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ABSTRACT. Bothrops moojeni is an abundant venomous snake respon-
sible for most of the snakebite cases in the Central region of Brazil and as 
a result of the anthropogenic habitat disturbance, such as the increase in 
extensive farming, the range of B. moojeni has been greatly fragmented. 
Here, we obtained genomic DNA from a total of 75 snakes belonging to 
four populations. Genetic variability evaluated for five RAPD primers 
was low (He = 0.20) and was not spatially structured. We found evidence 
of significant genetic divergence among B. moojeni populations that were 
isolated (ΦST values of 0.21 and 0.25), while populations more proxi-
mal exhibited less divergence (ΦST values of 0.04 and 0.08). We found 
only moderate divergence (ΦST value of 0.12) between two populations 
greatly isolated (851.83 km apart) along with great differentiation (0.24) 
between two proximal populations (290 km apart). Even though these 
populations are close to each other, they occur in an urbanized area that is 
almost completely covered by extensive crops, representing an obstruc-
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tion to the mobility of this viper. Molecular variance analysis (AMOVA) 
showed some degree of subdivision in these populations, with a ΦST value 
of 0.16, significant to the level of 1% by 1000 random permutations. We 
also performed a Bayesian analysis that confirmed the AMOVA results 
and found a value of θB

 = 0.14 and an ƒ = 0.27, suggesting a high level 
of endogamy. This is the first study that characterizes genetic variability 
for this important species of the Bothrops genus, and our data are of sig-
nificant importance in terms of classifying populations in relation to their 
conservational value and management strategies. Thus, given the high 
levels of population structure found in this case, we recommend sam-
pling as many populations as possible to maximize the genetic variability 
to be preserved when aiming for in situ conservation. The same should be 
done to perform samplings toward ex situ conservation.

Key words: Bothrops moojeni; Vipers; Genetic variability; RAPD; 
Conservation genetics; Genetic structure

INTRoDuCTIoN

Evaluating genetic diversity and population structure of populations may be critical to 
define strategies for long-term conservation (Frankham et al., 2004). However, snakes are usually 
poorly represented in studies of conservation genetics, and particularly, some important species of 
the Bothrops genus have never been studied before. The “caissaca” (B. moojeni) for example, is an 
important species because it plays a significant role as secondary predators, controlling populations 
of small mammals (some of them considered plagues in crop areas), birds, lizards, frogs (Nogueira 
et al., 2003; Campbell and Lamar, 2004). The venom of this viper has many uses in human health, 
since it is a complex combination of proteins with biological activities that have potential use as 
models for the development of new pharmaceutical products. In fact, most studies that concern this 
snake and the Bothrops genus are related to the pharmaceutical industry.

Large populations have a greater genetic variation and a decreased probability of 
inbreeding depression

The effects of inbreeding are found in a great variety of animals, including snakes 
(Hartl, 2000; Frankham et al., 2003, 2004; Beebee and Rowe, 2004). Indeed, in a small and 
inbreeding population of Vipera berus in Switzerland, females had a reduction in offspring 
number and a higher rate of deformities in juveniles (Madsen et al., 1996). Újvári et al. 
(2002), using data provided by an RFLP marker, also evaluated and compared the genetic 
diversity of small populations of the viper Vipera ursinii rakosiensis from Hungary with large 
populations of a related subspecies (Vipera ursinii renardi) from Ukraine. These papers re-
port that the habitat fragmentation to which populations are submitted may lead to a degree of 
isolation that could increase genetic differentiation, contributing to a decrease in population 
size and causing inbreeding depression in the long term (Stow and Briscoe, 2005).

Habitat fragmentation caused by urbanization and increase of crop areas has led 
to a great transformation of the Cerrado’s landscape, accelerating the process of extinc-
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tion of many species. As a consequence, many habitats are fragmented and many species 
are disappearing (Galinkin, 2003; Klink and Machado, 2005). Despite all these facts, there 
are no vipers on the Official Brazilian List of Endangered Reptiles (IBAMA, 2003) for the 
Cerrado area. This is probably not because there are no species of vipers at risk or vulner-
able to extinction, but due to the lack of studies concerning native species of the Brazilian 
Cerrado. At the same time, the genetic analysis of some relatively abundant species, such 
as the “caissaca” (Bothrops moojeni), may be useful in understanding the effects of habitat 
fragmentation and habitat loss in the Cerrado, even though the persistence of such species 
may not be directly affected by these effects (Telles et al., 2007).

Molecular markers can be used as a powerful tool to help develop efficient programs 
of conservation, because they provide information about the diversity and genetic structure of 
populations, the degree of gene flow, and the reproductive and mating systems (Petit et al., 1998; 
Frankham et al., 2004). The aim of the present study was to evaluate the genetic variability of 
B. moojeni populations in the Brazilian Cerrado, and to assess their divergence in genetic struc-
ture. We used RAPDs (random amplified polymorphic DNA) to determine the genetic diversity 
within and among populations of B. moojeni. The RAPD technique has been used as a successful 
tool in other population genetic studies of snakes (Prior et al., 1997; Jaggi et al., 2000).

MATeRIAL AND MeTHoDS

The “caissaca” is a venomous, viviparous snake whose length can reach 1.50 m, is 
mainly nocturnal and is active more often in the course of the warmest and wettest months 
- from October to April. The reproductive cycle of this species is seasonal, and females give 
birth in the rainy season during the months of December and January (Nogueira et al., 2003).

The populations were collected in three locations in Goiás (GO) State and one in Mato 
Grosso (MT) State (Table 1). Some populations analyzed here (Minaçu and Sonora) were collect-
ed during fauna rescue programs and thus represent populations that have suffered the complete 
destruction of their habitats in order to build dams for hydroelectric power supply. On the other 
hand, population 3 (Goiânia-GO) was collected in an urbanized area, whereas population 4 (Jataí-
GO) was collected in an urbanized area surrounded by farmlands. All of these individuals were 
obtained according to the availability in the Núcleo Regional de Ofiologia de Goiás.

Sampled site N Latitude Longitude

1. Sonora (MS) 33 17°34’37’’ 54°45’28’’
2. Minaçu (GO) 28 13°31’59’’ 48°13’12’’
3. Goiânia (GO)   7 16°40’43’’ 49°15’14’’
4. Jataí (GO)   7 17°52’53’’ 51°42’52’’

Table 1. District, number of individuals (N), latitude and longitude for all sampled sites of Bothrops moojeni in 
the Central region of Brazil.

Molecular data

Blood samples (approximately 10 to 50 µL) of the snakes were obtained from the 
tail vein. Genomic DNA was extracted following exactly the protocol of Amersham Phar-
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macia BiotechTM blood purification kit. Five RAPD primers (Operon) previously selected 
with reliable and distinctly defined bands were used to generate the RAPD profiles and 
PCR amplifications (OPB-18, OPP-15, OPP-16, OPP-04, OPP-06). Amplification reac-
tions were performed in 12 µL containing 2 µL genomic DNA (~3 ng/µL), 1.18 µL primer 
(~10 ng/µL), 1.52 µL buffer (10X), 0.46 µL MgCl2 (50 mM), 1.22 µL dNTP (2.5 mM), 0.12 
µL Taq polymerase (5 units/µL - provided by Amersham Pharmacia Biotech), and 5.5 µL 
Milli-Q H2O. The reaction was then carried out in a PTC-100 thermal cycler (MJ Research) 
that was programmed for 40 cycles of 3 min at 96°C, 1 min at 92°C, 1 min at 37°C, and 
1 min at 71°C, and with a final step of 3 min at 72°C. The electrophoresis was performed 
on a 1.2% agarose gel which was stained with ethidium bromide, destained in water and 
visualized in ultraviolet light. The profiles were photographed and then scored for the pres-
ence or absence of fragments (1/0). To identify the size of DNA fragments a 100-bp ladder 
provided by Invitrogen was run together with the RAPD products.

Statistical analyses

We used RAPD profiles to estimate the allele frequencies based on Lynch and 
Milligan’s (1994) method which allows one to calculate parameters in populations, under 
two basic assumptions: 1) The bands must be unequivocally identified on the gel and 
each band can be related to a locus with two alleles, considering that the dominant char-
acter (presence of bands) of the marker prevents the distinction between the heterozygote 
and homozygote genotypes; 2) populations must be in Hardy-Weinberg equilibrium. The 
frequency of the null allele (absence of bands) is estimated and then used to determine 
genetic diversity for each population and for the population subdivision (Nei, 1973), as 
suggested by Weir (1996) and Alfenas (1998).

We also performed two additional analyses to evaluate population structure (i.e., 
population divergence). An analysis of molecular variance (AMOVA; Excoffier et al., 
1992) was used to assess the patterns of genetic structure. In this method, the distance 
among and within the local populations is partitioned, a strategy similar to that one used 
in a classical analysis of variance. AMOVA computes the components of variance from 
a Euclidean matrix of squared molecular distances between pairs of observations using 
RAPD bands. The component of interpopulation variance is obtained by equations from 
the proportion of genetic diversity among populations and then estimated by the ΦST sta-
tistics, and the significance of this estimate was tested against the null hypothesis of no 
interpopulation variation by 1000 random permutations using TFPGA 1.3 (Miller, 1997). 
The ΦST was also estimated between pairs of local populations, providing an explicit 
estimate of genetic divergence among local populations to be further used for spatial 
analyses. 

Still aiming to estimate the genetic divergence of these populations, we used the 
software HICKORY, version 1.0 (Holsinger and Lewis, 2003) to perform an analogous 
analysis of the F statistics (θB estimator), the Bayesian approach proposed by Holsinger 
(1999). Data generated by dominant markers can be better estimated, and for this evalua-
tion provide a more direct estimation of the relative magnitude of population divergence, 
and the inbreeding coefficient is given by ƒ. Markov Chain Monte Carlo simulation was 
used to approximate numerically the a posteriori distribution of the estimator θB. This 



607

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 7 (3): 603-613 (2008)

Genetic diversity in B. moojeni using RAPD markers

software allows the calculation of four different models: Full, ƒ = 0, θB = 0 and ƒ free. In 
the full model, θB and ƒ are calculated and two other models can assume θB or ƒ equal to 
zero. In the last model, ƒ is free to vary, for estimates of ƒ based on dominant markers are 
usually strongly biased. All models were compared using the deviant information crite-
rion (DIC) (Holsinger, 1999; Holsinger et al., 2002; Spiegelhalter et al., 2002; Holsinger 
and Wallace, 2004).

The genetic distance matrix from AMOVA was used in the cluster analysis UPGMA 
(unweighted pair-group method by arithmetic averages) often used to represent multivariate 
genetic distances and allows a classification of the populations in a hierarchical clustering 
represented by a dendrogram. The validity of this dendrogram was tested using the co-
phenetic correlation, which is the correlation between the original genetic distances and the 
distances among the populations in the UPGMA clustering (Manly, 1997). To analyze the 
patterns of spatial variation in a multivariate context, the correlation coefficient was also 
estimated between the matrices of genetic distances and the geographic distances among the 
populations, and in this case it can be tested by Monte Carlo (randomization) procedures 
(Mantel test; see Smouse et al., 1986; Manly, 1986, 1997; Epperson, 2003). In the present 
study, 5000 randomizations were used to test the significance of the matrix correlations.

ReSuLTS

All four populations displayed a low genetic variability according to the five RAPD 
primers used to analyze the 75 individuals. Considering each primer, the number of loci ranged 
from 9 to 18, with a total of 59 loci in the four populations (Table 2).

Primer Sequence NL

OPB-18 C C A C A G C A G T 18
OPP-15 G G A A G C C A A C   9
OPP-16 C C A A G C T G C C   9
OPP-04 G T G T C T C A G G 11
OPP-06 G T G G G C T G A C 12
Total    59

Table 2. Relation of primers, their base sequences and the number of loci (NL) obtained in all four populations 
of Bothrops moojeni.

We tested 79 primers and selected five that produced distinct band patterns. The per-
cent of polymorphic loci ranged from 35 to 69% when we considered all local populations, 
with an average of 81% polymorphism (Table 3). Genetic diversity (Nei, 1973) was calculated 
based on five RAPD loci for the four populations, considering all loci simultaneously in the 75 
individuals, and ranged from 0 to 0.5. When this genetic diversity was analyzed for each popu-
lation, we observed a variation from 0.10 and 0.17, with an average of 0.20 (Table 3). Popula-
tion 4 (Jataí-GO) revealed the lowest level of heterozygosity (0.10) among all populations, 
although population 3 (Goiânia-GO) showed a similar level (0.12). Population 1 (Sonora-MS) 
had a heterozygosity of 0.17, whereas population 2 (Minaçu-GO) showed the highest value of 
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heterozygosity (0.19). The highest expected value for genetic diversity when analyzing one 
locus with two alleles was 0.5; B. moojeni, hence, had a low genetic diversity, for it had less 
than half of the expected value.

Population He (Nei) N NPL %PL

1. Sonora (MS) 0.17 33 41 69.5
2. Minaçu (GO) 0.19 28 38 64.4
3. Goiânia (GO) 0.12   7 25 42.4
4. Jataí (GO) 0.10   7 21 35.6
Global 0.20 18 48 81.3

Table 3. Genetic diversity in the 59 RAPD loci in the four populations of Bothrops moojeni in Central Brazil; expected 
heterozygosity (He), sample size (N), number of polymorphic loci (NPL), and percent of polymorphic loci (%PL).

d.f. = degrees of freedom.

Source of variation d.f. Sum of squares   % of variation

Among populations   3   53.4  16.30
Within populations 71 303.7  83.70
Total  74 357.1  

Table 4. Molecular variance analysis of the four populations of Bothrops moojeni.

The AMOVA showed some degree of genetic structure in these populations, with a 
ΦST value 0.16, significant to the level of 1% by 1000 random permutations; thus, we can reject 
the null hypothesis of panmixia. It also showed that the within-population genetic diversity ac-
counted for 83.7% and the among-population variability 16.3% of the total variance (Table 4), 
which could indicate a process of reduction in the rate of gene flow among the populations.

  1. Sonora 2. Minaçu 3. Goiânia   4. Jataí

1. Sonora -   
2. Minaçu 0.12 -  
3. Goiânia 0.21 0.04 - 
4. Jataí 0.24 0.25   0.08 -

Table 5. ΦST values among the four populations of Bothrops moojeni.

The coefficient of differentiation estimated for all pairs of populations (Table 5) ranged 
from 0.04 to 0.25 (Table 5), and the clustering of these distances using UPGMA reflects the spa-
tial heterogeneity of these values (Figure 1). However, when we clustered the genetic distances 
from AMOVA using UPGMA, we observed a relatively low co-phenetic correlation of the clus-
ter (0.59) (Figure 1), in such way that the connections of the dendrogram do not reflect correctly 
the multivariate genetic distance patterns. This correlation is expected for systems that do not 
display a very clear hierarchically structured pattern (Rodrigues and Diniz-Filho, 1998).
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Figure 1. Genetic divergence pattern among the four populations of Bothrops moojeni, defined by the UPGMA 
clustering based on the genetic distances (ΦST). Co-phenetic correlation equals 0.59. 

Considering the geographic scale in the present study (largest distance equal to 851.83 
km, see Table 6), some populations that are geographically closer show a significant genetic 
divergence (highest ΦST values).

  1. Sonora 2. Minaçu 3. Goiânia 4. Jataí

1. Sonora -   
2. Minaçu 851.83 -  
3. Goiânia 605.15 361.84 - 
4. Jataí 343.38 607.87 290.99 -

Table 6. Geographic distance (km) among the four populations of Bothrops moojeni.

When we estimated the divergence among populations using the Bayesian approach 
(Table 7), we found that the “full model” was the one that showed the smallest DIC and Dbar 
(DIC = 654.6 and Dbar = 546.1, where Dbar is the posterior mean of the deviance), with a θB 
value equal to 0.14. In this model, ƒ displayed a high value (ƒ = 0.27). In the second best mod-
el, taking into account the parameters DIC and Dbar (values of 658.6 and 542.9, respectively), 
“ƒ = 0”, with a θB value of 0.12. As we found similar values for both DIC and Dbar parameters 
in models “full” and “ƒ = 0”, the proportion of genetic variation estimated among populations 
has two equally likely values of θB around 13%, similar to the one obtained with AMOVA.
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DISCuSSIoN 

Our two main goals were to characterize the genetic diversity in B. moojeni popula-
tions and to make an initial assessment of the genetic structure of this snake which has suffered 
severe habitat fragmentation by extensive agricultural practices, construction of hydroelectric 
plants and urbanization. Although this study does not allow the discrimination of processes of 
population differentiation due to “natural” processes and due to anthropic effects, it is possible 
to use the observed patterns of genetic diversity and population structure to delineate better 
conservation strategies for this species and its populations.

First, the populations analyzed showed a low level of He (0.20). Two other studies 
in the literature determined genetic variability using RAPD markers in snakes, but only one 
also showed a low value for genetic diversity (He = 0.15), for the species Elaphe obsoleta 
(Prior et al., 1997; Jaggi et al., 2000). However, this value found for E. obsoleta is similar to 
that found in the present study (He = 0.20). When we compare our results with those found 
in other studies using different markers, we see that the value is lower than the average value 
of 0.54 across studies (Table 8). Although we know that this comparison should be done 
with caution, because it considers different types of markers, variable allele number per 
locus and multiple spatial scale markers, it may be an initial guideline for evaluating genetic 
variability in natural populations of B. moojeni.

Model f θB Dbar DIC

Full  0.27 0.14 546.1 654.6
f  = 0  0 0.12 542.9 658.6
θB = 0 0.50 0 839.6 886.1
f free  0.51 0.16 556.9 672.2

Table 7. Results of the Bayesian analysis of divergence among the four populations of Bothrops moojeni, for the 
models tested, f, θB, Dbar, and DIC.

Paper  Marker He F-statistics Species Reference

  1  STR 0.53 0.024 Thamnophis elegans Manier and Arnold, 2005
  STR 0.58 0.035 Thamnophis sirtalis 
  2  STR 0.75 - Natrix natrix Hille et al., 2002
  3  RAPD - 0.13 Vipera aspis Jäggi et al., 2000
  4  RAPD 0.15 0.26 Elaphe obsoleta Prior et al., 1997
  5  Isoenzymes 0.29 - Vipera berus Madsen et al., 1999
  Isoenzymes - 0.054 
  6  STR - 0.036 Thamnophis sirtalis Bittner and King, 2003
  7  STR 0.71 0.006 Nerodia sipedon sipedon Prosser et al., 1999
  8  STR 0.53 - Thamnophis sirtalis McCracken et al., 1999
  9  STR 0.70 - Sistrurus c. catenatus Gibbs et al., 1997
10  Isoenzymes 0.58 0.031 Thamnophis sirtalis Lawson and King, 1996
Mean    0.54 0.072

Table 8. List of the references of the 10 studies concerning vipers, noting different types of molecular markers 
used, genetic diversity (He) and F-statistics.

STR = short tandem repeats; RAPD = random amplified polymorphic DNA.

Dbar = posterior mean of the deviance; DIC = deviant information criterion.
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On the other hand, the levels of genetic structure found for B. moojeni populations 
using RAPDs (around 16% by different techniques) were similar to those found for other 
species using the same marker. Prior et al. (1997), working with four populations of E. ob-
soleta and 15 RAPD loci, found a ΦST value of 0.26, a higher value than the one found here 
(ΦST = 0.16 and θB = 0.14). However, comparing the value found for B. moojeni to that of 
other studies (see Table 8) with vipers which showed an average of 0.072, we realize that 
this is a relatively high level of genetic structure. 

The process of habitat fragmentation makes it possible for formation of habitat is-
lands, leading the populations to evolve independently from each other and producing, as a 
consequence, a spatial heterogeneity of the genetic variability (high structure), like the one 
observed in B. moojeni populations.

Aiming at in situ conservation, in the presence of high levels of population struc-
ture, such as that found in this case, we recommend the sampling of as many populations 
as possible to maximize the genetic variability to be preserved. When the intention is to 
perform samplings toward ex situ conservation, the same should be done, sampling a large 
number of individuals in a great number of populations covering the entire range of the spe-
cies to create a germplasm bank.

The low degree of differentiation between populations 2 (Minaçu-GO) and 3 
(Goiânia-GO) is not unlikely to be observed in that spatial scale, as well as the moderate 
differentiation found between populations 3 (Goiânia-GO) and 4 (Jataí-GO), taking into 
account that these are relatively close populations, but habitat fragmentation and patterns 
of human activity could all be part of the cause of an obstruction of gene flow between 
these populations. Limited genetic differentiation between the pairs of populations 2-3 and 
3-4 implies that historically these two populations have been continuous.

By contrast, we found significant divergence between populations 1 and 4 (Sonora-
MS and Jataí-GO, respectively) despite that they are only 361 km apart. Even though these 
populations are close to each other, they occur in an urbanized area and almost completely 
covered by extensive crops, representing an obstruction to the mobility of this viper. As a re-
sult, it represents a barrier to gene flow and increases levels of population structure.

The data obtained are not inconsistent if analyzed in light of the patterns of degrada-
tion by which the Cerrado’s landscape has suffered throughout the years. Extensive farming 
predominates in the landscape of the States of Goiás and Mato Grosso do Sul. Thus, popula-
tions Sonora and Jataí are restricted to vegetation islands, which leads to the isolation of popu-
lations, making a small geographic distance very difficult to cross. 

On the other hand, we identified only a moderate level of divergence between popula-
tions 1 (Sonora-MS) and 2 (Minaçu-GO). However, these two populations are more than 800 
km apart, and between them we found the largest area of continuous and undisturbed Cerrado, 
so that gene flow is not unlikely to occur despite the large distance. Also, since many aspects 
of the ecology and life history of the species are still poorly known, the patterns of vegetation 
could explain the moderate divergence found. Further analyses, based on a larger sample size 
(i.e., number of local populations) could allow a better test of this association.

Our results show that an important component of the genetic diversity in B. moojeni 
populations may be found at the level of isolated populations. This indicates that populations 
1 (Sonora-MS) and 2 (Minaçu-GO) are important for the maintenance of genetic diversity of 
a snake whose habitat has been severely restricted and in the case of these two populations, 
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completely lost by inundation caused by the construction of a hydroelectric plant. 
Habitat destruction is a major threat to the Brazilian reptile fauna and the con-

struction of a hydroelectric power plant puts these populations at risk, for the habitat in 
the dam area is completely lost (Silva et al., 2005). The long-term consequences of this 
drastic landscape transformation such as the alteration in the inundation cycle and the 
upstream flow changing the deposition of sediment and disposition of sediments and nu-
trients are not yet clear (Pavan, 2002; Rodrigues, 2005).

Previous studies of snakes by Újvári et al. (2002) showed clear effects of habitat loss 
and population reduction in ecological and genetic parameters, thus supporting the notion 
that habitat fragmentation may lead to an increase in the effects of the small population size, 
such as high levels of genetic structure and inbreeding depression in the long term (Stow and 
Briscoe, 2005). In the present study, the potential isolation observed in B. moojeni, as a conse-
quence of habitat disturbance and habitat loss, could become a great problem for this species.

Thus, our results suggest that the management of this species is vital to avoid or 
minimize the loss of genetic diversity in this threatened snake and that further studies 
should be conducted with urgency. This snake is one of the most abundant of the Cerrado, 
and preliminary studies indicate that it is well adapted to crop areas (the major habitat dis-
turbance observed in the area of study). Taking this factor into account, we would expect 
to have found higher levels of genetic diversity, considering that habitat fragmentation 
should affect less a species well adapted to crop areas, highlighting the importance of 
management strategies for the conservation of B. moojeni.
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