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Abstract 
 
Avocado is a significant cash crop in Vietnam, while little is known about its genetic diversification. Random amplified polymorphic 
DNA (RAPD) and inter-simple sequence repeat (ISSR) markers were performed to investigate the genetic diversity of twenty-eight 
imported and domestic avocado cultivars being maintained at Western Highlands Agriculture and Forestry Science Institute, Dak 
Lak, Vietnam. 18 RAPD and 15 ISSR primers produced 3183 and 2807 scorable bands, of which 83.92% and 71.72% were 
polymorphic, respectively. The RAPD markers exhibited an average PIC of 0.27 and Rp index of 12.63 whereas the mean PIC and Rp 
values of ISSR primers were 0.21 and 13.37, respectively. The correlation between RAPD and ISSR markers was low (r = 0.338), 
suggesting that the ability to resolve genetic variation among varieties may relate to the number of detected polymorphisms rather 
than the marker employed. Nevertheless, the correlation between ISSR and combined data was high (r = 0.791) and the correlation 
between RAPD and combined matrices was even higher (r = 0.897). This indicates that RAPD markers have slightly higher efficiency 
over ISSR to resolve genetic variation among 28 avocado cultivars. High genetic diversity among 28 avocado cultivars was revealed 
with the Jaccard’s similarity coefficient ranging from 0.623 to 0.913 based on combined data analysis. The UPGMA dendrogram 
generated from combined RAPD and ISSR data grouped Vietnamese domestic and imported avocado cultivars into three different 
groups at 72% similarity. These results could be applied to the avocado conservation and breeding programs. 
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Average; WASI_Western Highlands Agriculture and Forestry Science Institute. 
 
 
Introduction 
 
Avocado (Persea americana Mill.) is a nutritious fruit plant 
grown both in tropical and subtropical regions of many 
countries. Avocado is a polymorphic species with three 
botanic varieties including P. americana var. Americana, P. 
americana var. guatemalensis and P. americana var. 
drymifolia known as the West Indian, Guatemalan and 
Mexican, respectively. These avocado races are 
distinguishable ecologically. However, they are cross-
compatible and hybridization could take place between two 
races (Bergh and Ellstrand, 1986). 
Genetic diversity plays a paramount role in plant 
conservation and breeding programs (Govindaraj et al., 
2015). Several techniques have been used to analyze the 
genetic diversity in plant germplasm including 
morphological, biochemical and DNA makers (Agarwal et al., 
2008; Nguyen et al., 2009). Morphological and biochemical 
markers are simple and cheap. However, these markers are 
limited in number, and they are affected by the plant growth 
stages and environmental factors. The molecular markers 
offer many advantages over other markers since they are 
stable, detectable in all plant tissues and they are not 

subjected to environmental influence (Agarwal et al., 2008). 
In avocado, different molecular markers have been used to 
assess genetic diversity such as random amplified 
polymorphic DNA (RAPD) (Fiedler et al., 1998), restriction 
fragment length polymorphism (RFLP) (Davis et al., 1998; 
Furnier et al., 1990), simple sequence repeat (SSR) (Alcaraz 
and Hormaza, 2007; Guzmán et al., 2017; Juma et al., 2021; 
Schnell et al., 2003), inter-simple sequence repeat (ISSR) 
   iris-  re  et al., 2009), single nucleotide polymorphism 
(SNP) (Ge et al., 2019; Rubinstein et al., 2019; Talavera et al., 
2019), minisatellites (Chen et al., 2009; Juma et al., 2021), 
and variable number tandem repeat (VNTR) (Mhameed et 
al., 1996).  
In Vietnam, avocado was first introduced to Lam Dong 
province by the French in the 1940s (Nguyen and Vo, 1999). 
The plant has been propagated mainly through seed 
propagation for more than 80 years and has adapted to a 
broad range of climates, topography, and vegetation. 
Consequently, high genetic diversity has been accumulated 
in this germplasm. To date, analyses of genetic diversity 
based on DNA polymorphisms in avocados grown in Vietnam 
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have been described. Le et al. (2016) used 10 ISSR primers to 
evaluate the genetic variation of 11 domestic avocado 
accessions while Pham et al. (2019) evaluated the genetic 
diversity of 24 avocado accessions by using 18 SSR markers. 
In this study, we analyzed 28 domestic and imported 
avocado cultivars collected worldwide and being maintained 
at Western Highlands Agriculture and Forestry Science 
Institute (WASI), Dak Lak, Vietnam by using RAPD and ISSR 
markers. The detailed genetic diversity analysis among 28 
avocado cultivars provides important information for 
breeding programs and preservation of avocado germplasm. 
 
Results 
 
Molecular analysis using RAPD markers 
The 18 RAPD markers generated a total of 176 loci ranging in 
size from 0.2 to 3.0 kb with an average of 9.78 loci per 
primer (Table 1; Figure 1A). The proportion of polymorphic 
loci varied from 50.0% for primer OPQ-18 to 100% for 
primers OPA-01, OPB-03, OPC-01, OPC-08 and OPD-01 with 
a mean of 83.92% polymorphism per primer. Polymorphism 
Information Content (PIC) value of 18 RAPD markers ranged 
from a highest of 0.42 (OPD-01) to a lowest of 0.14 (OPA-02) 
with an average of 0.27. The resolving power (Rp) index was 
found to be highest for primer OPC-13 (19.50) and the 
lowest value was found in the primer OPB-03 (5.93) with an 
average of 12.63 per primer (Table 1). 
The Jaccard’s similarity coefficients based on RA D data 
ranged from 0.534 between cultivar TA-Hb6 and Pinkerton 
to 0.903 between cultivar Hass and Lamb Hass, with an 
overall mean of 0.718 (Supplemental Table 1). The 
dendrogram obtained from Unweighted Pair-Group Method 
with Arithmetic Average (UPGMA) analysis of genetic 
similarity based on the RAPD markers is shown in Figure 2. 
With 68% similarity, the 28 avocado cultivars were grouped 
into three main clusters. Cluster I included 17 cultivars (034, 
Blackman, TA1, TA-Hb2, TA-Hb5, TA02-20, TA-Hb1, TA-Hb6, 
Booth 7, Reed, ThanhBich, Ruotdo, TA40, GEM, Sharwil, 
Fuerte and Duke 7). Cluster II was composed of ten cultivars 
including Lamb Hass, Hass, GA, Pinkerton, Edranol, TA17, 
TA21, TA-Hb3, TA-Hb4 and CuBa. Cluster III had only one 
cultivar TA-Hb7 (Figure 2). 
 
Molecular analysis using ISSR markers 
A total of 145 loci were produced by 15 ISSR primers with an 
average of 9.67 loci per primer (Table 2, Figure 1B). The 
primer UBC-857 exhibited the largest loci (15) whereas 
primer UBC-889 generated the least number of loci (6). The 
polymorphism ranged from 37.50% for primer UBC-840 to 
100% for primer UBC-809 with an average of 71.72% 
polymorphic bands per primer. The highest PIC value was 
found for primer ISSR-T1 (0.31), whereas the lowest PIC 
value was for primer UBC-856 (0.04) with an average PIC 
index of 0.21 per primer. The average Rp value for the 15 
ISSR markers was 13.37 with the highest value of 20.29 for 
primer UBC-857 and the lowest value of 8.86 for primer 
UBC-889 (Table 2). 
The genetic similarity val es  sing Jaccard’s coefficient 
based on ISSR data varied from 0.624 to 0.934 with an 
average of 0.787 (Supplemental Table 2). Lamb Hass and 
Hass cultivars showed the highest similarity (0.934) while 
TA21 and GEM cultivars exhibited the lowest similarity index 
(0.624). The dendrogram shows the formation of three main 
groups of 28 avocado cultivars at a coefficient value of 75%. 
Cluster I was the largest cluster having 18 cultivars: 034, 

CuBa, ThanhBich, Ruotdo, TA02-20, TA1, TA-Hb5, TA-Hb1, 
TA-Hb6, TA-Hb2, TA-Hb4, Booth 7, TA-Hb7, Blackman, TA-
Hb3, TA-40, TA17, and TA21. Cluster II consisted of 9 
cultivars counting Lamb Hass, Hass, GEM, Pinkerton, Reed, 
GA, Sharwil, Fuerte and Edranol. Cluster III included only one 
cultivar Duke 7 (Figure 3). 
 
Combined RAPD and ISSR analysis  
A combination of 33 RAPD and ISSR primers produced 253 
polymorphic loci out of 321 total loci indicating 78.36% 
polymorphism. The average PIC and Rp values of combined 
RAPD and ISSR data analysis were 0.24 and 12.96, 
respectively (Table 3). 
Combined RAPD and ISSR data analysis revealed the 
similarity coefficients ranged from 0.632 to 0.913 with a 
mean of 0.745. The greatest coefficient was between Lamb 
Hass and Hass cultivars, whereas CuBa and Duke 7 showed 
the least similarity value of 0.632 (Supplemental Table 3). 
The UPGMA dendrogram obtained from the cluster analysis 
of combining data of both markers separated 28 avocado 
cultivars into three distinct clusters at 72% similarity. 
Interestingly, the dendrogram generated by combined data 
was similar to the one constructed from ISSR data analysis 
(Figure 4). 
The Mantel test and Pearson's correlation test (r) were used 
to measure the correlation between similarity matrices 
obtained from RAPD, ISSR data (separately and in 
combination). A low correlation between ISSR and RAPD 
matrices was obtained with a correlation coefficient of 0.338 
(p<0.0001) while matrices of RAPD or ISSR and combined 
data exhibited a good correlation with r = 0.897 and 0.719 
(p<0.0001), respectively (Table 4).  
In addition to UPGMA clustering analysis, principal 
component analysis (PCA) based on the pooled RAPD and 
ISSR data showed genetic relationships among avocado 
cultivars in two-dimensional space accounted for 36.06% 
and 18.46% of the total genetic variation. The PCA data also 
grouped 28 avocado cultivars into major clusters which are 
similar to the dendrogram produced by the cluster analysis 
(Figure 5). Cultivars Lamb Hass, Hass, Pinkerton, Edranol, 
GEM, Sharwil, Fuerte, Reed and GA were grouped into one 
cluster whereas 034, ThanhBich, RuotDo, TA40, Blackman, 
TA1, TA-Hb5, TA-Hb2, TA02-20, TA-Hb1, TA-Hb6 and Booth 7 
were in the same cluster. TA-Hb3, TA-Hb4, TA-Hb7, TA17, 
TA21 and Cuba were gathered in one cluster. As expected, 
Duke 7 was out-grouped from the remaining cultivars 
(Figure 5). 
 
Discussion  
 
Molecular markers have proven to be useful in clarifying 
genetic relationships among individuals in avocado 
germplasm    iris-  re  et al., 2009; Rubinstein et al., 2019; 
Schnell et al., 2003; Talavera et al., 2019). Here, we analyzed 
the genetic diversity of 28 avocado cultivars collected from 
different geographical zones of the world by using RAPD and 
ISSR markers. Previous reports have indicated that the ISSR 
marker has a higher capacity to detect polymorphism and 
genetic diversity than RAPD markers (Pham et al., 2021; 
Ziekiewicz et al., 1994). However, other studies have 
mentioned that RAPD markers identified more 
polymorphism than ISSR markers in many species such as 
Vigna umbellata (Muthusamy et al., 2008); Citrullus 
colocynthis (Verma et al., 2017); Jatropha curcas (Gupta et 
al.,  2008).  In  avocado,  Fiedler et  al. (1998) have shown that  
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Table 1. Amplification of 18 RAPD markers in 28 avocado cultivars. 

Primer Sequence 
Ta 
(

o
C) 

Total 
No. of 
loci 

Polymorphic 
loci 

Polymorphism 
(%) 

Total 
No. of 
bands  

PIC Rp 

OPA-01 GAGGCCCTTC 34 10 10 100.00 188 0.23 13.43 
OPA-02 TGCCGAGCTG 34 6 4 66.67 134 0.14 9.57 
OPA-03 AGTCAGCCAC 32 9 6 66.67 175 0.23 12.50 
OPA-04 AATCGGGCTG 32 13 9 69.23 270 0.24 19.29 
OPA-05 AGGGGTCTTG 32 10 8 80.00 166 0.22 11.86 
OPB-01 GTTTCGCTC C 32 11 9 81.82 226 0.28 16.14 
OPB-02 TGATCCCTGG 32 11 9 81.82 170 0.29 12.14 
OPB-03 CATCCCCCTG 34 6 6 100.00 83 0.25 5.93 
OPB-04 GGACTGGAGT 32 11 9 81.82 197 0.32 14.07 
OPB-05 TGCGCCCTTC 34 10 10 100.00 173 0.34 12.36 
OPB-17 AGGGAACGAG 32 10 8 80,00 193 0.27 13.79 
OPC-01 TTCGAGCCAG 32 8 8 100,00 146 0.29 10.43 
OPC-03 GGGGGTCTTT 32 8 7 87.50 168 0.33 12.00 
OPC-04 CCGCATCTAC 32 11 8 72.73 188 0.29 13.43 
OPC-08 TGGACCGGTG 34 11 11 100.00 159 0.27 11.36 
OPC-13 AAGCCTCGTC 32 13 12 92.31 273 0.19 19.50 
OPD-01 ACCGCGAAGG 34 12 12 100.00 143 0.42 10.21 
OPQ-18 AGGCTGGGTG 34 6 3 50.00 131 0.18 9.36 

Total   176 149  3183   
Average/primer   9.78 8.28 83.92 176.83 0.27 12.63 
Average/cultivar      113.68   

 

 
Fig 1. RAPD banding profile obtained with primer OPC-04 (A) and ISSR banding profile obtained with primer UBC-824 (B). Lane M: 
1kb ladder, lane (-): blank control; lane 1 – 28: PCR products from cultivars in terms of No. given in Table 5.  
 
Table 2. Amplification of 15 ISSR markers in 28 avocado cultivars. 

Primer Sequence Ta (
o
C) 

Total 
No. of 
loci 

Polymorphic 
loci 

Polymorphism 
(%) 

Total 
No. of 
bands 

PIC Rp 

UBC-809 (AG)8G 52.4 7 7 100.00 206 0.25 9.64 
UBC-810 (GA)8T 50 7 4 57.14 284 0.09 13.29 
UBC-813 (CT)8T 50 10 9 90.00 135 0.22 14.14 
UBC-815 (CT)8G 52.4 12 8 66.67 224 0.28 16.00 
UBC-824 (TC)8G 52.4 10 8 80.00 178 0.27 12.71 
UBC-840 (GA)8YT 51.6 8 3 37.50 183 0.10 13.07 
UBC-848 (CA)8RG 53.9 10 7 70.00 145 0.24 14.71 
UBC-856 (AC)8YA 51.6 9 4 44.44 184 0.04 10.36 
UBC-857 (AC)8YG 53.9 15 11 73.33 142 0.23 20.29 
UBC-858 (TG)8RT 51.6 11 8 72.73 186 0.21 13.14 
UBC-860 (TG)8RA 51.6 8 6 75.00 198 0.20 10.14 
UBC-889 ACTCGTAGT(CA)6 47.6 6 5 83.33 124 0.20 8.86 
ISSR-3 (GACA)4 53.9 11 8 72.73 211 0.24 15.07 
ISSR-T1 (GT)6CC 44 10 8 80.00 189 0.31 13.50 
ISSR-T3 (AC)6CG 44 11 8 72.73 218 0.23 15.57 

Total   145 104  2807   
Average/primer   9.67 6.93 71.72 187.13 0.21 13.37 
Average/cultivar      100.25   

In ISSR primer sequences: R = A/G; Y = C/T. 
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Fig 2. Dendrogram obtained with U GMA from the Jaccard’s similarity coefficients of 28 avocado c ltivars based on RAPD data 
analysis. 
 
Table 3. Efficiency of molecular markers for determining polymorphism in 28 avocado cultivars. 

Parameters for marker efficiency 
Molecular marker system 

RAPD ISSR Combined RAPD and ISSR 

Number of cultivars 28 28 28 
Total number of primers  18 15 33 
Total number of loci  176 145 321 
Total number of polymorphic loci 149 104 253 
Polymorphism (%) 83.92 71.72 78.36 
Total number of scorable bands  3183 2807 5990 
Polymorphism information content (PIC)  0.27 0.21 0.24 
Resolving power (Rp) 12.63 13.37 12.96 

 

 
Fig 3. Dendrogram obtained with U GMA from the Jaccard’s similarity coefficients of 28 avocado c ltivars based on ISSR data 
analysis. 
 
Table 4. Matrix comparisons of Mantel test between markers. 

Comparison 
Matrix correlation 
(r) 

p-value 
(two-tailed) 

Alpha 

RAPD vs. ISSR 0.338 < 0.0001 0.05 
RAPD vs. combined RAPD and ISSR 0.897 < 0.0001 0.05 
ISSR vs. combined RAPD and ISSR 0.719 < 0.0001 0.05 

 

 
Fig 4. Dendrogram obtained with U GMA from the Jaccard’s similarity coefficients of 28 avocado c ltivars based on combined 
RAPD and ISSR data analysis. 
 



860 

 

Table 5. List of the avocado cultivars used in this study. 

No. Cultivar Origin  No. Cultivar Origin 

1 034 Lam Dong (Vietnam) 15 Fuerte USA 
2 Lamb Hass USA 16 Blackman Mexico 
3 Hass USA 17 TA21 Dak Lak (Vietnam) 
4 GEM USA 18 TA1 Dak Lak (Vietnam) 
5 TA17 Dak Lak (Vietnam) 19 TA02-20 Dak Lak (Vietnam) 
6 Reed USA 20 TA – Hb1 Dak Lak (Vietnam) 
7 Pinkerton Australia 21 TA – Hb2 Dak Lak (Vietnam) 
8 GA USA 22 TA – Hb3 Dak Lak (Vietnam) 
9 ThanhBich Dak Lak (Vietnam) 23 TA – Hb4 Dak Lak (Vietnam) 
10 Ruotdo Dak Lak (Vietnam) 24 TA – Hb5 Dak Lak (Vietnam) 
11 TA40 Dak Lak (Vietnam) 25 TA – Hb6 Dak Lak (Vietnam) 
12 CuBa Dak Lak (Vietnam) 26 TA – Hb7 Dak Lak (Vietnam) 
13 Sharwil USA 27 Booth 7 USA 
14 Edranol Cuba 28 Duke 7 Australia 

 

 
Fig 5. Principal component analysis of 28 avocado cultivars based on combined RAPD and ISSR markers. The first and second 
principal components account for 36.06% and 18.46% of the genetic variation, respectively.  
 
 
the average percentage of polymorphism among 16 avocado 
accessions identified by RAPD markers was 83% whereas 
  iris-  re  et al. (2009) indicated that the overall 
polymorphism of 77 avocado accessions investigated by ISSR 
markers ranged from 82.3% to 95.4%. Sánchez-González et 
al. (2020) found that the percentage of polymorphic bands 
produced by ISSR primers in the population of Mexico race 
avocado ranged from 93% up to 100%. In this study, the 
RAPD markers identified a higher level of polymorphism 
(83.92%) among 28 avocado cultivars than ISSR markers 
(71.72%). In addition, RAPD markers had higher PIC values 
than ISSR, suggesting that RAPD is more efficient than ISSR 
with regard to polymorphism detection. Similar results have 
been reported by Reyes-Alemán et al. (2018) who also used 
RAPD and ISSR to employ the genetic diversity analysis in 
avocados and indicated the average PIC value of RAPD 
(0.345) was greater than that of ISSR markers (0.222).  
The resolving power (Rp) is used as a parameter to measure 
the ability of molecular markers to discriminate among 
accessions (Prevost and Wilkinson, 1999). In this study, the 
average Rp value of ISSR primers was 13.37 which is slightly 
higher than that of RAPD primers (12.63) (Table 3). These 
results suggested that ISSR would be a better marker for the 
determination of genetic relationships among avocado 
cultivars. UPGMA clustering analysis showed that both ISSR 
and combined RAPD+ISSR dendrograms grouped 28 avocado 
cultivars in the same clusters (Figure 3 and Figure 4), 
whereas the formation of clusters generated by RAPD 
profiling data was different (Figure 2, 3 and 4). In agreement 
with our findings, multiple studies have shown that ISSR 
markers provided several times more information than RAPD 

primers; and therefore, had high efficiency and reliability for 
evaluation of genetic diversity in many species (Elmeer et al., 
2017; Galvan et al., 2003; Nagaoka and Ogihara, 1997).  
Our findings showed that RAPD markers were more efficient 
for the detection of polymorphism, whereas ISSR primers 
were found to be more efficient for resolving genetic 
variation among avocado cultivars. Furthermore, the 
regression test showed low correlation between RAPD- and 
ISSR-based similarities with r = 0.338 but high regression for 
RAPD or ISRR and combined data (r = 0.897 and 0.719, 
respectively) was found (Table 4). Hence, even though both 
RAPD and ISSR marker systems individually can be used to 
study genetic diversity in avocados, we recommended the 
combination of two markers should be used for better 
discrimination and more reliable results. Combined different 
types of molecular markers have been usually used for 
assessing genetic diversity in many species (Elmeer et al., 
2017; Noormohammadi et al., 2012; Pham et al., 2021, 
2022). 
The similarity coefficient ranged from 0.534 - 0.903 in RAPD, 
0.624 – 0.934 in ISSR and 0.623 – 0.913 in combined data 
indicating high genetic variations among the 28 avocado 
cultivars evaluated. Our findings are similar to other studies 
that have reported high diversity in avocado germplasm 
(Reyes-Alemán et al., 2008; Juma et al., 2021; Pham et al., 
2019; Rubinstein et al., 2019; Schnell et al., 2003). It was 
found that cultivar Lamb Hass was closely related to Hass on 
the basic similarity matrix obtained from all three analyses.  
These findings were not surprising since Lamb Hass was a 
cross between a Hass and Gwen avocado (Rubinstein et al., 
2019). The least similarity value (0.534) was obtained 
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between Pinkerton and TA-Hb6 cultivars based on RAPD 
analysis, whereas the least similarity (0.634) was found 
between GEM and TA21 cultivars according to ISSR analysis 
(Supplemental Table 1 and 2). In addition, combined RAPD 
and ISSR data analysis showed that the minimum similarity 
value (0.632) was between Duke 7 and CuBa cultivars 
(Supplemental Table 3). These results can be explained by 
the fact that TA-Hb6, TA21 and CuBa were all collected in 
Dak Lak (Vietnam) while Pinkerton and Duke 7 were 
collected from Australia, and GEM originated in America. 
The dendrogram of the combined data separated 28 
avocado cultivars into three main clusters. Cluster I had 16 
domestic and two imported avocado cultivars (Booth 7 and 
Blackman) while cluster II grouped 9 imported cultivars. 
Cultivar Duke 7 collected from Australia was singled out 
from the rest of the cultivars. The separation of Vietnamese 
domestic and imported avocado cultivars into distinct 
groups suggested that the genetic relationship among 
studied avocado cultivars could be related to the 
geographical environment. The mixing of two imported 
cultivars Booth 7 and Blackman in the group of domestic 
cultivars could be caused by the region-specific variations 
that arise when they were grown in Vietnam. 
 
Materials and methods 

 
Plant materials 
Leaves of 28 domestic and imported avocado cultivars were 
sampled and stored at -20°C till further use. All the 28 
cultivars are being maintained at Western Highlands 
Agriculture and Forestry Science Institute, Dak Lak, Vietnam. 
The list of avocado cultivars is presented in Table 5. 
 
DNA extraction 
Genomic DNA avocados were extracted from the leaf using 

TopPURE Plant DNA Extraction Kit (ABT Biological Solutions 
Co., Ltd., Vietnam) following the man fact rer’s 
instructions. DNA integrity was examined in 1.0% agarose 
gel electrophoresis and quantified by a spectrophotometer 
(BioRad, Germany). The DNA was diluted into the final 
concentration of 10 ng/μl and stored at -20°C for PCR 
amplification. 
 
PCR amplification of RAPD and ISSR markers 
A total of 18 RAPD and 15 ISSR primers were used for PCR 
amplification. Background information about RAPD and ISSR 
primers including names, sequences and annealing 
temperature (Ta) is presented in Table 1 and Table 2. PCR 
reactions were cond cted with 2 μl of primer  5 μM), 0.5 μl 
DNA, 5 μl MyTaq Mix  Meridian Bioscience, Bioline) and 2.5 
μl a toclaved distilled water. The   R was r n in ASTE  
Thermal Cyclers (Gene Atlas, ASTEC, Japan) using a program 
of initial denaturation at 95

0
C for 5 min, 35 cycles of 30 

seconds denaturation at 95
0
C, 30 seconds annealing at Ta 

that depends on specific primers and 90 seconds extension 
at 72

0
C, followed by a 7 min final extension at 72

0
C. PCR 

products were separated on 1% agarose gel in 1×TAE buffer 
by electrophoresis at 80 V for 45 min and photographed by 
Bio-image System (BioRad, Germany). 
 
Data analysis  
Bands amplified with ISSR, and RAPD primers were manually 
scored as presence (1) or absence (0). Only clear and 
reproducible bands were counted.  

The polymorphism information content (PIC) value for each 
primer was calculated as proposed by Rolda  n-Ruiz et al. 
(2000): PIC = 2ƒ 1 – ƒ). In which, ƒ is the frequency of the 
present bands and (1 - f) is the frequency of the absent 
bands. 
The resolving power (Rp) of each primer was calculated 
according to Prevost and Wilkinson (1999): Rp = ΣBI, where 
BI is band informativeness and takes the values of 1–
[2× (0.5 – p)], in which p is the proportion of cultivars 
containing a particular band. 
Dendrograms were generated using unweighted pair-group 
method with arithmetic average based on the Jaccard’s 
similarity coefficient TREE program of NTSYS 2.1 software. 
The principal component analysis for three-dimensional 
distribution analysis and Mantel test was conducted by 
XLSTAT 2018 software.  
 
Conclusion 
 
High genetic variation among 28 analyzed avocado cultivars 
collected in Vietnam and from other countries was 
investigated by using combined RAPD and ISSR markers. The 
results on genetic diversity in avocado germplasm could be 
further used in avocado conservation, hybridization, and 
selection programs.  
 
References 
 
Agarwal M, Shrivastava N, Padh H (2008) Advances in 

molecular marker techniques and their applications in 
plant sciences. Plant Cell Rep. 27(4): 617-631. 

Alcaraz ML, Hormaza JI (2007) Molecular characterization 
and genetic diversity in an avocado collection of cultivars 
and local Spanish genotypes using SSRs. J Hered. 144: 244-
253. 

Bergh B, Ellstrand N (1986) Taxonomy of the avocado. 
California Avocado Society 70: 135-146. 

Chen H, Morrell PL, Ashworth VE, de la Cruz M, Clegg MT 
(2009) Tracing the geographic origins of major avocado 
cultivars. J Hered. 100(1): 56-65. 

  iris-  re   , G ill n-Andrade  ,  edra a-Santos ME, 
  pe -Medina J,  idales- ern nde  I  2009) Genetic 
variability within Mexincan race avocado (Persea 
americana Mill.) germplasm collections determined by 
ISSRs. Rev Chapingo Ser Hortic. 15(2): 169-175. 

Davis J, Henderson HD, Kobayashi M (1998) Genealogical 
relationships among cultivated avocado as revealed 
through RFLP analysis. J Hered. 89: 319–323. 

Elmeer K, Alghanem M, Al-Latifi L, Alhemairi H (2017) 
Efficiency of RAPD and ISSR markers for the detection of 
polymorphisms and genetic relationships in Date Palm. 
Biotechnology 16: 19-26. 

Fiedler J, Bufler G, Bangerth F (1998) Genetic relationships of 
avocado (Persea americana Mill.) using RAPD markers. 
Euphytica 101: 249–255. 

Furnier GR, Cummings MP, Clegg MT (1990) Evolution of the 
avocados as revealed by DNA restriction site variation. J 
Hered. 81: 183-188. 

Galvan MZ, Bornet B, Balatti PA, Branchard M (2003) Inter 
simple sequence repeat (ISSR) marker as a tool for the 
assessment of both genetic diversity and gene pool origin 
in common bean (Phaseolus vulgaris L.). Euphytica 132(3): 
297-301. 

Ge Y, Tan L, Wu B, Wang T, Zhang T, Chen H, Zou M, Ma F, 
Xu Z, Zhan R (2019) Transcriptome sequencing of different 



862 

 

avocado ecotypes: de novo transcriptome assembly, 
annotation, identification and validation of EST-SSR 
markers. Forests 10(411). 

Govindaraj M, Vetriventhan M, Srinivasan M (2015) 
Importance of genetic diversity assessment in crop plants 
and its recent advances: An overview of its analytical 
perspectives. Genet Res Int. 

Gupta S, Srivastava M, Mishra GP, Naik PK, Chauhan RS, 
Tiwari SK, Kumar M, Singh R (2008) Analogy of ISSR and 
RAPD markers for comparative analysis of genetic diversity 
among different Jatropha curcas genotypes. Afr J 
Biotechnol. 7(23): 4230-4243. 

Guzmán LF, Machida-Hirano R, Borrayo E, Cortés-Cruz M, 
Espíndola-Barquera MC, Heredia García E (2017) Genetic 
structure and selection of a core collection for long term 
conservation of avocado in Mexico. Front Plant Sci. 8(243). 

Juma I, Geleta M, Hovmalm HP, Nyomora A, Saripella GV, 
Carlsson AS, Fatih M, Ortiz R (2021) Comparison of 
morphological and genetic characteristics of avocados 
grown in Tanzania. Genes 12(1).  

Le NT, Nguyen HP, Mai TD, Thai TB, Nguyen TT, Le DVB, 
Nguyen KQ,  Phan NQN (2016) Genetic diversity 
investigation and molecular markers establishment for 
identification of several initially selective avocado (Persea 
americana Miller) strains in Lam Dong province. Dalat 
University Journal of Science 6(4): 1-14. 

Mhameed S, Sharon D, Hillel J, Lahav E, Kaufman D, Lavi U 
(1996) Level of heterozygosity and mode of inheritance of 
variable number of tandem repeat loci in avocado. J Am 
Soc Hortic Sci. 121(5): 778-782. 

Muthusamy S, Kanagarajan S, Ponnusamy S (2008) Efficiency 
of RAPD and ISSR markers system in accessing genetic 
variation of rice bean (Vigna umbellata) landraces. 
Electron J Biotechnol. 11(3). 

Nagaoka T, Ogihara Y (1997) Applicability of inter simple 
sequence repeat polymorphisms in wheat for use as DNA 
markers in comparison to RFLP and RAPD markers. Theor 
Appl Genet. 94(5): 597-602. 

Nguyen MC, Vo TT (1999) Avocado production in Vietnam. 
In: Papademetriou MK (ed) Avocado production in Asia 
and the Pacific.  

Nguyen TPT, Ninh TT, Vu QK, Nguyen QT (2009) Assessment 
of genetic variation in local and exotic Lilium spp. 
germplasm using RAPD markers. J Sci and Dev. 7(1): 30-35. 

Noormohammadi Z, Fasihee A, Homaee-Rashidpoor S, 
Sheidai M, Baraki SG, Mazooji A, Tabatabaee-Ardakani SZ 
(2012) Genetic variation among Iranian pomegranates 
(Punica granatum L.) using RAPD, ISSR and SSR markers. 
Aust J Crop Sci. 6(2): 268-275. 

Pham KN, Ninh TP, Pham HT, Nguyen NQ, Do NH, Dinh ST 
(2021) High genetic diversity of Dysosma tonkinense 
revealed by ISSR and RAPD markers. Asian J Plant Sci. 20: 
637-647. 

Pham TTT, Tran HTT, Cao PB, Ninh TP, Do NH, Dinh ST (2022) 
High genetic diversity of 16 Indian lettuce (Lactuca indica 
L.) accessions from Vietnam. Pak J Biol Sci. 25: 201-209. 

Pham TP, Pham DT, Nguyen VP (2019) Assessment on the 
genetic diversity of some avocado (Persea americana Mill.) 
varieties using microsatellite markers. J Sci Technol 61(7): 
60-64. 

Prevost A, Wilkinson MJ (1999) A new system of comparing 
PCR primers applied to ISSR fingerprinting of potato 
cultivars. Theor Appl Genet. 98: 107-112. 

Rolda  n-Ruiz I, Dendauw J, Van Bockstaele E, Depicker A, De 
Loose M (2000) AFLP markers reveal high polymorphic 
rates in ryegrasses (Lolium spp.). Mol Breed. 6: 125-134. 

Reyes-Alemán JC, Serrano-Hernández M, Mejia-Carranza J, 
Vázquez-García LM, Urbina-Sánchez E, Valadez-
Moctezuma E, Barrientos-Priego A, de la C. Espíndola 
Barquer M (2018) A genetic diversity study of Persea. Acta 
Hortic. 1203: IV International Symposium on Molecular 
Markers in Horticulture. 

Rubinstein M, Eshed R, Rozen A, Zviran T, Kuhn DN, 
Irihimovitch V, Sherman A, Ophir R (2019) Genetic 
diversity of avocado (Persea americana Mill.) germplasm 
using pooled sequencing. BMC Genet. 20(1). 

Sánchez-González EI, Gutiérrez-Díez A, Mayek-Pérez N 
(2020) Outcrossing rate and genetic variability in Mexican 
race avocado. J Am Soc Hortic Sci. 145(1): 53-59. 

Schnell RJ, Brown JS, Olano CT, Power EJ, Krol CA, Kuhn DN, 
Motamayor JC (2003) Evaluation of avocado germplasm 
using microsatellite markers. J Am Soc Hortic Sci. 128: 881-
889. 

Talavera A, Soorni A, Bombarely A, Matas AJ, Hormaza JI 
(2019) Genome-Wide SNP discovery and genomic 
characterization in avocado (Persea americana Mill.). Sci 
Rep. 9(1). 

Verma KS, Ul Haq S, Kachhwaha S, Kothari SL (2017) RAPD 
and ISSR marker assessment of genetic diversity in 
Citrullus colocynthis (L.) Schrad: a unique source of 
germplasm highly adapted to drought and high-
temperature stress. 3 Biotech. 7(5): 288. 

Ziekiewicz E, Rafalski A, Labuda A (1994) Genome 
fingerprinting by simple sequence repeat (SSR) anchored 
polymerase chain reaction amplification. Genomics 20: 
178-183. 

 

  


