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Abstract 
 

Mulberry, a kind of Morus (Moraceae), is an important perennial economic plant, with leaves used to feed silkworm. It is 

important to reveal the relationship between the genetic variation and evolution of mulberry and to reveal the phylogenetic of 

its germplasm. In the present study, the genetic diversity of the gene structure characteristics of 23 main mulberry in Sichuan 

Province (China) based on inter-simple sequence related (ISSR), sequence-related amplified polymorphism (SRAP) markers 

and sequencing analysis was reported. 12 ISSRs and 5 SRAPs were exploited, chosen to evaluate the polymorphism level and 

the discriminating capacity from 100 ISSR primers and 50 SRAP primer. The 12 ISSRs generated 116 repeatable amplified 

bands, of which 93 (80.24%) were polymorphic. The amplified fragment size was between 0.1–1.5 KB. The 5 SRAP primers 

produced 31 repeatable amplified bands, of which 24 (77.42%) were polymorphic. The amplified fragment size was also 

between 0.1–1.5 KB. The study indicated that, ISSR and SRAP markers were reliable and effective to assess the genetic 

relationship and genetic diversity of 23 main mulberry varieties of Sichuan Province (China). The results provided the 

scientific basis for the establishment and identification of DNA fingerprint of mulberry varieties germplasm re sources. 

© 2019 Friends Science Publishers 
 

Keywords: Mulberry; ISSR; SRAP; Genetic diversity; Cluster analysis 

 

Introduction 
 

Mulberry, a multipurpose agro-forestry plant belongs to 

the family of Moraceae, is widely used in agriculture 

(Andallu et al., 2012). New varieties of mulberry with 

high quality and yield are an important material 

foundation of the silk industry. The leaf quality is the 

key factor affecting the yield and quality of cocoon and 

silk. China has a long history as the origin center of the 

world’s sericulture production (Satarupa, 2016). 

Mulberry breeding in China started varieties selection 

from 1930 s by conventional mutation and polyploidy 

breeding to get more than 100 mulberry varieties 

approved by national or provincial approval committee 

(Boonsri et al., 2012; Akkarachaneeyakorn and Tinrat, 

2015; Chen et al., 2015a). The misname phenomenon of 

mulberry is very common recently because of the 

frequent exchanges between different countries and 

regions. In the past, the mulberry identification was 

done by morphological method that is affected by 

environmental conditions and the subjective factors. 

It is important to explore the genetic relationship 

between different varieties of mulberry and to collect 

mulberry seed resources with high quality genetic diversity. 

At present, the ISSR markers which are the developed 

simple sequence repeat (SSR) markers are kinds of widely 

used DNA molecular markers (Banu et al., 2015; Perera et al., 

2015; Shafiei-Astani et al., 2015). ISSR molecular marker 

technology has the characteristics of simple, fast and high 

efficiency compared with RFLP (Restriction Fragment Length 

Polymorphism) and RAPD (Random Amplified Polymorphic 

DNA) molecular markers (Sen and Alikamanoglu, 2012; 

Jing et al., 2013; Sharma et al., 2014; Venkat et al., 2014; 

Bhattacharyya et al., 2015; Sousa et al., 2015). ISSR 

molecular marker is widely used in the analysis of varieties 

relationship, genetic diversity, variety identification and 

genetic linkage mapping because of these advantages. 

Sequence-related amplified polymorphism (SRAP) is 

a new marker system based on PCR (Zong et al., 2015). The 

purpose of SRAP is to analyze the polymorphic sequence of 

the open reading frame with the upstream promoter or 

intron detection in the genome sequence without any 
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additional conditions. The target fragment can be directly 

amplified through polymerase chain reaction (Ji et al., 

2014). The SRAP molecular marker has the 

characteristics of high efficiency, high yield, good 

repeatability, easy to sequence and to clone the target 

fragment (Chen et al., 2011; Huang et al., 2012, 2014; 

Fan et al., 2015). It has been successfully applied to 

genetic diversity analysis, genetic map construction and 

gene cloning of crop (Jiang and Liu, 2011). 

This study used ISSR molecular marker and SRAP 

molecular marker technology to study the relationship 

among Sichuan province 23 mulberry varieties and make 

genetic diversity evaluation at the molecular level, which 

will provide scientific basis for selection of planting mulberry 

varieties in Sichuan province of China in the future. 
 

Materials and Methods 
 

Plant Materials 
 

The experimental material was collected from the Sericulture 

Research Institute, Sichuan Academy of Agricultural 

Sciences (Table 1). Sampling time was from late March to 

early July 2015. The 10 g samples (tender leaf) with no pests 

were put into 50 mL centrifuge tube and stored under -80ºC 

in ultra-low temperature freezer (Chen et al., 2015b). 
 

Genomic DNA Extraction 
 

The mulberry leaf DNA was extracted using the plant 

genomic DNA Purification Kit (Beijing Tiangen 

Biotechnology Limited Company) by using the improved 

CTAB method (chloroform instead of 1:4 chloroform and 

isoamyl alcohol) (Chen et al., 2014a; Chen et al., 2016). 
 

ISSR Amplification 
 

The ISSR primer is synthesized by BGI Shenzhen 

Technology Services Limited. A total of 100 ISSR primers 

were used for PCR amplification from the DNA templates 

(Jehan et al., 2014). ISSR-PCR reaction system was 25 µL, 

including 40 ng template DNA, 1 µL primer (10 ng/µL) (the 

primers were dissolved in TE), 1 µL Taq DNA polymerase, 

2.5 µL PCR buffer and 0.5 µL dNTPs (10 mmol/L) and then, 

ddH2O was added to 25 µL final volume (Shen et al., 2006). 

ISSR-PCR amplification was performed in BIO-RAD 

T100 Thermal Cycler PCR machine. The PCR reaction 

conditions are as follows: initial denaturation at 94℃ for 2 

min, denaturation at 94℃ for 40 s, annealing at 35℃ for 45 

s (the Tm was set by the specific annealing temperature of 

each primer), extension at 72℃ for 90 s, 36 cycles, 

extension at 72℃ for 10 min, hold at 4℃.  

Agarose (2%) gel electrophoresis was used to separate 

the ISSR products. The electrophoresis results were 

photographed by Quantity One gel imaging system. Each 

primer PCR reactions was repeated three times to ensure the 

ISSR markers’ reproducibility and reliability.  

SRAP Amplification 

 

The SRAP primer is synthetized by BGI Shenzhen 

Technology Services Limited. A total of 50 SRAP primers 

were used for PCR amplification from the DNA templates 

(Chen et al., 2014b). SRAP-PCR reaction system is 25 µL, 

including 40 ng template DNA, 1 µL primer (10 ng/µL) (the 

primers were dissolved in TE), 1 µL Taq DNA polymerase, 

2.5 µL PCR buffer and 0.5 µL dNTPs (10 mmol/L) and 

then, ddH2O was added to 25 µL final volume (Shen et al., 

2009; Xue et al., 2010; Polat et al., 2012; Liu et al., 2014). 

SRAP-PCR amplification was performed in BIO-

RAD T100 Thermal Cycler PCR machine (BIO-RAD T100 

Thermal Cycler, United States). The PCR reaction 

conditions were as followed: initial denaturation at 94℃ for 

5 min, denaturation at 94℃ for 1 min, annealing at 35℃ for 

1 min, extension at 72℃ for 1 min, 5 cycles, denaturation at 

94℃ for 1 min, annealing at 50℃ for 1 min, extension at 

72℃ for 1 min, 35 cycles, extension at 72℃ for 10 min, 

hold at 4℃ (Nie et al., 2014; Costa et al., 2014; Robarts and 

Wolfe, 2014). 

Agarose (2%) gel electrophoresis was used to separate 

the ISSR products. The electrophoresis results were 

photographed by Quantity One gel imaging system. Each 

primer PCR reactions was repeated three times to ensure the 

ISSR markers’ reproducibility and reliability. 

 

Data Analysis 

 

The clear, stable and repeated amplified bands were 

analyzed. NT Software system was used to analyze the 

genetic dendrogram among the varieties. Both ISSR and 

SRAP amplified bands were analyzed using the score of 1 

means presence of amplified bands and a score of 0 means 

absence of amplified bands. The similarity matrix of the 

examined 23 samples was calculated based on Nei’s genetic 

distance using the NTSYS-pc software. The genetic 

distance among the landraces was expressed as a distance 

tree using un-weighted pair-group method with arithmetic 

averages (UPGMA) and simple matching coefficient (Peng 

et al., 2014). The products amplified by SRAP-PCR were 

sequenced and DNAMAN software was used for multiple 

sequence alignment to get the genetic similarity among the 

23 varieties and to compare the relationship among them 

(Jena et al., 2015). The genetic distances of the 23 mulberry 

varieties were calculated based on the SRAP-PCR and 

ISSR-PCR amplified bands from total DNA using NT sys 

2.10e software (Li et al., 2010; Liu et al., 2011, 2015).  

 

Results 

 

Amplification of ISSR 

 

A total of 12 primers selected from 100 ISSR primers were 

used to analyze the genetic diversity of 23 mulberry varieties. 

The polymorphic fingerprints are shown in Fig. 1, 2 and 3. 
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The list of ISSR primers, amplification conditions and the 

experiment results were shown in Table 2. The results 

showed that 116 clear and repeatable bands were amplified, 

including 93 polymorphic bands, which accounted for 

80.24% of the total bands. The average amplification 

using one pair of ISSR primers was 9.7 amplified bands 

including 7.8 polymorphic amplified bands. The number 

of amplified bands ranged from 5 to 14. Among them, 

the number of bands amplified using ISSR08 was the 

least (only 5), while the number of bands amplified using 

ISSR54 was the maximum (14) with the size of amplified 

bands between 0.1 and 1.5 kb. 

 

Analysis of Genetic Diversity Based on ISSR Markers 

 

The genetic relationships of 23 mulberry varieties were also 

analyzed (Fig. 4 and Table 3). The cluster analysis indicated 

that the mulberry varieties can be divided into 2 categories: 

Xiang7920, Chuan826, Husang32, Yousang, Xinzhiyilai, 

Chuan7431, Jialing20, Nongsang14, Chuan7637, Shushen1, 

Chuansang48-3 and Chuansang98-1 are divided into the 

first category (I) and Taiwanguosang72C002, Shigu11-6, 

Chuansang83-6, Hongguo2, Chuan799-1, Wuhedashi, 

Jialing30, Santai-1, Tai90Tong and Hongguo1 were divided 

into the second category (II). The genetic similarity 

coefficient of variation of the 23 mulberry varieties were 

0.51–0.89. The genetic similarity coefficient between 

Wuhedashi and Nongsang 14, Chuan799-1 and 

Nongsang14, Chuansang98-1 and Hongguo1, Husang32 

and Shigu11-6 was the smallest (only 0.51), while the 

genetic similar coefficient between Yousang and 

Xinzhiyilai was the largest (0.89). 

Table 1: The experimental materials 

 

Order Material name Order Material name Order Material name 

1 Xiang7920 9 Chuan7637 17 Chuan799-1 
2 Chuan826 10 Shushen1 18 Santai1 

3 Husang32 11 Chuansang48-3 19 Tai90 Tong 

4 Yousang 12 Chuansang98-1 20 Wuhedashi 
5 Chuan7431 13 Taiwanguosang 21 Jialing30 

72C002 

6 Xinzhiyilai 14 Shigu11-6 22 Hongguo1 
7 Jialing20 15 Chuansang83-5 23 Hongguo2 

8 Nongsang14 16 Chuansang83-6     

 

Table 2: List of ISSR primers, amplification conditions and the 

experiment results 

 

Primer 

name 

Sequence 

(3’-5’) 

Annealing 

temperature℃ 

Number of 

Amplified 

bands 

Number of 

polymorphic 

bands 

Polymorphic 

percentage% 

ISSR04 (GTC)6 60 7 5 71.43 

ISSR08 (AG)6TC 42 5 4 80 
ISSR11 (GAG)4GC 48 12 11 91.67 

ISSR14 (CT)8TG 54 12 9 75 

ISSR15 (GA)GG 56 9 8 88.89 
ISSR19 (CAG)4GC 48 7 7 100 

ISSR20 (CT)8TC 54 10 7 70 

ISSR29 (AG)8YC 55 11 8 72.23 
ISSR30 (GT)6CC 44 8 6 75 

ISSR39 (CA)6GT 48 13 11 84.62 

ISSR40 (CAC)4GC 48 8 6 75 
ISSR54 (GA)8YT 53 14 11 78.57 

Total   116 93 80.24 

Mean     9.6 7.8   

 

 
 

Fig. 1: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using ISSR04 as the primer 

 

 
 

Fig. 2: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using ISSR11 as the primer 

 

 
 

Fig. 3: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using ISSR15 as the primer 

 

 
 

Fig. 4: Clustering analysis of 23 mulberry varieties based on 

ISSR markers 



 

Zhang et al. / Intl. J. Agric. Biol., Vol. 22, No. 3, 2019 

 430 

 Amplification of SRAP 

 

The results showed that 31 clear and repeatable bands were 

amplified, including 24 polymorphic bands, which 

accounted for 77.42% of the total bands (Table 4). The 

average amplification using one pair of SRAP primers was 

6.2 amplified bands including 4.8 polymorphic amplified 

bands. The number of amplified bands ranged from 4 to 

9. Among them, the number of bands amplified by 

SRAP11 was the least (only 4), while the number of 

bands amplified by SRAP10 was the highest (9). The 

size of amplified bands using these SRAP primers were 

between 0.1 and 1.5 kb (Fig. 5–9). 

 

Analysis of Genetic Diversity Based on SRAP Markers 

 

The genetic distances of the 23 mulberry varieties were 

calculated and the genetic relationships of 23 mulberry 

varieties were also analyzed (Fig. 10 and Table 5). The 

cluster analysis indicated that the mulberry varieties can be 

divided into 4 categories: Xiang7920, Chuan7637, 

Chuan826, Chuansang98-1, Jialing20, Chuansang83-5 

and Chuansang83-6 belong to the first category (I); 

Husang32, Shushen1, Xinzhiyilai, Chuan7431, 

Jialing30, Hongguo1, Shigu11-6, 

Taiwanguosang72C002, Yousang, Chuansang48-3, 

Chuan799-1, Santai-1 and Tai90Tong belong to the 

second major categories (II); Wuhedashi belong to the 

third categories (III); and Nongsang14 and Hongguo2 

belong to the fourth categories (IV). 

Table 3: Genetic consistency between 23 mulberry trees obtained by ISSR analysis 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

2 0.8017                             

3 0.7845  0.7586                      

4 0.7845  0.8103  0.7931                     

5 0.7069  0.6983  0.6810  0.7500                    

6 0.7414  0.7500  0.7845  0.8879  0.7414                   

7 0.6552  0.6466  0.6638  0.7155  0.7586  0.7241                  

8 0.7155  0.7586  0.6724  0.7931  0.6983  0.7672  0.7155                 

9 0.7586  0.7845  0.6638  0.7500  0.7586  0.7414  0.8103  0.8362                

10 0.6466  0.7241  0.6379  0.7759  0.7328  0.7328  0.6638  0.7759  0.7672               

11 0.6379  0.7155  0.6466  0.8190  0.6724  0.7759  0.6897  0.7845  0.7414  0.8190              

12 0.6466  0.6897  0.6724  0.7414  0.6810  0.6983  0.6293  0.6897  0.6983  0.7931  0.7845             

13 0.4914  0.5862  0.5172  0.6207  0.4914  0.6121  0.5086  0.5345  0.5603  0.5690  0.6121  0.5690            

14 0.6034  0.5603  0.5086  0.6293  0.6034  0.6034  0.5690  0.5431  0.6724  0.6466  0.6034  0.6810  0.7500           

15 0.6034  0.6638  0.6466  0.6466  0.5517  0.6552  0.5690  0.5431  0.6034  0.6466  0.6207  0.6293  0.7672  0.7586          

16 0.5776  0.6724  0.5690  0.6724  0.6121  0.6466  0.5603  0.5517  0.6121  0.6552  0.6293  0.6897  0.7931  0.8017  0.7672         

17 0.5345  0.5948  0.6293  0.6466  0.5862  0.6379  0.5690  0.5086  0.5862  0.5948  0.5690  0.5948  0.7672  0.7759  0.8103  0.8017        

18 0.5776  0.6552  0.6207  0.6379  0.6121  0.6121  0.6293  0.5862  0.6466  0.5862  0.5776  0.6379  0.7069  0.6810  0.7328  0.7759  0.7672       

19 0.6207  0.6638  0.6293  0.6638  0.6207  0.6552  0.6207  0.6121  0.6897  0.6293  0.5862  0.5948  0.6466  0.7241  0.7241  0.7672  0.7759  0.8017      

20 0.5345  0.5603  0.6121  0.6121  0.5690  0.6379  0.5172  0.5086  0.5517  0.5948  0.5517  0.6466  0.7155  0.7241  0.7931  0.7500  0.8276  0.6983  0.6897     

21 0.6034  0.6638  0.6810  0.6293  0.5517  0.6379  0.5690  0.5431  0.5862  0.5776  0.5690  0.6638  0.6983  0.7069  0.8103  0.7500  0.7931  0.7672  0.7586  0.7931    

22 0.5862  0.6466  0.6466  0.6121  0.5690  0.6552  0.5690  0.5259  0.5862  0.5431  0.6034  0.5086  0.6983  0.6379  0.7586  0.7328  0.7241  0.7328  0.7586  0.7069  0.6897   

23 0.5948  0.6724  0.6379  0.6897  0.6293  0.6983  0.6121  0.5690  0.6293  0.6724  0.6638  0.6897  0.7069  0.7328  0.8190  0.7931  0.7845  0.7931  0.7672  0.7845  0.7672  0.8017  

 

Table 4: List of SRAP primers, amplification conditions and the experiment results 

 

Primer name Forward primer Reverse primer Number of Number of polymorphic 

bands 

Polymorphic percentage 

(5’-3’) (5’-3’) Amplified % 
    bands   

SRAP01 TGAGTCCAAACCGGATA GACTGCGTACGAATTAAT 5 3 60 

SRAP02 TGAGTCCAAACCGGAGC GACTGCGTACGAATTTGC 7 6 85.71 
SRAP03 TGAGTCCAAACCGGAAT GACTGCGTACGAATTGAC 6 4 66.67 

SRAP10 TGAGTCCAAACCGGAAA GACTGCGTACGAATTCAT 9 8 88.89 

SRAP11 TGAGTCCAAACCGGAAC GACTGCGTACGAATTCTA 4 3 75 
Total   31 24 77.42 

Mean     6.2 4.8   

 

 
 
Fig. 5: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using SRAP01 as the primer 

 

 
 
Fig. 6: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using SRAP02 as the primer 
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 The genetic similarity coefficients of variation of 23 

mulberry varieties were 0.52–0.90. The genetic similarity 

coefficient between Tai90 Tong and Hongguo2, 

Nongsang14 and Hongguo1 was the smallest (only 

0.52), while the genetic similar coefficient between 

Husang32 and Shushen1, Xinzhiyilai and Shushen1, 

Chuan799-1 and Santai1 was the largest (0.90). 

Sequencing Analysis 

 

The SRAP11-PCR amplicons of the 23 mulberry varieties 

was recovered using the universal DNA purification kit and 

sent to BGI Tech for sequencing. DNAMAN software was 

used for multiple sequence alignment to get the genetic 

similarity coefficient and genetic distance map (Fig. 11). 

The genetic similarity coefficient of the 23 mulberry 

varieties was more than 91.28%. The 23 mulberry varieties 

were divided into 2 categories using the sequencing 

analysis: Tai90 Tong, Yousang, Chuan799-1, Hongguo2, 

Shushen1, Hongguo1, Xiang7920, Chuansang98-1, 

Jialing20 and Jialing30 belong to the first major categories 

(I). Chuan7431, Nongsang14, Xinzhiyilai, Wuhedashi, 

Shigu11-6, Chuansang83-5, Santai1, 

Taiwanguosang72C002, Chuan7637, Chuan826, 

Chuansang83-6, Chuansang48-3 and Husang32 belong to 

the second categories (II). 

 

Discussion 

 
The origin and domestication of mulberry have not been 

elucidated until now. SRAP marker was reported to be used 

for analysis on the genetic relationships of 24 mulberry 

(Morus L.) accessions in the lower regions of the Yellow 

River. The results showed that both species of M. alba and 

M. multicaulis presented the abundant variations and some 

accessions proved to be inter-specific hybrid progenies by 

SRAP genetic information (Dechang et al., 2015). ISSR 

markers were also used for molecular characterization and 

identification associated with yield traits in mulberry. The 

results indicated that the greater resolving power of the 

ISSR markers was evident from the dendrograms (Vijayan 

et al., 2010). Using step-wise multiple regression analysis, a 

number of markers associated with total shoot length, leaf 

weight, number of branches, internodal distance, protein, 

leaf moisture percentage, and leaf chlorophyll could be 

Table 5: Genetic consistency between 23 mulberry trees obtained by SRAP analysis 

 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

2 0.8065                      

3 0.6452 0.7097                     

4 0.7742 0.7097 0.7419                    

5 0.7742 0.6129 0.8387 0.7742                   

6 0.5806 0.6452 0.8065 0.6774 0.7742                  

7 0.7742 0.8387 0.8710 0.8065 0.7097 0.7419                 

8 0.6452 0.6452 0.6129 0.7419 0.6452 0.7419 0.6774                

9 0.8710 0.8065 0.7097 0.7742 0.7419 0.7097 0.7742 0.5806               

10 0.6129 0.6129 0.9032 0.7097 0.8065 0.9032 0.7742 0.6452 0.7419              

11 0.7742 0.6452 0.7419 0.8710 0.8387 0.7419 0.7419 0.7419 0.7742 0.8387             

12 0.8710 0.8710 0.7097 0.7742 0.6774 0.6452 0.8387 0.7097 0.8065 0.6129 0.7097            

13 0.6452 0.6452 0.7419 0.6774 0.8387 0.7419 0.6129 0.6774 0.6452 0.7097 0.7419 0.7097           

14 0.6452 0.7097 0.8065 0.8065 0.8387 0.7419 0.7419 0.7419 0.7097 0.7742 0.8065 0.6452 0.7419          

15 0.6774 0.8065 0.8387 0.7097 0.7419 0.7097 0.7742 0.6452 0.7419 0.7419 0.7097 0.7419 0.7097 0.7742         

16 0.7419 0.8710 0.7742 0.8387 0.6774 0.7742 0.8387 0.7742 0.8065 0.7419 0.7742 0.8065 0.6452 0.7742 0.8710        

17 0.6774 0.6129 0.7097 0.8387 0.7419 0.7742 0.7097 0.6452 0.8065 0.8065 0.8387 0.6774 0.6452 0.7097 0.7419 0.7419       

18 0.7097 0.7097 0.6774 0.7419 0.7097 0.7742 0.6774 0.6129 0.8387 0.7742 0.8065 0.7097 0.6774 0.7419 0.7097 0.7097 0.9032      

19 0.6452 0.6452 0.6774 0.7419 0.7097 0.6774 0.6774 0.6774 0.7097 0.7742 0.8710 0.6452 0.6129 0.7419 0.7097 0.7097 0.8387 0.8710     

20 0.7097 0.7097 0.7419 0.8065 0.7097 0.5484 0.7419 0.6774 0.6452 0.6452 0.7419 0.7097 0.6774 0.7419 0.7097 0.7097 0.6452 0.6129 0.6129    

21 0.7742 0.7742 0.8065 0.7419 0.8387 0.6774 0.7419 0.5484 0.8387 0.7742 0.8065 0.7097 0.6774 0.8065 0.8387 0.7742 0.7742 0.8065 0.8065 0.6774   

22 0.6129 0.6774 0.7742 0.6452 0.8065 0.6452 0.6452 0.5161 0.6774 0.6774 0.6452 0.6129 0.7097 0.7742 0.7419 0.6774 0.6129 0.6452 0.6452 0.5806 0.8387  

23 0.6129 0.6774 0.6452 0.7097 0.6774 0.7097 0.6452 0.7742 0.6774 0.6129 0.6452 0.6129 0.6452 0.7742 0.7419 0.8065 0.6129 0.5806 0.5161 0.6452 0.6452 0.6774 

 

 
 

Fig. 7: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using SRAP03 as the primer 
 

 
 

Fig. 8: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using SRAP10 as the primer 
 

 
 

Fig. 9: Electrophoresis of PCR amplified products of the total 

DNA of 23 mulberry varieties leaves using SRAP11 as the primer 
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identified. These markers could be of much use in marker 

assisted selection (MAS) breeding programmes in mulberry, 

especially when no genetic information in terms of linkage 

maps and Quantitative Trait Locis (QTLs) is available to 

plant with high heterozygosity and a long juvenile period 

(Prasanta et al., 2008). 

 Among the markers, ISSR, SRAP and sequence 

analysis methods can divided Xiang7920, Jialing20 and 

Chuansang98-1 into the same category, Chuansang83-5 and 

Chuangsang83-6 into the same category, Jialing30 and 

Hongguo1 into the same category, Chuan799-1and 

Tai90Tong into the same category and 

Taiwanguosang72C002, Shigu11-6 and Santai1 into the 

same category, which indicated that all the three methods 

are feasible. Wuhedashi was divided into a single category 

using SRAP maker method, but was divided into another 

category with Taiwanguosang72C002, Shigu11-6 and 

Santai1 using ISSR maker method and sequence analysis, 

which indicated that SRAP marker is more suitable than 

ISSR marker and sequence analysis for Wuhedashi. 

Nongsang14 and Hongguo2 were classified as a category 

using SRAP maker method, but were separated into the 

totally different categories using both ISSR maker method 

and sequence analysis, which indicated that SRAP and ISSR 

maker methods or sequence analysis can be combined for 

identification of these two varieties. It worth noting that 

Husang32, Xinzhiyilai, Chuan7431 and Chuansang48-3 

were classified in the same category using SRAP maker 

method and sequence analysis, but divided into the other 

category using ISSR maker method, which showed that 

ISSR and SRAP maker methods or sequence analysis can 

be combined for these four varieties. A similar situation 

appeared in these two species of Yousang and Chuan826. 

These results indicated that the molecular marker technique 

is useful and powerful for the detection of genetic variation 

among the 23 mulberry species. These three methods have 

their own advantages and disadvantages. And need to be 

chosen the appropriate identification methods according to 

the variety that needs to be selected. 

The cultivation of the 23 mulberry varieties is very 

wide and representative (Aramwit et al., 2011; Ann et 

al., 2015). At present, the main cultivars of mulberry are 

used for its fruits, tea, fodder and high resistant 

mulberry varieties. New mulberry varieties will be 

introduced in the future, which will make the mulberry 

hybrid population more complex. Therefore, more 

perfect mulberry germplasm resources fingerprint, rapid 

detection technology and more stable molecular marker 

technology need to be established in the future for the 

production and breeding. In addition, the clear construction 

of the parent’s genetic map of mulberry germplasm 

resources, the study of offspring traits segregation law, the 

QTL mapping for important traits and the assisted breeding 

molecular marker of mulberry is of great significance. 

 

Conclusion 

 

In conclusion, the present study showed that a great genetic 

diversity occurred among 23 main mulberry varieties of 

Sichuan Province (China) due to their morphological 

differentiation. ISSR markers, SRAP markers and Sequence 

analysis not only have certain applicability in the evaluation 

of genetic diversity and genetic relationships of mulberry 

varieties, but also contribute to the identification of 23 

mulberry germplasm resources. 

 

Acknowledgments 

 

This project was supported by the Science and 

Technology Support Project of Sichuan Province 

(2018JY0087 and 2018NZ0055), the Cultivate Major 

 
 

Fig. 10: Clustering analysis of 23 mulberry varieties based on 

SRAP markers 

 

 
 

Fig. 11: Clustering analysis of 23 mulberry varieties based on 

sequencing analysis of SRAP marker 



 

Genetic Diversity of Mulberry Cultivars / Intl. J. Agric. Biol., Vol. 22, No. 3, 2019 

 433 

Projects of Sichuan Province (16CZ0018), Nanchong 

science and Technology Bureau of Sichuan Province 

(16YFZJ0043), Talent Program of China West Normal 

University (17YC328,17YC136,17YC329), National 

Training Project of China West Normal University 

(17c039), Innovative Team Project of China West 

Normal University (CXTD2017-3), the project for 

Promoting the Innovation Ability of Sichuan Province 

(2016ZYPZ-030) and the 13th Five Years Plan “ Corps 

Breeding Research Projects of Sichuan Province” 

(NO.2016yzgg-13-01 and 2016yzgg-13-02). 

 

Reference 
 

Akkarachaneeyakorn, S. and S. Tinrat, 2015. Effects of types and amounts 

of stabilizers on physical and sensory characteristics of cloudy ready-
to-drink mulberry fruit juice. Food Sci. Nutr., 3: 213‒220 

Andallu, B., A.V. Kumar and N.C. Varadacharyulu, 2012. Oxidative stress 

in streptozocin-diabetic rats: amelioration by mulberry (Morus indica 
L.) leaves. Chin. J. Intl. Med., 12: 1‒6 

Ann, J.Y., H. Eo and Y. Lim, 2015. Mulberry leaves (Morus alba L.) 

ameliorate obesity-induced hepatic lipogenesis, fibrosis, and 
oxidative stress in high-fat diet-fed mice. Gen. Nutr., 10: 1‒13 

Aramwit, P., K. Petcharat and O. Supasyndh, 2011. Efficacy of mulberry 

leaf tablets in patients with mild dyslipidemia. Phytol. Res., 25: 365‒
369 

Banu, S., D. Baruah, R.M. Bhagwat, P. Sarkar, A. Bhowmick and N.Y. 

Kadoo, 2015. Analysis of genetic variability in Aquilaria 
malaccensis from Bramhaputra valley, Assam, India using ISSR 

markers. Flora- Morphol. Distr. Funct. Ecol. Plants, 217: 24‒32 

Bhattacharyya, P., S. Kumaria and P. Tandon, 2015. Applicability of ISSR 
and DAMD markers for phyto-molecular characterization and 

association with some important biochemical traits of Dendrobium 

nobile, an endangered medicinal orchid. Phytochemestry, 117: 306‒
316 

Boonsri, S., C. Gunawan, E.H. Krenske and M.A. Rizzacasa, 2012. Synthetic 

studies towards the mulberry Diels-Alder adducts: H-bond accelerated 

cycloadditions of chalcones. Org. Biomol. Chem., 10: 6010‒6021 

Chen, L., X. Zhang, Q. Jin, L. Yang, J. Li and F. Chen, 2015a. Free and 
bound volatile chemicals in mulberry (Morus atropurpurea Roxb.). 

J. Food. Sci., 80: 975‒982 

Chen, C., W. Zhou, Y. Huang and Z.Z. Wang, 2015b. The complete 
chloroplast genome sequence of the mulberry Morus notabilis 

(Moreae). Mitochondr. DNA A, 97: 1‒2 

Chen, D., R. Peng, L. Li, X. Zhang and Y. Wang, 2011. Analysis of genetic 
relationships of Pueraria thomsonii based on SRAP markers. Chin. 

J. Chin. Mater. Med., 36: 538‒541 

Chen, D.X., L.Y. Li, X. Zhang, Y. Wang and Z. Zhang, 2014a. Genetic 
diversity and population structure of wild Dipsacus asperoides in 

China as indicated by ISSR markers. Genet. Mol. Res., 13: 6340‒

6349 
Chen, L., F. Chen, S. He and L. Ma, 2014b. High genetic diversity and 

small genetic variation among populations of Magnolia wufengensis 

(Magnoliaceae), revealed by ISSR and SRAP markers. Electr. J. 

Biotechnol., 17: 268‒274 

Chen, H., X. He, Y. Liu, J. Li, Q. He, C. Zhang, B. Wei, Y. Zhang and J. 

Wang, 2016. Extraction, purification and anti-fatigue activity of 
gamma-aminobutyric acid from mulberry (Morus alba L.) leaves. 

Sci. Rep., 6: 18933‒18943 

Costa, J.H.P.D., G.R. Rodriguez, G.R. Pratta, L.A. Picardi and R. Zorzoli, 
2014. Pericarp polypeptides and SRAP markers associated with fruit 

quality traits in an interspecific tomato backcross. Genet. Mol. Res., 

13: 2539‒2547 
Dechang, H., Z. Ping, H. Wen, S. Yanlin, W. Zhaohong and C. Chuanjie, 

2015. SRAP analysis on the genetic relationships of 24 mulberry 

(Morus L.) accessions in the lower regions of the Yellow River. 
Genet. Resour. Crop Evol., 62: 13‒19 

Fan, X., J. Jiang, Y. Zhang, H. Sun, J. Jiao and C. Liu, 2015. Genetic 

diversity assessment of Vitis ficifolia Bge. populations from Henan 
province of China by SRAP markers. Biotechnol. Biotechnol. Equip., 

29: 15‒20 

Huang, C.Q., G.D. Liu, C.J. Bai, W.Q. Wang and J. Tang, 2014. 
Application of SRAP markers in the identification of Stylosanthes 

guianensis hybrids. Mol. Biol. Rep., 41: 5923‒5929 

Huang, L.K., X.Q. Zhang, W.G. Xie, J. Zhang, L. Cheng and H.D. Yan, 
2012. Molecular diversity and population structure of the forage 

grass Hemarthria compressa (Poaceae) in south China based on 

SRAP markers. Genet. Mol. Res., 11: 2441‒2450 
Jehan, T., A. Vashishtha, S.R. Yadav and S. Lakhanpaul, 2014. Genetic 

diversity and genetic relationships in Hyacinthaceae in India 

using RAPD and SRAP markers. Physiol. Mol. Biol. Plants, 20: 
103‒114 

Jena, S.N., S. Verma, K.N. Nair, A.K. Srivastava, S. Misra and T.S. Rana, 

2015. Genetic diversity and population structure of the mangrove 
lime (Merope angulata) in India revealed by AFLP and ISSR 

markers. Aquat. Bot., 120: 260‒267 

Ji, W., G.R. Zhang, W. Ran, J.P. Gardner, K.J. Wei, W.M. Wang and G.W. 

Zou, 2014. Genetic diversity of and differentiation among five 

populations of blunt snout bream (Megalobrama amblycephala) 

revealed by SRAP markers: implications for conservation and 
management. PLoS One, 9: e108967 

Jiang, Y. and J.P. Liu, 2011. Evaluation of genetic diversity in Piper spp. 

using RAPD and SRAP markers. Genet. Mol. Res., 10: 2934‒2943 
Jing, Z.B., X.P. Wang and J.M. Cheng, 2013. Analysis of genetic diversity 

among Chinese wild Vitis species revealed with SSR and SRAP 
markers. Genet. Mol. Res., 12: 1962‒1973 

Li, H., C.J. Ruan, J.A.T.D. Silva and B.Q. Liu, 2010. Associations of 

SRAP markers with dried-shrink disease resistance in a 
germplasm collection of sea buckthorn (Hippophae L.). Genome, 

53: 447‒457 

Liu, F., Q.S. Guo, H.Z. Shi, F. Lv, Y.B. Yu, L.I. Lv, J.T. Huang, A.M. 
Wang and H.X. Liang, 2014. Genetic diversity analysis of Perinereis 

aibuhitensis based on ISSR and SRAP markers of Chinese coast 

populations. Biochem. Syst. Ecol., 57: 262‒269 
Liu, J., Z.R. Wang, C. Li, Y.B. Bian and Y. Xiao, 2015. Evaluating genetic 

diversity and constructing core collections of Chinese Lentinula 

edodes cultivars using ISSR and SRAP markers. J. Basic Microbiol., 
55: 749‒760 

Liu, L., X. Ma, J. Wei, J. Qin and C. Mo, 2011. The first genetic linkage 

map of Luohanguo (Siraitia grosvenorii ) based on ISSR and SRAP 
markers. Genome, 54: 19‒25 

Nie, G., X.Q. Zhang, L.K. Huang, W.Z. Xu, J.P. Wang, Y.W. Zhang, X. 

Ma, Y.H. Yan and H.D. Yan, 2014. Genetic variability and 
population structure of the potential bioenergy crop Miscanthus 

sinensis (Poaceae) in Southwest China based on SRAP markers. 

Molecule, 19: 12881‒12897 
Peng, L., M. Ru, B. Wang, Y. Wang, B. Li, J. Yu and Z. Liang, 2014. 

Genetic diversity assessment of a germplasm collection of Salvia 

miltiorrhiza Bunge. based on morphology, ISSR and SRAP markers. 
Biochem. Syst. Ecol., 55: 84‒92 

Perera, D., D.J. Barnes, B.S. Baldwin and N.A. Reichert, 2015. Mutagenesis 

of in vitro cultures of Miscanthus × giganteus cultivar Freedom and 
detecting polymorphisms of regenerated plants using ISSR markers. 

Indust. Crops Prod., 65: 110‒116 

Polat, I., Y.A. Kacar, T. Yesiloglu, A. Uzun, O. Tuzcu, O. Gulsen, M. 

Incesu, G. Kafa, E. Turgutoglu and S. Anil, 2012. Molecular 

characterization of sour orange (Citrus aurantium) accessions and 

their relatives using SSR and SRAP markers. Genet. Mol. Res., 11: 
3267‒3276 

Prasanta, K.K., P.S. Prem, K.A. Arvind and U.S. Raje, 2008. Genetic 

variability and association of ISSR markers with some biochemical 
traits in mulberry (Morus spp.) genetic resources available in India. 

Tree Genet. Genom., 4: 75‒83 

Robarts, D.W.H. and A.D. Wolfe, 2014. Sequence-related amplified 
polymorphism (SRAP) markers: A potential resource for studies in 

plant molecular biology. Appl. Plant Sci., 2: 15‒18 

Satarupa, G., 2016. Assam Silk: Sericulture. J. Agric. Allied Sci., 5: 50‒54 



 

Zhang et al. / Intl. J. Agric. Biol., Vol. 22, No. 3, 2019 

 434 

Sen, A. and S. Alikamanoglu, 2012. Analysis of drought-tolerant sugar beet 

(Beta vulgaris L.) mutants induced with gamma radiation using 
SDS-PAGE and ISSR markers. Mut. Res. Fund. Mol. Mech. 

Mutage., 738-739: 38‒44 

Shafiei-Astani, B., A.H. Ong, A. Valdiani, S.G. Tan, C.Y. Yien, F. Ahmady, 
N.B. Alitheen, W.L. Ng and T. Kuar, 2015. Molecular genetic 

variation and structure of Southeast Asian crocodile (Tomistoma 

schlegelii): Comp Pote SSRs Vers ISSRs. Genetics, 571: 107‒116 
Sharma, M.M., R.N. Verma, A. Singh and A. Batra, 2014. Assessment of 

clonal fidelity of Tylophora indica (Burm. f.) Merrill "in vitro" 

plantlets by ISSR molecular markers. SpringerPlus, 3: 400 
Shen, C.W., Z.X. Ning, J.A. Huang, D. Chen and J.X. Li, 2009. Genetic 

diversity of Camellia sinensis germplasm in Guangdong Province 

based on morphological parameters and SRAP markers. J. Appl. 
Ecol., 20: 1551‒1558 

Shen, J., X. Ding, D. Liu, G. Ding, J. He, X. Li, F. Tang and B. Chu, 2006. 

Intersimple sequence repeats (ISSR) molecular fingerprinting 
markers for authenticating populations of Dendrobium officinale 

Kimura et Migo. Biol. Pharm. Bull., 29: 420‒422 

Sousa, A.G., M.M. Souza, C.A. Melo and G.A. Sodre, 2015. ISSR markers 

in wild species of Passiflora L. (Passifloraceae) as a tool for taxon 
selection in ornamental breeding. Genet. Mol. Res., 14: 18534‒18545 

Venkat, S.K., P. Bommisetty, M.S. Patil, L. Reddy and A. Chennareddy, 

2014. The genetic linkage maps of Anthurium species based on 
RAPD, ISSR and SRAP markers. Sci. Hortic., 178: 132‒137 

Vijayan, K., P.P. Srivatsava, C.V. Nair, A.K. Awasthi, A. Tikader, B. 

Sreenivasa and S.R. Urs, 2010. Molecular characterization and 
identification of markers associated with yield traits in mulberry 

using ISSR markers. Plant Breed., 125: 298‒301 

Xue, D., S. Feng, H. Zhao, H. Jiang, B. Shen, N. Shi, J. Lu, J. Liu and H. 
Wang, 2010. The linkage maps of Dendrobium species based on 

RAPD and SRAP markers. J. Genet. Genomics, 37: 197‒204 

Zong, C.K., Z.Q. Song, H.M. Chen, C. Liu, J.H. Wang, L.L. Guo, T. Liu 
and Y.L. Pan, 2015. Construction of the first genetic linkage map of 

Salvia miltiorrhiza Bge. using SSR, SRAP and ISSR markers. Acta 

Pharm. Sin., 50: 360‒366 

 
[Received 27 Mar 2018; Accepted 25 Jan 2019; Published (online) 12 Jul 2019] 

 


