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ABSTRACT 
 
In order to assure and evaluate the genetic diversity, wild populations of Cotton (Gossypium 
mustelinum) were collected and evaluated from the coastal plain north of Pernambuco, Brazil. Such 
populations occur in urban areas in a state of real expansion and with imminent risks of extinction. 
As a result of these risks and the state of real expansion, aiming at the ex situ conservation of these 
genetic resources, branches of 66 plants were collected in three populations of G. mustelinum that 
are located in restinga vegetation in the localities of Ponta de Pedras and Bara of Catuama, both in 
the municipality of Goiana and in the locality Sossego Beach in the municipality Island of Itamaracá. 
The collected genotypes were inserted in a new Germplasm Bank (BAG) at the Federal Rural 
University of Pernambuco, after which a sample composed of 24 genotypes contained in the BAG 
was collected to perform genetic diversity studies using molecular markers of ISSR type. For the 
molecular analysis, 24 accesses with 4 ISSR primers were analyzed, which produced a total of 36 
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bands, with a mean of 1,52 alleles per amplified locus. The genetic dissimilarity values, calculated 
according to the complement of the Jaccard index, ranged from 0.000 to 0.080. The UPGMA 
method grouped the accesses into three groups. The UFRPE30, UFRPE42 and UFRPE45 
accessions were more dissimilar and UFRPE-48, UFRPE-50, UFRPE-52, UFRPE-55, UFRPE60, 
UFRPE06, UFRPE28, UFRPE29, UFRPE1, UFRPE2, UFRPE17 the least dissimilar. The ISSR 
markers used in this study demonstrated efficiency in the detection of molecular polymorphisms, 
revealing genetic variability among the 24 accessions. Considering the results obtained in this work, 
it is possible to infer that there is considerable genetic variability among the accessions of cotton, 
demonstrating the importance of the markers in the analysis of variability of species not studied, 
such as (G. mustelinum). 
 

 
Keywords: Genetic resources; genetic variability; wild species. 
 
1. INTRODUCTION  
 
The Brazilian flora is composed of numerous wild 
species that constitute important reservoirs of 
genes, which can be introgressed in the 
cultivated species, aiming the availability of a 
greater genetic variability for the conservation 
and the improvement of plants. In this general 
work, five native species from Brazil will be 
studied with focus on diversity and existing 
genetic conservation, the first species to be 
studied is G. mustelinum Miers ex Watt. 
 
Cotton is the common name given to several 
species of the botanical genus Gossypium L., 
from the family Malvaceae. There are about 40 
species, shrubs, native to the subtropical and 
tropical regions, some of which are used for the 
production of the textile fiber known as cotton. 
The genus Gossypium constitutes important 
reservoirs of genes, which can be introgressed 
into the cultivated species of cotton, aiming the 
genetic improvement of plants [1]. The wild 
species G. mustelinum Miers ex Watt is endemic 
only in northeastern Brazil and has been 
described in the states of Rio Grande do Norte 
(RN), Ceará (CE), Bahia (BA) and Pernambuco 
(PE). Recently, three populations of G. 
mustelinum were reported on the northern coast 
of the State of Pernambuco (PE), located in the 
restinga area of Goiana and Ilha de Itamaracá. 
The three populations are extremely vulnerable 
because they occur in urban areas and are 
subject to genetic erosion. Therefore, it is 
necessary to characterize them morphologically 
and molecularly in order to provide strategies for 
the conservation of the genetic diversity of this 
species. This work was proposed to collect the 
accessions for the implantation of an ex situ 
collection to assure the conservation of the 
germplasm.  

2. MATERIALS AND METHODS  
 
The plant material was collected in the coastal 
plain north of the state of Pernambuco, Northeast 
Brazil, in restinga vegetation in the areas of 
Ponta de Pedras (S 07º37,255 '' W 34º48,728 ") 
and Barra de Catuama (S 07º40.493 'W 
34º49.900'), both in the municipality of Goiana 
and in Praia do Sossego (between coordinates S 
07º40,584 "W 34º49,158" and S 07º43, 208 "W 
34º50,165") in the municipality Ilha de Itamaracá 
(Fig. 1), a material belonging to UFRPE            
study groups from Paraíba was also used in this 
study. 
 
After the collection on October 15, 2017, the 
genotypes were planted in plastic bags of 5 liters 
containing a mixture of soil and substrate of 
coconut powder and kept in a greenhouse 
located in the Department of Agronomy of the 
Federal Rural University of Pernambuco - Recife 
PE. After 90 days, a germplasm bank (BAG) 
containing the 66 genotypes distributed in four 
populations was implemented at UFRPE (Fig. 2). 
Then, a sub-sample with 24 genotypes was 
stipulated to perform genetic diversity 
assessments by ISSR, divided among the three 
populations collected in Pernambuco and a 
contrasting population from Paraíba (Table 1). 
 
After five weeks of development, leaves of the 24 
genotypes of the sub-sample were collected for 
DNA extraction (CTAB protocol) [2]. The DNA 
samples were quantified on 0.8% agarose gel, 
0.5X TBE buffer (0.045 mM Tris-Borate, 0.001 M 
EDTA, pH 8.0), stained with Blue Grenn Loading 
Dye I and visualized in transliner (Hing 
Performance Ultraviolet Transilluminator). For 
the electrophoretic run, 10 μl of a solution 
containing 1 μl of 10X diluted DNA plus 2 μl of 
loading buffer (4 g of sucrose + 0.025 g blue of 
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Fig. 1. Location of the populations: Ponta de Pedras (A), Barra de Catuama (B) and Sossego 
Beach (C), Pernambuco, Brazil 

 

 
 

Fig. 2. Genotypes under development in the plant house, and implementation of the Active 
Germplasm Bank (BAG) 

 
bromophenol) and 7 μl of MilliQ water were 
applied. 
 
The DNA quantification of the samples was 
performed by comparing them to bacteriophage 
lambda DNA whose concentration was 25 ng/μL. 
The 24 subsamples selected in the Germplasm 
Bank (Table 1) were submitted to evaluations 
with ISSR-type markers (Table 2), using four 
oligonucleotides flanking semi-specific regions      
of DNA, ISSR markers were previously 
developed and available from the Laboratory of 
Genetic Resources of the Federal University of 
Alagoas. 

Cyclination was obtained in thermocyclers 
(Eppendorf-Mastercycher Gradient), where 
initially the DNA was denatured at 95°C for 12 
minutes. 47 cycles of denaturation - annealing - 
extension followed. In the first 11 cycles of 
amplification, denaturation was done at 94°C for 
15 seconds; the annealing temperature in the 
first cycle was 65°C for 30 seconds, being 
decreased one degree at each cycle (touch 
down), reaching 55° C in the eleventh cycle. For 
the extension, a temperature of 72°C for 1 
minute was used. The remaining thirty-six cycles 
occurred at 94°C for 15 seconds; 55°C for 30 
seconds and 72°C for 1 minute. Final extension
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Table 1. Identification of the 24 cotton subsamples of the UFRPE BAG 
 

Identification Source Identification Source 

UFRPE-01 Ponta de Pedras UFRPE-21 Ilha de Itamaracá 

UFRPE-02 Ponta de Pedras UFRPE-27 Ilha de Itamaracá 

UFRPE-04 Ponta de Pedras UFRPE-28 Ilha de Itamaracá 

UFRPE-05 Ponta de Pedras UFRPE-29 Ilha de Itamaracá 

UFRPE-06 Ponta de Pedras UFRPE-30 Ilha de Itamaracá 

UFRPE-07 Ponta de Pedras UFRPE-35 Ilha de Itamaracá 

UFRPE-08 Barra de Catuama UFRPE-46 Paraíba 

UFRPE-09 Barra de Catuama UFRPE-48 Paraíba 

UFRPE-10 Barra de Catuama UFRPE-50 Paraíba 

UFRPE-12 Barra de Catuama UFRPE-52 Paraíba 

UFRPE-15 Barra de Catuama UFRPE-55 Paraíba 

UFRPE-17 Barra de Catuama UFRPE-60 Paraíba 
 

Table 2. Identification of the four ISSR oligonucleotides used for the 24 genotypes of the 
UFRPE BAG 

 

Locus Identification of the ISSR Composition of the ISSR 

UFAL-09 (ACA) Tri-nucleotídeo 

UFAL-10 (AAC) Tri-nucleotídeo 

UFAL-11 (AAG) Tri-nucleotídeo 

UFAL-12 (GA) Di-nucleotídeo 
 
was followed at 72°C for 6 minutes. The 
amplified fragments were separated by 2.5% 
agarose gel, 0.5X TBE buffer (0.045 mM Tris-
Borate, 0.001 M EDTA, pH 8.0), stained with 
Blue Grenn Loading Dye I and visualized in 
transliner (Hing Performance Ultraviolet 
Transilluminator.  
 
To analyze the ISSR loci we used the GenAlEx 
version 6.5 program [3]. The mean number of 
alleles per locus was obtained by the ratio 
between the total number of alleles and the total 
number of loci. The diversity among the 
subsamples was calculated from the allelic 
frequency (pi), of the expected heterozygosity 
between the subsamples and the genetic 
distance. 
 
From the distances obtained by the dissimilarity 
index, cluster analyzes were performed using the 
agglomerative hierarchical arithmetic mean 
method between unweighted pairs (UPGMA) and 
the Tocher hierarchical method. From the 
distance matrix obtained by the UPGMA 
grouping method, the simplified representation of 
the distances was done by means of a 
dendrogram, using the Program for the 
determination of genetic diversity. 
 

3. RESULTS AND DISCUSSION 
 
The DNA extraction using the methodology of [2] 
was successfully obtained, and the genomic 
DNA samples were suitable for the PCR 
reactions performed in the study as shown in  
Fig. 3. 
 
Fig. 4 shows the existence of genetic variability 
for G. mustelinum genotypes evaluated by the 
ISSR markers UFAL-11 and UFAL-12, evidenced 
by the segregation of the populations. The 
genotypes that make up each phenotype class 
are presented in Table 1. The 24 subsamples 
belonging to the Cotton Germplasm Bank of 
UFRPE, when evaluated through 4 ISSR 
oligonucleotides, presented 20% polymorphism. 
 
The four ISSR loci amplified a total of 36 alleles, 
with an average of 1,521 alleles per amplified 
locus, distributed among the 24 cotton 
subsamples. Oligonucleotides UFAL-09 and 
UFAL-10 were monomorphic for all subsamples, 
amplifying only one allele per locus. Of the 4 
evaluated oligonucleotides 1 amplified five alleles 
(UFAL-11), and the UFAL-12 oligonucleotide 
amplified a total of seven alleles. The allele that 
showed the highest frequency of 0.500 is in the 
UFAL-11 oligonucleotide and the one that 
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Fig. 3. Shows 0.8% agarose gel plated genomic DNA samples which are suitable for 
identification of collected genotypes 

 

 
 
Fig. 4. 2.5% agarose gel with amplified PCR products on UFAL-11 and UFAL-12 primers which 

depicts the pattern of segregation of the population 
 
showed the lowest frequency (0.041) is in the 
UFAL-12 oligonucleotide. 
 
The evaluation of the genetic diversity among the 
subsamples of the Cotton Germplasm Bank of 
UFRPE, using molecular markers ISSR, showed 
the formation of close groups with 19% variability 
between the groups, which should have been 
caused mainly by the large number of 
subsamples that originated from those collected. 
 
The results obtained in this work are compatible 
with those presented by [4], which evaluated the 
genetic diversity of cotton subsamples from the 
use of 56 pairs of BNL oligonucleotides, verified 
the amplification of 62 polymorphic loci, of which 
a total of 325 alleles were amplified, with a mean 
of five per marker. Likewise, [5], seeking to 

identify the genetic diversity and the population 
structure of 43 cotton cultivars and strains, 
observed that of the 33 ISSR markers used, 15 
presented to the amplification of 104 polymorphic 
alleles. However, [6], studying 65 strains and four 
cotton genotypes, verified that only 9 of the 19 
ISSR primers used showed polymorphism, with 
each primer amplifying only one locus, with the 
number of alleles produced at the polymorphic 
locus equal to 2. 
 
The [7] affirm that ISSR markers are useful in the 
identification of cultivars and evaluation of 
genetic diversity, due to the high reproducibility, 
thus presenting advantages over other methods 
such as those based on PCR. In the same sense 
[8] states that the simple internal repetitive 
sequence (ISSR) technique can be used for 



rapid differentiation between related individuals 
due to the high degree of polymorphism, 
reproducibility and also because it contains a 
cost. 
 
The highest heterozygosity rate (0.098) was 
obtained for Population 3 (Ilha de Itamaracá), 
followed by Population 1 (0.088) native of Ponta 
de Pedras. The lowest rates of (0.018 and 0.067) 
were observed for Populations 2 (Barra de 
Catuama) and Population 4 (Paraíba) 
respectively, the mean heterozygosity was 0.068, 
corresponding to a low level of genetic diversity.
 
The low rate of determined heterozygosity
among the cotton populations of the UFRPE 
BAG can be determined by the high kinship 
index between the subsamples. According to [9] 
inbreeding results from the mating of related 
individuals, being able to alter the genetic 
makeup of the population. This is
increasing homozygosity and, consequently, by 
decreasing heterozygosity, thus altering the 
genotype frequency, but not the gene 
frequencies. In plants such as cotton that have a 
mixed breeding system, different inbreeding 
coefficients are found due to variations in the 
rates of natural self-fertilization [10].
 
The frequency values observed in Fig. 5 may 
infer that the size of a given population is a 
determining factor for the conservation of an 
allele. That is, in small groups of individuals the 
existence of reduced generations already makes 
 

 
Fig. 5. Allelic frequency and heterozygosity of 24 Gossypium accessions estimated by 4 ISSR 

primers, which predicts size of obtained population which is a determining factor for the 
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rapid differentiation between related individuals 
due to the high degree of polymorphism, 
reproducibility and also because it contains a low 

The highest heterozygosity rate (0.098) was 
obtained for Population 3 (Ilha de Itamaracá), 
followed by Population 1 (0.088) native of Ponta 
de Pedras. The lowest rates of (0.018 and 0.067) 
were observed for Populations 2 (Barra de 

opulation 4 (Paraíba) 
respectively, the mean heterozygosity was 0.068, 
corresponding to a low level of genetic diversity. 

The low rate of determined heterozygosity 
among the cotton populations of the UFRPE 
BAG can be determined by the high kinship 
index between the subsamples. According to [9] 
inbreeding results from the mating of related 
individuals, being able to alter the genetic 
makeup of the population. This is done by 
increasing homozygosity and, consequently, by 
decreasing heterozygosity, thus altering the 
genotype frequency, but not the gene 
frequencies. In plants such as cotton that have a 
mixed breeding system, different inbreeding 

e to variations in the 
fertilization [10]. 

The frequency values observed in Fig. 5 may 
infer that the size of a given population is a 
determining factor for the conservation of an 
allele. That is, in small groups of individuals the 
xistence of reduced generations already makes 

possible the occurrence of allelic fixation, from 
the gene drift. In larger groups, the lead should 
take longer. The presence of private bands in 
POP3 (Itamaracá Island) and POP4 (Paraíba) 
populations can also be observed in Fig. 5, 
indicating a favorable relationship between these 
populations, thus favoring the introduction of a 
possible characteristic of interest and / or 
increased genetic variability.  
 
It can be observed in Fig.  6 that some 
genotypes have high genetic similarity and can 
be considered as siblings or clones, such as 
genotypes (UFRPE-48, UFRPE-50, UFRPE
UFRPE-55, UFRPE-60 and UFRPE 
genotypes (UFRPE-28 and UFRPE
presented in the upper left quadrant. The 
genotypes (UFRPE-1, UFRPE-2 and UFRPE
and genotypes (UFRPE-42 and UFRPE
also presented with high genetic similarity. 
Considering the result of this distribution, it is 
correct to inform that the accomplishment of 
crosses between these related individuals is not 
advisable, because it favors inbreeding and 
diminishes the genetic diversity among the 
accesses. 
 
The genetic dissimilarity values presented                     
in Table 3 ranged from 0.000 to 0.080, with                 
the highest dissimilarities (0.080) among                     
the accessions (UFRPE-30 x UFRPE
UFRPE-30 x UFRPE-02 - UFRPE
17), (UFRPE-35x UFRPE-
x UFRPE-02-UFRPE-35 x UFRPE

heterozygosity of 24 Gossypium accessions estimated by 4 ISSR 
size of obtained population which is a determining factor for the 
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possible the occurrence of allelic fixation, from 
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Fig. 6. Distribution of the similar genotypes of siblings within 24 access

 
UFRPE-35 x UFRPE-17) 28 and UFRPE
UFRPE-29), (UFRPE-45 x UFRPE
45 x UFRPE-28 and UFRPE-45 x UFRPE
and (UFRPE-46 x UFRPE-42 and UFRPE
with a general average of 0.037 between the 
accessions, indicating that they are promising 
crosses for the introgression of desired 
characteristics. 
 
Studying plant genetic diversity through ISSR, 
[11], found values of dissimilarity varying from 
0.06 to 0.67, showing high genetic diversity 
among the accessions. Considering the above, it 
is possible to infer that the results of genetic 
dissimilarity, in this work, reflect a genetic 
variability from considerable to low among cotton 
accessions. The dissimilarity found is justified by 
the fact that the number of ISSRs evaluated is 
still low and that the populations collected and 
evaluated may belong to groups with a high 
inbreeding rate, a fact already discussed in this 
study. 
 
In the agglomerative dendrogram UPGMA (Fig. 
7), the formation of three large grou
observed, considering the mean distance of 0.19 
between groups. The G1 group consists of 14 
accessions (UFRPE-55, UFRPE-60, UFRPE
UFRPE-50, UFRPE-48, UFRPE-06, UFRPE
UFRPE-09, UFRPE-12, UFRPE
UFRPE-05, UFRPE-42 and UFRPE
group G2 is composed of 7 accesses (UFRPE
07, UFRPE-15, UFRPE-04, UFRPE
01, UFRPE-02 and UFRPE-17), UFRPE
UFRPE-29. 
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Fig. 6. Distribution of the similar genotypes of siblings within 24 accesses within Distribution 
quadrants 

and UFRPE-42 x 
45 x UFRPE-15-UFRPE-

45 x UFRPE-29) 
42 and UFRPE- -45), 

with a general average of 0.037 between the 
essions, indicating that they are promising 

crosses for the introgression of desired 

Studying plant genetic diversity through ISSR, 
[11], found values of dissimilarity varying from 
0.06 to 0.67, showing high genetic diversity 

cessions. Considering the above, it 
is possible to infer that the results of genetic 
dissimilarity, in this work, reflect a genetic 
variability from considerable to low among cotton 
accessions. The dissimilarity found is justified by 

er of ISSRs evaluated is 
still low and that the populations collected and 
evaluated may belong to groups with a high 
inbreeding rate, a fact already discussed in this 

In the agglomerative dendrogram UPGMA (Fig. 
7), the formation of three large groups can be 
observed, considering the mean distance of 0.19 
between groups. The G1 group consists of 14 

60, UFRPE-52, 
06, UFRPE-10, 

12, UFRPE-30, UFRPE 
42 and UFRPE-45); The 

group G2 is composed of 7 accesses (UFRPE-
04, UFRPE-04, UFRPE-

17), UFRPE-28 and 

According to [12], molecular markers have been 
an important tool in the genetic improvement of 
plants, since they detect polymorphism directly at 
the DNA level, allowing observations in the 
genome on the relations between genotype and 
phenotype. Thus, the incorporation of molecular 
markers in cotton breeding helps, from the 
choice of the best breeders for a cross, to the 
identification of superior genotypes.
 

For [13], many deleterious recessive traits are 
hidden by dominant alleles in heterozygous 
forms, and appear after inbreeding. In this case, 
the author recommends the use of unrelated 
individuals in crosses, avoiding the
undesirable effects. 
 

Based on the observations made by [12] on the 
efficiency of the use of molecular markers, and in 
the observations made by [13] on the use of 
unrelated individuals in genetic crosses, and in 
the magnitudes of the characteristics evaluated 
in the current work, it is suggested crosses 
between individuals of groups that are allocated 
by the dendrogram of Fig.  7, since they indicate 
a greater degree of diversity, less possibility of 
inbreeding effects and greater capacity to 
explore the genetic variability of t
evaluated. 
 

The results generated in this work are in 
accordance with the literature on the importance 
of molecular markers, when compared to other 
works, such as the one performed by [14], 
demonstrating the importance of the markers in 
the analysis of variability of species little studied.
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Table 3. Gene dissimilarity matrix among 24 cotton accessions calculated based on the 
complement of the Jaccard coefficient, using 4 ISSR primers. Recife, PE, 2017 to 2018 

 

 
 

 
 
Fig. 7. Dendrogram obtained by the agglomerative method UPGMA, relating the 24 accessions 

of cotton based on the information of 4 loci of ISSR 

1 2 4 5 6 7 8 9 10 12 15 17 28 29 30 35 42 45 46 48 50 52 55 60

1 0,0 1

2 0,0 0,0 2

4 1,0 1,0 0,0 4

5 5,0 5,0 4,0 0,0 5

6 7,0 7,0 6,0 2,0 0,0 6

7 4,0 4,0 3,0 5,0 3,0 0,0 7

8 4,0 4,0 3,0 3,0 3,0 2,0 0,0 8

9 5,0 5,0 4,0 2,0 2,0 5,0 3,0 0,0 9

10 6,0 6,0 5,0 3,0 1,0 4,0 4,0 1,0 0,0 10

12 6,0 6,0 5,0 1,0 1,0 4,0 2,0 1,0 2,0 0,0 12

15 3,0 3,0 2,0 6,0 4,0 1,0 3,0 4,0 3,0 5,0 0,0 15

17 0,0 0,0 1,0 5,0 7,0 4,0 4,0 5,0 6,0 6,0 3,0 0,0 17

28 7,0 7,0 6,0 6,0 4,0 3,0 5,0 6,0 5,0 5,0 4,0 7,0 0,0 28

29 7,0 7,0 6,0 6,0 4,0 3,0 5,0 6,0 5,0 5,0 4,0 7,0 0,0 0,0 29

30 8,0 8,0 7,0 3,0 3,0 6,0 4,0 3,0 4,0 2,0 7,0 8,0 7,0 7,0 0,0 30

35 8,0 8,0 7,0 7,0 7,0 6,0 6,0 7,0 8,0 6,0 7,0 8,0 3,0 3,0 4,0 0,0 35

42 5,0 5,0 6,0 2,0 4,0 7,0 5,0 4,0 5,0 3,0 8,0 5,0 8,0 8,0 3,0 7,0 0,0 42

45 5,0 5,0 6,0 2,0 4,0 7,0 5,0 4,0 5,0 3,0 8,0 5,0 8,0 8,0 3,0 7,0 0,0 0,0 45

46 5,0 5,0 4,0 6,0 4,0 3,0 5,0 4,0 3,0 5,0 2,0 5,0 4,0 4,0 7,0 7,0 8,0 8,0 0,0 46

48 7,0 7,0 6,0 2,0 0,0 3,0 3,0 2,0 1,0 1,0 4,0 7,0 4,0 4,0 3,0 7,0 4,0 4,0 4,0 0,0 48

50 7,0 7,0 6,0 2,0 0,0 3,0 3,0 2,0 1,0 1,0 4,0 7,0 4,0 4,0 3,0 7,0 4,0 4,0 4,0 0,0 0,0 50

52 7,0 7,0 6,0 2,0 0,0 3,0 3,0 2,0 1,0 1,0 4,0 7,0 4,0 4,0 3,0 7,0 4,0 4,0 4,0 0,0 0,0 0,0 52

55 7,0 7,0 6,0 2,0 0,0 3,0 3,0 2,0 1,0 1,0 4,0 7,0 4,0 4,0 3,0 7,0 4,0 4,0 4,0 0,0 0,0 0,0 0,0 55

60 7,0 7,0 6,0 2,0 0,0 3,0 3,0 2,0 1,0 1,0 4,0 7,0 4,0 4,0 3,0 7,0 4,0 4,0 4,0 0,0 0,0 0,0 0,0 0,0 60

1 2 4 5 6 7 8 9 10 12 15 17 28 29 30 35 42 45 46 48 50 52 55 60
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4. CONCLUSION 
 

The results obtained with the analyzes of the 
present study allow to conclude that: 

 

The collection of genotypes and implantation of 
the BAG in UFRPE to ensure genetic variability 
was performed successfully; 

 
ISSR markers were efficient in the detection of 
molecular polymorphisms and, therefore, of 
genetic variability among accessions of G. 
mustelinum. 

 
The UFRPE-30, UFRPE-35, UFRPE-42 and 
UFRPE-45 accessions were the most divergent 
in relation to the others; 

 
Based on the similarity evaluated by the 
agglomerative dendrogram UPGMA, the 
accessions formed three large genetic groups.  
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