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Abstract 

This study assessed the genetic diversity of 120 selected cashew plants from Nachingwea and 

Newala traditional cashew populations, comprising of 60 cashew plants from each population. 

Eight Simple Sequence Repeats (SSR) makers were used to ascertain the extent of genetic 

variation within and between the two traditional cashew populations. Genomic DNA extraction 

and Polymerase Chain Reaction (PCR) were performed using standard protocols.  The results 

showed that all SSR markers were polymorphic. Average Polymorphic Information Content 

(PIC), heterozygosity, number of alleles per locus, allelic frequency and Shannon’s Index were 

0.540, 0.721, 3.391, 0.666 and 0.649, respectively.  Analysis of molecular variance results 

showed that genetic variation within populations was 88% while genetic variation between 

populations was 12%, implying gene flow between the populations. The results further showed 

that the two cashew populations are genetically diverse and that Nachingwea traditional 

cashew population was genetically more diverse than Newala population. High genetic 

variation observed in the cashew populations shows that they are suitable for use in cashew 

breeding programmes. Thus, conservation of traditional cashew populations is recommended. 
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Introduction 

The cashew (Anacardium occidentale L.) is 

a plant that belongs to a genus Anacardium 

and the family Anacardiaceae, which also 

includes the mango, pepper, pistachio, poison 

oak and poison ivy (Aliyu 2012). It is an 

evergreen, broad leafed, perennial plant that 

prefers poor soils that are well drained with 

acidic pH, ranging from 4.5 to 6.5. It grows 

well in areas with elevations below 2000 m 

above the sea level, temperature ranging from 

15 0C to 35 0C and an average annual rainfall 

of about 400 mm (Kapinga et al. 2017). 

These plants reproduce mainly through cross-

pollination by insect pollinators such as 

honey bees. Cashew plants are distributed in 

various countries in the world, particularly in 

the tropical and subtropical countries such as 

Benin, Ivory Coast, Nigeria, Malawi, 

Mozambique, Kenya, India and Vietnam 

(Sika et al. 2015b). In Tanzania, commercial 

cultivation of traditional cashew started in 

1953 in Lindi, Mtwara and Ruvuma regions 

by household farmers. Currently, some areas 

are growing both improved and traditional 

cashew. However, the traditional cashew 

population is cultivated in large scale in Lindi 

and Mtwara regions, particularly in 

Nachingwea and Newala districts 

respectively. Molecular characterisation of 

the traditional cashew populations from the 

two districts would help to provide 
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information on genetic diversity of the 

population which is needed for not only 

cashew breeding, but also for conservation of 

the species germplasm. 

Genetic diversity refers to variation in 

genetic makeup among individuals of the 

same species, population or community 

(Charlotte 2022). The genetic diversity of 

plant species is caused by many factors, 

including mutation, gene flow, genetic drift 

and recombination of genes (Charlotte 2022). 

Environmental factors, particularly climate, 

altitude and soil physicochemical properties 

such as soil pH and nutrient content also 

cause genetic diversity (Balogoun et al. 

2016). Genetic diversity can be assessed 

using genetic markers, such as molecular 

markers, biochemical markers and 

morphological markers (Sethi et al. 2016). 

Examples of molecular markers include 

Simple Sequence Repeats (SSR), Inter-

Simple Sequence Repeats (ISRR) and 

RAPID. The SSR markers are useful for 

evaluation of the genetic diversity of cashew 

plant populations (Ahmad et al. 2012) and 

form a strong theoretical inference for 

developing strategies for conservation and 

breeding (Dar et al. 2019). The genetic 

variation in a species or a population is 

commonly assessed based on the genetic 

diversity indices such as percentage 

polymorphic loci, polymorphic information 

content (PIC), heterozygosity, allele 

frequency, Shannon’s information Index (I) 

and number of effective alleles (Sika et al. 

2015b, Mangosongo et al. 2020).  

The detailed understanding or knowledge 

on genetic diversity of traditional cashew 

population is important for improving crop 

yield (Pullaiah 2015), future breeding 

programmes and conservation of cashew 

germplasm (Bhadra et al. 2019).  Before the 

present study, no comprehensive study had 

been conducted to assess the genetic diversity 

of traditional cashew populations in the study 

area. Therefore, this study was intended to 

assess genetic diversity of traditional cashew 

populations from Nachingwea and Newala 

using SSR markers. These molecular markers 

were preferred in this study due to their loci 

specificity (Sika et al. 2015b), high 

reproducibility, codominance nature 

(Kouakou et al. 2020) and high polymorphic 

information content (PIC). 

 

Material and Methods 

The study area 

This study was conducted in two districts, 

namely; Nachingwea district and Newala 

district located in Lindi and Mtwara regions 

respectively. The two study sites are about 

114 kilometres apart. Nachingwea district is 

actually located between latitude 10º and 11º 

south of Equator and longitude 38º and 39º 

east of Greenwich Meridian (Nachingwea 

District Council [NDC] 2015). Newala 

district is located between latitude 10º and 

11º south of Equator, and longitude 39º and 

40º east of Greenwich Meridian (Newala 

Town Council [NTC] 2019). The two study 

areas differ slightly in terms of environmental 

factors especially elevation, climate 

(temperature and rainfall) and soil 

physicochemical factors. Based on altitude, 

Nachingwea district is located in the low land 

while Newala district is located in higher 

landscape of the Makonde plateau. The 

location of the study sites is shown in Figure 

1. 
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Figure 1: A map of Tanzania showing location of the study sites (Modified from 

tawasanet.or.tz) 

 

Sampling method 

A total of 120 cashew individual plants were 

randomly selected from the two traditional 

cashew populations, comprising of 60 

individuals from each population. In each 

study site, samples were collected from four 

different points, which were located at a 

distance not exceeding 10 km apart. A 

maximum distance of 10 km was maintained 

between the sampling points in order to allow 

the gene flow between individuals from two 

or more points that might be caused by insect 

pollinators, which are reported to travel a 

distance not exceeding 13.5 kilometres 

(Beekman and Ratnieks 2000). The first 

cashew tree at each sampling point was 

randomly selected and other 14 plants were 

systematically selected according to 

Chipojola et al. (2009). A diagonal distance 

of 10 m was maintained between the sampled 

trees according to Sika et al. (2015a). The 

diagonal crossing sampling technique is 

shown in Figure 2. 
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Figure 2: A diagonal-crossing sampling technique  

 

Leaf sample collection 

Three young leaves were randomly selected 

and collected from each of the 120 traditional 

cashew trees. The collected leaf samples were 

preserved in zip-locked plastic bags 

containing silica gel and properly labelled 

using a permanent marker pen. The leaf 

samples were transported to the molecular 

laboratory housed in the Department of 

Botany of the University of Dar es salaam for 

DNA extraction and PCR analysis. 

 

DNA Extraction 

DNA was extracted according to standard 

protocol using Quick-DNATM Plant/Seed 

Miniprep Kit developed by Zymo Research 

Corporation (SA) without modification. The 

DNA pellets were air-dried for about 10 

minutes by inversion of the microcentrifuge 

tube on the clean tissue paper for quick 

absorption of alcohol used for washing. The 

DNA was dissolved in 50 μl double distilled 

water and stored at -20 ºC for future use.  

 

 

 

PCR Analysis 

Polymerase Chain Reaction (PCR) analysis 

was carried out using standard method, 

according to Sika et al. (2015b) with some 

minor modifications. The total reaction 

volume of PCR mixture was  25 μl, which 

contained 12.5 μl of master mix [AccuStart II 

PCR ToughMix (2×)], 2 μl template DNA, 1 

μl forward primer, 1 μl reverse primer and 

8.5 μl nuclease free water. The PCR reaction 

was performed in a programmable thermal 

cycler (Q cycler II - Quanta Biotech, UK). 

The content was initially denatured at 95 ºC 

for 2 minutes, followed by 35 cycles of 

denaturation at 95 ºC for 45 seconds, 

annealing for 45 seconds at gradient 

temperatures of 56.1 ºC, 58.2 ºC, and 60.3 ºC, 

followed by extension at 72 ºC for 1 minute 

and a final extension at 72 ºC for 10 minutes. 

The forward sequence, reverse sequence and 

umber of bases of the primers used in this 

study are shown in Table 1. 

 

Table 1: SSR markers used for molecular characterisation of traditional cashew 

populations 

SN SSR Marker Forward sequence Reverse sequence 

1 mAoR3 CAGAACCGTCACTCCACTCC ATCCAGACGAAGAAGCGATG 

2 mAoR6 CAAAACTAGCCGGAATCTAGC CCCCATCAAACCCTTATGAC 

3 mAoR7 AACCTTCACTCCTCTGAAGC GTGAATCCAAAGCGTGTG 

4 mAoR11 ATCCAACAGCCACAATCCTC CTTACAGCCCCAAACTCTCG 

5 mAoR17 GCAATGTGCAGACATGGTTC GGTTTCGCATGGAAGAAGAG 

6 mAoR42 ACTGTCACGTCAATGGCATC GCGAAGGTCAAAGAGCAGTC 

7 mAoR48 CAGCGAGTGGCTTACGAAAT GACCATGGGCTTGATACGTC 

8 mAoR52 GCTATGACCCTTGGGAACTC GTGACACAACCAAAACCACA 
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Gel electrophoresis of the PCR products 

The PCR products were run on 1.5% agarose 

gel stained with GR-Green dye for 

observation of the polymorphic bands formed 

by every sample. The GR-Green dye was 

used because it induces clear visibility of the 

bands when observed under UV-trans 

illuminator. The DNA samples were loaded 

in the electrophoresis machine using Purple 

loading dye (Thermo scientific, UK). The 

electrophoresis was run for 45 minutes at 120 

V in electrophoresis machine (NanoPAC-

300P, Cleaver Scientific LTD, UK) in order 

to allow enough time for band formation. A 

DNA ladder (O’geneRuler 100 bp Plus, 

Ready-to-use) served as a standard marker in 

order to determine the amplification sites and 

measure the size (length) of the bands in base 

pairs. The polymorphic bands were manually 

scored whereby presence was rated 1 and 

absence was rated 0. The bands that appeared 

in all individuals were treated as 

monomorphic bands while the bands that 

appeared in one or more individuals but not 

in all were treated as polymorphic bands 

(Bhadra et al. 2019). 

 

Data analysis  

Genetic diversity of the traditional cashew 

populations was determined based on the 

indices of genetic diversity generated using 

GenA1Ex software package, version 

6.51(Peakall and Smouse 2012). The genetic 

diversity indices included Polymorphic 

Information Content (PIC), number of alleles 

per locus (Na), number of effective alleles 

per locus (Ae), observed heterozygosity (Ho), 

expected heterozygosity (He), allele 

frequency (Af) and Shannon’s information 

index (H). Analysis of Molecular Variance 

(AMOVA) was performed to ascertain the 

extent of genetic variation between and 

within traditional cashew populations. 

Principal Component Analysis (PCA) was 

performed using PAST software package 

(version 4.03) to determine the population 

structure and distribution within the 

traditional cashew populations based on the 

genetic similarity or dissimilarity. 

 

Results 

SSR markers’ amplification 

The amplification results showed that all 8 

SSR markers generated polymorphic bands 

with all 120 DNA samples. The bands 

produced by the eight primers varied in size, 

ranging from 150 bp to 600 bp.  Primer P2 

produced smallest band of 150 bp while the 

primer P7 produced largest band of 600 bp. 

Moreover, Primer P7 amplified twice, 

producing two bands one with 390 bp and 

another one with 600 bp. The SSR marker 

profiles for eight representative DNA 

samples using all eight primers are shown in 

Plate 1. 

 

 

 
Plate 1: SSR marker profiles for DNA polymorphic bands produced by eight representative 

samples of traditional cashew using eight primers. 
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Legend: P1 = primer 1 (mAoR3) amplification in NA17, P2 = primer 2 (mAoR6) 

amplification in NA32, P3 = Primer 3 (mAoR7) amplification in NA51, P4 = primer 4 

(mAoR11) amplification in NA59, P5 = primer 5 (mAoR17) amplification in NE05, P6 = 

primer 6 (mAoR42) amplification in NE25, P7 = primer 7 (mAoR48) amplification in NE36 

and P8 = primer 8 (mAoR52) amplification in NE60, NA = individual from Nachingwea 

cashew population, and NE = individual from Newala cashew population. 

 

Polymorphism and SSR markers 

informativeness 

The present study revealed that all eight SSR 

markers were highly informative as 

demonstrated by high levels of 

polymorphism. The PIC value of the samples 

from the two traditional cashew populations 

ranged from 0.292 (mAoR6) to 0.743 

(mAoR11). Other markers mAoR42, mAoR7, 

mAoR17, mAoR3, mAoR52 and mAoR48 

detected average PIC values of 0.499, 0.450, 

0.505, 0.569, 0.571 and 0.689, respectively. 

 

Genetic diversity of Nachingwea 

traditional cashew population based on 

various indices of diversity 

The results on genetic diversity based on 

various indices showed that the Nachingwea 

cashew population has high genetic diversity 

as represented by high levels of genetic 

diversity indices. Shannon’s Information 

Index ranged from 0.570 to 0.731. Observed 

heterozygosity ranged from 0.284 to 0.491, 

while expected heterozygosity ranged from 

0.543 to 0.876. The number of alleles per 

locus ranged from 2.500 to 4.625 and the 

effective number of alleles ranged from 2.186 

to 8.086. The allele frequency per locus 

ranged from 0.488 to 0.902. The genetic 

diversity indices of the traditional cashew 

samples from Nachingwea generated by eight 

markers are shown in Table 2. 

 

 

Table 2: The genetic diversity indices of Nachingwea traditional cashew population 

detected by the eight SSR markers  

 

Marker 

Genetic diversity indices 

Ho He Na Ae Af H PIC 

mAoR3 0.345 0.728 3.125 3.678 0.610 0.570 0.628 

mAorR6 0.491 0.543 4.625 2.186 0.902 0.661 0.186 

mAoR7 0.394 0.700 3.625 3.329 0.707 0.662 0.500 

mAoR11 0.284 0.876 2.500 8.082 0.488 0.678 0.762 

mAoR17 0.394 0.747 3.625 3.955 0.707 0.731 0.500 

mAoR42 0.357 0.794 3.250 4.858 0.634 0.721 0.598 

mAoR48 0.296 0.861 2.625 7.215 0.512 0.683 0.738 

mAoR52 0.357 0.769 3.250 4.332 0.634 0.680 0.598 

Average 0.365 0.752 3.328 4.704 0.649 0.673 0.564 

Legend: Ho = Observed heterozygosity, He = Expected heterozygosity, Na = Number of 

alleles per locus, Ae = Effective number of alleles per locus, Af = Allele frequency, H = 

Shannon’s information index and PIC = Polymorphic Information Content. 

 

Genetic diversity of Newala traditional 

cashew population based on various 

indices of diversity 

The results on genetic diversity based on 

various indices revealed that the Newala 

cashew population had high genetic diversity 

as represented by high levels of genetic 

diversity indices. Observed heterozygosity 

ranged from 0.263 to 0.388 while the 

expected heterozygosity ranged from 0.534 to 

0.809. The allele frequency was between 

0.525 and 0.775. The number of alleles per 
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locus ranged from 3.000 to 3.875, whereas 

the effective number of alleles per locus 

ranged from 2.148 to 5.246. Shannon’s 

Information Index ranged from 0.496 to 

0.706. The genetic diversity indices of all 

markers are shown in table 3. 

 

 

Table 3: The genetic diversity indices of Newala traditional cashew population detected 

by the eight SSR markers  

 

Marker 

Genetic diversity indices  

Ho He Na Ae Af H PIC 

mAoR3 0.350 0.675 3.500 3.077 0.700 0.613 0.510 

mAorR6 0.388 0.534 3.875 2.148 0.775 0.496 0.399 

mAoR7 0.388 0.609 3.875 2.560 0.775 0.612 0.399 

mAoR11 0.263 0.809 2.625 5.246 0.525 0.594 0.724 

mAoR17 0.350 0.735 3.500 3.774 0.700 0.706 0.510 

mAoR42 0.388 0.662 3.875 2.957 0.775 0.685 0.399 

mAoR48 0.300 0.789 3.000 4.734 0.600 0.669 0.640 

mAoR52 0.338 0.702 3.375 3.354 0.675 0.623 0.544 

Average 0.345 0.689 3.453 3.481 0.691 0.625 0.516 

Legend: Ho = Observed heterozygosity, He = Expected heterozygosity, Na = Number of 

available alleles per locus, Ae = Effective number of alleles per locus, Af = Allele frequency, 

H = Shannon’s information index and PIC = Polymorphic Information Content. 

 

Comparison of genetic diversity of the 

traditional cashew populations based on 

various genetic diversity indices 

Comparative analysis of the two traditional 

cashew populations based on various 

measures (indices) of genetic diversity 

showed that Nachingwea traditional cashew 

population had higher values than Newala 

population, implying that Nachingwea 

population is more diverse than Newala 

population. The genetic diversity indices of 

Nachingwea and Newala traditional cashew 

populations are shown in Figure 3. 

 

 

 
Figure 3: A bar chart showing comparison of the two traditional cashew populations based 

on different indices of genetic diversity 
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Analysis of Molecular Variance (AMOVA) 

The results on Analysis of Molecular 

Variance (AMOVA) of the two traditional 

cashew populations (Nachingwea and 

Newala populations) based on the eight SSR 

markers showed that the genetic variation 

within populations was 88% while genetic 

variation between populations was 12%, as 

shown in Figure 4. 

 

 

 
Figure 4: Percentages of molecular variance within and between the two traditional cashew 

populations 

 

Principal Component Analysis (PCA) of 

the cashew populations 

The principal component analysis results 

revealed that 100% of the variation in the 

traditional cashew population is explained by 

the eight Eigen vectors. The first five Eigen 

vectors accounted for 75.33% of the 

variation. The eight primers used in this study 

showed different levels of efficacy in 

detecting genetic variation in the traditional 

cashew populations as depicted by the 

differences in lengths of the biplot lines. 

Clustering together of the individuals from 

Nachingwea and Newala traditional cashew 

populations was based on genetic similarity 

or dissimilarity, and not geographical origin, 

as shown in Figure 5. 
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Figure 5: PCA plot showing the distribution of 120 sampled traditional cashew plants from 

Nachingwea and Newala cashew populations.  Legend: □ =individual from 

Nachingwea cashew population, ∆ = individual from Newala cashew population. 

 

Discussion 

In this study, molecular characterisation of 

the traditional cashew population was done 

using eight SSR markers. All the markers 

used in the present study generated 

polymorphic bands with all 120 cashew 

samples and the PIC of the markers used in 

the present study was 0.540. According to 

Dashab et al. (2011), a PIC value that is 

greater or equal to 0.5 denotes high genetic 

polymorphism of a marker. Thus, all the 

markers were very informative to detect 

genetic variations within and among 

traditional cashew populations (Kouakou et 

al. 2020). Aliyu (2012) showed that the 

markers which are more informative are 

efficient for molecular characterisation and 

management of cashew germplasms. Similar 

findings were reported by Moumouni et al. 

(2022) in the study on genetic variability of 

elite cashew trees in Burkina Faso, which 

reported a PIC value of 0.534.  

In the present study, the genetic diversity 

was assessed based on various measures of 

genetic diversity heterozygosity, Shannon’s 

information index, number of alleles per 

locus and allele frequency. Based on 

heterozygosity, the two traditional cashew 

populations were found to have high 

heterozygosity (0.721), which might indicate 

high mutation rates occurring within the 

populations (Dasmohapatra et al. 2014) or 

probably because of cross pollination 

(Chipojola et al. 2009) and self-

incompatibility in reproduction (Shen et al. 

2017). On the other hand, Sika et al. (2015b) 

studied Benin cashew cultivars using SRR 

markers, and reported low heterozygosity 

(0.40), which was predicted to be contributed 

by the presence of a lower number of alleles 

in the population possibly due to small 

population size and inbreeding. 

Based on the mean Shannon information 

index (H), this study revealed higher genetic 

variation within the two cashew populations 

probably caused by strong cross-pollination 

by insect pollinators (Vanitha and Raviprasad 

2019). A study by Moumouni et al. (2022) 

who studied genetic diversity among elite 

cashew trees in western Burkina Faso 

reported a lower value of Shannon’s 

Information Index which was 0.217 ± 0.074. 

Sika et al. (2015b) studied the genetic 

diversity among Benin cashew cultivars and 

found Shannon’s information Index of 0.04.  

On the basis of number of alleles, the 

findings of the present study showed that the 

mean number of alleles per locus was 3.391 ± 
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0.198 and differed from the mean number of 

alleles of 3.56 ± 1.45 reported by Kouakou et 

al. (2020) who studied genetic diversity 

among cashew populations from Cote 

d’Ivoire. The low number of alleles observed 

in this study implies a close genetic 

relationship between the two traditional 

cashew populations under study (Savadi et al. 

2020). According to the results on the allele 

frequency, the two traditional cashew 

populations had allele frequency of 0.666, 

which suggests high genetic variation within 

the cashew populations, possibly contributed 

by higher polymorphism of the SSR markers. 

Savadi et al. (2020) reported a relatively low 

heterozygosity of 0.630 in the study of 

genetic diversity of hybrid species of 

Anacardium in India using microsatellites.  

In addition, AMOVA results showed that 

genetic variation within populations was 88% 

and variation between populations 12%. The 

lower genetic variation between Nachingwea 

and Newala populations implies that the two 

populations share some genetic 

characteristics. Usually, sharing of allele 

types between populations reduces variations 

(dos Santos et al 2019). On the other hand, 

higher genetic variation within the 

populations implies a strong cross-pollination 

taking place within the populations (Shen et 

al. 2017), possibly due to pollination by 

insects. The cross-pollination causes 

interchange of alleles between individuals 

within the population (dos Santos et al. 2019) 

and leads to new genetic recombination 

(Vanitha and Raviprasad 2019). The high 

genetic variation within cashew populations 

offers adaptive advantages to the 

environment (Adu-Gyamfi et al.2020). These 

findings of the present study differed from 

those reported by Kouakou et al. (2020) in 

the study of genetic diversity of four high-

yielding cashew populations from Cote 

d’Ivoire in which the genetic variation within 

populations was 98.6% and the genetic 

variation among populations was 1.4%.  

Based on the Principal Component Analysis 

(PCA) results, it was revealed that the 

individuals from the two traditional cashew 

populations clustered together irrespective of 

their geographical origin, indicating that they 

are genetically similar. The similarity 

between the individuals from the two cashew 

populations might be caused by gene flow 

between the two cashew populations. 

According to Chipojola et al. (2009), other 

factors that contribute to genetic similarity in 

cashew populations include agronomic 

selection and ecogeography. 

Moreover, when the two traditional cashew 

populations were compared based on various 

indices or measures of genetic diversity such 

as Polymorphic Information Content (PIC), 

heterozygosity (observed and expected 

heterozygosity), number of effective alleles 

and Shannon’s information index showed that 

Nachingwea cashew population had higher 

levels of the genetic diversity than Newala 

cashew population. This observation implies 

that the Nachingwea cashew population was 

more diverse than the Newala cashew 

population. The observed difference in 

genetic diversity between the two cashew 

populations might be caused by 

environmental factors, such as climate, 

altitude, soil physicochemical factors 

(Balogoun et al. 2016) and spatial isolation 

(Kuss et al. 2008). 

 

Conclusion 

From the findings of this study, it can be 

concluded that the SSR markers used in this 

study were very informative and thus are 

suitable for studying the genetic diversity of 

cashew populations. The two traditional 

cashew populations studied have 

considerable level of genetic diversity and the 

extent of genetic variation was higher within 

the populations than between the populations. 

Although the two traditional cashew 

populations were genetically diverse, 

Nachingwea traditional cashew population 

was slightly more diverse than the Newala 

traditional cashew population. The two 

traditional cashew populations are potentially 

useful or important for cashew breeding 

programmes. Moreover, appropriate 

conservation measures for the traditional 

cashew germplasms from the two populations 

are recommended. 
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