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Abstract: The spreading of knowledge depends on the access to the information and its immediate use. Models
are useful to explain specific phenomena. The scientific community accepts some models in Biology after a peri-
od of time, once it has evidence to support it. The model of the structure and function of the DNA proposed by
Watson & Crick (1953) was not the exception, since a few years later the DNA model was finally accepted. In
Costa Rica, DNA function was first mentioned in 1970, in the magazine Biologia Tropical (Tropical Biology
Magazine), more than 15 years after its first publication in a scientific journal. An opposite situation occurs with
technical innovations. If the efficiency of a new scientific technique is proved in a compelling way, then the
acceptance by the community comes swiftly. This was the case of the polymerase chain reaction, or PCR. The
first PCR machine in Costa Rica arrived in 1991, only three years after its publication. Rev. Biol. Trop. 52(3):

417-421. Epub 2004 Dic 15.
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The first issue of Tropical Biology
Magazine, in July 1953, was not only a very
important date for our scientific community,
but a few months earlier that same year was
published the model of the structure and func-
tion of DNA (Watson and Crick 1953). One
reason to publish a journal in Costa Rica was
the perception of some researchers to use our
tropical regions in order to study Biology and
make a contribution to the scientific communi-
ty. How did these events impact the scientific
work in our country? In the first years of
Revista de Biologia Tropical, a clear trend
dominated to publish works on the Natural
History and Taxonomy fields, because most of
the researchers belonged to those areas. In the
35™ anniversary of the journal Monge-N4jera
and Diaz (1988) detailed the main subjects of
the scientific output. The most frequent sub-
jects were animal taxonomy, human biology -

including medicine-, ecology and animal
behavior (Monge-Néjera and Diaz 1988).
Later for its 50 anniversary, a special issue was
dedicated to review the contributions in main
stream areas like Biomedicine (Gutiérrez 2002),
Entomology (Hanson 2002), Marine Biology
(Cortés and Nielsen 2002), Paleontology
(Aguilar 2002), and Botany (Le6n 2002).
However, it was hard to trace a line of scientif-
ic publications in those former days related to
molecular biology or in general DNA tech-
niques. Another major practical discovery with
a broad use in Biology was the developing of
the first polymerase chain reaction by K.B.
Mullis in 1983, but published until 1985 (Saiki
et al. 1985), and the use of the Thermus aquati-
cus polymerase (Saiki ef al. 1988).

In general terms, I searched for most of
the publications from national researchers
dealing with nucleic acids topics, covered in
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national and international journals indexed in
public databases. In a review, Leon (1993)
mentioned that recombinant DNA techniques
have been introduced to our region for diag-
nostic and research purposes. Since that time
in Costa Rica, those techniques have extended
into universities and higher education centers
(University of Costa Rica, National University,
Technological Institute of Costa Rica, and
CATIE), public institutions (Judicial
Investigation Organism, San Juan de Dios
Hospital, Children’s Hospital, INCIENSA)
and some private companies. I found two types
of publications which mention DNA or genetic
material and articles with experimental work
on DNA (i.e. chromosomes, expression) or
RNA (viruses). A mention about DNA or genet-
ic material does not necessarily imply an exper-
imental approach on DNA or RNA. A similar
case could be extrapolated to the proposal of
the DNA model elaborated by Watson and
Crick in 1953. For example, Francis Crick had
never performed an X-ray diffraction experi-
ment (Fresco 1998). In Costa Rica, the first
paper which made a DNA citation to explain
the genetic of hemoglobinopathies was done in
1965 (Bickers et al. 1965). The next paper with
a DNA-mention, dealing with clinical epidemi-
ology about hemoflagellates, was published six
years later (Zeledon 1971). In conclusion, we
can say that it took about 12 years to mention
the word DNA and their implications in a sci-
entific journal. And it is no surprise that both
quotes were in the biomedical field.

The first publication on experimental
DNA work in a scientific journal was submit-
ted by Leon (1969). The paper was the presen-
tation of karyotypes of 21 species of anurans. |
consider this work the start point of the cyto-
genetics in Costa Rica because it inspired other
persons to continue using this technique. The
implementation of karyotypes to study snakes
in Costa Rica was a fertile field in terms of
publications. A detailed protocol was pub-
lished by Taylor and Bolafios (1975).
Karyotypes of coral snakes (Gutiérrez and
Bolafios 1979, 1981), vipers (Gutiérrez et al.

1979, Solorzano et al. 1988) and snakes
(Gutiérrez et al. 1984) were published mainly
by researchers from the Clodomiro Picado
Institute. Many years later, karyotype has been
used as a tool to study some human diseases
(Castro Volio et al.1993, Solis et al. 2000,
Castro Volio 2004a, b). This means scientific
knowledge was transmitted.

Important to mention were the publica-
tions related to DNA structure-function from
national researchers as part of their Ph.D. the-
sis outside of Costa Rica. The first paper was
presented by P.E. Le6n during his visit to the
University of Oregon (U.S.A.) dealing with
ribosomal genes (Wen et al. 1974). Only two
years later, G. Macaya working at the
University of Paris published papers about
eukaryotic genome organization (Thiery et
al. 1976, Macaya et al 1976). A few years later,
a hypothesis about the meaning of plumbed
chromosomes was proposed by Espinoza et al.
(1980). In the decade of the 1980’s at least two
M.Sc. students worked on DNA structure in
Leishmania mexicana (Ryan 1982) and in
genome organization of the salamander
Bolitoglossa subpalmata (Alegria 1988).
Lately, Mora et al. (1996) published the first
description in Costa Rica of the eukaryotic
genome organization of a tropical organism.

As mentioned above, the PCR technique
opened a new dimension in biological
research. Since the PCR publication in 1989,
some researchers working in contact with
international laboratories were interested to
apply that technique. Only one year after the
publication of the PCR technique, the first
researcher in Costa Rica to use the PCR was E.
Moreno, for sequencing the 16S RNA of
Brucella abortus (Dorsch et al. 1989). He and
the German collaborative group in Kiel per-
formed a reverse transcription, a PCR and a
dideoxy sequence reaction to obtain the
sequence of the 16S RNA. Finally, the first
PCR experiment in Costa Rica was performed
in the virology laboratory of Veterinary School
in the Universidad Nacional between 1990 and
1991 (L.L. Rodriguez, personal comm.) and
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from that work a manuscript was presented to
an international journal (Rodriguez et al.
1993). However, the first papers using the PCR
technique in Costa Rica were published in the
issue of Revista de Biologia Tropical by C.
Sierra (2001) and Morera et al. (2001). C.
Sierra worked on the genetic relationship
among the pigs from Coco’s Island, supported
by the Wildlife Program of the National
University. Morera et al. (2001) performed a
population genetic analysis with DNA mark-
ers, which encouraged the introduction this
technology in the Costa Rican Judicial branch.

Since these pioneer publications many other
researchers have contributed with their work on
DNA and related techniques through the last two
decades. Their contributions cover different
areas; some examples are in molecular bacteriol-
ogy (Morera-Brenes et al. 1994, Bustamante et
al. 2003, Arrieta et al. 2004, Xet-Mull et al.
2004), in human genetics (Lynch et al. 1997,
Leal et al. 2001, Morales-Cordero et al. 2001,
Morera et al. 2001, Venegas et al. 2003), in plant
genetics (Céspedes et al. 2003, Mufioz et al.
2004, Valdez et al. 2004), and molecular zoolo-
gy and protozoology (Lizano et al. 2000, Lamar
and Sasa 2003, Sittenfeld ez al. 2004).
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RESUMEN

La diseminacion del conocimiento depende de la dis-
ponibilidad de la informacion y aplicar dicha informacion
para resolver una problema. Los modelos sirvan para ex-
plicar fenomenos determinados. En Biologia los modelos
son aceptados por la comunidad cientifica después de cier-
to tiempo si ha probado su validez y reconocido la eviden-
cia para apoyar dicho modelo. El modelo estructural y
funcién de la molécula de ADN propuesto por Watson y
Crick (1953) no fue la excepcion pues tardo varios afios en
ser completamente aceptado por la comunidad cientifica.

En Costa Rica la primera publicacion relacionada con la
funcioén del ADN fue en la Revista Biologia Tropical fue
en 1970, mas de 15 afos después de ser propuesta. La si-
tuacion contraria se presenta cuando son innovaciones téc-
nicas. Si la eficiencia es demostrada, rapidamente se
incorpora dentro de la comunidad. Este fue el caso de la
reaccion en cadena de la polimerasa, abreviado en inglés
como “PCR”. La primera maquina de “PCR” lleg6 a Cos-
ta Rica en 1991, tan solo tres afos después de la publica-
cion de la técnica.

REFERENCES

Aguilar, T. 2002. 50 years of the Revista de Biologia
Tropical: its contribution to the development of the
Geo-Paleontology. Rev. Biol. Trop. 50: 473-476.

Alegria, R. 1988. Analsis de la organizacion gendémica de
la salamandra Bolitoglossa subpalmata. M.Sc.
Thesis, SEP, Universidad de Costa Rica. 67 p.

Arrieta, G., A. Hernandez & A.M. Espinoza. 2004. Diversity
of Bacillus thuringiensis strains isolated from coffee
plantations infested with the coffee berry borer
Hypothenemus hampei. Rev. Biol. Trop. 52: 353-360.

Bickers, J.N., J. Elizondo & M. Zomer. 1965.
Hemoglobinopatias. Acta Méd. Costarric. 8: 3-12.

Bustamante, W., A. Alpizar, S. Hernandez, A. Pacheco, N.
Vargas, Herrera, M.L. Vargas A., M. Caballero & F.
Garcia. 2003. Predominance of vanA genotype
among vancomycin-resistant Enterococcus isolates
from poultry and swine in Costa Rica. Appl. Environ.
Microbiol. 69: 7414-7419.

Castro Volio, I. 2004a. Pasado, presente y futuro de la cito-
genética humana en Costa Rica. Rev. Biol. Trop. 52:
133-140.

Castro Volio, I. 2004b. El diagnostico prenatal de defectos
cromosomicos en Costa Rica. Rev. Biol. Trop. 52:
141-146.

Castro Volio, 1., C. Montero Umafa & G. Jiménez Cruz.
1993. Caracteristicas cromosomicas asociadass con
leucemias y otras hemopatias en Costa Rica. Rev.
Biol. Trop. 41: 385-392.

Céspedes M, M.V. Gutiérrez, N.M. Holbrook & O.J.
Rocha. 2003. Restoration of genetic diversity in the
dry forest tree Swietenia macrophylla (Meliaceae)
after pasture abandonment in Costa Rica. Mol. Ecol.
12:3201-3212.

Cortés, J. & V. Nielsen. 2002. Marine science in Revista de
Biologia Tropical in its 50th anniversary. Rev. Biol.
Trop. 50: 903-907.



420 REVISTA DE BIOLOGIA TROPICAL

Dorsch, M., E. Moreno & E. Stackebrandt. 1989.
Nucleotide sequence of the 16S rRNA from Brucella
abortus. Nucleic Acids Res. 17: 1765.

Espinoza, A.M., P.E. Le6n, G. Macaya, A.L. Fuentes &
J.M. Gutiérrez. 1980. Estructura y funcion de los
cromosomas plumulados. Rev. Biol. Trop. 28:
209-222.

Fresco, J.R. 1998. From DNA melting profiles to tRNA
crystals and RNA chaperones: How the secondary
and tertiary structures of ribonucleic acids were dis-
covered-A personal recollection, pp. 1-35. In R.W.
Simons & M. Grunberg-Manago (eds.). RNA
Structure and Function. Cold Spring Harbor Lab.,
New York.

Gutiérrez, J.M. 2002. Biomedical research in Revista de
Biologia Tropical. Rev. Biol. Trop. 50: 941-949.

Gutiérrez, J.M. & R. Bolanos. 1979. Cariotipos de las prin-
cipales serpientes coral (Elapidae: Micrurus) de
Costa Rica. Rev. Biol. Trop. 27: 57-74.

Gutiérrez, J.M. & R. Bolafios. 1981. Poliformismo cro-
mosOmico intraespecifico en la serpiente coral
Micrurus nigrocinctus (Ophidia: Elapidae). Rev.
Biol. Trop. 29: 115-122.

Gutiérrez, J. M., A. Solorzano & L. Cerdas. 1984. Estudio
cariologico de cinco especies de serpientes costarri-
cense de la familia Colubridae. Rev. Biol. Trop. 32:
263-268.

Gutiérrez, J.M., R.T. Taylor & R. Bolafios. 1979.
Cariotipos de diez especies de serpientes costarri-
censes de la familia Viperidae. Rev. Biol. Trop. 27:
309-320.

Hanson, P. 2002. Fifty years of entomological publications
in the Revista de Biologia Tropical. Rev. Biol. Trop.
50: 909-926.

Lamar, W.W. & M. Sasa. 2003. A new species of hognose
pitviper, genus Porthidium, from the southwestern
Pacific of Costa Rica (Serpentes: Viperidae). Rev.
Biol. Trop. 51: 797-804.

Leal, A., B. Morera, G. Del Valle, D. Heuss, C. Kayser,
M. Berghoff, R. Villegas, E. Hernandez, M. Méndez,
H.C. Hennies, B. Neundorfer, R. Barrantes, A. Reis
& B. Rautenstrauss. 2001. A second locus for an
axonal form of autosomal recessive Charcot-Marie-
Tooth disease maps to chromosome 19q13.3 Am. J.
Hum. Genet. 68: 269-274.

Leon, J. 2002. Half century of botany publishing in
Revista de Biologia Tropical. Rev. Biol. Trop. 50:
879-892.

Leon, P.E. 1993. Biotechnology for developing countries.
The case of the Central American isthmus. Ann. N.Y.
Acad. Sci. 700: 194-203.

Leon, P.E. 1969. Chromosome numbers of some Costa
Rican anurans. Rev. Biol. Trop. 17: 119-124.

Lizano, S., Y. Angulo, B. Lomonte, J.W. Fox, G. Lambeau,
M. Lazdunski & J.M. Gutiérrez. 2000. Two phos-
pholipase A2 inhibitors from the plasma of
Cerrophidion (Bothrops) godmani which selectively
inhibit two different group-II phospholipase A2
myotoxins from its own venom: isolation, molecular
cloning and biological properties. Biochem. J. 346:
631-639.

Lynch, E.D., M.K. Lee, J.E. Morrow, P.L. Welcsh, P.E.
Leon & M.C. King. 1997. Nonsyndromic deafness
DFNAL1 associated with mutation of a human
homolog of the Drosophila gene diaphanous.
Science 278: 1315-1318.

Macaya, G., J.P. Thiery & G. Bernardi. 1976. An approach
to the organization of eukaryotic genomes at a
macromolecular level. J. Mol. Biol. 108: 237-254.

Monge-Najera, J. & L. Diaz. 1988. Thirty-five years of
Tropical biology: a quantitative history. Rev. Biol.
Trop. 36: 347-359.

Mora, M., A. Herrera & P.E. Léon. 1996. The genome of
Epiperipatus biolleyi (Peripatidae), a Costa Rican
onychophoran. Rev. Biol. Trop. 44: 153-158.

Morales-Cordero, A.l,, B. Morera, G. Jiménez-Arce, G.
Sanchez-Rivera, F. Calafell & R. Barrantes. 2001.
Allele frequencies of the markers LDLR, GYPA,
HBGG, D7S8, Ge, HLA-DQAL1, and D7S80 in the
general and minority populations of Costa Rica.
Forensic Sci. Int. 124: 1-4.

Morera-Brenes, B., R. Sierra, R. Barrantes, et al. 1994.
Helicobacter pylori in a Costa Rican Dyspeptic
Patient Population. Eur. J. Clin. Microbiol. Infect.
Dis. 13: 253-257.

Morera, B., G. Sanchez-Rivera, G. Jiménez-Arce, F.
Calafell & Al Morales-Cordero. 2001. Nicaraguan
population data on LDLR, GYPA, HBGG, D7S8, Gc,
and HLA-DQA1 loci. Rev. Biol. Trop. 49: 1253-1260.

Muiioz, M., L. Bolafos, G. Arrieta & A.M. Espinoza. 2004.
Expression of the rice hoja blanca virus (RHBV)
non-structural protein 3 (NS3) in Escherichia coli
and in situ localization in RHBV-infected tissues.
Rev. Biol. Trop. 52: 361-371.

Rodriguez, L. L., G.J. Letchworth, C.F. Spiropoulou &
S.T. Nichol. 1993. Rapid detection of vesicular



INTERNATIONAL JOURNAL OF TROPICAL BIOLOGY AND CONSERVATION 421

stomatitis New Jersey virus in clinical samples by
using the polymerase chain reaction. J. Clin. Microb.
31:2016-2020.

Ryan, K.A. 1982. Estructura supramolecular del cineto-
plasto y del ADN cinetoplastico de Leishmania mex-
icana. M.Sc. Thesis, SEP, Universidad de Costa
Rica. 85 p.

Saiki, R.K., S. Scharf, F. Faloona, K.B. Mullis, G.T. Horn,
H.A. Erlich & N. Arnheim. 1985. Enzymatic
amplification of beta-globin genomic sequences and
restriction site analysis for diagnosis of sickle cell
anemia. Science 230: 1350-1354.

Saiki, R.K., D.H. Gelfand, S. Stoffel, S.J. Scharf, R.
Higuchi, G.T. Horn, K.B. Mullis & H.A. Erlich.
1988. Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase. Science
239: 487-491.

Sierra, C. 2001. El cerdo cimarron (Sus scrofa, Suidae) en
la Isla del Coco, Costa Rica. Composicion de su
dieta, estado reproductivo y genética. Rev. Biol.
Trop. 49: 1147-1157.

Sittenfeld, A., M. Vargas, E. Sanchez, M. Mora & A.
Serrano. 2004. Una nueva especie de Euglena
(Euglenozoa: Euglenales) aislada de ambientes
extremofilos en las Pailas de Barro del Volcan
Rincon de la Vieja, Costa Rica. Rev. Biol. Trop. 52:
27-30.

Solis, M.V., M.A. Alvarado, E. Ruiz, J.M. Carrillo, M.
Navarrete, G. Sanchez & E. Jiménez. 2000.
Cytogenetics and cytochemistry of leukemia
patients in 2 neotropical hospitals. Rev. Biol. Trop.
48:707-717.

Solorzano, A., .M. Gutiérrez & L. Cerdas. 1988. Botrhops
ophryomegas Bocourt (Serpentes: Viperidae) en
Costa Rica: distribucion, lepidosis, variacion sexual
y cariotipo. Rev. Biol. Trop. 36: 187-190.

Taylor, R. & R. Bolafios. 1975. Descripcion de un método
simple y econdémico para el estudio de cariotipos en
serpientes. Rev. Biol. Trop. 23: 177-183.

Thiery, J.P., G. Macaya & G. Bernardi. 1976. An analysis
of eukaryotic genomes by density gradient centrifu-
gation. J. Mol. Biol. 108: 219-235.

Valdez, M., K. Madriz & P. Ramirez. 2004.
Establecimiento de un método de transformacion
genética de maiz para conferirle resistencia ulterior a
enfermedades virales. Rev. Biol. Trop. 52: 383-389.

Venegas, P.B., J.M. Novak, C.A. Oscar, F.L. Sanchez, 1.G.
Gutiérrez, J.M. Rivera, J.P. Salas, J.F. Montero &
W.W. Grody. 2003. Cystic fibrosis mutations in
Costa Rica. Hum. Biol. 75: 179-188.

Watson, J.D. & F.H.C. 1953. Crick. Molecular structure of
Nucleic Acids. Nature 171: 737-738.

Wen, W.N., PE. Leén & D.R. Hague. 1974. Multiple gene
sites for 5S and 18 plus 28S RNA on chromosomes
of Glyptotendipes barbipes (Staeger). J. Cell. Biol.
62: 132-44.

Xet-Mull, AM., T. Quesada & A.M. Espinoza. 2004.
Phylognetic position of the yeast-like symbiotes of
tagosodes orizicolus (Homoptera: Delphacidae)
based on 18S ribosomal DNA partial sequences. Rev.
Biol. Trop. 52: 373-381.

Zeledon, R. 1971. Cultivation and transfection of hemo-
flagellates. A review. Rev. Biol. Trop. 19: 197-210.



