primers.

Amplification of DNAs of L. chinensis and D. confinis

species by RAMP RAPD

A total of twenty three primers were used in improved

RAPD analysis for the evaluation of DNA polymorphism,

and nineteen primers (Table 1) obtained reproducible

polymorphic amplification bands. Figure 3a, b showed

that three representative primers (SBS-I4, SBS-Q1 and

SBS-Q19) generated reproducible polymorphic amplifica-

tion bands by RAMP PCR in these 7 samples. From these

polymorphic amplification primers, a total of 218 bands

were obtained, where each primer had amplified 2–11

bands with an average of 5.99 bands per primer. The

approximate range of band size was 200–2200 bp, and

93 % of the bands were found polymorphic in these 7

samples. In six L. chinensis cultivars, a total of 176 RAPD

bands were found with an average of band number of 6.06

per primer, and 72.7 % of the bands were polymorphic.

Genetic distance and cluster analysis of RAMP RAPD

Based on the RAMP-PCR amplification profiles, cluster

dendrogram was obtained (Fig. 4a, b). The dendrogram

showed that the index of similarity coefficients ranged

from 0.35 to 0.87. The index of similarity coefficient

between sample 1 and 6 or 7 (D. confinis in Guangxi and L.

chinensis in Sichuan) was lowest (0.35), while that between

sample 6 and 7 (L.chinensis from Zhangba and Hejiang in

Sichuan province), was the highest (0.93) (Fig. 4b). In six

L. chinensis cultivars, the dendrogram showed that the

index of similarity coefficients ranged from 0.59 to 0.87.

The index of similarity coefficient between sample 3 and 6

(Hainan sample and Zhangba of Luzhou in Sichuan) was

the lowest (0.59), while that between sample 6 and 7 (L.

chinensis from Zhangba and Hejiang in Sichuan) was still

the highest (0.87) (Fig. 4b).

Amplification of D. confinis and L. chinensis species

DNAs by ISSR PCR

Twelve of ISSR primers amplified well, producing 99 clear

and reproducible fragments from 7 samples. Each primer

had amplified 0–14 bands with an average number of 4.43

bands per primer. The approximate range of band size was

200–1900 bp, and 85.9 % of the bands were found poly-

morphic in these samples. The representative results by

ISSR primers UBC825, UBC873 and UBC879 are showed

in Fig. 5. These results provide a clear detection of poly-

morphism in DNA samples of L. chinensis species. In six

L. chinensis cultivars, there was a total of 73 ISSR bands

Table 3 Sequences of ISSR

primers

R = (A, G),Y = (C, T)

Primer Sequence 50–30 Primer Sequence 50–30

UBC807 AGA GAG AGA GAG AGA GT UBC815 CTC TCT CTC TCT CTC TG

UBC818 CAC ACA CAC ACA CAC AG UBC820 GTG TGT GTG TGT GTG TC

UBC825 ACA CAC ACA CAC ACA CT UBC848 CAC ACA CAC ACA CAC ARG

UBC855 ACA CAC ACA CAC ACA CYT UBC857 ACA CAC ACA CAC ACA CYG

UBC873 GAC AGA CAG ACA GAC A UBC876 GAC AGA CAG ACA GAC A

UBC879 CTT CAC TTC ACT TCA UBC880 GGA GAG GAG AGG AGA
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with an average number of 4.26 bands per primer, while

61.64 % of the bands were found polymorphic.

Genetic distance and cluster analysis of ISSR PCR

Cluster dendrogram was also obtained based on the ISSR

banding profiles, showing similar results to those obtained

by improved RAPD of the similarity coefficients among

seven varieties of D. confisis and L. chinensis species

(Fig. 6a, b). The dendrogram showed that the index of

similarity coefficients among the seven samples ranged

from 0.38 to 0.93. The index of similarity coefficient

between sample 1 (D. confinis) and 2 (L. chinensis in

Fujian) was the lowest (0.38), and that between sample 6

and 7 (L. chinensis from Zhangba and Hejiang in Sichuan),

was maximum (0.93) (Fig. 6b). In the six L. chinensis

cultivars, the dendrogram showed that the index of simi-

larity coefficients ranged from 0.70 to 0.93. The index of

similarity coefficient between sample 3 and 6 (Hainan

sample and Zhangba sample of Luzhou in Sichuan,

respectively) was the lowest (0.70), and that between

sample 6 and 7 (L. chinensis from Zhangba and Hejiang in

Sichuan, respectively) was the highest (0.93), which is

consistent with the RAPD results (Fig. 6b).

Discussion

To increase the RAPD amplification efficiency and get

more specific bands, RAPD PCR was first used to amplify

in a machine of ‘‘Applied Biosystems Veriti� 96-Well

Thermal Cycler’’ by adjusting RAMP time from annealing

to extension with a ramp rate for 5 % (0.125 �C/s) and

100 % (2.5 �C/s). We found that the yield, resolution, and

reproducibility of RAPD were significantly improved by

this modified RAMP rate (Fig. 2). These improvements are

likely due to the appropriately prolonged ramp time (from

0.125 to 2.5 �C/s) that increases the capacity for the

binding of the 10-bp primer with DNA template, and the

stability between primer and DNA, and prevents falling off

primers from the DNA templates [23]. This improved

condition was used to amplify 7 DNA samples in our study.

Of twenty three primers tested, nineteen primers generated

unambiguous and bright bands.

Using improved RAPD and ISSR marker techniques, we

successfully authenticated and characterized L. chinensis

from different geographic localities. In six L. chinensis

cultivars, the dendrogram generated by RAPD showed that

the index of similarity coefficients ranged from 0.59 to

0.87. The index of similarity coefficient between sample 3

bp
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250

Regular vs RAMP with primer Q2

Regular PCR RAMP PCR

M 1 2 3 4 5 6 7 1 2 3 4 5 6 7
bp

2000

1000
750
500

250

Regular vs RAMP with primer Q10

Regular PCR RAMP PCR

M 1 2 3 4 5 6 7 1 2 3 4 5 6 7

a b 

Fig. 2 Comparison between regular RAPD amplification with 100 %

RAMP rate and improved RAPD amplification with 5 % RAMP rate.

Lanes 1–7 represent different samples of L. chinensis or D. confinis

species listed in Table 1. a PCR results by primer SBS-Q2. b PCR

results by primer SBS-Q10. Left panels indicate the results of regular

RAPD amplification (regular PCR); right panels indicate the results

of improved RAPD amplification (RAMP PCR). Lane ‘‘M’’ repre-

sents DL2000 DNA marker with indicated molecular size (bp)
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Primer Q19

bp
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100

Primer I4

bp
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M 1 2 3 4 5 6 7M 1 2 3 4 5 6 7 M 1 2 3 4 5 6 7a b c 

Fig. 3 The representative results of banding profiles obtained by improved RAPD amplification (5 % RAMP rate) by primers SBS-I4, SBS-Q1

and SBS-Q19. Lanes 1–7 represent different samples listed in Table 1. Lane ‘‘M’’ represents DL2000 DNA marker
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and 6 was the lowest (0.59), while that between sample 6

and 7 was the highest (0.87) (Fig. 4b). The dendrogram

generated by ISSR showed that the index of similarity

coefficients ranged from 0.70 to 0.93 in the six L. chinensis

cultivars. The index of similarity coefficient between

sample 3 and 6 was the lowest (0.70), and that between

sample 6 and 7 was the highest (0.93) (Fig. 6b), which is

consistent with the RAPD results. These findings demon-

strate that not only increases the resolution and yield by the

improved RAPD technique, but also it is a reliable

molecular tool for the genetic characterization of various

organisms, which was reported in previous studies [23, 24].

No. 1  2  3  4  5  6  7  

1  1.00  

2  0.36  1.00  

3  0.41  0.69  1.00  

4  0.36  0.83  0.71  1.00  

5  0.40  0.75  0.64  0.82  1.00  

6  0.35  0.67  0.59  0.70  0.74  1.00  

7  0.35  0.75  0.63  0.79  0.77  0.87  1.00  

b

a

Fig. 4 Dendrogram of L. chinensis and D. confinis species samples

by improved RAPD. a Dendrogram of L. chinensis and D. confinis

species based on improved RAPD PCR amplification files. Bars on

the bottom indicate similarity index based on S.M coefficients.

b Genetic distance dendrogram for L. chinensis and D. confinis

species using improved RAPD markers

UBC825

bp

2000

1000

750

500

250

100

UBC879

bp
2000

1000
750
500

250
100

UBC873

bp
2000

1000
750
500

250
100

M 1 2 3 4 5 6 7 M 1 2 3 4 5 6 7M 1 2 3 4 5 6 7a b c

Fig. 5 The representative results of different ISSR maker patterns in L. chinensis and D. confinis species obtained by primers for UBC825,

UBC873 and UBC879. Lanes 1–7 represent different samples listed in Table 1. Lane ‘‘M’’ represents DL2000 DNA marker

No. 1  2  3  4  5  6  7  

1  1.00  

2  0.38  1.00  

3  0.41  0.79  1.00  

4  0.42  0.90  0.77  1.00  

5  0.39  0.79  0.72  0.85  1.00  

6  0.49  0.73  0.70  0.75  0.76  1.00  

7  0.44  0.80  0.73  0.82  0.83  0.93  1.00  

b

a

Fig. 6 Dendrogram of L. chinensis and D. confinis species by ISSR

technique. a Dendrogram of L. chinensis or D. confinis species based

on with amplification files by ISSR primers. Bars on the bottom

indicate similarity index based on S.M coefficients. b Genetic

distance dendrogram for L. chinensis and D. confinis species using

ISSR markers
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To our knowledge, this is the first report of genetic char-

acterization of L. chinensis by combining improved RAPD

and ISSR analysis, and this characterization could be useful

for the preservation of genetic diversity and litchi popula-

tion. Importantly, our RAPD results in Fig. 4 and ISSR

results in Fig. 6, demonstrate that the genetic distance

between Hainan sample (sample 3 in Table 1) and Sichuan

samples (sample 6 and 7 in Table 1) is longest, which is

consistent with the geographic distance. The different

geographic location and host’s nature may have significant

influence on this variation. This information might be

helpful for the analysis of genetic diversity, germplasm

resources preservation, molecular-assisted breeding and

identification of litchi species or cultivars.

D. confinis, also known as ‘‘longli’’ in Chinese, has

similarity in the morphology of trees and fruits with L.

chinensis and D. longan. D. confinis is a very ancient species

in Guangxi province and was first described by Dacheng Fan

in his book ‘‘Guihai Yuheng zhi’’ at the year of 1162. One

wild D. confinis sample from Guangxi province, a species of

plant in the genus Dimocarpus family, was described pre-

viously [31]. However, it is hard to distinguish D. confinis

from L. chinensis only by morphology. In this study, genetic

distance and cluster analysis showed that the index of sim-

ilarity coefficient between D. confinis and L. chinensis is

0.35–0.41 by RAPD, and 0.38–0.48 by ISSR, respectively,

indicating that the two species have significant difference at

molecular level. Our improved RAPD and ISSR analysis

thus showed potentiality to distinguish L. chinensis from

related genus or species.

In summary, our study indicates that the improved

RAPD combined with ISSR techniques would be used

frequently for the genetic diversity, germplasm resources

preservation, molecular-assisted breeding and genetic

characterization of various organisms.
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