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Neem (Azadirachta indica A. Juss) is a tree species with known value to agriculture. Our aim was to 
evaluate, using random amplified polymorphic DNA (RAPD) markers, the genetic diversity of 54 
accessions from Germplasm Bank (GBN) of Embrapa Coastal Tablelands (Sergipe, Brazil). The acces-
sions were analyzed using a model-based Bayesian procedure (Structure), molecular variance analysis 
(AMOVA) and Jaccard coefficient was estimated. The marker data indicated that GBN have three 
independent genetic groups, confirmed by genetic structure and genetic variability, enabling the 
formulation of appropriate strategies for management and use of GBN.  
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INTRODUCTION 
 
Azadirachta is a genus of trees belonging to Meliaceae, 
and present two important species: Azadirachta excelsa 
(Jack) Jacobs, and Azadirachta indica A. Juss 
(Mabberley et al. 1995). Both species, called neem, are 
native to the Indo-Malaysian region and have been used 
in agricultural, medical, cosmetic and livestock production 
(NRC, 1992; Schmutterer, 1995). Neem extracts are 
being considered an environmentally safe alternative to 
toxic commercial pesticides (Prakash et al., 2002; 
Orozco-Sanchez and Rodriguez-Monroy, 2007). 

The Northeastern Brazil has ideal conditions for neem 
development (Neves and Carpanezzi, 2008) and this 
species has been suggested as an alternative to agricul-
ture. In the municipality of Aracaju, state of Sergipe, is 
located the Neem Germplasm Bank (GBN), which be-

longs to Embrapa Coastal Tablelands (Sergipe, Brazil). 
The GBN characterization is important to identify its 
accessions and broaden its genetic base, offering diverse 
materials with high genetic quality. An understanding of 
the extent and organization of genetic diversity of neem 
would be valuable for effective assessment, identification, 
documentation and use of genetic resources for conser-
vation programs and efficient use (Deshwal et al., 2005). 

Molecular markers are used to detect genetic variation 
of genotypes of interest at DNA level. Random amplified 
polymorphic DNA (RAPD) is one of the tools used, 
especially in the characterization of genetic resources for 
the assessment of genetic diversity and relationship 
measures in various plant species (Degani et al., 2001; 
Bekessy et al., 2002; Silveira et al., 2009). RAPD 
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Table 1. Neem (Azadirachta sp.) accessions analyzed by RAPD 
markers from Germplasm Bank of Embrapa Coastal Tablelands 
(Aracaju, Brazil). 
 

Accession Original location  Accession Original location 

Ae1 Cenargen  Ai28 CPAC 

Ae2 Cenargen  Ai29 Cruangi sugar mill 

Ae3 Cenargen  Ai30 Cruangi sugar mill 

Ae4 Cenargen  Ai31 Cruangi sugar mill 

Ae5 Cenargen  Ai32 Cruangi sugar mill 

Ae6 Cenargen  Ai33 Cruangi sugar mill 

Ae7 Cenargen  Ai34 Cruangi sugar mill 

Ae8 Cenargen  Ai35 Cruangi sugar mill 

Ae9 Cenargen  Ai36 Cruangi sugar mill 

Ae10 Cenargen  Ai37 Cruangi sugar mill 

Ae11 Cenargen  Ai38 Cruangi sugar mill 

Ae12 Cenargen  Ai39 Cruangi sugar mill 

Ae13 Cenargen  Ai40 Cruangi sugar mill 

Ae14 Cenargen  Ai41 Cruangi sugar mill 

Ae15 Cenargen  Ai42 Petrobras 

Ae16 Cernargen  Ai43 Petrobras 

Ae17 Cenargen  Ai44 Petrobras 

Ae18 Cenargen  Ai45 Petrobras 

Ae19 Cenargen  Ai46 Petrobras 

Ae20 Cenargen  Ai47 Petrobras 

Ae21 Cenargen  Ai48 Petrobras 

Ae22 Cenargen  Ai49 Petrobras 

Ai23 CPAC  Ai50 Petrobras 

Ai24 CPAC  Ai51 Petrobras 

Ai25 CPAC  Ai52 Petrobras 

Ai26 CPAC  Ai53 Petrobras 

Ai27 CPAC  Ai54 Petrobras 
 
 
 

markers are mostly dominant and detect variation; they 
are technically simple, suitable for large-scale germplasm 
characterization and can be performed even in a 
moderately equipped laboratory (Deshwal et al., 2005; 
Costa et al., 2011). 

In view of the importance of neem in the Northeastern 
Brazil, our study aims to evaluate the genetic structure 
and genetic relationships among the 54 accessions from 
Embrapa Coastal Tablelands (Aracaju, Sergipe, Brazil), 
using RAPD markers. 
 

 
MATERIALS AND METHODS 
 
Overall, there are 54 accessions in the GBN: 22 of A. excelsa, 
donated by Cenargen - Embrapa Genetic Resources and 
Biotechnology (Brasília, Brazil); and 32 of A. indica, donated by 
CPAC - Embrapa Cerrados (Brasília, Brazil), by Cruangi sugar mill 
(Pernambuco, Brazil), and collected in reforestation area of 
Petrobras (Sergipe, Brazil) (Table 1). We studied the 54 accessions 
from GBN located in the Embrapa Coastal Tablelands (Aracaju, 
Sergipe, Brazil). 

We  used  young fresh  leaves for  DNA extraction  following  the  

method of Doyle and Doyle (1987). Each RAPD reaction was 
performed in 25 µL volume containing 50 ng genomic DNA, 1X 
PCR buffer (Gibco-BRL, Grand Island, NY, USA), 1.5 mM MgCl2, 
0.2 mM dNTP, 1.0 U Taq DNA polymerase (Gibco, Grand Island, 
NY, USA), 30 ng/µL primer and 20 µL ultrapure water.  

The polymerase chain reaction (PCR) amplifications were 
performed using a PTC-100 thermocycler (Programmable Thermal 
Controller - MJ Research, Inc.) and subjected to a cycle of 96°C for 
5 min for initial denaturation, followed by 35 cycles of denaturation 
at 96°C for 45 s, 36°C for 45 s for primer annealing, 72°C for 45 s 
for extension, and finally one cycle of 72°C for 5 min for final 
extension

 
(Silva et al., 2012). We tested 10 RAPD primers (A10, 

A11, A13, A15, A19, A2, B11, K20, W13 and IDT14) with nine 
Operon primers (Operon Technologies, USA) and one IDT primer 
(Integrated DNA Technologies, Germany) (Table 1). 

For electrophoresis, 10 µL of PCR products were mixed to 1.5 µL 
of blue juice (0.01% bromophenol blue, 40% glycerol). We used 
1.5% agarose gel (1X TEB - 89 mM TRIS, 89 mM boric acid, 2.5 
mM EDTA, pH 8.3) in a horizontal electrophoresis system Sunrise 
(Gibco BRL, Grand Island, NY, USA), carried out at a constant 
voltage of 100 V for 90 min. Gel was stained with ethidium bromide 
solution (5 mg/mL) for 15 min, and the amplification products were 
visualized under ultraviolet light using a Gel Doc L-Pix image 
system (Loccus Biotecnologia, Brazil). 

The electrophoretic profile of each gel was transformed into a
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Figure 1. RAPD profiles generated by A13 primer among 54 neem accessions (Azadirachta sp.), with 
marker (M) and negative controls (CN). Accessions from Embrapa Coastal Tablelands (Aracaju, Sergipe, 
Brazil). 

 
 
 
binary matrix of presence (1) and absence (0), which was 
subsequently used for all analysis. Bootstrap procedure was 
applied to calculate variance of the genetic distance obtained from 
markers, and was obtained from 5.000 bootstrap random draws 
using the DBOOT software (Coelho, 2001). Polymorphic 
information content (PIC) for dominant marker was calculated as 
suggested by Ghislain et al. (1999):  
 
PIC = 1 - p

2
- q

2
 

 
Where, p is band frequency and q is no band frequency. The 
marker index (MI) was determined as a product of PIC and the 
number of polymorphic bands per assay unit as described by Zhao 
et al. (2007). To measure the genetic diversity, we used Genalex 
v.6.3 (www.anu.edu.au/BoZo/GenAlEx/) and calculated the 
Shannon Index (I) (Brown and Weir, 1983 and the genetic diversity 
(H) as described by Lynch and Milligan (1994) and Maguire et al. 
(2002) for dominant markers. 

RAPD markers were scored for the presence (1) or absence (0) of 
a fragment, and a data matrix of I-scores were generated and 
similarity coefficients calculated using Jaccard’s arithmetic 
complement index Jaccard (1908). The dendrogram was 
constructed using the unweighted pair group method with arithmetic 
mean (UPGMA) cluster algorithm (Sokal and Michener, 1958), in 
order to determine the robustness of the dendrogram; the data was 
bootstrapped with 10.000 replications using FreeTree software 
(http://web.natur.cuni.cz/flegr/programs/freetree.htm). For cluster 
visualization we used the TreeView package 
(http://web.natur.cuni.cz/flegr/programs/freetree/TreeView.exe).  

Inference about the genetic structure within neem was obtained 
using the software STRUCTURE version 2.2 (Pritchard et al., 2000; 
Falush et al., 2007). For our analysis, each class of genotypes was 
treated as containing haploid alleles, following the software protocol 
and Oliveira et al. (2010). We estimated the number of K (unknown) 

reconstructed panmictic populations (RPPs) of individuals, using 
values ranging from 1 to 10, assuming that the sampled genotypes 
were from anonymous plants of unknown origin (we used the 
options usepopinfo = 0, popflag = 0). We set up runs with a burn-in 
period of 30,000 and a Monte Carlo Markov chain (MCMC) of 
500.000, with five repetitions. The program Structure estimates the 
most likely number of clusters (K) by calculating the log probability 
of data for each value of K (Dos Santos et al. 2011). We assessed 
the best K-value supported by the data according to Evanno et al. 
(2005). 

 
 
RESULTS 

 
The primers used resulted in a banding pattern that was 
distinct (Figure 1), which shows the RAPD profiles of the 
primer A13. The 17 primers generated a total of 43 
fragments; 100% polymorphic. Primers with highest 
number of fragments (eight) were A13 and B12 (Table 2). 
The primer A15, A2 and W13 had the lowest number of 
fragments (two). The PIC value was 0.33 (0.25 to 0.43), 
and the global value MI was 1.37 (0.58 to 2.74). There is 
a directly proportional relationship between the number of 
fragments analyzed and the variance (Figure 2). The 
results indicate a clear variance decrease while the 
number of fragments increased. 

A Bayesian analysis (structure) was conducted using 43 
fragments to determine the genetic structure among the 
neem accessions. The analysis produced a maximum 
probability for K = 2 (Figure 3A). However, as indicated 
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Table 2. Primers, totals (TF), polymorphic fragments (PF%), polymorphic information content 
(PIC), marker index (MI), Shannon index (I) and genetic diversity (H) among 54 neem 
(Azadirachta sp.) accessions from Embrapa Coastal Tablelands (Aracaju, Sergipe, Brazil). 
 

Primer Sequence 5’ - 3’ TF PF (%) PIC MI 

A10 GTG ATC GCA G 5 100 0.25 1.25 

A11 CAA TCG CCG T 5 100 0.29 1.46 

A13 CAG CAC CCA C 8 100 0.34 2.74 

A15 TTC CGA ACC C 2 100 0.39 0.79 

A19 CAA ACG TCG G 5 100 0.26 1.29 

A2 TGC CGA GCT G 2 100 0.39 0.79 

B11 GTA GAC CCG T 8 100 0.29 2.30 

IDT14 GGC ACT GAG G 3 100 0.43 1.30 

K20 GTG TCG CGA G 3 100 0.41 1.22 

W13 CAC AGC GAC A 2 100 0.29 0.58 

Total  43 100 0.33 1.37 
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Figure 2. Variance of the polymorphic fragments using RAPD markers between 54 neem (Azadirachta 
sp.) accessions belonging Embrapa Coastal Tablelands (Aracaju, Sergipe, Brazil). 

 
 
 
by Evanno et al.

 
(2005), and subsequently shown in 

sorghum (Barnaud et al., 2007), chestnut (Pereira-
Lorenzo et al., 2011) and pear (dos Santos et al. 2011), 
other submaximal can indicate the presence of sub-
structure. In this study, the K = 3 was the second sub-
maximal. When analyzing the data for K = 3 (Figure 3B), 
reconstructed populations were distinguished for two 
groups of A. indica, and a third group of A. excelsa. 

We assumed three clusters the substructure of GBN 
(Figure 3B). The first Reconstructed Populations (RPP1) 
grouped 14 accessions of A. indica; 12 of them had 
probability of membership (qI) > 80%. The second RRP 
(RPP2) assigned 24 genotypes, 20 of them had a qI > 
80%, including seven genotypes identified as A. excelsa 

(Ae14, Ae2, Ae3, Ae4, Ae5, Ae6, Ae7). The third RRP 
(RPP3) clustered 16 genotypes, 14 of which had a qI > 
80%, including one genotype initially identified as A. 
indica (Ai23). The genotypes identified as A. excelsa that 
grouped with A. indica also showed the same 
characteristic for K = 2 (RPP1) with qI > 80%. The 
genotype Ai23 (RPP2, qI > 80%) was identified as A. 
excelsa (Figure 3A). 

The genetic distances between the neem accessions, 
as estimated by Jaccard similarity coefficients (JC), were 
used to build a UPGMA dendrogram (Figure 4), after 
bootstrapping the data 10000 times. To 54 genotypes, 
the similarity mean found was 0.45 (0.00  to 0.95). Within 
the  G2  group, we  observed the  formation  of  two  sub- 
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Figure 3. The reconstructed populations, K=2 (A, RPP1 to 3) and 
K=3 (B, RPP1 to 3) defined using Structure (Pritchard et al. 2000) 
for 54 neem (Azadirachta sp.) accessions belonging Embrapa 
Coastal Tablelands (Aracaju, Sergipe, Brazil).  

 
 
 
 
groups according to the genotypes origins. SG1 for the 
group of genotypes originating from Petrobras (Sergipe, 
Brazil) at 0.68 JC and SG2 for the genotypes assigned by 
Cruangi sugar mill (Pernambuco, Brazil) at 0.59 JC. Also, 
within the group A. indica, the genotype Ai42 diverged at 
a 0.57 JC level, been isolated when compared with other 
accessions. 

All accessions differed from each other. The genotype 
Ae9 differed at 0.00 level of similarity with other 14 
genotypes (Ae22, Ai29, Ai30, Ai31, Ai32, Ai33, Ai37, 
Ai38, Ai39, Ai40, Ai42, and Ai43 Ai49), another three 
pairs also have the same characteristics (Ae18, Ae30; 
Ae18, Ai33; Ae22, Ae9). We found four pairs (Ae5, Ae4; 
Ae6, Ae4; Ai46, Ai52; Ai48, Ai51) presenting the greatest 
similarity within the collection, with 0.95 JC. 

UPGMA, such as detected by Bayesian analysis, 
identified some genotypes classified as A. excelsa mixed 
with A. indica, and vice versa. This shows an error of 
identification in GBN, based only on morphological 
characteristics. For example, seven accessions identified 
as A. excelsa (Ae14, Ae3, Ae2, Ae7, Ae6, Ae4 and Ae5) 
are grouped in the G2, the A. indica group. The same 
way, two genotypes (Ai24 and Ai23) identified primarily 
as A. indica were found in the G3, the A. excelsa group. 
The genotype Ae22 was the most different from GBN, 
isolated in a branch with 0.19 JC. Other three genotypes 
(Ae9, Ae18 and Ae17) also differed, grouping together 
with 0.13 JC. All accessions belong to the species A. 
excelsa. These four accessions were in the first popu-
lation reconstructed (RPP1) all with a qI > 80%. The 
RPP3 defined by the Structure software, corresponded to 
the G2 of UPGMA Cluster, and the most genotypes pre-
sent in the G3 group corresponded to RPP2. 

AMOVA was performed among the 54 different 
accessions, grouped by their original location. The acces-
sions showed low genetic differentiation (32%). When 
analyzed by RPPs groups, the genetic differentiation only 
accounted for 61% of the variation (Table 3). For the 
genetic structure, the Shannon’s Index (I) found was 0.37 
and to genetic diversity (H) the value estimated was 0.25 
to RPPs (Table 4). 

 
  
DISCUSSION 

 
The results indicate a clear decrease of variance while 
the number of fragments increases. According to Moura 
et al. (2005) and Costa et al. (2011), there is a point 
where the increase of the number of fragments does not 
show a significant increase in experimental accuracy, 
which does not justify an extra effort in labor (Bekessy et 
al., 2002). From 35 fragments on, the variance stabilizes 
with value less than 0.01, suggesting that the results ob-
tained by the fragments used in this study (43) can be 
used for diversity analysis. 

The RAPD markers were used in many parts of the 
world to measure genetic fidelity and the genetic diversity  
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Figure 4. Dendrogram of genetic similarity generated using the Jaccard coefficient and the UPGMA method with 
analysis bootstraps for 54 neem accessions (Azadirachta sp.) belonging to Embrapa Coastal Tablelands (Aracaju, 
Sergipe, Brazil).  
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Table 3. Analysis of molecular variance (AMOVA) for the 54 neem 
(Azadirachta sp.) accessions belonging to Embrapa Coastal 
Tablelands (Aracaju, Sergipe, Brazil) having as source of variation 
the original location and reconstructed populations (RPPs) defined 
by the structure and dendrogram groups. 
 

Original location df
 

Estimated variance Variation (%) 

Among 3 2.58 32%*** 

Within 50 5.57 68% 

RPPs (K=3)    

Among 2 4.68 52%*** 

Within 51 4.33 48% 

Dendrogram Group    

Among 2 6.81 62%*** 

Within 50 4.22 38% 
 

df, Degrees of freedom; ***P<0.001. 

 
 
 

Table 4. Values of Shannon's Information Index (I) 
and genetic diversity (H) to neem (Azadirachta sp.) 
accessions belonging to Embrapa Coastal 
Tablelands (Aracaju, Sergipe, Brazil) by original 
location, reconstructed populations (RPPs) defined 
by the Structure software (Pritchard et al. 2000) 
and dendrogram groups. 
 

Original location I H 

Cenargen 0.46 0.30 

CPAC 0.34 0.23 

Cruangi Factory 0.26 0.17 

Petrobras 0.26 0.18 

Mean 0.33 0.22 

RPPs (K=3)   

RPP1 0.27 0.18 

RPP2 0.31 0.20 

RPP3 0.37 0.25 

Mean 0.32 0.21 

Dendrogram Group   

G2 0.35 0.23 

G3 0.25 0.16 

G4 0.05 0.04 

Mean 0.22 0.14 

 
 
 

in species of neem (Farooqui et al., 1998; Dhillon et al., 
2007; Arora et al., 2010). The high level of polymorphism 
observed in this study agrees with results of previous 
genotyping studies using RAPDs (Deshwal et al., 2005). 
However, the polymorphism level produced by RAPD 
markers in our study was higher than in other case, 
possibly due to the better representativeness of neem 
diversity in the Germplasm Bank from Sergipe (Brazil). 

Genetic diversity indicated by I and H in GBN can be 
considered low. The mean values were less than 0.50, as 
explained by Costa et al. (2011) who analyzed 
accessions of Mangaba Germplasm  Bank  from  Sergipe 

 
 
 
 
(Brazil). On account of low diversity in GBN, it is 
necessary to insert a new access to promote increased 
diversity and better use these genetics resources. In our 
study, we found a wide range of genetic similarity among 
accessions (0.00 to 0.95), more than Deshwal et al. 
(2005) who reported a similar genetic (0.70 to 0.96) 
relationship among 29 neem accessions collected from 
two agro-ecological regions of India, which cover three 
states, Punjab, Haryana and Rajasthan using RAPD 
markers; and Singh et al. (1999) to 37 neem accessions 
(0.74 to 0.93) from different eco-geographic regions of 
India and four exotic lines from Thailand using amplified 
fragment length polymorphism (AFLP) markers. Alloga-
mous woody plants usually display considerable varia-
bility (Hamrick, 1990), which is true in the present study. 

The structure analysis and cluster analysis has clearly 
indicated that there is low isolation among the accessions 
collected from origins, revealing a high variability in three 
RPPs. This higher variability should be due to the 
presence of more than one species within the collection, 
as confirmed by AMOVA. These are powerful tools for 
detecting the structure in a germplasm bank, as already 
demonstrated by other authors (dos Santos et al., 2011; 
Pereira-Lorenzo et al., 2011). 

This study was the first to use RAPD markers to assess 
genetic diversity in neem accessions in northeastern 
Brazil. None of the individual plants were genetically 
identical according to the Jaccard similarity index, which 
indicated that the level of resolution in this study was 
sufficient to distinguish all genotypes. According to the 
UPGMA dendrogram based on the Jaccard similarity 
index, in general the genotypes were grouped by origin 
and specie, as also confirmed by bootstraps and 
Bayesian analysis. 

Our results may help the GBN restructuring, with the 
correct classification of genotypes, because it allows 
inferences about their current status and proposes 
measures to either maintain the conservation condition or 
to recover the genetic potential of the species, as noted 
by Zimback et al. (2004) and Bertoni et al. (2010). Allying 
this, future studies should be developed with respect to 
features of interest in the GBN accessions. The genetic 
information associated with the agronomic characteristics 
can be used in future breeding work and selection of 
better genotypes. 
 
 

Conclusions 
 
This is the first report on neem species in northeastern 
Brazil, and our study is a contribution to the 
characterization and genetic fidelity of accessions. The 
genetic variation and genetic relationships among neem 
accessions were efficiently determined using RAPD 
markers. The GBN shows three independent genetic 
groups, confirmed by genetic structure and genetic varia-
bility, enabling the formulation of appropriate strategies 
for conservation and improvement programs. 
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