359

Vol.48, n. 3 : pp. 359-365, May 2005
ISSN 1516-8913 Printed in Brazil

BRAZILIAN ARCHIVES OF
BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Genetic Relationships Among Species of the Genus Bothrops
Based on RAPD Markers

Felipe Grazziotin and Sergio Echeverrigaray”
Instituto de Biotecndogia and Museu de Ciéncias Bioldgicas, Universidade de Caxias do Sul; Rua Francisco
Getllio Vargas, 113Q 95001-970, Caxiasdo Sul - RS- Brazl

ABSTRACT

The genetic relationships among 11 species of Bothrops found in Brazl were determined usng randam amplified
fragment (RAPD) information. A total of 239 amplified bands were scored using 20 aleatory primers. Most of the
bands (88.7%) were paymorphic. Phylogenetic analysis of the data determined three similarity groups within
Bothrops: Group |- B. dternatus, B. neuwiedi, B. cotiara, and B. jararacusu; Group II- B. insularis, B. jararaca, and
B. erythromelas; and Group IIl - B. moojeni, B. leucurus, and B. atrox. These groups coincided with those obtained
by other methodk, indicating that RAPD’s could be a useful tool for the exaluation o genetic relationships at the

interspecific level.
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INTRODUCTION

The “lancehead snakes’ of the genus Bothrops
(family Viperidae) is divided into 31 species, of
which 19 ocaur in the Brazilian teritory
(Campbell and Lamar, 1989. Lancehead snakes
are most frequently responsible for cases of human
envenomation (89.04%) in Brazil (Ministério da
Salide, 1991, Cardoso, 1992 and aher countries
of Latin America (Campbell and Lamar, 1989.

Morphology has been widely used to classfy and
infer reationships among Bothrops species
(Amaral, 1921, Hoge and Romano-Hoge, 1978
1979, and to differentiate Bothrops from other
related genera (Schatti and Kramer, 1993.
However, rdationships among members of the
genus Bothrops remain controversial and unclear.
The recent inclusion of the analysis of hemipenis
morphology, the e edrophoretic patterns of plasma
proteins, venom proteins, and isozymes (Pesantes,

" Author for correspordarce

1989 Werman, 1992, hdped to solve several
issues but a number of questions remain
unanswered.

In the last few years, in spite of controversies, the
use of moleaular techniques has contributed to the
resolution o many systematic and phylogenetic
problems (Patterson et al., 1993 Moritz and Hillis,
1996. Severa techniques auch as restriction
fragment length polymorphism (RFLP), DNA-
DNA  hybridization, randomly  amplified
poymorphic DNA (RAPD), arbitrary fragment
length pdymorphism (AFLP), and DNA
sequencing, have been used with successto clarify
relationships at different phylogenetic levels
(Crawford, 199Q Weising e al., 1995; Hillis et al.,
1996. The apparent advantage of the RAPD
analysis over other techniquesiis that it requires no
foreknowledge about any particular gene in a
target taxon, and that it is random with resped to
the genome covering all of it if using a large
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number of primers. RAPD analysis has been used
in moleallar ecology studies to determine
taxonomic identity, assess kinship reationships,
and analyze mixed genome samples (Hadrys &t al.,
1992, and in systematic studies at intraspecific
(Master, 1995 Echeverrigaray et al., 2001 and
interspecific levels (Master, 1995; Ryabinina et a.,
1997).

In spite of the utility of DNA approaches slving
systematic problems, the application o these
techniques to the genus Bothrops (sensus stricto)
and its relatives is limited to a few reports.
Salomdo e al.(1997 used mitochondrial DNA
sequence analysis (565 bp region o the
cytochrome b gene) to evaluate the phylogenetic
relationships among several species of neotropical
pitvipers. Their results confirmed the monaphyly
of the Bothrops atrox group, the roating o
Bothriopsis within the genus Bothrops, and the
sister-species relationships between B. jararaca
andB. insularis.

The present study aimed to use RAPD markers to
confirm previous data and to provide additional
clarification o the relationships among several
Brazilian Bothrops.

MATERIAL AND METHODS

The specimens used in this gudy and ther
localities are shown in Table 1. Total DNA was
extracted from shed skins by a modification o the
method reported by Bricker e al.(1996. To
confirm the quality of the DNA extracts obtained
form the skins, additional blood samples of the
same animal (representatives of B. jararaca, and

B. mogjeni) were colleded by the cardiac puncture
method (Branch, 1973, and DNA extracted by a
procedure adapted from Hilldl et al.(1989.

The 20 aeatory primers of kit A (Operon DNA
Techndogies, Alameda, Calif.), were used in this
study. The polymerase chain reaction protocol
used was a variation o that reported by Williams
et al.(1990.

Reactions were performed in a 25001 volume
containing 50mM KCI; 10mM Tris-HCI (pH 8.3);
3mM MgCl,; 0.25% Triton-X-100, 1.25mM of
each dATP, dCTP, dTTP and dGTP (Pharmacia
LKB Biotechn., Inc., NJ); 30ng d single decamer
primer; 60to 80ng d genomic DNA; and 1.5 wnits
of Tag DNA pdymease (Pharmacia LKB
Biotechn.,, Inc., NJ). DNA amplification was
performed using a thermal cycler (model PTC100,
MJ Research, Watertown, Mass). PCR was
carried aut using 94°C for 1 min; then 45 cycles of
94°C (1 min), 35°C (1 min) and 72°C (2 min), and
finally 72° for 3 min. A negative cortrol including
al components except genomic DNA was
included in all amplifications.

Following amplification, the RAPD products
(20ul) were loaded in 1.5% agarose gels in 1x
TBE buffer and separated by eledrophoresis (90
volts during 3 hours). After dedaophoresis the
amplification products were stained with ethidium
bromide and photographed under UV light. The
sizes of amplification products were determined
by comparison to Lambda DNA digested with
EcoRI and Hindll1 restriction enzymes.

Tablel - Lisgt of the spedmens examined in this study and their localities.

Taxon L ocality Sample size
B. jararaca Caxiasdo Sul, RS (I); Cazuza Ferreira, RS (I1) 2
B. mogjeni Goiania, GO (I); Brasilia, DF (I1) 2
B. jararacusal Juguitiba, SP (1); Brusque, SC (I1) 2
B. alternatus Caxiasdo Sul, RS (1); Jaquirana, RS (II) 2
B. atrox Manaus, AM (1); Santarem, PA (I1) 2
B. cotiara Chape, SC (I); Videira SC (1) 2
B. insularis I1ha Queimada Grande, SP(l, I1) 2
B. leucurus Porto Seguro, BA (1, II) 2
B. erythromelas Gloria, BA (1); Caetite, BA (I1) 2
B. neuwiedi Pelotas, RS (I); Sdo Borja, RS (ll); Aquidauana, MS 3
(1

Crotalusdurisaus terrificus CazuzaFerreirg, RS 1
Lachesis muta muta Manaus, AM 1

TOTAL 23
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Figure 1 - RAPD products generated using (A) OPA-20 and (B) OPA-07. Each line represent a separate
individual. Lines are. 1- B. alternatus, 2- B. neuwiedi; 3- B. cotiara; 4- B. mogjeni; 5- B.
jararacusu; 6- B. leucurus; 7- B. jararaca; 8- B. erythromelas; 9- B. atrox; 10- B. insularis |; 11-
B. insularis Il; 12- Lachesis muta; 13- Crotalus duriswus terrificus; P- DNA size standard

(Lambda EcoRI/HindlIl).

Bands were scored as present (1) or absent (0).
Only bands that were between 100 and 2500bp
and that appeared consistently among three
independent runs were rated. Bands that were not
well defined were not included in the data set.
Band-sharing analysis (Jaccard’s coefficient) was
conducted using NTSYS-pc (Rohlf, 1992. In
order to assssthe robustness of the phylogenetic
hypotheses generated, we used three different
algorithms:  neighbor-joining, Fitch-Margdiash
and paymorphism parsimony. The outgroups for
tree roating were Lacchesis muta and Crotalus
durisaus terrificus. Phylogengtic analysis was
conducted using PHYLIP 3.5 (Felsenstein, 1993.

RESULTSAND DISCUSSION

Using the 20 aleatory decamer primers of kit A
(Operon Techn.) to amplify genomic DNA from
21individuals of 10 species of the genus Bothrops,
and two representatives of the genera Lacchesis
and Crotalus, a total of 239 kands were scored,
ranging in size from 100to 2500bp. Between rine
and 26 bands were scored for each primer. Of the
total bands <ored in this sudy, 212 or 88.7%
showed variation.

An example of the patterns obtained by RAPD
analysis of Bothrops species, and the
representatives of Crotalus durisaus and Lachesis
muta, is $own in Figure 1. Combining the
information suppied by several reactions, al the
samples included in the study were differentiated.

Table 2 - Percentage of polymorphic bands within spedes, between groups, among Bothrops, and between two

genera.

Comparisons |

Polymor phism (%)

Within species of Bothrops

Within B. alternatus group

Within B. atrox group

Within B. jararaca group

B. alternatus vrs. B. atrox groups

B. alternatus vrs. B. jararaca groups
B. atrox vrs. B. jararaca groups
Among Bothrops

Bothrops vrs. Crotalus

285
60.52
64.28
60.78
8316
82.96
8342

90.0
98.23
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As expected, the smallest differences occurred
between two indvidual of the same spedes, nine
polymorphic bands were deteded between the two
representatives of B. mogeni, and the highest
differences, 95 bands, occurred between B.
alternatus and C. durissus. The ability to
differenciate all tested animals supports the idea
that RAPD markers may be practically applied for
the identification o individuals and populations of
snakes, as has been proved for other taxa (Hadrys
et al., 1992.

The evaluation o the mean rumber of
polymorphic bands at the different phylogenetic
levels (Table 2) showed that a well defined and
relatively constant percentage was present at each
level.

The cladograms obtained by the three algorithms
used in this dudy are shown in Figure 2. The
cladograms clearly showed three groups within the
genus Bothrops. One of the groups was formed by
the representatives of B. alternatus, B. neuwiedi,
B. cotiara, and B. jararacusau. These results were
in concordance with those of Werman (1992 who
showed that B. neuwiedi and B. alternatus was
within the same group based on the absence of
lacundabial scale. Also, Salomdo e al.(1997)
using mitochondrial DNA sequencing, confirmed
theinclusion d B. alternatus and B. cotiara within
the same group (they did not include B. neuwiedi
in their study). However, other authors, such as
Fernandes and Pesantes (1989 considered B.
alternatus and B. cotiara within one group and B.
neuwiedi in an aher. The studies of Pesantes
(1989, Werman (1992, Saloméao (1997, and the
present study, disagreed about the position d B.
jararacusay, and its phylogenetic relationships
remain unclear.

Ancther group was formed by B. insularis, B.
jararaca, and B. erythromelas. These results
agread with Fernandes and Pesantes (1989 who
considered B. jararacusa, B. insularis, and B.
jararaca to be within the same group, and
Saloméo (1997 who considered B. insularis to be
a sister taxon d B. jararaca. However, our results
showed that B. erythromedlas, been associated to B.
neuwiedi (Fernandes and Pesantes, 1989 Werman,
1992 strongly clustered within the jararaca group.
Considering the high values of confidence (95%)
obtained with bootstrap analysis, the present data

suggested that B. erythromelas should be included
in the jararaca group. However, additional data
would be necessary to confirm this hypothesis.

The third goup was formed by B. mogeni, B.
leucurus, and B. atrox, threespecies that made part
of the atrox group. These results agreed with those
obtained by electrophoretic analysis of plasma
proteins and hemipenis morphdogy (Fernandes
and Pesantes, 1989, izozyme eledrophoretic
profiles and morphological data (Werman, 1992,
and mitochordrial DNA sequencing (Saloméo
e al., 1997. While a discusgon of the technique
adopted (RAPD) is beyond the scope of our article
(see reviews by Hadrys e al., 1992 Hillis et a.,
1996, severa general concerns should be noted.
Although the patterns obtained by RAPD are
extremely sensitive to reaction conditions and care
must be taken to ensure reproducibility, when
standardize  perimental condtions  are
established, the technique offers rdiable results.
RAPD is considered as a efficient tool for species
identification (Hillis et al., 1996, and despite
controversies, it has been applied succesdully in
the evaluation o interspecific relationships of
many different organisms, including reptiles
(Ryabinina et al., 1997. Moreover, RAPD offers
the opportunity to accessinformation about alarge
portion of the genome.

Corsidering that RAPD analysis was consistent
with the morphdogical and biochemical data
previously reported, RAPD markers could be seen
as ardiable method for both species identification
and the evaluation of genetic relationships among
snakes of the genus Bothrops. Moreover, RAPD
offers the possbhility of abtaining valuable
information o reptiles with nonlethal sampling
(shed skin ar blood).
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Figure 2 - Phylogenetic trees for the spedes of Bothrops obtained through the use of three different
algorithms. (A) Neighbor-joining, (B) Fitch-Margoliash, and (C) Polymorphism Parsimony
(consensus treeobtained from two equall y parsimonious trees).
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RESUMO

As relagles genéticas entre 11 espécies de
Bothrops (sensus stricto) de ocorréncia no Brasil
foram determinadas através da comparacdo dcs
perfis de fragmentos amplificados aleatoriamente
(RAPD). Um total de 239 landas foram obtidas
utilizando 20 sequencias iniciadoras (primers). A
maior pate das bandas (88,7%) foram
paimarficas. A andlise filogenética dos dados
permitiu a identificacdo de trés grupos dentro do
género Bothrops. Grupo 1- B. alternatus, B.
neuwiedi, B. cotiara, e B. jararacusu; Grupo II- B.
insularis, B. jararaca, e B. erythromelas; e Grupo
lll- B. mogeni, B. leucurus, e B. atrox. Estes
grupos coincidem com aqueles obtidos por outros
métodos indicando que os marcadares de RAPD
podem ser consideradaos ferramentas Uteis para a
avaliagdo de relagdes a nivel interespecifico.
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