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FOREWORD

Science is an intrinsically human activity rooted in its
spirit of inquiry as well as a fundamental part of the cul-
ture of nations. Science seeks to produce knowledge
about the universe and nature, including the human
race in order to know and understand ourselves better.
We have witnessed an extraordinary advance in scien-
tific knowledge in recent decades, which has perma-
nently deepened our understanding of the universe,
nature and human society. This scientific knowledge
also forms the basis of the technology used to cope
with society and the world's needs and problems. Com-
petitive, responsible, sustainable technology is required
to satisfy many of the needs and extraordinary prob-
lems facing mankind and our home, planet earth.
Biotechnology is a multidisciplinary activity based
on the knowledge of more traditional disciplines, such
as microbiology, genetics, biochemistry, molecular bi-
ology, biochemical engineering and other more recent

ones such as genomics and bioinformatics. On the basis

of the knowledge of living cells and the way they func-
tion, through these disciplines, biotechnology has
helped meet demands in the solution of key problems
in various sectors such as health, agriculture, livestock
and fishing, industry and the environment.

Through modern genetic engineering and ge-
nomic techniques, it is possible to isolate or synthesize
genes of any origin. Genes are segments of molecules
of deoxyribonucleic acid (DNA), the genetic material of
all living beings. These genes can be used to construct
transgenic or genetically modified organisms (GMO) in
order to develop better biological systems and environ-
mentally-friendly biological technology for the produc-
tion of medicine and food and the protection of our
habitat.

This book, written by the Biotechnology Commit-
tee of the Academia Mexicana de Ciencia (AMC), com-
prising 21 academic experts in various fields, including

seven Mexican National Science Award winners,



explains the reasons why GMO have been developed
as one of the most important tools in modern biotech-
nology, to contribute to the solution of various prob-
lems and demands.

The document also presents a key set of scientific
evidence through which this group of experts maintains
that since transgenic organisms are created through
similar processes to those that occur in nature, they are
organisms with similar levels of risk to those that exist
in the biota.

The text also presents and analyzes the legal frame-
work that exists in Mexico, which governs the responsi-
ble use of GMO. This legal framework comprises the
Cartagena Protocol for Biosafety and the Biosecurity
Law of GMO.

The AMC Biotechnology Committee would like to
point out that GMO and their products, currently used
as food or medicine, have been subject to a large num-
ber of analyses and evaluations proving that they do not
harm either human health or the environment. The
World Health Organization and the government agen-
cies responsible for the approval and use of GMO have
pointed out that the transgenic organisms used today
have not caused any damage, which is why they con-
tinue to be used in over 50 countries.

The AMC has supported the work of its Biotechnol-

ogy Committee in order to make the scientific informa-
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tion underlying its considerations available to society in
general, as well as legislators and professionals in the
Secretariats of Health, Agriculture and the Environment,
among others, in order for the decisions made regard-
ing the use of GMO to be based on scientific evidence.
For this reason, this book, as well as other related texts,
is available on the AMC website in an electronic version.
The AMC thanks the Consejo Nacional de Ciencia y Tec-
nologia (CONACYT, Mexico) for its support in publishing
this book.

Biotechnology and GMO used responsibly consti-
tute an opportunity and a powerful tool for giving
added value to the products in Mexican biodiversity,
which is one of our greatest assets, and for helping to
solve the extraordinary global and national problems

we face in this century.

Arturo Menchaca Rocha
President

Academia Mexicana de Ciencias
Francisco Gonzalo Bolivar-Zapata
Chair

Biotechnology Committee, AMC

February 2012
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l. INTRODUCTION

For over 30 years, human beings have used genetically
modified (GMO) or transgenic organisms and the prod-
ucts obtained from them to help solve various problems
in key sectors for the well-being of mankind, such as
health, food production and the recovery of polluted
ecosystems.

Thanks to GMO, pharmacies have over a hundred
new biological medicines such as insulin for the treat-
ment of diabetes and interferon, a protein that forms
part of the immune system as well as new vaccines for
disease prevention and treatment of various clinical
problems.

Several varieties of transgenic plants are eaten as
food while others have significantly reduced the
amount of chemical pesticides used to eliminate
plagues, many of which are carcinogenic and recalci-
trant. Nowadays, transgenic plants are grown on over
134 million hectares in 27 countries while transgenic or-
ganisms and their products are consumed in over 50

countries by over 300 million inhabitants.

Although there is no proof to date of damage to
human health caused by the use and consumption of
live organisms or their products that have been subject
to genetic modification using these new tools, this tech-
nology, like any other, may pose risks. Through its vari-
ous offices, The United Nations Organization (UN) has
therefore implemented several agreements, documents
and legal frameworks to ensure the responsible man-
agement of GMO. Mexico signed one of those docu-
ments, the Cartagena Protocol for Biosafety, which
establishes a framework for the transborder manage-
ment of GMO. On the basis of this commitment, the
Senate drew up a biosecurity bill for GMO management
in 2000 which became law in 2005 when it was passed
by the two Chambers of Congress. These two mandates
constitute the legal framework existing in Mexico for
GMO management.

This publication was produced by the Biotechnol-
ogy Committee of the Academia Mexicana de Ciencias

(AMC) for various purposes.
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Figure 1.1 Cultivation of transgenic soybeans.

This characteristic makes plants pest-resistant without using chemical pesticides.



Figure .2. DNA is the molecule containing the genetic information of all living beings. Genetic Engineering techniques enable one to synthesize

and isolate genes of any origin, while these genes make it possible to construct transgenic organisms.



The first is to explain what modern biotechnology
is, what the structure of deoxyribonucleic acid (DNA) is,
where genes are located, how proteins are produced
from genes and how the emergence of genetic engi-
neering techniques to manipulate the DNA of living cells
has made it possible to genetically modify various living
organisms, giving rise to GMO or transgenic organisms.

The second is to describe the impact GMO have
already had on various sectors in contributing to the so-
lution of various problems in modern society, related to
health, food, industry and environmental pollution.

The publication also seeks to present a vast set of
published evidence that scientifically sustains the idea
that GMO are created by similar processes to those that
occur daily in nature and are therefore organisms with
similar levels of risk to those existing in the biota. The
scientific evidence published in journals and books sup-
porting the various arguments and specific considera-
tions presented and indicated in each particular section
in the various chapters of the book, are listed at the end
of each section.

Lastly, the AMC Biotechnology Committee issues
a series of recommendations for the responsible use of
GMO in addition to the legal framework, which in Mex-
ico is governed by the Cartagena Protocol on Biosafety
(CPBS), the Biosecurity Law of Genetically Modified Or-

ganisms (BLGMO) and the regulations of this law.
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This publication includes four appendices: biblio-
graphical references, the glossary, a list of key events
related to the development of biotechnology and the
“20 Questions on Genetically Modified Foods” drawn
up by the World Health Organization (WHO). In this last
publication, the WHO states that foods of transgenic
origin used to date have not caused any damage to
human health or the environment.

Regardless of sharing the WHO's views, the AMC
Biotechnology Committee assumes that any technol-
ogy entails potential risks. It therefore repeats its rec-
ommendation that if solid, overwhelming scientific
evidence is produced, independently supported by var-
ious research groups, on possible damage to human
health or the environment due to the consumption of a
transgenic product, the authorities must not authorize
the production or consumption of this particular trans-
genic product. This has been the case of modified
plants, whose development was halted due to the sus-
picion of the possible risks that modifications might
cause human health. This happened with the Starlink
corn in the United States and modified peas in Aus-
tralia. In both products, the new transgenic proteins
were designed to protect crops from insects. However,
there was a risk that they might cause allergies in sensi-
tive consumers, as a result of which their consumption

was not authorized and the Starlink variety was taken



Figure 1.3 Maize grains in which genetic material has naturally been transposed and rearranged,

which has given rise to different colors.



off the market. A similar thing has happened with cer-
tain drugs whose use has proved harmful to human
health. The government agencies responsible for the
use of these drugs have pulled these medicines off the
pharmacy market. In the case of products of transgenic
origin used today in fifty countries, only the cases men-
tioned have been recalled by the appropriate agencies.
Finally, 25 Nobel Prize awardees have signed a Decla-

ration in favor of Agricultural Biotechnology.
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As established in the Cartagena Protocol, the Mexi-
can Law for the Biosafety of Genetically Modified Or-
ganisms (BLGMO) and its Regulations, it is crucial to
continue carrying out evaluations of the possible cur-
rent and potential risks of GMO and their products on
a case-by-case basis to guarantee the responsible use
of these organisms, for the benefit of human health,

biodiversity and the environment.



Figure 1.4 AIDS-causing virus. Some viruses are vectors responsible for transferring genetic material between different organisms.






Il. BIOTECHNOLOGY, GENES, PROTEINS AND TRANSGENIC ORGANISMS.
ORIGINS AND JUSTIFICATION OF THE CONSTRUCTION AND USE OF
GENETICALLY MODIFIED ORGANISMS

Humans have used other living creatures to satisfy our
need for food, health and housing and in this process,
we have damaged and abused the planet and its bio-
diversity. Moreover, many natural resources are ex-
hausted, agricultural productivity is insufficient and
explosive world population growth annually increases
the need for food and medicine. Hence, the current and
future importance of the development of biotechnol-
ogy in conjunction with other technologies, as part of a
responsible response to these problems.
Biotechnology is a multidiscipline based on the
knowledge created in various disciplines that permits
the integral study, modification and use of the planet’s
living creatures —microorganisms, plants and animals—
(figure 11.1). On the basis of this, biotechnology seeks to
make responsible, sustainable use of biodiversity,
through the development of effective, clean, competi-

tive technology to facilitate the solution of major prob-

lems in health, agricultural and industrial production
and repair environmental damage.

Appendix 3 contains a chronological list of the
most important examples of the use of living beings
through biotechnological processes to satisfy our needs
for food and health. This appendix also includes certain
key scientific events linked to living cells and biotech-
nology (Watson et al. 1998 and 1996, Glick and Paster-
nak 1998, Bolivar et al. 2002, 2003 and 2007, Kreuzer
and Massey 2005, Hayden 2011, BIO 2011).

* In 1953, James Watson and Francis Crick discovered
the double helix structure of DNA, the biological mole-
cule in which all genetic information of all living beings
is stored. DNA is a double helix formed by two anti-par-
allel, complementary polymers (figure 11.2). Each of
these two polymers or helices is also comprised of the

union of millions of monomers that are like the beads
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Structural biology

Genomics

Chemistry

Cell
biology

Microbiology

Biochemical engineering

Figure I1.1. Biotechnology is a multidisciplinary activity, since it is based on various disciplines.

(monomers) in a necklace (polymer). There are only four
types of monomers or genetic letters in the DNA of all
living beings, called nucleotides. These are located at
3.4 A® from the next monomer in the polymer forming
part of each of the two helices (an A° is the ten millionth
part of a meter). Moreover, in every type of DNA, a nu-
cleotide with an Adenine base (A) always has, in the nu-
cleotide of the thread or complementary helix, one with
a Thymine base (T) and every nucleotide with a Guanine
base (G) has a nucleotide with a Cytosine base (C) in the

complementary thread. These are the universal rules for
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all DNA in all living beings. The main difference be-
tween all DNA is the sequence of these four types of nu-
cleotides with their A, T, G and C bases in every letter
of every DNA molecule, in which there are various mil-
lion nucleotides, just as there are only 26 letters in the
alphabet for making all words and the different se-
quence of these letters in the words is what creates a
different meaning for each of them. The double helix
structure allows them to be duplicated (replicated)
which in turn enables the replicated genetic material to

be transferred to the daughter cells.



Nitrogenated
base

3:

Nucleotide

Figure I1.2. DNA structure comprising two complementary helices. Each of these two helices or threads comprises four types of nucleotides
(A,G,C.T). Each nucleotide comprises deoxyribose sugar (in purple), a phosphate group (in yellow) and a puric (G [in black] or A [in greenl)

or pyrimidic base (C [in blue] or T [in red]). Its double helix structure is the same in all living beings, enabling it to be replicated.



DNA forms part of the chromosomes, structures lo-
cated in the cell nucleus, while genes are segments of
the DNA molecules that form part of the chromosomes
(figures 11.3 and 11.4). Most of them encode a specific
protein from that gene while the rest of the genes en-

code ribonucleic acid molecules (RNA) which do not

translate, in other words, their information does not turn
into proteins (figures I.5, 1.6 and 11.7).

The cell copies or transcribes the information from
the genes in RNA molecules. As one can see from figure
1.5, the process of DNA transcription is undertaken by

the RNA polymerase enzyme, which separates the two

~NNRNNNN 22 20,
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‘\

Chromosomes

Figure 11.3. Composition and organization of genes in chromosomes. Chromosomes are cell structures located in the cell nucleus,

comprising proteins and DNA, while genes are specific segments of the genetic ribbon called DNA. Genes are segments of the DNA molecules

in the chromosomes. Every type of living organism has a specific, different number of chromosomes in relation to other living beings.
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Figure 1.4 Chromosomes in the replication process.

DNA double helix RNA polymerase

pA CCAGUAA

6P rrGGTCATT

Figure 1.5 The process of DNA transcription permits RNA synthesis from the nucleotide sequences of the genes.

DNA threads. Using one of them as a mold, it synthesizes linear polymers with hundreds of four different nu-
the molecules of the messenger RNA (mRNA) shown as cleotides: A,G,C and U. The main difference from DNA
a red ribbon in the figure. This is how specific regions of is that Uracil (U) is used instead of Thymine (T) which is
DNA that include genes are copied. RNA molecules are used during DNA synthesis. The molecules of the

BIOTECHNOLOGY, GENES, PROTEINS AND TRANSGENIC ORGANISMS 27



NUCLEOTIDE IN FIRST POSITION

Aminoacids Nucleotides
Alanine Ala A Leucine Leu L Guanine G
Arginine Arg R Lysine Lys K Adenine A
Asparagine Asn N Methionine Met M Thymine T
Aspartic acid Asp C Proline Pro P Cytosine C
Cysteine Cys D Serine Ser S
Phenylalanine  Phe F Tyrosine Tyr Y
Glicine Gly G Threonine Thr T
Glutamic acid Gln Q Tryptophan Trp W
Glutamine Glu E Valine Val \Y,
Histidine His H End of
Isoleucine lle I translation stop
NUCLEOTIDE IN SECOND POSITION
G A T C
GGG GAG}Glu GTG GCG G
G GGA Gl GAA GTA Val GCA Ala A
Rl GAT}AS GTT GCT T
GGC Ggac J 7P | GgTC GCC C
AGG | 5, AAG L o | ATG }Met | ACG G
A | AGA 9 | apa S5 ATA ACA Lo | A
AGT Ser AAT Asn ATT lle ACT T
AGC AAC ATC ACC C
TGG }Trp TAG | TTG TCG G
TGA Ystop | TAA [5P| T1a fLeU | TCA cor | A
TlraT TAT TTT, |TCT (7] T
TGC SO | Tac Y | TTC e | TCC C
CGG CAG } ain | CTG CCG G
C CGA Ar CAA CTA Leu CCA Pro A
caT (79 CAT}HiS CTT cCT T
CGC CAC CTC CCC C

Figure I1.6 The genetic code is universal.

NUCLEOTIDE IN THIRD POSITION



messenger RNA that carry the gene information are inter-
mediaries in protein synthesis. Their information is used
in the ribosomes to translate into proteins (Figure 11.7).

All living beings use the same genetic code to con-
vert and translate the information encoded in nucleic
acids (DNA and RNA) in the amino acid sequences that
constitute proteins (figure 11.6). The genetic code is uni-
versal, in other words, it is the same in all living beings
and used in the same way in all cells. This code enables
the cell to translate the genetic information stored in
the genes into proteins by interpreting the genetic in-
formation present in the messenger RNA into blocks of
three nucleotides (triplets or codons). Proteins are poly-
mers or long biological necklaces with hundreds of
amino acids in which each amino acid (or bead in the
necklace) is a monomer (figure 11.7). The cell has 20 dif-
ferent amino acids to synthetize the over one hundred
thousand proteins in the human body. One can draw an
analogy between the letters of the alphabet, which
would be amino acids and words, which would be pro-
teins. The order of the letters is responsible for the
meaning of the words, just as the order of amino acids
in protein is responsible for their meaning or biological
function.

Each of the 20 different amino acids is encoded by
a triplet or codon of the three nucleotides at the level

of the messenger RNA. The messenger RNA is therefore,

as shown in figure I.5, a molecule with information
formed by a sequence of nucleotides. This information
is translated or converted into proteins when these nu-
cleotides are read in triplets by the ribosomes as shown
in figure I1. 7.

In a four-letter genetic code (A,G,C,T) organized in
triplets, there are 64 different codons and figure 11.6
shows these 64 combinations. There are amino acids
encoded by six different triplets such as leucine (Leu)
and amino acids such as tryptophan (Trp) which is only
encoded by one triplet (TGG). There is a GTA codon that
encodes for methionine, the amino acid with which
most proteins begin. There are also three codons, GTA,
TAA and TGA, triplets that can be read in the ribosomes
that are responsible for finalizing the translation
process. In other words, protein molecule synthesis
ends in this type of triplet and the protein is released
from the ribosomes (figure 11.7).

As noted earlier, proteins are polymers with 20 dif-
ferent amino acids and the molecular biological tools
used by living cells to perform most of their functions.
Examples of proteins include insulin, collagen and
tripsin, biological molecules that perform important key
functions in our bodies.

As one can see from figure I1.7, protein synthesis oc-
curs at the ribosomes. The messenger RNA, shown as a

yellow ribbon in the figure, is the intermediary in protein
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Figure I1.7. Protein synthesis: the messenger RNA and its translation into ribosomes

permit the synthesis of the biological polymers that are proteins.



synthesis (proteins shown as necklaces with green
beads). Since it is a copy of the DNA, the messenger
RNA takes information from the genes to the ribo-
somes, where it is translated into proteins. The amino
acid or protein chains are synthesized when the ribo-
somes (blue structures) move like a reading head over
the messenger RNA molecules. A single messenger
RNA is normally used to synthesize various molecules of
the same protein, when it is simultaneously read by var-
ious ribosomes, such as the four shown in the figure and
synthesizes four chains of the same protein in this ex-
ample.

While the messenger RNA is read by the ribo-
somes, the messenger codons are associated with the
complementary anticodons of the transfer RNA mole-
cules (red structures) that are “loaded” with the respec-
tive amino acids according to the genetic code (see
figure I1.6). Immediately afterwards, a transfer phenom-
enon occurs with the new amino acid that arrives and is
incorporated into the nascent protein chain, comprising
various amino acids previously linked to each other. The
first (top) section of figure 1.7 shows the four ribosomes
in which protein synthesis has already begun. Four small
proteins have been formed with 5, 12, 23 and 34 amino
acid (aa) residues each, looking like green beads on the
necklaces. The second section of the figure shows how

the amino acid necklaces have increased their number

in the protein molecules. In all of them, the size of the
necklace has grown by an extra amino acid (6, 13, 24
and 35aa). Lastly, in the third section of the figure, the
chain’s growth has permitted the incorporation of an
extra amino acid into all the nascent protein chains (7,
14, 25, 36aa). This is how the polymers or biological
necklaces are elongated or grown, leading to the syn-
thesis of complete proteins (in this example, 36 amino
acids). Proteins with the complete number of amino
acids are released from the ribosome when the messen-
ger reading is completed, as shown in the last section
of the figure. The ribosome that participated in reading
of the messenger RNA is also released.

Human beings are organisms comprised of various
trillions of cells (pluricellular) and we have approximately
21,000 genes in our 23 pairs of chromosomes in the nu-
cleus of each of our cells. In addition in the cytoplasm
of our cells we have organelles like the mitochondria.
Each human mitochondria has a unique chromosome
that carries 37 genes (involved in the synthesis of ATP)
that are also part of our genome (see Chapter Ill). We
have approximately one hundred thousand different
proteins encoded by these genes to perform most of
our biological functions. Bacteria, organisms compris-
ing a single cell (unicellular) have a single chromosome
with approximately 4,000 genes that encode for 4,000

proteins with which these organisms live and function
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(Avery et al. 1944, Watson and Crick 1953, Watson et al.
1988 and 1996, Glick and Pasternak 1998, Venter et al.
2001, Iborra et al. 2004, Kreuzer and Massey 2005, Boli-
var 2007, Hayden 2011).

® In 1973, due to the emergence of genetic engineering
techniques, also called recombinant DNA techniques
(rDNA), biotechnology achieved a new dimension. As a
result of these technologies, it is possible to isolate spe-
cific genes of an organism, multiply their number and
insert them (transfer them) to another one cell, thereby
generating transgenic organisms or genetically modi-

fied organisms (GMO).

Figure 11.8 shows a general scheme for the construc-
tion of transgenic plants and animals. The first step (A) is
to isolate or chemically synthesize the gene of whatever
origin —transgene— (except from the receptor cell) that
will be used to construct the GMO. The DNA molecule
carrying this transgene is shown in red. Through various
procedures, such as electroporation, transformation or
biobalistic, the fragment of heterologous DNA or trans-
gene of any origin is inserted (B) into the receptor cell by
crossing the cell membrane (C) and then the membrane
of the cell nucleus. Through this process, the transgene
inside the nucleus of the receptor cell (D) can be recog-

nized by the cell machinery so that it can be incorporated

Animal or
A plant cell Cell
Transgene membrane
W

Cell

n e chromosomes
transgene

Biobalistics or

electroporation S 5 Y

Genetic
‘recombina-

Nucleus membrane

Cell multiplication

Figure 11.8 General scheme for the construction of animal and transgenic plant cells.
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as part of its genetic material. This process (E) occurs segment of the chromosomal DNA, indistinguishable

through genetic recombination between the transgene from the genetic material in the cell. Subsequently,
and the DNA of a chromosome in the receptor cell. through the process of cell multiplication (F) which gives
The transgene is therefore incorporated as a new rise to daughter cells that are identical to the original
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Figure I1.9. General scheme used to construct transgenic bacteria.
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receptor cell, the transgene’s presence is stabilized and
transmitted through the offspring of the original cell. A
complete organism can be produced through the
daughter cells.

Figure 1.9 shows the procedure most commonly
used to create transgenic bacteria. In this case, a vector
or plasmid, a small DNA molecule, is used to joint or in-
corporate a fragment of DNA of any origin (transgene or
heterologous DNA), thereby forming a recombinant DNA
molecule that carries the transgene within it. The plasmid
also contains a gene that confers resistance to an antibi-
otic. This recombinant DNA molecule, which carries the
DNA of the plasmid and the DNA of the transgene, can
subsequently be incorporated into the receptor cell
through the process of transformation. Subsequently, the
cells carrying this molecule are selected and grow in the
presence of the antibiotic, thanks to the resistance gene
present in the plasmid. This gives rise to a set or colony
of daughter cells in which they all carry the transgene as
part of the recombinant molecule (Kornberg 1960, Smith
and Wilcox 1970, Jackson et al. 1972, Cohen et al. 1973,
Séanchez et al. 1975, Heyneker et al. 1976, Bolivar et al.
1977 and 2007, Korana 1979, Goeddel et al. 1979, Itakura
and Riggs 1980, Herrera-Estrella et al. 1983, Mullis and
Falona 1987, Watson et al. 1988 and 1996, Tagahian and
Nickoloff 1995, Glick and Pasternak 1998, Lengeler et al.
1999, Yao et al. 2002, , Kreuzer and Massey 2005, Prud-
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homme et al. 2006, Barrera 2007, Herrera-Estrella and
Martinez 2007).

* Transgenic organisms are designed and constructed
to generate a new capacity to the receptor organism,
which lies in the transferred genetic material or trans-
gene (figure 11.10). The aim of sustainable modern
biotechnology is to perform genetic modifications in
various organisms of the biodiversity that make it pos-
sible to construct GMO that will contribute to solving
problems in various sectors, with the certainty that
these organisms will be living organisms created
through processes that occur on an everyday basis in
nature. As a result, GMO have a lower risk and impact
on the environment, biodiversity and human and animal
health than technologies based on chemically synthe-
sized products that are recalcitrant, unrelated to the en-
vironment and some of which cause damage to health
(Itakura et al. 1977, Goeddel et al. 1979, Watson et al.
1988 and 1996, Glick and Pasternak 1998, Lengeler et
al. 1999 Yao et al. 2002, Estruch et al. 1999, Nuccio et
al. 2000, Yao et al. 2000, Brink et al. 2000, Larrick and
Thomas 2001, Daar et al. 2002, Lépez-Munguia et al.
2002, Herrera-Estrella et al. 2002, Arias and Munoz
2002, Barrera 2002, Noyola et al. 2002, Gracia 2002,
Bosch 2002, Bolivar et al. 2002 and 2007, Purohit 2003,
Sinagawa-Garcia et al. 2004, Kreuzer and Massey 2005,



Figure 11.10. Transgenic organisms

and their products are used in the production

of food, medicine and clothing.



Ollivier and Magot 2005, Barrera 2007, Herrera- Estrella
and Martinez 2007, Lépez-Munguia 2007, Ramirez and
Uribe 2007, Arias 2007, Osuna and Paredes 2007, Gra-
cia 2007, Ayala-Rodriguez et al. 2009, James 2009,
Gilbert 2010, BIO 2011).

® The first objective that led to the modification of cells
to obtain transgenic organisms was the production of
proteins identical to human ones to deal with health

problems, which have been commercialized for over 30
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years. In pharmacies in Mexico and the rest of the world,
there are medicines of transgenic origin, also called re-
combinant proteins or biomolecules, such as insulin, the
growth hormone, interferons, blood anticoagulants
(plasminogen) and humanized antibodies, among other
products, used to treat and prevent disease, including
genetic and infectious ones caused by pathogenic or-
ganisms such as viruses and bacteria (figures I1.11 and
[1.12). These new biological products are produced

commercially with transgenic organisms and no damage

Figure I1.11. Health products on sale
in Mexican pharmacies, based on
recombinant proteins of transgenic origin

from the Mexican company Probiomed.



Figures 11.12. Human insulin crystals produced by
transgenic microorganisms at the Institute of Biotechnology,
Universidad Nacional Auténoma de México (UNAM).

Figure I1.13. Process for producing

biotechnological medicines.



Figure I1.14. Transgenic organisms and
their products are used in the production
of several types of food such as beer,

cheese, delactased milk and juice.



to human health has been reported to date due to
these medicines, nor has environmental damage been
reported due to the industrial handling of microorgan-
isms of recombinant origin (figure 11.13). Without GMO,
it would be impossible to meet the needs of the popu-
lation suffering from diabetes, anemia and cancer,
among many other diseases, since the supply would be
limited, not only by the low concentration of these pro-
teins in human blood and tissues but by the ethical
complexity derived from a market based on raw mate-
rial of this nature. Moreover, the transgenic organisms
that produce these proteins that are identical to human
ones cannot currently be replaced by any other tech-
nology. Since 1981, the use of these proteins identical
to human ones of transgenic origin such as biomedica-
tion has significantly contributed to maintaining and
improving human health and dealing with life-threaten-
ing diseases such as diabetes and cancer (ltakura et al.
1977, Goeddel et al. 1979, Pennica et al. 1983, Watson
etal. 1988 and 1996, Copsey and Delnatte 1990, Winter
and Milstein 1991, Glick and Pasternak 1998, Brink et
al. 2000, Arias and Murioz 2002, Daar et al. 2002,
Kreuzer and Massey 2005, Barrera 2007, Ramirez and
Uribe 2007, Bolivar et al. 2007, BIO 2011).

® The use of proteins with enzymatic activities of trans-

genic origin has also had a significant impact on food

production. An example is the use of recombinant
quimokine in cheese production (in the USA, it is used
in the production of approximately 70% of all cheese).
Other enzymes of transgenic origin, such as amylase,
are used in starch hydrolysis. The most important exam-
ples include pectinase, used for clarifying juice; glucose-
oxydase and catalases for dehydrating egg; lipase for
maturing cheeses and transforming oils; glucose-iso-
merases for the production of fructose syrup, glucanase,
employed in beer production and lactase for degrading
the lactose in milk (figure 11.14). Likewise, recombinant
proteases are used to make biodegradable detergents.
Although in most of these cases, purified proteins of
transgenic origin are used, there are applications, such
as the beer industry, in which the entire microorganism
is used with a new enzymatic activity derived from its
modification (Glick and Pasternak 1998, Brink et al. 2000,
Padilla and Lépez-Munguia 2002, Lopez-Munguia 2002,
Kapuscinski et al. 2003, Kreuzer and Massey 2005, Por
qué Biotecnologia 2006, Lépez- Munguia 2007, Barrera
2007, Bolivar et al. 2007, BIO 2011).

e Transgenic plants have been commercialized since
1996. Fifteen years later, the plants used commercially
today have not caused harmful effects on human
health or biodiversity beyond those caused by agricul-

ture in general. Approval of any transgenic plant as
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food requires a protocol of analysis to demonstrate its
innocuousness. As established in the Cartagena Proto-
col and in the Mexican Law for Biosafety of Genetically
Modified Organisms (BLGMO) -as well as other regula-
tions in various countries of the world- risk evaluation
must consider the characteristics of the GMO, particu-
larly the new gene and protein for which it is encoded,
the analysis of all the products of metabolism and
therefore the composition of the plant as well as the
unintentional effects of modification. Among other
tests, innocuousness must be proved through animal
testing of both proteins of transgenic origin and the
food as a whole (of which proteins constitute a minimal
amount). There are certain recent publications indicat-
ing the possible negative and toxic effects on animals
due to the consumption of certain transgenic crops.
These publications are not conclusive, however, nor
have they been independently reproduced by other
groups. Consequently, neither the WHO nor the various
government agencies responsible for the worldwide
approval and management of GMO in various countries
such as the Food and Drug Admnistration (FDA) in the
USA consider that the results published on the studies
of toxicity in certain animals warrant taking some of the
transgenic plants currently consumed off the market. If
some of them were repeatedly, conclusively and inde-

pendently shown by various research groups to have
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toxic effects, these transgenic products would have to
be taken off the market.

It is important to point out that the use of trans-
genic crops has made it possible to reduce the use of
chemical pesticides, many of which are recalcitrant prod-
ucts, which has translated into a lower impact on the en-
vironment. Moreover, some chemical pesticides also
have carcinogenic effects. Maize, rice and soybeans are
consumed in many countries while an increasing number
of hectares are used to grow transgenic plants. A total
of 1.7 million hectares were brought under cultivation in
1996. By 2007, 114.3 million hectares had been regis-
tered and by 2009, there were over 134, planted with dif-
ferent varieties of GMO in 27 countries. At present, nine
different transgenic plant species are cultivated: rice,
maize, soybean, canola, squash, papaya, alfalfa, beet-
root and cotton (figure 11.15), (Potrykus 1989, Strucket al.
1997, Glick and Pasternak 1998, Nuccio et al 11999, Yao
et al. 2000, Herrera-Estrella et al. 2002, Noyola et al.
2002, Herrera-Estrella et al. 2003, Purohit 2003, Chen et
al. 2003 and 2004, Rascon-Cruz et al. 2004, APBN 2004,
Zhu et al. 2004, Hammond et al 2004, Zhuo et al. 2004,
Green et al. 2004, Kreuzer and Massey 2005, Rhee et al.
2005, Trigo and Capp 2006, WHO 2006, Valdez-Ortiz et
al. 2007, Poulsen et al. 2007a and 2007b, Malley et al.
2007, Domingo 2007, Bolivar et al. 2007, Herrera-Estrella
and Martinez 2007, Sakamoto et al. 2007 and 2008,



Figure 11.15. Various plants cultivated

as transgenic varieties: alfalfa, maize, soybean,

canola and squash.



Schroder et al. 2007, Seralini et al. 2007 and 2009,
MacKenzie et al. 2007, McNaughton et al. 2008, He et
al. 2008 and 2009, Healy et al. 2008, Delaney et al. 2008,
James 2008 and 2009, CIBIOGEM 2008, Magafia-Gémez
et al. 2008, Appenzeller et al. 2009a and 2009b, Mathe-
sius et al. 2009, Ayala-Rodriguez et al. 2009, Domon et
al. 2009, Herouet-Guicheney et al. 2009, Tutel'ian et al.
2009, Juberg et al. 2009, De Vendomois et al. 2009, BIO
2011, Domingo and Bordonaba 2011).

e |t has been estimated that by the year 2050, the world
population will have risen from its current figure of 7 bil-
lion to 9 billion, meaning that mankind will face increas-
ingly serious problems: loss of agricultural productivity;
soil deterioration; water shortage; exhaustion of energy
sources; global warming; pollution; new pests and
diseases; reduction of green areas and loss of biodiver-
sity among others (figure 11.16). Biotechnology is a pow-
erful tool enabling society to propose new scenarios to
help deal with these calamities. Organisms with new

properties, such as new varieties of transgenic plants ca-
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pable of growing with smaller amounts of water will en-
able the countries developing biotechnology to deal
with several of these and other local and world problems.
Implementing suitable regulations will help to orient the
development of GMO towards those that will solve the
problems of each country, with a lower environmental im-
pact and the proper, sustainable use of its natural re-
sources. Blocking biotechnology, particularly in Mexico,
which is a megadiverse country, would deprive this coun-
try of an opportunity provided by science and biological
technology to help correct the course. Importantly, 25
Nobel Prize awardees have signed a declaration in sup-
port of Agricultural Biotechnology (Bourlag 1953 and
2007, Estruchet al. 1997, The Biotech Revolution 1998,
Glick and Pasternak 1998, Nuccio et al. 1999, Yao et al.
2000, Larrick and Thomas 2001, Potrykus 2001, Herrera-
Estrella et al. 2002, Lépez-Munguia et al. 2002, Noyola
et al. 2002, Barrera 2002, Bolivar et al. 2002 and 2007,
Rascén-Cruz et al. 2004, Green et al. 2004, Kreuzer and
Massey 2005, Ollivier and Magot 2005, James 2009, Tang
et al 2009, Gilbert 2010, BIO 2011, AgBioWorld, 2011).



Figure I1.16. Important problems:

a) and b) pests in potato and tomato crops, ¢) worms in

maize kernels, d) ecosystem pollution and e) cancer cell.






Il SCIENTIFIC EVIDENCE SUPPORTING THE LOW RISK
OF TRANSGENIC ORGANISMS AND THEIR PRODUCTS, SINCE THEY ARE
ORGANISMS PRODUCED THROUGH HORIZONTAL DNA TRANSFER
WHICH OCCURS ON A DAILY BASIS IN NATURE

There is solid scientific evidence supporting the harmless-
ness and lack of damage to human health and biodiversity
of the transgenic organisms used nowadays, and the rea-
sons for considering them a natural technological alter-
native with low risk and impact for the environment.

The information and considerations given below
provide key elements on the low risk of using GMO
since they are organisms created through horizontal
DNA transfer and the reorganization of genomes, which
occur in nature independently of transgenic organisms.
This is due to the fact that the DNA of all living beings
and viruses has the same general structure, which nat-
urally permits the recombination of genetic materials of
various origins inside cells. This information, which is
scientifically supported, is necessary for the evaluation

of the transgenic organisms people wish to use.

e Charles Darwin’s theory of evolution states that all liv-

ing beings are descended from a single, common bio-

logical ancestor (figure Ill.1). This proposal has been
strengthened and consolidated by a great deal of sci-
entific evidence over the years. This includes evidence
produced by the determination of nucleotide se-
quences (sequencing) of genomes of different organ-
isms, including humans, which has made it possible to
show that all living beings share genetic material, in-
cluding many genes. Indeed, the genome of the human
race is 98% identical to that of the chimpanzee, 90%
identical to that of the mouse, 40% identical to that of
the fly, 30% identical to some plants and 20% identical
to yeast (figure I11.2). Part of our DNA includes genes of
bacterial origin, including those located in the mito-
chondria, which are organelles of our cells.

There is so much evidence supporting the theory
of evolution that for many researchers, including
Richard Dawkins, evolution is already a fact rather than
a theory, which has happened and happens in the same

way the earth revolves around the sun and plants fix the
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Figure lll.1. The accumulated evidence strongly indicates that all living beings derive from a common biological precursor.

Figure IIl.2. Technique used to determine the sequence of nucleotides

comprising the DNA in the genomes of living beings.



Figure I1I.3. Two-dimensional structure of DNA. Genetic material has the same general

structure in all living beings as well as in viruses.

energy of the sun’s rays. In keeping with the theory of
natural selection and other evidence of the association
between organisms, evolution can now be understood
as a process of adaptive evolution, which produces bet-
ter and more capable organisms (Darwin and Wallace
1859, Darwin 1859, Wallin 1927, Johanson and Edey
1981, Watson et al. 1988 and 1996, Brown 1999, Ander-
sson et al. 2001, Venter et al. 2001, Young and Deis
2004, Herrel et al. 2004, Kreuzer and Massey 2005, Mar-
gulis and Sagan 2005, Carroll 2006, Bolivar 2007, Tou-
chon et al. 2009, Bolivar et al. 2007, Dawkins 2009,
Coyne 2009, Hayden 2011).

e \With the exception of the RNA viruses, the genetic
material comprising DNA has the same general struc-
ture in both viruses and all living beings, whether they

are bacteria (prokaryote organisms that do not have a

nucleus) or plants and animals (eukaryote organisms),
which have a nucleus in their cells where the DNA re-
sides in the chromosomes (figures 111.3 and 111.4).

The universal structure of DNA makes it possible
to naturally transfer, incorporate, stabilize and recom-
bine genes from an organism with genetic material from
others. Living cells recognize genetic material of an-
other origin that may be acquired by different means -
viral infection or horizontal transfer- and in many cases
incorporate, replicate and use them as their own and as
part of their genome after a genetic recombination
process that reorganizes the genome (Avery et al. 1944,
Watson and Crick 1953, Nass 1969, Watson et al. 1988
and 1996, Brown 1999, Venter et al. 2001, Margulis and
Sagan 2005, Kreuzer and Massey 2005, Bolivar et al.
2007, Touchon et al. 2009, Schanable et al. 2009, Murat
et al. 2010, Jiang et al. 2011).
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Figure lll.4. Three-dimensional structure of DNA.



Figure II.5. Influenza virus.



* Horizontal transfer of genetic material is a natural phe-
nomenon or process that takes place on a daily basis in
nature in all species of living beings, with viruses being
largely responsible for this phenomenon.

When a virus (figure IIl.5) infects a cell, its own (viral)
genetic material is incorporated into the cell, which is
how viral DNA or RNA are horizontally transferred to the
infected cell (figure 111.6). When this viral genetic mate-
rial is injected into the cell, there are various alternatives
for what will happen to the genetic material from the
virus, depending on the type of virus involved. Viral ge-
netic material usually takes over the machinery of the
infected cell, using it to make several copies of the virus
genome. The viral genetic material is also utilized for
synthetizing the proteins that form part of the viral par-
ticles generated, in other words, the new viruses. The
cell is subsequently destroyed and numerous copies of
the recently formed viruses are expelled. An example
of this type of virus is the A(H1N1) influenza virus which
has RNA as genetic material and has also proved capa-
ble of infecting at least three animal hosts: humans,
pigs, and birds (avian influenza). This natural phenome-
non of zoonosis appears to occur far more frequently
than we would imagine or can detect, given the capac-
ity of viruses to infect different organisms. Moreover,
different animals can also be simultaneously infected by

several viruses from different organisms. This type of
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phenomenon increases the frequency of new arrange-
ments and recombinations of the general material of
viruses, as happens with the influenza virus.

Another type of viruses that infect bacteria, called
transductants, are capable of generating both new
viruses and particles called pseudo viral particles, which
include the DNA of infected bacteria, rather than the
genetic material of the virus. Thus, these particles,
which are functional, since they can infect other bacte-
ria, allow horizontally transfer of genetic bacterial DNA
through these viral pseudoparticles to other bacteria.

Other types of virus that exist in both bacteria and
animal and plant cells are those capable of incorporat-
ing their genomes as part of the genetic material of in-
fected cells. In the case of bacteria, this type of virus is
known as lisogenic and can incorporate its viral DNA
into different sites or loci of the bacterial chromosome.
In the case of eukaryote organisms such as plants and
animals, there are viruses called retroviruses such as the
HIV-AIDS, whose genomes consist of RNA. These type
of viruses are capable after infecting the receptor cell,
of transcribing (copying) its genome from RNA to DNA,
through a process of reverse transcription and subse-
quently incorporating a copy of its DNA genome into
different sites in the chromosomes of the infected eu-
karyote cells through the process of genetic recombi-

nation (figure 111.7). In both cases, in both bacteria



Figure lIl.6. Diagram of

retrovirus infecting a cell.
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Figure lI.7. Scheme of viral infection of a eukaryote cell by a retrovirus, through which the viral RNA is copied as DNA

that is then recombined and incorporated into the DNA of the chromosome of the infected cell.



(prokaryotes) and animal and plant cells (eukaryotes)
these viruses (lisogenic and retroviral) have the capacity
to reorganize and modify the genome of infected cells.
Lastly, recent evidence suggests that other types of
virus different from retroviruses such as bornaviruses
and ebolaviruses may also be capable of modifying the
animal genome.

Thus, through natural processes, living beings in-
crease, modify and reorganize their genomes in cells
infected by viruses. There is mounting evidence that
indicates that this phenomenon of horizontal transfer
by viral infection has played a key role, together with
other mechanisms as we shall see later on, in the evo-
lution of species and the structuring and reorganization
of genomes. The reason for this is that as mentioned
earlier DNA, which reaches the cell through viral infec-
tion, has the same structure in both living organisms
and the lisogenic viruses in bacteria and the organism
produced by the reverse transcription of the genetic
matter of retroviruses that have RNA as a genome.
Thus, cells can recombine and reorganize their own
DNA with genomes of viral origin and with DNA of any
other origin.

The natural phenomenon or process of horizontal
transfer of genetic material occurs permanently in the
microbial kingdom, where bacteria receive and incor-

porate genetic material that includes plasmids, due to
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the “transformation phenomenon”. This mechanism
enables heterologous genetic material to be trans-
ported through cell membranes and stabilize.
Normally, in order to stabilize, DNA from another
origin is incorporated as part of the genome of the re-
ceptor cell through the process of genetic recombina-
tion. This genetic material may come from any of the
various organisms inhabiting the soil, including those
that die. Indeed, it is a well-known fact that when the
S. pneumoniae bacteria, which causes pneumonia, is
subjected to antibiotic treatment, it suffers stress, which
in turn increases its capacity for transformation by DNA
(figure 111.8). Through this phenomenon, it will probably
increase its ability to acquire genes from other organ-
isms, such as those related to resistance to antibiotics,
produced by other microorganisms. This information
clearly indicates that there are organisms with mecha-
nisms that enable their capacity to be transformed by
DNA to increase their capabilities. This suggests that
transformation through linear DNA may be a natural
phenomenon that is not only passive but active. An-
other example of an important bacterium is Escherichia
coli. Different strains or variants of this bacteria are nat-
ural commensals and inhabit the intestines of various
mammals including humans. However, there are path-
ogenic strains of E. coli that may create major prob-

lems, causing intestinal diarrhea and severe damage to



Figure 111.8. Pathogenic bacterial cultures in Petri

dishes capable of increasing their capacity to be transformed by linear DNA.

other organs such as the kidneys. It has been conclu-
sively proved that horizontal DNA transfer in this and
other pathogenic bacteria is the process responsible
for creating several pathogenic varieties. A new patho-
genic strain of this bacterium, originally classified as the
E. coli EH104:H4 strain for humans was recently de-
scribed in Europe. It infected many individuals during

a very short period, several of whom died. This variety

simultaneously causes intestinal diarrhea with blood
and the “Hemolytic-uremic” syndrome responsible for
bleeding in the kidneys. This new variety is probably
the result of the incorporation into an existing patho-
genic bacterium of DNA of another pathogenic bac-
terium, which thereby modified and increased its ability
to cause damage. In the case of Escherichia coli strains

(figure 111.9), which are philogenetically very close,

SCIENTIFIC EVIDENCE SUPPORTING THE LOW RISK OF TRANSGENIC ORGANISMS AND THEIR PRODUCTS 53



the horizontal incorporation of DNA may occur through
transformation with genetic material released into the
environment or through a conjugation process that also
occurs in bacteria. Preliminary data on the genome se-
quence of the new variant suggest that its genome con-
sists mainly of the DNA of the EAEC 55989 strain of E.
coli (Entero-Aggregative E. coli) in addition to genetic
material from another type of E. coli called EHEC (En-
tero Hemorrhagic Escherichia coli), which produces a
“Shiga” type toxin, causing intestinal diarrhea and in
some cases, infection of the kidneys, leading to hem-
orrhaging in these organs. Alternatively, the new strain
could already have been present as a variant of EHEC,
which at least acquired the gene that encodes for this
Shiga toxin.

It has also been found that the horizontal transfer
of genetic material from microorganisms to plants oc-
curs naturally, as in the case of Agrobacterium tumefa-
ciens and tobacco. Bacteria (figures I11.9 and 111.10) are
organisms used as a model in laboratories since they
can easily be transformed by linear or circular DNA of
the same origin or others. They are also used as impor-
tant organisms for their study because of the problems
they can cause, particularly in the area of human, animal
and plant health.

Transformation by DNA increases and reorganizes

the genome of living receptors cells, expanding their
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capacities and functions (Lwoff 1953, Sdnchez et al. 1973,
Jackson et al. 1973, Cohen et al. 1973, Herrera-Estrella
et al. 1983, Michel and Dubon 1986, Colleaux et al. 1986,
Watson et al. 1988 and 1996, Mazodier et al. 1991, Ma-
zodier and Davis 1991, Ptashne 1992, Joset and Guespin
1993, Arber 1993, Tagahian and Nickoloff 1995, Matic et
al. 1995, Campbell 1996, Voytas 1996, Kaper et al. 1997,
Aravind et al. 1998, Doolittle 1998, Lengeler et al. 1999,
Brown 1999, Denamur et al. 2000, Hacker and Koper
2000, Madigan et al. 2000, Emini 2002, Schubert et al.
2002 and 2009, Herrera-Estrella et al. 2002, Brussow et
al. 2004, Chen and Dubnau 2004, Kreuzer and Massey
2005, Margulis and Sagan 2005, Prudhomme et al. 2006,
Barrera 2007, Bolivar et al. 2007, Bolivar 2007, Herrera-
Estrella and Martinez 2007, Treangen et al. 2008, Tou-
chon et al. 2009, Arias et al. 2009, Dawkins 2009, Garten
et al. 2009, Belyi et al. 2010, Horie et al. 2010, Murat et
al. 2010, Enserink 2011, Kupferschmidt 2011).

e There is evidence that the genome of higher organ-
isms evolved naturally and increased part of its genetic
material through viral infections and probably genetic
material derived from microorganisms that infected our
ancestors, which explains how the genomes of receptor
cells were reorganized.

In this respect, the information supporting the in-

corporation of genetic material at early stages of the
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Figure l11.9. Diagram of bacterial cell such as Escherichia coli and its components.

Figure I11.10. Bacteria, unicellular organisms seen under the microscope.
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evolution of animal and plant cells through infection by
precursors of the current cellular organelles is quite clear.
These are similar to bacteria, as seems to be the case of
the mitochondria (a cellular organelle in animals and
plants responsible for the synthesis of biological energy
such as ATP) and the chloroplast (responsible for the syn-
thesis of chlorophyll and photosynthesis in plants) (figures
NE11, 1112, 1113 and 111.14). These organelles have genetic
material, a unique chromosome which, as in the case of

the chromosomes of bacteria, is circular, in addition to
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having their own ribosomes in which their proteins, that
are very similar to those of bacteria, are synthesized. The
human mitochondrial chromosome contains 37 genes
coding for the proteins involved in ATP synthesis and
RNAs involved in protein synthesis. Therefore, the human
genome is composed not only of the 21,000 genes lo-
cated in 23 pairs of chromosomes in the nuclei of our
cells, but also includes 37 genes located in our mitochon-
drial chromosome. In the case of the maize genome, the

mitochondrial chromosome contains approximately 90



Figure I1112. Cells of animal origin seen under a microscope.



genes and the chloroplast chromosome carries 104
genes. Therefore, the genome of this plant that contains
about 32,000 genes located in the chromosomes of the
nuclei of these plant cells includes 200 additional genes
located in these two organelles.

The precursors of these organelles may have been
naturally incorporated into the precursors of higher cells,
first through infection and then through a permanent as-
sociation, creating an endosymbiosis that provides ben-

efits for both original organisms (adaptive evolution). In

fact, in 1927, lvan Wallin proposed that the endosymbio-
sis in which bacteria take part could be one of the natu-
ral processes supporting the origin and evolution of
species. There are many studies showing that bacteria
and mitochondria are very similar organisms that share
many characteristics (Darwin 1859, Hogg 1861, Wallin
1927, Nass 1969, Smith 1979, Yang et al. 1985, Watson
et al. 1988 and 1996, Gupta and Golding 1996, Osusky
etal. 1997, Doolittle 1998, Andersson et al. 1998, Brown
1999, Lengeler et al. 1999, Venter et al. 2001, Borden-

Figure Il.13. Arabidopsis thaliana plant used as a plant model.
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Figure 111.14. Diagram of a plant cell and its components, including chloroplasts.

stein 2003, Herrel et al. 2004, Iborra et al. 2004, Clifton
et al. 2004, Maier et al. 2005, Kreuzer and Massey 2005,
Margulis and Sagan 2005, Carroll 2006, Coyne 2009,
Schnable et al. 2009, Dawkins 2009, Horie et al. 2010,
Murat et al. 2010, Belyi et al. 2010, Hayden 2011).

® In the case of plants (figure 111.13), it is important to
note that plant chromosomes have a large number of
genes from photosynthetic bacteria, which gave rise to
chloroplasts during evolution (figure l1.14). These organ-

isms have lived and live in close contact in the earth’s
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soil and facilitate the process of horizontal DNA transfer.
This is forcefully verified through the determination of
the sequence (nucleotide sequencing) of the genomes
of the plants Arabidopsis thaliana, rice and maize.

The incorporation of genetic material of different
origins, including the case of the obvious incorporation
of mitochondria into the precursor cells of animal and
plant cells, would seem to indicate that in addition to
the changes in their own genes due to mutations, the
living cell naturally acquires new skills and advantages
through the incorporation of other genetic materials of
different origins originally acquired through endosym-
biosis as well as horizontal DNA transfer. One can infer
from this that the process of horizontal DNA transfer is
one of the natural mechanisms involved in the evolution
of species, since it enables the cell to acquire new abil-
ities to contend with different needs (Wallin 1927, Wat-
son et al. 1988 and 1996, Brown 1999, Goff et al. 2000,
Andersson et al. 2001, Venter et al. 2001, The Arabidop-
sis Genome Initiative 2002, Herrel et al. 2004, Clifton et
al. 2004, Maier et al. 2005, Kreuzer and Massey 2005,
Margulis and Sagan 2005, Carroll 2006, Bolivar 2007,
Herrera-Estrella and Martinez 2007, Bolivar et al. 2007,
Coyne 2009, Dawkins 2009, Vielle-Calzada et al. 2009,
Schnable et al. 2009, Murat et al. 2010, Swanson-Wag-
ner et al. 2010, Krom and Ramakrishna 2010, Jiang et
al. 2011).
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® In our genome and in the DNA of all living organisms,
there are transposons, which are a sort of repeated genetic
material, part of which is probably of bacterial and viral ori-
gin, accounting for at least 30% of the human genome. In
maize, transposons constitute 85% of its genome.

Transposons are DNA sequences that can translo-
cate or re-locate their position in the genome. In other
words, they can “jump” from one genetic place (locus)
to another and even between chromosomes. They have
therefore played and continue to play a key role in the
reorganization and probably in the evolution of the
genome. In maize, the different colored grains in a cob
are the result of this type of phenomenon which occurs
in a single individual (figures I11.15 and I11.16).

Another type of material repeated in our genome
and that of all higher organisms, including plants, is
known as retroviral. Retroviruses, as mentioned earlier,
are a sort of virus with RNA genomes. This type of re-
peated material, which constitutes 8% of the total in our
genome, was probably stabilized in the human genome
and that of our biological precursors by viral infection
mechanisms and the subsequent incorporation into our
chromosomes of the viral genomes of retroviruses such
as HIV-AIDS. This type of horizontal transfer has influ-
enced and continues to naturally and regularly influence
the dynamics and reorganization of the genome in the

living cell (McClintock 1957 and 1987, Maeda and



Smithies 1986, Watson et al. 1988 and 1996, Federoff
1989, Berg and Howe 1989, Purugganhanaud and
Wesler 1992, Griffiths et al. 1993, McDonald 1995, Voy-
tas 1996, Brown 1999, Goff et al. 2000, Venter et al.
2001, Andersson et al. 2001, The Arabidopsis Genome
Initiative 2002, Herrera-Estrella et al. 2002, Kreuzer and

Massey 2005, El-Sayed et al. 2005, Herrera-Estrella and

Transposable
element or
transposon.

Martinez 2007, Bolivar et al. 2007, Vielle-Calzada et al.
2009, Schnable et al. 2009, Murat et al. 2010, Swanson-
Wagner et al. 2010, Krom and Ramakrishna 2010, Belyi
et al. 2010, Horie et al. 2010, Jiang et al. 2011).

e \Within this same context of the reorganization of the

genome as a natural, everyday phenomenon, there is
f‘

_

Transposable element or
transposon f gene interrupted
by a copy of a transposable
element. The f gene is no
longer functional.

Figure l11.15. Reorganization of genetic material through the phenomenon of transposition in which a DNA
fragment (the transposon or transposable element) is relocated in the genome, occupying another genetic locus.

In doing so, it can interrupt or deactivate a gene, as shown in the figure.
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Figure I11.16. Corn cob showing different colored kernels, resulting from the relocation

of the transposons in the DNA of these kernels.



evidence that in genetically and physiologically close
organisms, such as trypanosomes (important parasites
of higher organisms), there has been an enormous re-
organization of genes and chromosomes. In these or-
ganisms, chromosomes reorganize and change number
and size as well as the position of genes. The number
of chromosomes is modified, but most of the important
genes remain in different positions. In bacteria, the re-
combination and reorganization of the genome is the
most important phenomenon, above mutation in the
evolution of certain bacteria such as Escherichia coli,
which inhabits our intestine together with many other
different bacteria.

Determining the sequences of the nucleotides of
yeast and Arabidopsis genomes showed that during
their evolution there was apparently a complete dupli-
cation of their genomes, followed by the loss, modifi-
cation and duplication of genes, as well as the presence
of fragments of the chloroplast genome in the nucleus.
Evidence of the rearrangement of genetic material by
various mechanisms has also been recently reported in
other plants.

This evidence clearly indicates that the genomes
of eukaryotes, specially plants, are extremely dynamic
and continuously modified. This and examples in many
other organisms indicate the genome’s capacity for re-

organization in the living cell, without affecting its func-

tional capacity as a living being (Hozim and Tonewaga
1976, Watson et al. 1988 and 1996, Lewin 1994, Wolfe
and Shields 1997, Lengeler et al. 1999, Brown 1999, The
Arabidopsis Genome Initiative 2002, Herrera-Estrella et
al. 2002, Kellis et al. 2004, Kreuzer and Massey 2005,
Margulis and Sagan 2005, El-Sayed et al. 2005, Ivens et
al. 2005, Herrera-Estrella and Martinez 2007, Touchon
et al. 2009, Vielle-Calzada et al. 2009, Schnable et al.
2009, Murat et al. 2010, Swanson-Wagner et al. 2010,
Krom and Ramakrishna 2010, Jiang et al. 2011).

e As pointed out earlier, when a living organism is mod-
ified to give rise to a genetically modified or transgenic
organism, regardless of the methods used (transforma-
tion, biobalistics or electroporation [figures I11.17, 111.18
and I11.19], which do not in themselves affect the ge-
nome of the receptor cell), specific genetic material is
introduced into a cell through the process of horizontal
DNA transfer. Subsequently, through the mechanism of
genetic recombination, the transgene is incorporated
as a segment of the receptor cell’s genetic material into
one of its chromosomes (figures 11.8, 11.9 and 111.7). If dur-
ing this event, which is a de facto reorganization of the
genome, a codified function of the chromosome vital
to the cell was affected, this particular transgenic or-
ganism would not survive. The same type of event

could happen in the case of the genome’s natural
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reorganization when it is infected by a retrovirus —the
HIV causing AIDS for example (figure I11.7) or affected
by a transposon (figures I11.15 y l11.16) that changed posi-
tion in the chromosome. This is due to the fact that
these phenomena can cause the insertion of their ge-

netic material into an essential locus, meaning that the

A. tumefaciens
(disarmed strain)

Heterologous DNA

INIS e,

i Ww ox

A\J
/ Infected plant cell

0‘0

Cell multiplication

receptor cell in which the arrangement occurred would
not survive.

In short, this type of event might occur not only as
a result of the use of isolated genes incorporated
through genetic engineering (transgenes). It can also

occur naturally, since it is a process that could be

) ?§H > Recombinant Ti plasmid

T-DNA transfer

In vitro
selection and regeneration

Transgenic plant

Figure IIl.17. Plant modification through genetic engineering. Different techniques are used to transfer heterologous DNA

(transgene) to plant cell nuclei, which then multiply, giving rise to a transgenic plant.
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Figure I11.18. The biobalistic technique makes it possible to incorporate heterologous genes or transgenes into plants.
Genetic material is introduced, with the help of small metal bullets, into the cell nucleus using the same type of horizontal transfer process.
Once in the cell nucleus, through the mechanism of genetic recombination, the transgene is incorporated into the cell genome.

A transgenic plant is produced on the basis of this transformed cell.
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Figure I11.19. Flow diagram of electroporation or electrotransformation method used to incorporate genetic material

including trangenes into animal cells. In this method, the cell membrane is permeabilized by an electric pulse,

which makes it possible to incorporate the heterologous DNA into the cell and subsequently in its nucleus,

thereby producing a cell genetically transformed by the transgene.

caused by a viral inflection or DNA transpositions, such
as those that often occur in maize (figure I11.16). This
phenomenon could cause the death of the receptor in-
dividual in which the re-arrangement occurred, but not
an ecological catastrophe. The incorporation and reor-
ganization of genetic material in a genome is therefore
a natural process that occurs on an everyday basis in na-
ture, regardless of transgenic organisms. This is be-

cause, regardless of its origin, since DNA has the same
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general structure, it is naturally transferred and recom-
bined with the genetic material of the receptor cell.
One can infer from this that the process of modi-
fying living organisms to produce GMO or transgenic
organisms is equivalent to the natural process that oc-
curs when a transposon is translocated or a fragment of
viral genetic material is integrated into the genome of
a living cell (figures 1.8, 11.9, 1.7, 111.15 and 111.16). All

these processes result in the reorganization of the



genome of the receptor cell, regardless of whether the
process is begun by a viral DNA, a transposon, a DNA
incorporated by horizontal transfer or a transgene. The
cell does not distinguish them because they are DNA
sequences that have the same general structure (figures
[11.3 and l11.7) and this phenomenon occurs naturally and
on a daily basis (Jackson et al. 1972, Cohen et al. 1973,
Sénchez et al. 1975, Heyneker et al. 1976, Korana 1979,
Itakura and Riggs 1980, Herrera-Estrella et al. 1983 and
2003, Mullis and Fallona 1987, Watson et al. 1988 and
1996, Purugganhanaud and Wessler 1992, Taghagian
and Nickoloff 1995, McDonald 1995, Glick and Paster-
nak 1998, Brown 1999, Andersson et al. 2001, Yao et al.
2002, Kreuzer and Massey 2005, Margulis and Sagan
2005, Xing and Lee 2006, Barrera 2007, Herrera-Estrella
and Martinez 2007, Bolivar 2007, Bolivar et al. 2007,
Schubert et al. 2008, Touchon et al. 2009, Vielle-Calzada
et al. 2009, Schnable et al. 2009, Belyi et al. 2010, Horie
et al. 2010, Murat et al. 2010, Swanson-Wagner et al.
2010, Krom and Ramakrishna 2010, Jiang et al. 2011).

® The genetic modification of organisms to generate
GMO not only involves changes in the genome of the
receptor cell but also in the transcriptome (at least for
the presence of the messenger RNA [mRNA] of the
transgene) in the proteome (at least due to the synthe-

sis and function of the protein encoded by the trans-

gene) and in the metabolome (because of the meta-
bolic resources involved in the synthesis of the new
product encoded by the transgene).

Some groups that question GMO have pointed out
that transgenosis involves changes that unpredictably
and negatively modify the genome, proteome, tran-
scriptome and metabolome of transgenic organisms.
They also argue that GMO and the methods used to
build them could encourage epigenetic changes (due
to chemical changes in DNA) in the receptor cells and
that these changes may be inherited and create prob-
lems in subsequent generations. Some of these groups
have also pointed out that the DNA fragments used to
construct transgenic organisms may transfer their own
DNA modification patterns (methylation of certain
residues of cytosine nucleotides) in receptor cells.

To date, there has been no scientific evidence of
damage to human health caused by GMO and their
products currently used, or specifically due to the dif-
ference in the methylation patterns at the level of the
modification of cytosine residues of the transgenic or-
ganisms used. In all the processes of genome reorgan-
ization, including those mediated by horizontal DNA
transfer, there may be different patterns of DNA methy-
lation in a cell while new patterns in the re-arranged cell
may also be created. Once again, however, this is not

an exclusive phenomenon of transgenes and may occur
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due to retroviral infections and other processes that
may cause the natural reorganization of the genome. In
addition, it is possible to eliminate the chemical groups
(methyl groups located in certain cytosine residues) that
normally modify the DNA in nature by using small DNA
(oligonucleotides), produced in vitro in the laboratory
by amplification through polymerase chain reaction
(PCR) techniques and also through chemical synthesis.
DNA is not chemically modified by methyl groups in ei-
ther of these two processes. This is how one answers
the doubts over incorporating genetic material in which
some of its groups of cytosine have been modified, as
occurs when DNA extracted from living organisms and
viruses containing some nucleotides of methylated cy-
tosine, is utilized.

All GMO used nowadays, not only transgenic or-
ganisms but also those derived through other traditional
methodologies, have undergone significant changes
and the reorganization of their genomes, transcriptomes
and metabolomes, with no evidence of catastrophe or
ecological damage. Viral infection and the transposition
of genetic material also naturally create rearrangements
in the transcriptomes, proteomes and metabolomes of
the cells affected (figure 111.20). In fact, there seem to be
a great variety of non-transgenic crops that have ap-
peared due to the natural rearrangements and modifi-

cations of their genomes and others caused by humans
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through traditional improvement techniques. An exam-
ple of this situation continues until the present, as in the
case of broccoli and cauliflower. One of these vegeta-
bles could well be regarded as a genetic aberration of
the other, since this change occurred as a result of
human action. Nowadays, many of the modified organ-
isms used as food, not only transgenic ones, are being
studied in detail. Most of the varieties of these crops
have not harmed human health or biodiversity, although
some of them display significant differences in their
genomes, transcriptomes and proteomes (Itakura and
Riggs 1980, Mullis and Falonna 1987, Watson et al. 1988
and 1996, Joset and Guespin 1993, Matzke and Matzke
1996, Lengeler et al. 1999, Brown 1999, Kreuzer and
Massey 2005, Margulis and Sagan 2005, Filipecki and
Malepszy 2006, Bolivar et al. 2007, Batista et al. 2008,
Fratamico 2008, Traavik et al. 2009, Davis et al. 2010, Do-
errer et al. 2010, Murat et al. 2010, Swanson-Wagner et
al. 2010, Krom and Ramakrishna 2010, Jiang et al. 2011).

e Given all this evidence to support a genome’s plastic-
ity and capacity for reorganization and horizontal DNA
transfer as a natural phenomenon (figures l1l.6 and 111.20),
it is difficult to understand the concern that a gene from
a bacteria (Bacillus thuringensis) living in the soil that en-
codes the Bt protein, which is toxic for certain insects

but not for animals, and has been incorporated by



DNA structure is the same Scheme of a retrovirus infecting a cell.
in all living creatures and viruses. In this natural process, viral genetic material

is horizontally transfered into the cell.

Transgenic maize cultivar. Corn cobs with kernels in which DNA transposition has taken

place and their genomes have been naturally rearranged.

Figure I11.20. Processes that occur naturally, as in the case of the maize cob or the infection of a cell by a retrovirus,
in which the genome of the cells of living organisms, whether plants or animals, is rearranged. They also include the case
of transgenic maize, whose construction is achieved through horizontal transfer processes (as in the case
of viral infection) and the rearrangement of genetic material (as in the case of transposons in maize).
This is possible because the DNA structure is the same in all living beings and in viruses. These considerations

underpin the low risk of GMO constructed using similar techniques to the processes that occur daily in nature.



genetic engineering techniques (horizontal DNA trans-
fer) into a plant, could cause an ecological catastrophe.
This is based, as mentioned earlier, on the fact that living
beings have evolved and will continue to do so by ac-
quiring genetic material through horizontal transfer,
changing and re-arranging their genes and chromo-
somes and modifying their genomes, proteomes and
metabolomes without causing an ecological catastro-
phe. The scenarios that cause concern due to the pres-
ence of a transgene in an organism could occur daily
due to natural horizontal transfer and the reorganization
of the genome when plants or animals are infected by
viruses, bacteria or other organisms.

Concern that GMO will be responsible for nega-
tively transforming and degrading existing species used
in agriculture and additional ones that comprise the
biosphere are minimized because there is increasing ev-
idence of the genome’s plasticity and the fact that phe-
nomena of changes and reorganization in the genome,
transcriptome and proteome, occur naturally in the
biosphere, quite apart from transgenics. Many of these
processes of changes and reorganizations of genomes
(transcriptomes, proteomes and metabolomes) are
caused through horizontal DNA transfer, a natural phe-
nomenon. One can infer from this that since the trans-
genic organisms are created by horizontal transfer, a

process which already exists in nature, the GMO are or-
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ganisms with similar levels of risk to those that exist in
nature (Watson et al. 1988 and 1996, McDonald et al.
1995, Lengeler et al. 1999, Brown 1999, Andersson et
al. 2001, Venter et al. 2001, Herrera-Estrella and Mar-
tinez 2003 and 2007, Ibarra et al. 2003, Kreuzer and
Massey 2005, Margulis and Sagan 2005, Batista et al.
2008, Schubert et al. 2008, Touchon et al. 2009, Doerrer
et al. 2010, Belyi et al. 2010, Horie et al. 2010, Murat et
al. 2010, Swanson-Wagner et al. 2010, Krom and Rama-
krishna 2010, Jiang et al. 2011).

e Over hundreds of years, mankind has genetically mod-
ified the species used for its food and until recently,
without knowing about the structure of genetic material,
through the use of mutagens, which are known to pro-
duce several changes and rearrengements in the
genomes of organisms (figure Il1.21). These original
techniques of mutagenesis and the organisms created,
however, have not been questioned as much as trans-
genic organisms despite the fact that nowadays we
know that the methods previously used produce enor-
mous changes in the genome, transcriptome and pro-
teome of these organisms. This lack of questioning is
probably due to the lack of damage caused by these or-
ganisms whose genomes have, however, been exten-
sively modified, unlike those of transgenic organisms, in

which only a single gene has been incorporated.



It should be noted that the combination of various
species did not occur initially as a result of experiments
with recombinant DNA but through the generation of
plant varieties. The first records of genetic plant manip-
ulation date from 1919, when the first plantations with
hybrid seeds developed on the basis of selecting and
crossing two different maize plants were reported. This
methodology permitted a 600% increase in the agricul-
tural production of this cereal over a period of approx-
imately 55 years.

Likewise, genetic modifications for the improve-

ment of agricultural crops carried out over the past 70

years using traditional mutagenesis techniques that in-
corporated different mutations and deletions have pro-
duced over 2,200 plant varieties and although they
have barely been studied, no adverse effects have
been reported to date. Plant manipulation began em-
pirically approximately 10,000 years ago, when the
human race began domesticating plants. This activity
made it possible to obtain the plants we now know as
maize, wheat, rice, sorghum and potato among many
others, which did not exist as such in nature and served
as the basis for the establishment of the world's great

cultures (Bourlag 1953 and 2007, Glick and Pasternak

Figure I11.21. New maize varieties.
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Figure I11.22. Scheme of virus infecting a cell in which the phenomenon of horizontal transfer of genetic material occurs.



1998, Herrera-Estrella et al. 2002, Kreuzer and Massey
2005, Margulis and Sagan 2005, INIA 2006, Bolivar et
al. 2007, Batista et al. 2008, James 2009, Doerrer et al.
2010, Davis et al. 2010, ISAAA 2010, BIO 2011).

e As a result, all GMO used nowadays, not only trans-
genic organisms but also those obtained through other
traditional methodologies, can be said to have under-
gone many, sometimes significant changes, in their
genomes, transcriptomes and proteomes. Using this ca-
pacity to modify living organisms obviously cannot be
ruled out by the argument that not all the potential risks
of modifying the genomes, transcriptomes and pro-
teomes of living organisms are known, since this would
mean giving up the design and development of the
best biological systems optimized for problem solving,
while traditional methods seek similar objectives yet
with random, less accurate strategies.

Since many of the genetic re-arrangements oc-
curred naturally (figures l11.6, 111.7, 11116, 111.20 and 111.22)
and many were caused by humans, we have today new
and better species and varieties of living organisms with
genetic modifications for solving many of our problems
(Bourlag 1953 and 2007, Watson et al. 1998, Potrykus
2001, Herrera-Estrella et al. 2002, Herrel et al. 2004,
Kreuzer and Massey 2005, Margulis and Sagan 2005,
Bolivar et al. 2007, Batista et al. 2008, Fratamico 2008,

James 2009, Dawkins 2009, Belyi et al. 2010, Horie et al.
2010, Doerrer et al. 2010, Davis et al. 2010, Bio 2011).

e | astly, it is important to note that to date, there is no
solid scientifically supported and independently proved
evidence by various groups of the damage to human
health or to the environment or biodiversity due to the
use of transgenic organisms or their products present in
the market nowadays, although the absence of evidence
of damage obviously does not imply a definite absence
of risk (figure 111.23). In its document, “20 questions on
genetically modified foods,” (Appendix 4), however, the
World Health Organization notes that no human health
problems have been caused by the consumption of
these products. In many cases, the final products of
transgenic origin that reach the consumer, such as soy-
bean oil or corn starch, are chemically identical to con-
ventional products. Their effect on human health is
therefore indistinguishable, regardless of their origin.
There are many studies analyzing the toxicity of
various transgenic plants when used as fodder for vari-
ous animals. From all these studies, one can infer that
no damage is caused by consuming the GMO used
today. There are only two reported cases (Starlink maize
in the US and a variety of peas in Australia) in which
these products have been recalled because of their

possibly allergenic effects. However, certain studies
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Figure 1l1.23. Genetically modified maize is used as food in many countries.

Figure I1l.24. Techniques for evaluating the characteristics of new plant varieties

and the risks of transgenic organisms and their products.



published recently note that there may be some nega-
tive effects of possible toxicity due to the consumption
of certain transgenic cultivars by certain animals. The
authors of some of these reports conclude and recom-
mend that further research be conducted to confirm
their findings. It is crucial to insist on the importance of
having other independent groups repeat these studies
(figure 111.24). If a significant negative effect is over-
whelmingly proved, the use of these particular cultivars
as food must be suspended. However, it should be
pointed out that in none of the cases reported as hav-
ing possibly negative effects on animal health have the
government agencies responsible for the authorization
and release of GMO taken the decision to recall them,
since other factors, such as the presence of chemical
pesticides or herbicides polluting the GMO, might be
responsible for the detected possibly negative effects
(Potrykus 1989, Noteborne et al. 1995, Hammond et al.
1996, Struck et al. 1997, Brake and Vlachos 1998, Pusztai
et al. 1999, Hashimoto et al. 1999, Nuccio et al. 1999,
Yao et al. 2000, Wang et al. 2000, Momma et al. 2000,
Teshima et al. 2000 and 2002, Spencer et al. 2000, CDC
2001, Kosieradzka et al. 2001, Noyola et al. 2002, Her-
rera-Estrella et al. 2002 and 2003, Reuter et al. 2002,
Thomas and Fuchs 2002, Hammond 2002, Arias and
Muroz 2002, Bernstein et al. 2003, Purohit 2003, Bakshi
2003, Ibarra et al. 2003, Chen et al. 2003 and 2004, Ham-

mond et al. 2004, Rascén-Cruz et al. 2004, Sinagawa-
Garcia et al. 2004, APBN 2004, Zhu et al. 2004, Zhuo et
al. 2004, Brake and Evenson 2004, Green et al. 2004,
Kreuzer and Massey 2005, Margulis and Sagan 2005,
Rhee 2005, Metcalfe 2005, WHO 2006, Trigo and Capp
2006, Bolivar et al. 2007, Domingo 2007, Valdez-Ortiz et
al. 2007, Poulsen et al. 2007a and 2007b, Malley et al.
2007, Constable et al. 2007, Ramirez and Uribe 2007,
Herrera- Estrella and Martinez 2007, Sakamoto et al.
2007 and 2008, Schroder et al. 2007, Seralini et al. 2007
and 2009, MacKenzie et al. 2007, McNaughton et al.
2008, He et al. 2008 and 2009, Healy et al. 2008, Delaney
et al. 2008, James 2008 and 2009, CIBIOGEM 2008, Ma-
gana-Gomez et al. 2008, Appenzeller et al. 2009a and
2009b, Mathesius et al. 2009, Domon et al. 2009, Her-
ouet-Guicheney et al. 2009, Ayala-Rodriguez et al. 2009,
Tutel’ian et al. 2009, Juberg et al. 2009, De Vendomois
et al. 2009, BIO 2011, Domingo and Bordonaba 2011).

* In short, after everything described in this publication,
it is essential to note that the events involved in the
modification, due to the horizontal transfer of genetic
material, and the reorganization of genomes, including
those that have taken place in GMO, are phenomena
that are permanently present in the biosphere. They are
natural events that form part of the characteristics of liv-

ing systems which, on the one hand, have been partly
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responsible for the evolution of species and on the
other, for the generation of new live organisms (whether
naturally or anthropogenically) with the reorganization
of their genomes (transcriptomes, proteomes and
metabolomes) that make them more suitable for deal-
ing with many of the problems and requirements of
human society and the biosphere itself. Thus, organisms
in the biota undergo genetic modifications, increases
and re-arrangements that occur on a daily basis, which
is why GMO are organisms with low risk levels, as hap-
pens in nature.

All human activities have an impact on nature and
the environment. It is therefore essential to create both
awareness and the frameworks for minimizing the nega-
tive effects on the planet by using better cultivars and
doing so more efficiently (figure 111.25). The premise that
as human beings, we are not entitled to modify living sys-
tems to solve urgent problems, because this poses a se-
rious risk due to the modification of their genomes, is
simply untenable. Accepting this premise would mean
giving up a tool that has been developed to replicate in
a designed, directed way, with a lower risk coupled with
respect for biodiversity, what happens permanently and
naturally in the biosphere. This would rule out the possi-
bility of designing better genetically modified organisms
to meet the requirements of the human race and defend

and restore polluted, destroyed ecosystems. It is both
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unacceptable and immoral to stand idly by in the face of
the alternative of continuing to use technology that de-
stroys and pollutes the environment such as chemical
pesticides and weed-killers, many of which cause severe
damage to health, biodiversity and the environment. Nor
can one continue to destroy forests and woods for crop
cultivation to satisfy the need for food.

There is no such thing as risk-free technology.
Biotechnology is a technology with a low risk which
also, thanks to the concern over possible risks involved
in its use, now has mechanisms for evaluating and han-
dling possible biological risks. It is essential to continue
making responsible use of this technology through a
case-by-case analysis and evaluation, based on the sci-
entific evidence of transgenic organisms and their prod-
ucts. One should not forget that in Mexico, the
Biosecurity Law of Genetically Modified Organisms, as
we shall see in the following section, describes the prin-
ciples and policies of biosecurity as well as prohibiting
the use of this technology for other unsuitable and in
some cases illegal purposes, such as the development
of biological weapons, for example. Any technology
can be used irresponsibly, which is immoral, illegal and
unacceptable and improper use must be punished. This
should not, however, limit the responsible progress of
science and technology for the benefit of society and

the world.



Figure I11.25. Biotechnology must be used to help preserve biodiversity and recover polluted ecosystems.






V. RESPONSIBLE USE AND APPLICATION OF
GENETICALLY MODIFIED ORGANISMS

IV.1. General considerations regarding the responsible

use of scientific knowledge and biotechnology

Science is a human activity intrinsically rooted in a spirit
of enquiry that seeks to produce scientific knowledge
on the universe and nature, including human beings
and society.

Supporting the originality of new scientific knowl-
edge must take place through peer evaluation and its
publication in arbitrated peer reviewed journals and
books. It is crucial to support the veracity of knowledge,
since the lack of sustenance and lies destroy the credi-
bility of scientific work.

Scientific knowledge has been used for the devel-
opment and innovation of relevant, competitive technol-

ogy, to solve problems and create satisfiers for society.

— The use of scientific knowledge and technology must

occur: i) in a responsible way that respects health and

preserves the environment; ii) fairly, while trying to re-
duce social differences and inequities; iii) with respect
for cultural wealth; iv) in keeping with an appropriate
legal framework and v) after a detailed analysis of the
benefits and risks posed by the use or non-use of a par

ticular technology for solving a problem.

— In particular, and in the case of biotechnology, as
pointed out earlier, there has been no solid scientific
evidence to date of a negative impact or damage
caused by the use of GMO and their products currently
available on the market. However, as with any type of
technology, some transgenic products may have po-
tential risks, making it essential to evaluate their use,
and in particular, the release of GMO into the environ-
ment, on a case-by-case basis, using solid scientific ev-
idence. Itis important to note that the knowledge used
for this evaluation must be properly supported. There

are countless examples of publications being withdrawn
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from journals since they contain false or unsupported
evidence. Knowledge and published evidence must be
independently obtained by several research groups in
order to sustain knowledge and published evidence.
It is also essential for experiments to be carried out
under suitable conditions with proper controls (figure
IV.1). Scientific knowledge in this area of biotechnology
must also be used to create the bases for developing
suitable, statistically validated technologies for the
evaluation of biological technologies and their prod-

ucts, including those that use and evaluate GMO.

IV.2. International agreements and regulation

in Mexico on the use of GMO

The use of GMO and their release into the environment
has raised questions and created a global awareness of
the importance of analyzing responsibly and exhaus-
tively the release of GMO into the environment, bearing
in mind different factors and possible risks. This has per-
mitted, through discussions and reviews by experts, the
creation of international agreements and national leg-

islations for the responsible handling of GMO.
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International context

® One of the international agreements is the Conven-
tion on Biological Diversity (CBD), signed by Mexico and
more than a hundred countries, which came into effect
in 1993. This Convention includes the commitment to
establish an agreement on biotechnology security and
biosecurity. As a result, in 2000, the CBD’s Cartagena
Protocol on Biosafety (CPBS) was passed in 2000. It was
subsequently ratified by Mexico and came into effect in
this country in September of 2003.

Through the Cartagena Protocol, signatory coun-
tries pledged to establish the necessary regulations and
measures to evaluate the transborder movements of
transgenic organisms that could have adverse effects
on the conservation and sustainable use of biological

diversity or human health (CBD 1993, CPBS 2000).

e The most important international organizations that
engage in analysis and participate in the discussion and
establishment of cooperation mechanisms related to

biosecurity include:

The Organization for Economic Cooperation and De-
velopment (OECD) that has an area devoted to
biotechnology. Its contributions about GMO include

the Edinburgh Conference, which concluded with the



Figure IV.1. Evaluation of transgenic organisms and their products.



establishment of a consultation and discussion panel
on GMO. Participants (400 representatives from 40
countries, including NGO) identified key aspects such
as the need for a more open, transparent and inclusive
debate in the definition of policies in the area as well
as the recognition of the use of transgenic organisms
and their harmlessness for human health, among other
aspects.

Likewise, regarding biotechnology, the OECD
works on the organization of meetings, studies and the
publication of documents including the version revised
in 2006 of “OECD Guidance for the Designation of a
Unique Identifier for Transgenic Plants” http://www2.
oecd.org/biotech/, which has established the guide-
lines for assigning codes to GMO. A database has also
been compiled in keeping with the Cartagena Protocol,
containing a list of the GMO used: http://bch.biodiv.org/
about/default.shtml. This database enables the author-
ities of member countries to share information on the
products of the new biotechnology.

The WHO agrees over the evaluation of the risk of
releasing GMO and considers that the various geneti-
cally modified organisms (GMO) include genes inserted
in different ways. This means that every GM food and
its harmlessness must be individually evaluated on a
case by case basis and that it is impossible to make

general statements about the safety of all GM foods. It
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also notes that the GM foods currently available on the
international market have passed the risk evaluations
and not caused damage, meaning that they are unlikely
to pose a risk to human health. Moreover, no effects on
human health have been shown as a result of the con-
sumption of these foods by the population in the coun-
tries where they were approved. The continuous use of
risk assessment based on the principles of Codex Ali-
mentarius, and where appropriate, post-commercializa-
tion monitoring, must form the basis for assessing the
harmlessness of GM foods.

The United Nations Food and Agriculture Organ-
ization (FAO) and the WHO have supported GM food
testing protocols (FAO 2000, Dix et al. 2004, WHO
2006, OECD 2006, Codex Alimentarius 2006, Constable
et al. 2007, Fratamico 2008, Codex Alimentarius 2009,
James 2009).

e |tis important to note that to date, 27 countries have
transgenic crop fields and that there is an annual in-
crease in the area under cultivation. In 2009, 134 million
hectares were reported to be under cultivation with
transgenic crops, which included maize, rice, soybean,
potato, beet, squash, alfalfa, canola and cotton. There
is an important international debate on the assess-
ment, release and safety aspects of GMO (figures IV.1,

V.2 and IV.3).



In the United States of America (USA), the country
with the largest production and use of transgenic prod-
ucts, there has been a major debate on the benefits and
possible risks of these products since their inception 30
years ago. In this respect the National Academy of Sci-
ences (NAS) and the National Research Council (NRC) of
this country have drawn up a set of key documents re-
lated to transgenic organisms, including the following:
a) safety of food of transgenic origin; b) transgenic
plants’ effect on the environment; c) animal biotechnol-

ogy and d) monitoring GM cultivars, in order to use a

scientific basis to guide decision-making regarding the
use of GMO.

In the European Union, legal frameworks have been
developed for the use and release of GMO. In Europe,
the use of new cultivars, including transgenic potatoes,
was recently authorized. The use of rice and new vari-
eties of transgenic maize was also approved in China.

The intellectual property of most cultivars is owned
by transnational companies such as Monsanto, Dupont,
Dow Agrochemicals, Syngenta and Bayer, which supply

grain to smallholders in various countries (NRC 1989,

Figure IV.2. Transgenic maize.
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Figure IV.3. Transgenic rice cultivar.



2002a, 2002b and 2004, Royal Society of London 2000,
Thomas and Fuchs 2002, Gil and Martinez 2003,
Flannery et al. 2004, AEBC 2004, APBN 2004, Dix et al.
2004, OECD 2004 and 2006, WHO 2006, Jaffe 2006, Trigo
and Capp 2006, CIBIOGEM 2008, James 2008 and 2009,
Kanter 2009, Tang et al. 2009, ISAAA 2010, BIO 2011).

Mexican national context

* In Mexico, the Congress (figure IV.4), with the support
of the AMC Biotechnology Committee and in keeping
with the international commitments acquired, particu-
larly the Cartagena Protocol on Biosafety, after a
process of consultation, discussion and revision lasting
three years, issued the Biosafety Law on Genetically
Modified Organisms (BLGMO) in 2005.

This law is designed to guarantee the protection of
human health, the environment, biological diversity, and
animal, plant and human health in activities involving

GMO. Key features included in the Law are given below:

i) The definition of biosafety principles and policy,
such as case by case and step by step assessment
based on scientific knowledge;

ii) The determination of the capacities of the vari-
ous government departments involved in the eval-

uation of GMO;

iii) The establishment of the bases for the function-
ing of the Inter-Secretarial Commission on the
Biosafety of Genetically Modified Organisms
(CIBIOGEM);

iv) The definition of the bases of the procedures
for the case by case evaluation and monitoring of
the possible risks of using GMO;

v) The establishment of regimes for handling GMO
(permits, announcements and authorizations);

vi) Bases for the establishment of the National In-
formation System on Biosecurity and the National
Register of GMO Biosafety;

viii) The definition of the bases for establishing
guidelines regarding biosafety;

ix) Establishing control measures and sanctions;
x) Defining measures for public participation, ac-
cess to information and social participation
through CIBIOGEM's Mixed Advisory Board;

xi) Defining instruments to encourage scientific
and technological research in the area of biosafety

and biotechnology.

This Law, published in the Mexican Official Gazette
(Diario Oficial de la Federacién) in 2005 (BLGMO, 2005),
already has a regulation published in 2008 to imple-
ment it (RLBOGM, 2008).
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Figure 1V.4. Chamber of Deputies in Mexico.



e Mexico purchases transgenic seeds as cattle fodder
(figure IV.5). There are research centers and universities
engaged in the development of suitable cultivars for
conditions in Mexico. There are also companies in the
area of health that produce recombinant human pro-
teins for treating various diseases and clinical problems.
Since 1988, the Secretariat of Agriculture, Livestock,
Rural Development, Fisheries and Food (SAGARPA) has
assessed the experimental release of GMO. Within the
framework of the BLGMO, efforts have begun to assess
the possible uses and release of GMO by CIBIOGEM.
Over 60 permits have been granted for the experimental
planting of transgenic cultivars. In Mexico, transgenic
cultivars are registered in the name of transnational
companies: Monsanto and subsidiaries, Bayer and sub-
sidiaries and Dow Agrochemicals. In March 2011,
SAGARPA granted Monsanto the first permit to grow
transgenic maize at the pilot level in the state of Tamauli-
pas, the phase prior to commercializing grain.
However, it should be noted that regardless of the
existing legal framework for the responsible use of
GMO, Mexico lacks a comprehensive state agriculture
policy concerning these and other key issues (such as
intellectual property, benefits for small peasents) to
guarantee fairer use of knowledge and technology for
the benefit of society and the Mexican biota (BLGMO
2005, Bolivar et al. 2007, RLBOGM 2008, CIBIOGEM 2008,

James 2009, ISAAA 2010, www.sagarpa.gob.mx 2011,
BIO 2011).

IV.3. Recommendations and considerations for the use

and responsible application of transgenic organisms

A list of additional recommendations for the legal frame-

work on the responsible use of GMO is given below.

e There is an international consensus on the need to as-
sess possible risks and follow up, on a case-by-case basis,
using solid scientific knowledge, on the GMO that are to
be used and released into the environment. It is also nec-
essary to monitor the presence of GMO in different
niches in the short, medium and long terms. This analysis
must consider the comparison of the benefits and pos-
sible risks derived from the use of a particular GMO, as
well as the risks of not using them if current production
and degradation schemes continue to be used (NRC
1989, 2002a, 2002b and 2004, Beck 1999, FAO 2000, Hails
2000, Royal Society of London 2000, Dale 2002, Thomas
and Fuchs 2002, Herrera-Estrella 2002, Ortiz and Ezcurra
2003, Kapuscinski et al. 2003, Flannery et al. 2004, AEBC
2004, APBN 2004, Dix et al.2004, Bradford et al. 2005,
Kreuzer and Massey 2005, Bertoni and Marsan 2005,
WHO 2006, Jaffe 2006, Singh et al. 2006, OECD 2006,
Trigo and Capp 2006, Bolivar et al. 2007, CIBIOGEM 2008,

RESPONSIBLE USE AND APPLICATION OF GENETICALLY MODIFIED ORGANISMS 87



James 2008 and 2009, Villalobos 2008, Tang et al. 2009,
Kanter 2009, Traavik et al. 2009, ISAAA 2010, BIO 2011).

e There is also a consensus over the importance of con-
ducting interdisciplinary research on transgenics
through the use of the “omic” sciences (genomics, pro-
teomics, metabolomics) as well as ecology and bioin-
formatics, among others. This is important, since there
are scientists who consider that transgenes may elicit
responses that are not obvious in the genome, tran-
scriptome and proteome, in the receptor organism.
Others think that this is not the case, since, as noted in
Chapter Il of this document, the horizontal transfer of
genetic material and the reorganization of the genome,
transcriptome and proteome are phenomena that occur
permanently due to viral infections or the transposition
of DNA in nature, regardless of transgenics.

As noted earlier, transgenic organisms are pro-
duced by horizontal DNA transfer processes and the re-
organization of the genome, phenomena that occur in
nature. Organisms in the biota undergo genetic modifi-
cations on a daily basis. GMO are therefore organisms
with similar risk levels to those that occur in nature and
in some cases, with fewer modifications than the culti-
vars used traditionally (Watson et al. 1988 and 1996, Dix
et al. 2004, Kreuzer and Massey 2005, Margulis and
Sagan 2005, Bolivar et al. 2007, Batista et al. 2008, CIBIO-
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GEM 2008, Fratamico 2008, Traavik et al. 2009, Doerrer
et al. 2010, Davis et al. 2010, Krom and Ramakrishna
2010, Mallory-Smith and Séanchez 2011, BIO 2011).

* |t has been pointed out, on the basis of solid scientific
evidence, that GMO and above all, the transgenic culti-
vars used nowadays as food, have not damaged human
health. It is important to note, however, that exhaustive
tests must continue to be carried out to prove the harm-
lessness of the transgenic foods consumed and of the
new products being launched on the market (figures
V.1 and IV.6). There are several publications in which at-
tempts have been made to analyze the possible toxicity
of transgenic plants and no damage to the various ani-
mals used in these studies has been reported to date.
These studies sustain the lack of damage caused by the
use of GMO and their products as foods. However, there
are also certain publications that would seem to indi-
cate possible effects on certain animals due to the con-
sumption of some transgenic cultivars. In this respect,
it is essential to ensure that the scientific knowledge
published is well founded and that the possible evi-
dence of negative effects due to the use of transgenic
organisms does not necessarily imply damage. It is also
crucial for any evidence published indicating possible
effects caused by the use of transgenic foods and their

products to be independently obtained by other re-



Figure IV.5. Transgenic maize imported into Mexico for cattle fodder.

search groups to corroborate results. There are numer-
ous cases of published evidence in international jour-
nals that are withdrawn because they are false or
incomplete or because they lack the proper controls
and conditions. There are also, unfortunately, published
articles whose results cannot be independently repro-
duced.

Emphasis has been placed on the fact that neither
the WHO nor the governmental agencies of the various
countries responsible for the analysis and evaluation of

the use of transgenic organisms have changed their po-

sition on harmlessness or the lack of damage caused by
the use of the transgenic foods and medicines currently
available on the market. It has been said that, in the
case of the Starlink corn, the government agency re-
sponsible in the USA, the FDA, decided to withdraw it
from the market since it might cause allergies in a certain
type of consumer. If there were overwhelming evidence
that were independently confirmed on damage to
health due to the consumption of a certain transgenic,
this particular transgenic would have to be recalled, as

in the case of Starlink and as happens when a drug that
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Figure IV.6. The analysis and characterization of transgenic cultivars is stipulated

in the BLGMO to evaluate the possible risk of these foods.



proves to cause damage to health is withdrawn (Po-
trykus 1989, NRC 1989, 2002a, 2002b and 2004, Note-
borne et al. 1995, Hammond et al. 1996 and 2004,
Estruch et al. 1997, Brake and Vlachos 1998, Pusztai et
al. 1999 Hashimoto et al. 1999, Nuccio et al. 1999, FAO
2000, Yao et al. 2000, Wang et al. 2000, Momma et al.
2000, Teshima et al. 2000 and 2002, Spencer et al. 2000,
Reuter et al. 2002, Thomas and Fuchs 2002, Hammond
2002, Arias and Mufoz 2002, Herrera-Estrella et al. 2002
and 2003, Noyola et al. 2002, Pryme and Lembcke 2003,
Bakshi 2003, Ibarra et al. 2003, Chen et al. 2003 and
2004, Purohit 2003, APBN 2004, Dix et al. 2004, OECD
2004 and 2006, Zhu et al. 2004, Zhuo et al. 2004, Brake
and Evenson 2004, Green et al. 2004, Kreuzer and
Massey 2005, Rhee et al. 2005, Metcalfe 2005, Trigo and
Capp 2006, WHO 2006, Miller et al. 2006, Bolivar et al.
2007, Poulsen et al. 2007a and 2007b, Malley et al. 2007,
Domingo 2007, Constable et al. 2007, Ramirez and
Uribe 2007, Herrera- Estrella and Martinez 2007, Sa-
kamoto et al. 2007 and 2008, Schroder et al. 2007, Sera-
lini et al. 2007 and 2009, MacKenzie et al. 2007,
McNaughton et al. 2008, He et al. 2008 and 2009, Healy
et al. 2008, Delaney et al. 2008, James 2008 and 2009,
CIBIOGEM 2008, Fratamico 2008, Magafia-Gémez et al.
2008, Tang et al. 2009, Codex Alimentarius 2009, Ap-
penzeller et al. 2009a and 2009b, Mathesius et al. 2009,
Domon et al. 2009, Herouet-Guicheney et al. 2009,

Tutel’ian et al. 2009, Juberg et al. 2009, De Vendomois
et al. 2009, ISAAA 2010, Krom and Ramakrishna 2010,
BIO 2011, Domingo and Bordonaba 2011).

e |t is important to conduct social, economic and
bioethical studies on the use of this technology (in other
words, the impact of patents in poor countries together
with ethical, social and economic aspects). There is in-
formation suggesting that there were economic profits
of over $50 billion USD during the period from 1996-
2008 due to the use of transgenic organisms in agricul-
ture and that 50% of these corresponded to a reduction
in production costs and above all, to a lower use of
chemical pesticides. In particular, it led to a 34 million
kilograms reduction in the use of pesticides, accounting
for nearly 10% of the total amount of chemical pesti-
cides used today. The use of 134 million ha planted with
transgenic crops accounts for 9% of the total of the 1.5
billion ha cultivated worldwide. Transgenic products
have now been used by over 300 million persons in 57
countries.

At the same time, it is essential to have a state agri-
cultural policy in Mexico and in other countries that will
consider these issues and the responsible use of trans-
genic organisms in a comprehensive fashion in order to
guarantee the fairer use of this technology for the ben-

efit of Mexican society, especially peasants, and its biota.
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It is important to stress that in Mexico there are groups
that have developed transgenic organisms that are al-
ready used in this country, together with new varieties of
plants that could be used for the benefit of this country.
It is therefore essential to provide interdisciplinary train-
ing for human resources and to strengthen the infra-
structure of both research and the organizations able to
provide an integral assessment of GMO and their use
(figure IV.7). Establishing the means for disseminating
the information generated in this area is also crucial
(Watson et al. 1998 and 1996, Goedell et al. 1979,
Moses and Cape 1991, FAO 2000, Hails 2000, Bosch
2002, Thomas and Fuchs 2002, Purohit 2003, Gil and
Martinez 2003, Rascén-Cruz et al. 2004, Sinagawa-Gar-
cia et al. 2004, Flannery et al. 2004, Kreuzer and Massey
2005, Why Silence is not an Option 2006, OECD 2006,
WHO 2006, Constable et al. 2007, Valdez-Ortiz et al.
2007,Herrera-Estrella y Martinez 2007, Ramirez and
Uribe 2007, CIBIOGEM 2008, James 2008 y 2009, Ayala-
Rodriguez et al. 2009, ISAAA 2010, BIO 2011).

e For the scientific community, organisms and products
of transgenic origin constitute a tool that cannot be ig-
nored in the development of agriculture. Strict control
must be maintained, on the evaluation of possible risks
to human health and biodiversity that could be caused

by the new generations of transgenics. There are over
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134 million ha under cultivation with GMO in 27 coun-
tries worldwide. There are, however, differences of opin-
ion in Mexico over the advisability of immediately
releasing varieties of transgenic cultivars of which this
country is the center of origin, such as maize. Thus,
while some ecologists hope that no other modified
maize will touch Mexican farm land; other scientists be-
lieve that permits should be granted to cultivate it in
certain regions. This should only take place after the
level of possible risk and the necessary controls for min-
imizing and monitoring the flow of genes have been
evaluated in field studies. Indeed, the consequences of
an eventual genic flow due to pollen are also a polemic
issue. However, a study on the flow of genes that con-
fers resistance on herbicides has recently been re-
ported. This report notes that it has been proved that
this type of gene transfer ocurrs between cultivars that
have not been genetically modified and certain grasses
and other plant species related to these cultivars. This
shows that the genic flow occurs independently of the
transgenes and that DNA transfer takes place in nature
between cultivars and related species. This has enabled
cultivars and other organisms in the biota to acquire
new capacities naturally on an everyday basis. This min-
imizes the concern that transgenics will cause and be
the organisms responsible for creating grasses with var-

ious genes that are resistant to antibiotics, also called



Figure IV.7. Training human resources is crucial to promoting the development of science and biotechnology.



“supergrasses” since this natural phenomenon of trans-
ferring herbicide resistance genes between cultivars
and other plant organisms related to them occurs re-
gardless of transgenes. In other words, the genic flow
is independent of the origin of the gene and biosafety
must refer to the eventual damage that could be
caused by a gene, regardless of its origin (Watson et al.
1988 and 1996, NRC 1989, 2002a, 2002b and 2004, Dale
2002, Thomas and Fuchs 2002, Kling 2003, Schieman
2003, Kreuzer and Massey 2005, INIA 2006, Singh et al.
2006, Bolivar et al. 2007, Valdez-Ortiz et al. 2007, Her-
rera-Estrella and Martinez 2007, CIBIOGEM 2008, James
2008 and 2009, Ayala-Rodriguez et al. 2009, Traavik et
al. 2009, Krom and Ramakrishna 2010, Murat et al. 2010,
ISAAA 2010, Bio 2011, Mallory-Smith and Sénchez
2011).

* Another concern among sectors in Mexico that have
expressed negative views on transgenic plants is that
certain transgenic varieties currently commercialized by
multinational firms are unsuitable for Mexican national
agriculture, since pests in the United States are different
from those in Mexico. Support for academic groups in
this country’s public institutions is therefore essential,
so that they can develop the varieties required by Mex-
ico. Many countries are already developing new second

generation crops that attempt to boost the quality of
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food, as in the case of golden rice. This strain produces
larger amounts of Vitamin A precursors and third gen-
eration varieties of maize that require smaller amounts
of water to grow [figures 11.15 and IV.8] (Watson et al.
1988 and 1996, Ye et al. 2000, Potrykus 2001, Ibarra et
al. 2003, Zhang et al. 2004, Flannery et al. 2004, Rascén-
Cruz et al. 2004, Sinagawa-Garcia et al. 2004, Kreuzer
and Massey 2005, Bolivar et al. 2007, Herrera-Estrella
and Martinez 2007, Byun et al. 2008, James 2009, Ayala-
Rodriguez et al. 2009, Tang et al. 2009, ISAAA 2010,
Gilbert 2010, BIO 2011).

* |t is essential to organize the participation of aca-
demic, industrial and government sectors to create mul-
tidisciplinary groups that will provide advice using
scientifically supported information. In particular, in
Mexico CIOBIOGEM and the state secretariats involved
in the evaluation of biological risk in agreement with the
BLGMO must define strategies and methodologies for
the risk assessment of transgenic organisms in order to
achieve the following: i) the approval of their use and
release into the environment based on solid scientific
evidence; ii) the verification of the GMO used and iii) the
follow-up and diagnosis of the presence of GMO in dif-
ferent ecological niches (NRC 1989, 2002a, 2002b and
2004, Beck 1999, FAO 2000, Thomas and Fuchs 2002,
ICSU 2003, Schieman 2003, Kapuscinski et al. 2003,



Figure IV.8. Transgenic golden rice cultivar.



BLGMO 2005, Kreuzer and Massey 2005, Why Silence
is not an Option 2006, OECD 2006, Jaffe 2006, Bolivar
et al. 2007, CIBIOGEM 2008, James 2009, ISAAA 2010,
Bio 2011).

* |t is important to analyze the advisability of using or
modifying successful strategies from different countries
for national and regional regulation, according to the ca-
pacities, characteristics and needs of each country. Fif-
teen European Union member countries include the
following aspects in risk assessment: i) the way the gene
introduced changes the plant modified; ii) evidence of
toxicity and allergenicity and iii) an assessment of the ef-
fects on beneficial organisms in the environment and the
consequences of gene transfer (e.g. through polliniza-
tion). Several countries (including European Union coun-
tries such as Spain) are already discussing the conditions
for the co-existence of first and second generation GMO
crops -such as transgenic corn that requires a smaller
amount of water- to grow than traditional crops. Con-
versely, countries such as Mexico, for example, are still
discussing whether or not to carry out experimental
tests, with moratoria being suggested for the latter (NRC
1989, 2002a, 2002b and 2004, Royal Society of London
2000, Dale 2002, Thomas and Fuchs 2002, Schieman
2003, ICSU 2003, Purohit 2003, AEBC 2004, APBN 2004,
Kreuzer and Massey 2005, Ponti 2005, OECD 2006, Trigo
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and Capp 2006, Domingo 2007, CIBIOGEM 2008, INRA
2009, James 2009, ISAAA 2010, BIO 2011).

e Legislators and those responsible for administrative
areas must have up-to-date, scientifically supported in-
formation on the issue and the assessment of technical
and scientific personnel. It is essential for the govern-
ment entities responsible for the definition of policies
for releasing transgenics, to have sufficient elements to
issue the corresponding guidelines that will define the
administrative procedures for the use of GMO in keeping
with national legislation and international agreements.
It is crucial to have sufficient human and material re-
sources to be able to implement the national or regional
regulations and in Mexico the BLGMO and its regulation
(FAO 2000,Thomas and Fuchs 2002, BLGMO 2005,
Kreuzer and Massey 2005, OECD 2006, WHO 2006, Dix
et al. 2006, Singh et al. 2006, CIBIOGEM 2008, James
2009, ISAAA 2010, BIO 2011).

IV.4. lllegal and questionable uses of certain GMO

* In Mexico, the BLGMO explicitly states that no GMO
can be used as a biological weapon. It is possible to cre-
ate GMO that could have a negative impact on human,
animal and plant health, which would be illegal. These

GMO cannot and should not be constructed. Examples



include bacteria that normally live in the human intes-
tine, into which toxin-producing genes could be incor-
porated that affect health, such as botulism and
cholera. An example in the area of plants could be the
use of terminator genes that would prevent the germi-
nation of the following generations of seeds, since
these genes could be horizontally transferred to other

plants and cause damage.

® There is a consensus in the Mexican scientific commu-
nity on the fact that edible plants, specifically corn,
should not be genetically modified to enable them to

produce substances of industrial interest, such as plas-

tics, even if they were biodegradable. In particular, the
use of food cultivars for the production of pharmaceu-
tical compounds (vaccines, protein hormones, antibod-
ies) should be analyzed in detail, since the possible
consumption of these plants, which could produce
medicines, could also have unpredictable secondary ef-
fects related to the dose of medicine consumed in the
transgenic cultivar.

In principle, plants such as tobacco and cotton
could be used to produce certain types of medicine
and compounds currently manufactured by the chem-

ical industry to reduce pollution, since these plants are

inedible.

RESPONSIBLE USE AND APPLICATION OF GENETICALLY MODIFIED ORGANISMS 97






V. FINAL CONSIDERATIONS

The issue of modern biotechnology applied to agricul-
ture has many elements of discussion and controversy.
However, with regard to the production of new biomed-
ication in the health sector, applications are advancing
steadily, dealing with many clinical problems and pro-
viding powerful, new environmentally friendly tools for
reducing and solving many of these problems.

A well-informed society is required that will be able
to analyze each of the technological alternatives for
dealing with the various problems and demands, to-
gether with firm support from the scientific community
in order to be able to evaluate and exploit them.

Biodiversity is one of the Mexico’s and world's
greatest riches. It must be used responsibly and sustain-
ably to incorporate greater added value into products
of biological origin. Biotechnology has helped in this
respect and may continue to help in many respects. This
requires solid scientific information that has been com-

prehensively and responsibly analyzed, without auto-

matically ruling out transgenic organisms and their
products in order to conduct an objective analysis of
the advantages and risks of both using and not using
GMO.

This publication presents a set of scientifically sup-
ported evidence that supports the reasons for regard-
ing GMO as organisms with similar levels of risk to those
that exist in the biota, since they are created through
the horizontal transfer of genetic material and the reor-
ganization of genomes, phenomena which occurs on an
everyday basis in nature and which has been partially
responsible for the evolution of species.

The text includes recommendations for the re-
sponsible use of GMO which in Mexico is governed by
the Cartagena Protocol on Biosafety, the Biosecurity law
of Genetically Modified Organisms and their regula-
tions.

The use of any technology has potential risks. In

this respect, it is important to note that in the case of
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certain drugs whose use has proved to damage health,
the government agencies responsible usually withdraw
these medicines from the market (i.e. drug stores). In
the case of products of transgenic origin, particularly
transgenic food, there are two examples (Starlink maize
in USA and a variety of peas in Australia) in which pos-
sibly allergenic effects were found due to their con-
sumption. Starlink maize was recalled by the FDA in the
USA and the peas were not commercialized. However,
as regards to the transgenic crops used today, there is
solid scientific evidence of the lack of damage to
human health, based on many publications showing the
lack of damage due to animals’ consumption of various
transgenic cultivars.

Nevertheless, there are various recent publications
reporting possibly negative effects in certain animals due
to the consumption of certain GMO. It is important to
note the importance of having these experiments inde-
pendently repeated by several groups in order to vali-
date results, since there may be other factors responsible
for this damage, such as the presence of chemical pesti-
cides or herbicides in the transgenic cultivars used, which

might account for the negative effects detected by cer-
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tain groups. However, if damage by a particular GMO is
convincingly proved, then its use must be prohibited.

To date, the data published in the literature have
not led to the elimination or recall of the transgenic cul-
tivars that allegedly cause this damage by the govern-
ment agencies in the various countries responsible for
authorizing the use and release of these GMO. Conse-
quently, the transgenic organisms and their products
currently authorized and available on the market con-
tinue to be used and consumed in over 50 countries by
nearly 300 million persons.

There is a significant amount of solid scientific ev-
idence independently produced by several groups
which supports the low risk involved in using transgen-
ics or their commercial products since they are organ-
isms created by horizontal DNA transfer and genome
reorganization which occurs on a daily basis in nature.

Biotechnology is not inherently good or bad. It has
the potential to decrease or increase the impact of agri-
cultural activity on the environment. The challenge is to
develop, provide and administer biotechnology with re-
sponsibility for the benefit of human beings and the en-

vironment.



Figure V.1. The environment and biodiversity

of our planet are crucial to human life.

Figure V.2. In these maize cobs, the genetic material in the cells

of the grains responsible for colors has been naturally rearranged.
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APPENDIX 2: GLOSSARY

Adenine. One of the four nitrogenated organic bases form-
ing the nucleotides comprising DNA and RNA [see Figures
[1.2, 115, 11.6] (see DNA, RNA, bases).

Agrobacterium. Bacterium that may be pathogenic for cer-
tain plants, which is able to incorporate parts of its DNA into
the cells of the plants it infects (see DNA, bacterium, plant).

Agroecological biotechnology. Emerging area of biotech-
nology at the interface of ecological, environmental, agri-
cultural and evolutionary disciplines (see biotechnology,
GMO, biological resources).

AIDS. Disease known as the Acquired Immunodeficiency
Syndrome caused by the HIV virus (see retrovirus, genome
reorganization).

Alanine. One of the 20 amino acids comprising proteins
[see Figures I1.6, I1.7] (see proteins, amino acid, protein syn-
thesis, codon, genetic code, polymer, mRNA, transfer RNA).

Allergenicity. Possible effect of producing allergic episodes
in user (see immunogenic).

Amino acid. Protein monomer. Building blocks (monomers)
of proteins (polymer).There are 20 different amino acids in

the proteins of living beings [see Figures 1.6, 11.7] (see protein,
transcription, translation, ribosome, monomer, polymer).

Amplification. Methodology enabling DNA fragments to
be copied and therefore multiplied, through PCR tech-
niques or molecular cloning in organisms (see PCR, oligo-
nucleotide, genetic engineering).

Amylase. Protein with enzymatic capacities used to make
syrups. Also produced by genetic engineering (see protein,
enzyme, genetic engineering, genetically modified foods).

Animal. Member of one of the five kingdoms into which liv-
ing organisms are divided (Animal Kingdom). Animals cells
are heterotrophic and developed through the fertilization
of an egg by a sperm. The fertilized egg or zygote is de-
veloped and differentiated at the cellular level and forms
different tissues (see DNA, cell, heterotroph, zygote, ga-
mete, organism).

Animal or plant health. Measures that must be adopted
and implemented to preserve, deal with and limit the risks
of disease or chemical or biological pollution that affects
animals and plants. In the context of this book, risks include
those that may occur due to the presence of GMO and their
products (see biological risk, biosafety, transgenic, risk).
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Antibiotics. Substances produced generally by organisms
used to inhibit the growth of pathogenic microorganisms
to humans and animals (see pathogenic organism).

Antibody. Protein produced by the immunological system
of mammals in order to be joined to a specific antigen,
which may be an invading agent (virus, bacterium, fungus)
or small molecules not present in the organism (see im-
munogen, antigen, vaccine).

Anticodon. The sequence of three nucleotides present in
the transfer RNA molecules (tRNA) through which they are
joined to codons (comprising three nucleotides) deter-
mined by the sequence of messenger RNA. Protein synthe-
sis is carried out by reading sequentially and associating
transfer RNA molecules through their anticodons with the
complementary codons or triplets of messenger RNA [see
Figures 1.5, 11.6, 11.7] (see mRNA, codon, genetic code,
transfer DNA, ribosome, protein, amino acid, protein syn-
thesis).

Antigen. Foreign substance in an organism that induces
the production of antibodies and of the overall immune
system of higher animals (see immunogen, antibody).

Arabidopsis thaliana. Plant with small genome used as a
model for the study of higher plants [see Figure 111.13] (see
cell, plant).

Arginine. One of the 20 amino acids comprising proteins
[see Figures 1.6, 11.7] (see amino acid, proteins, protein syn-
thesis, monomer, codon, genetic code, polymer, RNA mes-
senger, transfer RNA).

Asparagine. One of the 20 amino acids comprising pro-
teins [see Figures I1.6, 11.7] (see amino acid, proteins, protein
synthesis, codon, genetic code, monomer, polymer, RNA
messenger, transfer RNA).
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Aspartic acid. One of the 20 amino acids comprising pro-
teins [see Figures I1.6, I1.7] (see proteins, amino acid, protein
synthesis, codon, genetic code, polymer, monomer, mes-
senger RNA, transfer RNA).

ATP. AdenonsineTriPhosphate, the molecule universally
used by all living beings to store biological energy. In ani-
mals and plants it is mainly synthesized in mitochondria
(see metabolism, metabolite, cell, mitochondria).

Autotrophs. Organisms capable of producing their own
food (see bacteria, transgenic plant).

Bacillus thuringensis (Bt). Bacterial microorganism living in
the countryside that produces proteins that may have in-
secticidal functions. Genes from this organism have been
isolated that produce these proteins for the construction
of insect-resistant transgenic plants (see bacteria, trans-
genic plant, recombinant DNA).

Bacteria. Members of one of the five kingdoms of living or-
ganisms (Monera Kingdom). Single-cell autotrophic mi-
croorganism responsible for many essential biological
functions such as biological nitrogen fixation and com-
pound biodegradation. Also called prokaryotes since they
do not have a nucleus where the DNA is located as is the
case of eukaryotes (such as animals and plants) [see Figures
[11.9] (see microorganism, prokaryote, eukaryote, organism).

Bacteria S. pneumoniae. Pathogenic bacteria causing infec-
tion in the respiratory apparatus of humans and other ani-
mals [see Figures 1.8] (see bacteria, pathogenic organism).

Bacteriphage. A virus that infects bacteria [see Figures l11.9]
(see bacteria, virus).

Bases, nucleotide components. Nucleotides are mono-
mers comprising DNA and RNA nucleic acids polymers.



They consist of a nitrogenated base (purine or pyrimidine),
a sugar (deoxyribose or ribose) and a phosphate group.
There are 5 bases in the nucleic acids; two purines, Adenine
(A) and Guanine (G) and three pyrimidines: Cytosine (C),
Thymine (T) and Uracil (U). Adenine, Guanine and Cytosine
are present in DNA and RNA. Thymine is only present in
DNA and Uracil is only present in RNA [see Figures 1.2, 11.5,
[1.6, 11.7] (see DNA, RNA, monomer, nucleotide, transcrip-
tion, replication, DNA structure, protein synthesis).

Base pairs. The term represents complementary nucleo-
tides. In DNA, adenine (A) is bonded to Thymine (T) and
Guanine (G) to Cytosine (C) [see Figures I1.2, 111.4] (see DNA,
nucleotide, base).

Biobalistics. Method used to construct transgenic plants
that use gold microprojectiles covered with the DNA to be
incorporated into a cell [see Figures 1.8, 111.18] (see genetic
engineering, transgenic, transgenic plant, GMO, transgene,
horizontal DNA transfer).

Biocatalysis. Biological process in which one or more en-
zymes take part, outside the cell context, to catalytically
speed up the processes. The processes may involve the
synthesis, modification or degradation of biological and or-
ganic compounds, including food (see protein, amino acid,
genetically modified foods, enzyme).

Biochemical engineering. Discipline that uses knowledge of
engineering and biochemistry for the industrial production
of goods and services based on living beings and their parts
(see biotechnology, biodiversity, fermentation, technology).

Biochemistry. Discipline studying chemical processes at
the level of living organisms (see cell, biotechnology).

Biodegradable or biodegradation. Degrades (breakdown
of compounds) through naturally occurring processes

through living organisms (see recalcitrant, bioinsecticide,
transgenic plants).

Biodiversity. Set of all the living organisms on the planet
(see biota, ecosystem, genetic resources).

Bioethics. The branch of ethics dedicated to providing the
principles for proper human behavior in regard to life, both
human and non-human (animal and plant) and the environ-
ment in which acceptable living conditions may take place.
In the broadest sense, bioethics is not restricted to the med-
ical sphere but includes all the ethnical problems concerned
with life in general, meaning that it includes issues related
to the environment and the proper treatment of animals. It
also considers various aspects related to life such as biolog-
ical information and its patentability; the individual's bio-
logical privacy and the considerations underpinning the
immorality of cloning human beings, among other issues
(see organism, privacy, cloning, bioinformatics).

Bioinformatics. Discipline that comparatively studies exist-
ing information on the sequences of informational biolog-
ical molecules based on software development for the
analysis of genomics sequences (see protein, DNA, gene,
RNA, genomics, sequence bank).

Bioinsecticide. Product of biological origin used to combat
insect plagues. Bioinsecticides are biodegradable prod-
ucts. Genes with bioinsecticide capacities from bacteria in
plants are incorporated, creating transgenic plants that
produce their own insecticides against specific plagues
(see pesticide, biodegradable, recombinant DNA, gene,
transgenic plant.)

Biological diversity. See biodiversity.

Biological function. The role played by a biological mole-
cule—such as proteins or nucleic acids—to enable the cell
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to carry out its metabolism (see protein, protein synthesis,
metabolism, cell, enzyme).

Biological macromolecule. Polymers such as proteins and
nucleic acids comprising millions of atoms linked into long
chains (see DNA, polymer, protein, monomer, amino acid,
nucleotide).

Biological molecule. Set of covalently joined atoms (strong
chemical bonds). Normally synthesized by a living organism
(see cell, protein, polymer, monomer, DNA, RNA).

Biological resources. Genetic resources, organisms or parts
of them, populations or any other biotic component of
ecosystems with a real value, utility or potential for human
beings (see biodiversity, biota, biotechnology).

Biological risk. Risk to human, animal, plant or environmen-
tal health that may be posed by certain types of modern
products and biotechnological processes including trans-
genic organisms, their consumption as food and their re-
lease into the environment (see biosafety, transgenic,
biotechnology security, GMO, risk).

Biological synthesis. Cellular process whereby cells pro-
duce biological molecules. Some of these, such as pro-
teins, antibiotics and vitamins have commercial value (see
cell, metabolism,proteins).

Biological system. Refers to living organisms which include
microorganisms, plants and animals (see cell, plant, animal,
microorganism, biodiversity, biotechnology).

Biological technology. Set of methods based mainly on the
knowledge of living organisms which, since they are prop-
erly scaled, permit the industrial production of biological
molecules of commercial interest. Alternatively, biological
technology can also be a set of methods used to solve a
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problem, such as, for example, the pollution of a specific
ecological habitat [see Figure 11.10] (see biotechnology, fer-
mentation, technology, biochemical engineering, genetic
engineering).

Biological weapon. Possibility of using a genetically mod-
ified live organism or one existing in nature to cause dam-
age or death in other organisms (see biosecurity, biological
risk, transgenic).

Biology. The science of living creatures (see biodiversity,
biota, cell).

Biomass. In fermentative processes, it is the cell mass pro-
duced during the process. In biodiversity, it is the amount
of live cell matter present in the world (see fermentation,
bacteria, biodiversity, biotechnology, biochemical engi-
neering, technology).

Biomedicine. Substance produced by processes based on
molecular biotechnology that have a therapeutic, preven-
tive or rehabilitative effect, presented in a pharmaceutical
form and identified as such by its pharmacological activity
and physical, chemical and biological properties. These
substances include insulin, interferon and the human
growth hormone [see Figure 11.11] (see drug, biospharma-
ceutical, medicine, insulin, interferon, technology, recom-
binant DNA, GMO).

Biopesticide. Product of biological origin used to combat
insect pests. In the context of genetically modified organ-
isms, it refers to the capacity acquired by a transgenic plant
to kill pests by incorporating a gene of another origin that
will confer pest resistance [see Figure 11.15] (see pest, trans-
genic, insect, transgenic plant, transgene, recalcitrant,
technology).



Biopharmaceuticals. Drug produced by molecular biotech-
nology (see drugs, medication, biomedicine, recombinant
DNA, technology).

Biopolymer. Chains, necklaces or polymers made from
monomers or biological beads. Proteins and nucleic acids
are polimers [see Figures 1.2, 11.5, 11.7] (see monomer, poly-
mer, nucleic acids, protein, DNA, RNA, amino acid).

Bioprospecting. Activity designed to identify useful biolo-
gical products on the basis of biodiversity. May include or-
ganic compounds, genes, proteins or complete organisms
(microorganisms, plants or animals) (see biodiversity,
biotechnology, biological resource).

Bioremediation. Use of techniques implying the use of or-
ganisms (whether live or their products) to restore a contam-
inated habitat (see biopesticides, technology, recalcitrant,
biota, biotechnology)

Biosecurity or Biosafety In the context of modern bio-
technology. It is the legal framework, procedures, norms
and entities that guarantee proper use with the least pos-
sible risk for human, animal and plant health and the envi-
ronment of certain types of products and processes in
modern biotechnology, including transgenic organisms
(see biological risk, transgenic, biotechnology security,
monitoring).

Biosphere. Set of living beings on planet Earth (see biota,
biodiversity, biology).

Biota. Set of animals, plants and microbes on planet earth
(see plant, animal, genetic rsources, biosphere, biology).

Biotechnology. Any technological application that uses bi-
ological resources, living organisms and their parts or prod-
ucts for the creation or modification of products or

processes for specific uses [see Figure I1.5] (see modern
biotechnology, recombinant DNA, technology, GMO).

Biotechnology security. In the Convention on Biological
Diversity, an agreement was reached on “biotechnology
security.” To this end, the Cartagena Protocol was estab-
lished whereby signatory countries pledged to establish
the necessary regulations and measures to evaluate the
transborder movements of transgenics that could have ad-
verse effects on human health and biological diversity (see
biodiversity, biological risk, biosecurity risk, transgenic).

Bornavirus. Virus with RNA as genetic material different
from retroviruses. The presence of its genetic material has
been detected in animal cells (see virus, health, pathogenic
organisms, horizontal DNA transfer).

Botulism. Sickness that causes a toxin of the Clostridium
botulinum bacterium which can cause the death of men
and animals (see bacteria, pathogenic organism).

Cancer. Generic term used to name a set of diseases that
may occur in practically any type of cell tissue, character-
ized by the uncontrolled tumoral growth of cells in this tis-
sue (see cell, metabolism, genetic illness, carcinogenic,
pesticides).

Carbohydrate. Molecules with different sugars and their
polymers include glucose, fructose, saccharose, cellulose
and starch (see metabolism, catabolism, glucose, polymer).

Carcinogenic cancer-producing substance or agent. Pes-
ticides are substances used to kill pests, many of which are
carcinogenic and recalcitrant (see cancer, pesticide, recal-
citrant).

Case by case. This refers to the Mexican Biosecurity Law
of Genetically Modified Organisms (GMO). This law states
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that GMO must be evaluated individually for each trans-
genic. The evaluation of one transgenic cannot be gener-
alized to others (see biosecurity, biological risk, risk
assessment, transgenic, step by step evaluation).

Catabolism. Cell capacity whereby it is possible to create
sources of biological energy and cell precursors on the
basis of certain types of nutrients like sugars (see metabo-
lism, carbohydrate, glucose, carbohydrate, cell, ATP).

Catalytic. Process in which a component (catalyst) acceler-
ates the transformation of chemical compounds into others.
Since the catalyst does not alter the end of the reaction, it
can be used repeatedly (see enzyme, protein, biocatalysis,
process).

Cell. Basic unit of living systems. Bacteria are single-cell or-
ganisms, whereas humans have trillions of different cells in
their organism [see Figures I1.3, lll.11] (see organism, me-
tabolism, catabolism, DNA, protein).

Cell differentiation. Process whereby a cell called a zygote
produces several million or trillion cells and then tissues
and organs with different functions according to the organ-
ism (see cell, zygote, gamete, chromosome pairs).

Cell engineering. Set of methodologies that permit the
manipulation of genetic information as well as the meta-
bolic pathways of a living organism to redirect the cellular
machinery in order to produce or increase the synthesis of
specific biological molecules of commercial interest such
as the biomedicines insulin and the human growth hor-
mone (see cell, metabolic pathway, biological macromole-
cule, biomedicine, metabolism, biotechnology, genetic
engineering, technology, organism).

Cell metabolite. Molecule that is synthesized or degraded
by the cell in order to carry out its various functions. Several
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metabolites are also monomers of biological polymers
such as amino acids, which are monomers of proteins and
nucleotides, monomers of DNA (see metabolism, meta-
bolic pathway, catabolism, protein, amino acid, cell, nu-
cleotide, amino acid, DNA, organism).

Center of origin. The place or country where a certain
species originated. Mexico is the center of origin of maize
(see biodiversity, biota, biological resources).

Chemical synthesis. Process of fabrication through chemi-
cal reactions making it possible to produce complex mol-
ecules including oligonucleotides and proteins (see
oligonucleotide, protein, nucleotide, DNA, primer, probe).

Chloroplast. Intracellular organelle of plants in which pho-
tosynthesis occurs. Contains chlorophyll. It has its own ge-
netic material and its structure maintains elements that
exist in bacteria, which is why they were originally thought
to be prokaryotes of this type [see Figure Ill.14] (see or-
ganelle, mitochondria, cell, endosymbiosis, symbiogenesis,
evolution).

Cholera. Gastrointestinal diseases that may be fatal, caused
by the Vibrio cholerae bacterium (see bacterium, patho-
genic organism).

Chromosome. Cell structure located in the cell nucleus in
the case of eukaryote organisms, comprising a single DNA
molecule and associated proteins. Its size and number vary
according to the species. It may have half a million to several
hundred million nucleotides. This DNA molecule contains
genes as specific segments. Humans have 23 chromosome
pairs and prokaryotes such as the E. coli bacteria have a sin-
gle chromosome [see Figures I1.3, 1I1.9, 1111, 11.14] (see DNA,
proteins, cell, chromosome pairs, gamete, eukaryote, pro-
karyote, bacteria, gene, nucleotide).



Chromosome pairs. Higher eukaryotes such as humans
have duplicated genetic information, in other words, we
are diploids. Half our information comes from the father
and the other half from the mother. When the sperm and
ovule fuse, a zygote is formed, on the basis of which the in-
dividual develops. The gametes, sperm and ovule, are hap-
loids, in other words, they only have 23 chromosomes in
the case of humans. When they fuse, they create a zygote
with 23 chromosome pairs, each one of which is derived
from the two gametes (see chromosome, DNA, gene, ga-
mete, zygote, cell differentiation, cell).

Chymosin. Enzyme originally obtained from calves’ stom-
achs to make cheese. First protein of transgenic origin ac-
cepted in the food industry (see protein, genetically
modified foods, harmlessness, recombinant product, tech-
nology).

Clone. Set of genetically identical cells, viruses or mole-
cules originating from a single parent [see Figures I1.8, 11.9]
(see DNA molecular cloning, colony, cell).

Codon. Sequence of three nucleotides present in the DNA
or RNA which encodes for an amino acid during translation,
also known as a coding triplet or triplet [see Figures I1.6,
[1.7] (see amino acid, DNA, genetic code, mRNA, translation,
protein synthesis, transfer RNA, ribosome).

Coexistence of crops. Possibility of simultaneous existence
of transgenic crops with traditional cultivars (see biosecu-
rity, biological risk, transgenic, biota, biodiversity).

Colinearity between gene and proteic product. The order
of nucleotides in the gene, specifically the order of each
three nucleotides, is responsible for the order of amino
acids in the coded protein for which they encode the set of
nucleotides comprising a particular gene. The final structure
of proteins depends on the order, at the primary level, in

other words, of the sequence of amino acids comprising it.
If this order is altered, the protein function may also be al-
tered. The order of the mutations or changes that occur in
a gene is reflected strictly in the order of the changes in the
amino acids in the protein obtained from this gene, in other
words, there is colinearity between the gene and its proteic
product [see Figures II.5, 11.6, 11.7] (see gene, DNA, amino
acid, protein, protein synthesis, genetic code, mRNA).

Collagen. Protein comprising several tissues, particular
those of animal skin (see protein, cell, animal).

Colony. Structure created by growth through duplication
or multiplication of microbial cells. All the cells in a colony
(in the order of one billion) are identical to each other and
to the cell that produced them (see cell, bacteria, clone, re-
combinant DNA).

Comparative genomics. Set of methods used to analyze
and compare the genomes of different organisms (see
bioinformatics, biodiversity, genome, sequence bank).

Competent cells. Cells that can incorporate genetic mate-
rial of another origin (see transformation, DNA, genetic ma-
terial, cell, metabolism).

Complementary DNA (cDNA). The DNA obtained enzimat-
ically by copying a specific messenger RNA by reverse tran-
scriptase [see Figure 11.2, lll.7] (see reverse transcription,
DNA, mRNA, PCR).

Conformation. Three-dimensional arrangement that adopts
a molecule (or any object) by virtue of the different angles
of rotation its chemical links may acquire (see DNA struc-
ture, protein).

Cultivars. Crops or sown fields (see plant, transgenic plant,
seed, biodiversity).
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Cystein. One of the 20 amino acids comprising proteins
[see Figures I1.6, I1.7] (see amino acid, proteins, protein syn-
thesis, codon, genetic code, polymer, monomer, mRNA,
transfer RNA).

Cytosine. One of the four nitrogenated organic bases
forming the nucleotides comprising DNA and RNA [see Fig-
ures 1.2, 11.5, 11.6] (see DNA, RNA, nucleotide, polymer, mo-
nomer, bases).

Deletion. Phenomenon through which a fragment or at
least a nucleotide is lost in DNA sequences. This change
produces a mutation (see DNA, nucleotide, genotype, mu-
tation, gene).

Deoxyribose Sugar. Forms part of the deoxyribonucleotides
in DNA [see Figures I1.2] (see DNA, glucose, nucleotide,
base).

Deoxyribonucleic acid (DNA). This is the biological mole-
cule containing the genetic information of all living organ-
isms. It forms part of the chromosomes, which in turn are
structures located in the nucleus of the cells of animals and
higher plants. Human cells contain 23 chromosome pairs.
Each human chromosome comprises a single DNA mole-
cule approximately two to six centimeters long (depending
on the size of the chromosome), which is associated with
many protein molecules, particularly those called histones,
whose function is to provide structure for the chromosome.
In each of the trillions of cells in our organism, there are 23
chromosome pairs (with the exception of gamete cells:
spermatozoids and ovules in which there are only 23 chro-
mosomes) and each set of 23 chromosomes comes from
each of our parents. If the 23 DNA molecules of all our 23
chromosomes were lined up, they would measure approx-
imately one meter.

Genes are specific regions or segments of each of
these DNA molecules [see Figure I1.3]. We have approxi-
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mately 21,000 genes in our 23 chromosomes and as a result
of the Human Genome Project, we know the position of
each and every one of these genes in the 23 chromosomes.
Each of these genes, as a specific fragment of DNA, is the
genetic information that encodes for a protein. If we have
21,000 different genes, this means that human beings can
synthesize at least 21,000 different proteins, each from a
specific gene.

Proteins, in turn, are biological polymers (necklaces)
comprising 20 different monomers or beads called amino
acids. In order to be able to understand the mechanisms
enabling living cells to synthesize proteins on the basis of
the genes located in the DNA, it is necessary to explain the
structure of the DNA molecule. In 1953, Watson and Crick
deciphered the molecular structure of DNA. DNA is a dou-
ble helix comprising two antiparallel, complementary poly-
mers [see Figures 11.2, 111.4]. Each of these two polymers or
helices is in turn comprised of the union of millions of
monomers that are like the beads (monomers) of a neck-
lace (polymer). There are only four types of monomers or
genetic letters in the DNA of all living beings, called nu-
cleotides. These are located at 3.4 A° from the next
monomer in the polymer forming each of the two helices.
Moreover, in every type of DNA, a nucleotide with an Ade-
nine base (A) always has, in the nucleotide of the thread or
complementary helix, one with a Thymine base (T) and
every nucleotide with a Guanine base (G) has a nucleotide
with a Cytosine base (C) in the complementary thread.
These are the universal rules for all DNA in all living beings.
The main difference between all DNAs is the sequence of
these four types of nucleotides with their A, T, G and C
bases in every letter of every DNA molecule, in which there
are several million nucleotides, just as there are only 26 let-
ters in the alphabet for making all words and the different
sequence of these letters in the words is what creates a dif-
ferent meaning for each of them. Thus we can say, from
what we know of DNA, that the discovery of its chemical
structure has become one of the unifying features of mod-



ern biology. Not only is the general structure of DNA the
same in all living beings but the organization and regula-
tion of genes, which as mentioned, are fragments or spe-
cific segments of this double helix, are also in general, the
same in all organisms. This characteristic is what permitted
the birth of genetic engineering, a methodology that en-
ables "in vitro editing (in a test tube) at the molecular level”
of this material [see Figures 11.8, 11.9]. Using videocassette
tapes as an analogy, the genetic material of all living beings
can be said to have the same “format,” which is why it can
be “molecularly edited” in a test tube. The general struc-
ture of DNA is exactly the same in all living beings, from
bacteria to human beings (see DNA structure, replication,
nucleotide, protein, gene, mRNA, transcription, chromo-
somes, cell, base pairs, molecule, DNA sequencing).

Diabetes. lliness in which blood sugar levels are not prop-
erly controlled, due in some case of the low production of
insulin secreted by the pancreas cells [see Figures 11.12] (see
insulin, biodrug, genetic illness, biomedicine, genome,
protein, cell).

Diagnosis or detection. Process of identifying substances
through the use of specific detectors: antibodies or probes
(specific fragments) of DNA to detect proteins or specific ge-
nes (see PCR, oligonucleotide, monitoring, DNA, technology).

Diploids. In adult organisms, cells in most eukaryotes con-
tain two copies of each chromosome, which is why they are
known as diploids. Each of these copies comes from one
of the sex cells (gametes) —one female, one male- that
fused to create the zygote (see chromosome pairs, cell,
DNA, chromosome, zygote, gamete, haploid).

DNA. See deoxyribonucleic acid.

DNA molecular cloning. Set of methods permitting the in-
corporation and eventual amplification through repeated

replication of a specific fragment (molecule) of DNA in an
organism and its eventual transfer into its offspring. This
technique makes it possible to obtain a population or
clone of organisms in which they all have a copy of the orig-
inal DNA molecule. It constitutes one of the central proce-
dures of genetic engineering [see Figures 11.8, 11.9, 11117,
11118, l11.19] (see genetic engineering, genetically modified
organism, clone, recombinant DNA, transgene, GMO).

DNA or genomes sequencing. Methodologies that make
it possible to determine the position (sequence) of nu-
cleotides, one after the other, in the polymer in the DNA
molecule thread. As an analogy, we can use the sequence
of letters in words, where the letters are the nucleotides
and the words the DNA. There are various techniques for
determining the sequence of the millions of nucleotides in
the DNA molecules. The information produced is stored in
banks of sequences that enable them to be analyzed and
compared [see Figures 11.2, 1.2, 111.4] (see DNA, nucleotide,
comparative genomics, bioinformatics, nucleotide se-
quencing, sequence bank).

DNA Polymerase. Protein with enzyme activity that takes
part in the DNA replication process. This mechanism en-
ables each of the DNA threads to be copied and two double
helixes to be created from the double helix. In this process,
deoxyribonucleotides are added one at a time (see DNA,
replication, DNA structure, enzyme, protein, amino acid).

DNA transformation. See transformation.

Double helix. DNA is a molecule comprising two comple-
mentary, antiparallel helices. Each helix or thread is also a
polymer with many nucleotides [see Figures 1.2, 111.3] (see

DNA, replication, DNA structure, nucleotide).

Drug. Substance with biological activity identified by its
physical, chemical and biological properties which meets

GLOSSARY 125



the conditions to be used as the active principle of a med-
icine [see Figures 11.11, 11.12] (see biodrug, medicine, bio-
medicine, insulin, interferon, human growth hormone,
technology).

Ebolavirus. Virus whose genetic material comprises RNA
different from retroviruses. The presence of its genetic ma-
terial has been detected in animal cells (see virus, bor-
navirus, cell, RNA, retrovirus).

Ecology. Science that studies the relationship between liv-
ing beings and their environment (see biodiversity, biology,
biota, biotechnology.

Ecosystem. Community of living beings whose vital
processes are linked to each other and develop on the
basis of the physical and chemical factors in a single envi-
ronment (see biodiversity, biota, biodiversity).

Encodes. This refers to the capacity of genes to store in-
formation that can be used by living cells to synthesize pro-
teins. A gene stores information (encodes) to synthesize a
protein [see Figures 11.2, 1.3, 11.4, 1.5, 11.6, 11.7] (see gene,
DNA, protein, transcription, amino acid, RNA, mRNA).

Endosymbiosis. Relationship in which one of the members
of a species lives very close or even within one of the mem-
bers of the endosymbiotic relationship. Together they com-
prise the symbiont. A key role has been attributed to this
type of process in the evolution of species [see Figures
.11, 111.14] (see mitochondria, organelle, plant, symbio-
genesis, evolution, theory of evolution).

Enzymatic hydrolisis. Process whereby enzymes break the
covalent unions (strong unions) of other proteins, carbohy-
drates, nucleic acids and other molecules (see enzyme,
protein, catalytic, chymosin, tripsin, lipase, lactase, catab-
olism, cell).
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Enzyme. Protein with catalytic activity capable of acceler-
ating a biochemical reaction to achieve the synthesis or
modification of biological compounds. The molecules used
by an enzyme to generate products are called substrates
[see Figures I1.6, I1.7] (see protein, catalytic, substrate).

Epigenetic. Study of the mechanisms that produce effects
on the phenotype by using chemical modifications (such
as the methylation of cytosine residues in DNA) to alter ge-
netic expression without altering the nucleotidic sequences
or genotype of an organism (see DNA, nucleotide, gene,
cytosine, phenotype, methylation, genetic expression).

Escherichia coli (E. coli). Bacterium that has been widely
studied and used in many laboratories and industry for the
production of recombinant molecules and other products
of commercial interest such as human insulin and human
interferon. The nucleotide sequence of its only chromo-
some, in which there are only 4,225, has been determined.
It is one of the bacteria that inhabits human and animals
guts [see Figures 11.12, 111.9] (see bacterium, DNA, gene, nu-
cleotide, insulin, interferon, recombinant product).

Eukaryote. Living organism which, unlike the prokaryote,
has a nucleus in its cells where its DNA is found in various
chromosomes. These organisms may comprise a single
cell, like yeast or several cells like plants and animals in-
cluding humans [see Figures II1.11, l11.14] (see plant, animal,
yeast, cell, organism, prokaryote, nucleus, DNA).

Evolution. Biological process whereby cells and organisms
acquire new functions through genetic changes (mutations)
and the acquisition of genetic material through horizontal
transfer, genome reorganization or endosymbiosis. As a re-
sult of these new functions, organisms can be better
equipped to perform their biological function and prevail
in an environment in which they compete with many other
organisms. Darwin’s theory of evolution states that all ex-



isting organisms have a common precursor and that
through evolution, the diversity of the planet, including the
human race, has been developed [see Figures IIl.1 111.2, 111.3]
(see theory of evolution, horizontal transfer, mutation,
genome reorganization, endosymbiosis, mitochondria).

Exon. Parts of the genes that encode for parts of a protein
whose information are stored in that segment of that gene.
Genes are formed by exons (which encode for parts of the
protein) and introns, regions that do not encode for protein
[see Figures I.3, I1.7] (see gene, intron, protein, transcrip-
tion, mRNA, RNA processing, bases).

Fatty acid. Natural molecules comprising natural fats and
oils.

Fermentation. Term used to explain the process whereby
microbial cells can be multiplied in a suitable synthetic or
semi-synthetic culture medium and produce substances,
many of which have commercial value, such as beer, bread,
antibiotics and more recently recombinant proteins such as
human insulin (see biomass, cell, bacteria, antibiotic, in-
sulin, recombinant product, biological technology, bio-
chemical engineering, technology).

Functional genomics. Study of the function of the genes in
the genome of an organism and the organization and con-
trol of the various genetic networks that establish the phys-
iology of this organism (see biocinformatics, genomics,
genome, DNA, gene, protein, sequence bank).

Fungus. Member of one of the five kingdoms (Fungi King-
dom) in which living organisms are classified. Group of eu-
karyotic saprophytic organisms responsible for many of the
processes involving the biodegradation of compounds and
molecules from other organisms (see bioinsecticide, pesti-
cide, recalcitrant, biodegradable, biota, biodiversity).

Gamete. Haploid cells (containing a single copy of each
gene) of nearly all animals and many plants capable of fusing
and forming a zygote or egg producing a descendant. In
higher animals, the male gamete is the sperm and the ovule
is the female gamete (see cell, replication, DNA, zygote).

Gene. DNA segment containing information to synthesize
a protein or RNA molecule. In addition to the encoding se-
quences called exons, many genes also contain non-en-
coding sequences such as introns and regulating regions.
Genes are sequences of four types of nucleotides compris-
ing DNA. The order or sequence of nucleotides in threes
(triplets or codons) is responsible for the order of the amino
acids in proteins. This order of nucleotides is “transcribed”
into a messenger RNA molecule and “translated” into a
protein in the cell ribosomes [see Figures 1.2, 11.3, 11.5] (see
colinearity, protein product, mRNA, nucleotide, DNA, tran-
scription, exon, intron, protein, cell, DNA structure, chro-
mosome).

Gene expression. Sensors and mechanisms whereby cells
decide to express (or take) a gene to synthesize the mes-
senger RNA and on the basis of this, to synthesize the par-
ticular protein encoded by this gene. The mechanisms
regulating the expression of an organism’s genetic informa-
tion enable it to adapt quickly to changes in the environ-
ment. In principle, genes only function (or are expressed)
when the organism requires and therefore provide the pro-
tein product for which they encode and only in the cells that
so require [see Figures 1.3, I1.5] (see DNA, gene, promoter,
operator, epigenetics, DNA structure, mRNA, proteome).

General DNA structure. Three-dimensional conformation
of the DNA molecule, which is the same in all living beings.
DNA comprising two polymers (two helices), where each in
turn comprises four types of nucleotides, which are the
monomers comprising these two helices. By being linked
in space and because of the characteristics of these struc-

GLOSSARY 127



tures, they are shaped three-dimensionally and form a dou-
ble helix [see Figures 1.2, 11.3, l1.4] (see DNA, polymer, con-
formation, nucleotide, replication, double helix).

Genetic code. The genetic code is universal, in other
words, it is used in the same way by all living beings. This
code enables cells in any organism to “translate” the ge-
netic information stored in the genes located in DNA into
proteins. Proteins are polymers in which each amino acid
is a monomer. There are 20 different aminoacids compris-
ing nearly one hundred thousand proteins in the human
body. An analogy can be drawn between the letters of the
alphabet, which would be the amino acids and words,
which would be the proteins. The order of the letters is re-
sponsible for the meaning of words, just as the order of
amino acids in protein is responsible for their meaning or
biological function. Each of the 20 amino acids in turn is
encoded by a triplet or codon of three nucleotides in the
messenger RNA (or the gene that gave rise to it).

In a code with four genetic letters (A,G,C and T) organ-
ized into triplets, there may be 64 different triplets. In our
genetic code, there are therefore amino acids encoded by
up to six different triplets such as leucine (leu) and there
are amino acids such as tryptophan (trp) that are only en-
coded by a single triplet (in this case TGG). There are also
three codons, GTA, TAA and TGA, triplets that can be read
in the ribosomes responsible for finalizing the translation
process. In other words, at this point, when reaching one
of these stop codons the protein molecule synthesis con-
cludes and the molecule is released from the ribosomes so
that it can be used by the cell according to its biological
function [see Figures 1.2, 11.3, 114, 115, 11.6, 11.7] (see amino
acid, DNA, leucine, gene, ribosome, transcription, transla-
tion, mMRNA, transfer RNA, triplet or codon, ribosome, pro-
tein synthesis).

Genetic control. Elements and mechanisms that partici-
pate in the regulation of gene expression [see Figure I1.5]
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(see genetic expression, promoter, DNA, transcription,
gene).

Genetic diagnosis. Methodology that permits the detec-
tion of specific DNA sequences among millions, through
the use of probes or detectors of specific nucleic acids (see
PCR, oligonucleotide, DNA, gene).

Genetic engineering. Sets of molecular methods and tools
to manipulate the genetic material (DNA and RNA) of living
organisms in vitro (in test tubes in the laboratory). Genetic
engineering is synonymous with recombinant DNA
methodology. This methodology has been used to create
transgenics. The term “biogenetics” is inaccurate and
should not be used [see Figures I1.8, I1.9, 111117, 111.18, 111.19]
(see molecular DNA cloning, recombinant DNA molecule,
ligase enzyme reaction, recombinant DNA, molecular tools,
plasmid, technology, biobalistics, transgenic, GMO).

Genetic desease. Result of alterations, normally through mu-
tation, of one or more genes, which results in the dysfunction
of the products of these genes (see insulin, diabetes, bio-
drug, biomedicine, cell, cancer, gene, genome, protein).

Genetic locus. Specific region of the DNA of a chromo-
some in which a gene is located [see Figure 11.3] (see DNA,
gene, DNA structure, genome, locus).

Genetic map. Order or position in which genes are located
in chromosomes in relation to the other genes. An analogy
can be drawn with geographical maps, in which countries
(genes) are located in continents (chromosomes) (see gene,
chromosome, genome).

Genetic material. All material of plant, animal, microbial or
viral origin, comprising nucleic acids and containing genes
[see Figures 11.2, 11.3. L4, 1.7, 11.9, 111.111, 111.14] (see DNA,
RNA, gene, cell, biodiversity, genome).



Genetic recombination. Mechanism whereby living cells
naturally rearrange fragments of genetic material. This may
happen as a result of the translocation of existing genetic
material, such as transposons, to another place in the
genome. It may also happen due to infection from a virus
or as a result of the incorporation of genetic material exist-
ing in the soil due to the death of living organisms. This
phenomenon permits or is responsible for the reorganiza-
tion of the genome of living organisms [see Figures 11.8, 1.9,
1.7, 11.15] (see genome reorganization, viral infection,
genes, DNA integration, recombinant DNA molecule, ligase
enzyme reaction, heterologous, transformation, influenza,
genome, reorganization).

Genetic resources. Genetic material with a real or potential
value that exists in the organisms comprising the earth’s
biodiversity (see biodiversity, DNA, biota, technology,
biotechnology).

Genetically modified foods or transgenic foods. Foods
that are, contain or come from genetically modified organ-
isms (GMO). The WHO has pointed out that no damage to
human health has been caused to date by the consumption
of this type of foods [see Figures 11.14, 11.15] (see transgenic,
harmlessness, chymosin, lipase, technology, scientifically
based evidence, biological risk, DNA, amylase, pectinase).

Genetically modified organism (GMO). Organism that has
been altered by modifying its genetic material, usually
through the incorporation of genetic material of another
origin through an horizontal DNA transfer mechanism. Syn-
onym of transgenic [see Figures 1.8, 11.9, 1110, 11.11, 11.14,
.15, N1.17, 11.18, 111.19] (see genetic engineering, trans-
genic, recombinant DNA molecule, technology, molecular
DNA cloning).

Genetics. Discipline that began in 1860 with the experi-
ments of Gregor Mendel to study the way genes in living

cells operate and are organized and how characteristics are
transmitted from father to son (see gene, vertical DNA
transmission, gamete, zygote, cell).

Genic or genetic flow. Process whereby a set of genes is
transferred from one population to another. In plants,
pollen is the main vehicle for the mobility of genes to other
plants (see biological risk, biosecurity, plant, seed, case by
case).

Genome. Set of all the DNA genetic material with a living
organism in each of its cells. In the case of bacteria, it is the
genetic material present in its only chromosome. In the
case of human beings, it is the genetic material present in
our 23 chromosome pairs with over 21,000 genes in all the
cells in the human body, with the exception of gametes
(sperm and ovule) which only have one copy of each of the
23 chromosomes. In addition, humans have 37 mitochon-
drial genes as part of their genome [see Figures 11.3, 1117,
1.9, 11111, 11.14] (see DNA, chromosome, gene, gamete,
haploid, chromosome pairs, virus, proteome).

Genome duplication. Event presumed to have occurred in
various precursors of current organisms such as yeast and
the Arabidopsis thaliana plant. This event has made it pos-
sible to duplicate the original amount of genetic material
and then, through a change in the mutation of certain
genes, to create new functions [see Figure I11.13] (see DNA,
plant, gene, protein).

Genome reorganization. Process that makes genome seg-
ments change or alter their position. This phenomenon
means that a DNA fragment of infectious origin (viral or
bacterial) is incorporated into a cell and gives rise, through
genetic recombination, to the integration, translocation or
relocation of DNA fragments. Cells naturally reorganize
their genome. Transposons, DNA sequences that move and
relocate their positions in the genome, are responsible for
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this phenomenon of reorganization without the need for a
DNA from a virus or a bacteria [see Figures 1.8, 11.9, 111.7,
[11.15] (see genetic recombination, transposon, genetic en-
gineering, gene, DNA, genome, evolution, transposition,
genetic recombination, AIDS, horizontal gene transfer).

Genomic medicine. Modern genomic science and molecular
biology techniques used in medicine for the detection and
treatment of genetic and infectious diseases including cancer
and neurodegenerative diseases [see Figures I1.11, 11.12] (see
cancer, diagnosis, drug, biomedicine, medicine, technology).

Genomic science. See genomic.

Genomics. Analysis of the set of all genes and their regu-
lating regions (promoters, terminators, operators and spac-
ers) in a living organism. The analysis includes the
determination of the sequence of nucleotides comprising
the genome in the organism. There are thousands of or-
ganisms in which the nucleotide sequence of all its DNA
molecules resident in the chromosomes have been deter-
mined. The Escherichia coli bacterium has just over a mil-
lion nucleotide pairs in its genome and just over 4,000
genes. The human race has 3,500 million nucleotide pairs
in the 23 chromosome pairs in our genome which includes
approximately 21,000 genes [see Figures I1.2, [11.2, 111.7, 111.9,
.11, 111.14] (see genome, E. coli, molecule, DNA, gene,
chromosome, chromosome pairs, proteome).

Genotype. Used to name the genetic components of a
particular individual or variety. It refers, in the last analysis,
to its genome sequence. The expression of the genotype
is the phenotype (see phenotype, gene, genome, DNA).

Glucose. Sugar, a molecule of six atoms of carbon that
forms part of the carbohydrates present in food, used by
living beings to produce biological energy and cell pre-
cursors and thereby grow and reproduce (see carbohy-
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drate, cell, ATP, metabolite, catabolism, metabolism, mol-
ecule, organism).

Glutamic acid. One of the 20 amino acids comprising pro-
teins [see Figures 1.6, 11.7] (see protein, amino acid, protein
synthesis, codon, monomer, gene, genetic code, polymer,
MRNA, transfer RNA).

Glutamine. One of the 20 amino acids comprising proteins
[see Figures I1.6, I1.7] (see amino acid, proteins, protein syn-
thesis, monomer, gene, codon, genetic code, polymer,
mRNA, transfer RNA).

Glycine. One of the 20 amino acids comprising proteins
[see Figures 1.6, 11.7] (see amino acid, proteins, protein syn-
thesis, codon, monomer, gene, genetic code, polymer,
mMRNA, transfer RNA).

Guanine. One of the four nitrogenated organic bases form-
ing the nucleotides comprising DNA and RNA [see Figures
[1.2, 1.5, 11.6] (see DNA, RNA, bases, nucleotide).

Haploid. Gametes of higher organisms (spermatozoid and
ovule) only have one copy of each chromosome, which is
why they are haploids. When they fuse they produce a zy-
gote that has two pairs of each chromosome. The zygote
is a diploid cell for this reason and contains two copies of
each chromosome. Bacteria are haploids since they only
have one copy of each gene and a single chromosome (see
chromosome, DNA, haploid, zygote, genome, gene).

Harmlessness. Absence of damage to health, the environ-
ment and biodiversity. In the context of this book, due to
the use of GMO or their products (see biological risk, biose-
curity, genetically modified foods, scientifically based evi-
dence, recombinant products, chymosin).

Heterologous. Refers to genetic material that has a differ-



ent origin from that of the receptor cell. It is also used to
refer to passenger DNA incorporated through genetic en-
gineering techniques through a vector in a cell [see Figures
1.8, 11.9] (see DNA, genetic engineering, plasmid, trans-
gene, GMO, molecular tools).

Heterologous DNA. DNA from a different species to that of
the receptor organism [see Figures 1.8, 11.9] (see genetic
engineering, plasmid, passenger, transgene).

Heterotroph. Organism that does not produce its own food,
like humans (see bacteria, plant, animal, cell, metabolism).

Histidine. One of the 20 amino acids comprising proteins
[see Figures I1.6, 11.7] (see amino acid, protein, protein syn-
thesis, codon, monomer, gene, genetic code, polymer,
mRNA, transfer RNA).

HIV. Human Immunodeficiency Retrovirus causing AIDS
[see Figures 1.6, 11.7] (see virus, AIDS, retrovirus, genome
reorganization).

Horizontal DNA transfer. Mechanism whereby a cell can re-
ceive genetic material from other organisms (such as a virus
or a bacteria) or by incorporating existing genetic material
into the environment through the phenomenon of trans-
formation. This process allows a cell to incorporate and use
genetic material from another source. Through this phe-
nomenon, the genome may reorganize, which is why the
cell acquires new functions encoded by the new genetic
material [see Figures 1.8, 1.9, IL.7, 11111, 111.14, 111.17, 111.18,
[11.19] (see genome reorganization, transformation, DNA,
virus, evolution, heterologous, transgene).

Human genome project. An international effort dedicated
to determine the nucleotide sequence of the human
genome [see Figures 11.2, 1.3, 111.2, 111.4] (see DNA, genome,
sequencing, cell, sequence bank)

Human growth hormone. Protein produced in the pituitary
gland that regulates the growth of different tissues. It is cur-
rently produced by genetic engineering techniques and
used in the clinical treatment of dwarfism [see Figures I1.11,
[1.12] (see insulin, biomedicine, recombinant product, tech-
nology, cell).

Hybrid seeds. Product of a new variety produced by cross-
ing and selecting two different species of a plant such as
maize or wheat (see plant, genetic flux, technology).

Hybridization. Applied to nucleic acids, it refers to their ca-
pacity to find or associate with the opposite or comple-
mentary DNA thread (see replication, DNA, cDNA, nucleic
acids, RNA, nucleotide).

Immunogen. Foreign substance in an organism capable of
triggering an immune response in higher animals (see al-
lergenicity, cell, vaccine, pathogen, antibody).

In vitro. Refers to experimental conditions in which there
are no cells or living organisms. They are the conditions
that occur in a test tube or in the laboratory (see recombi-
nant DNA, cell).

In vitro recombination. Technique that permits the isolation
of genetic material (genes) from one origin and enables it to
be combined with DNA of a different origin in a test tube (in
vitro) in the laboratory. Synonym of genetic engineering.
These techniques are used to construct transgenic organ-
isms [see Figures I1.8, 11.9] (see genetic engineering, trans-
genic, genetic recombination, molecular DNA cloning).

In vivo. Refers to experimental conditions that use living
cells or organisms (see cell, metabolism, organism).

Infection. Mechanism used by pathogenic organisms
(viruses, bacteria, funguses) to take over the machinery of
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the infected organism. In some cases, it may cause the
death of the infected organism [see Figures 1.6, 111.7, 111.8]
(see bacteria, virus, pathogenic organism cell).

Influenza. Refers to the virus that causes flu. There are dif-
ferent varieties of these viruses. The AHIN1 influenza re-
cently emerged, created a worldwide pandemic. This type
of virus can infect different animals, which is why the
genome of the AHTN1 comprises RNA of human, avian and
porcine origin, resulting from genetic recombination [see
Figures II.5, 111.6, 111.7] (see RNA, virus, zoonosis, genetic re-
combination, cell, genome reorganization, pathogen).

Informational biological molecule. Molecule containing bi-
ological information. There are two types of informational
biological molecules: proteins and the two nucleic acids,
DNA and RNA (see DNA, RNA, nucleic acids, protein, amino
acid, molecule, nucleotide).

Innovation. Introduce improvements or novelty into a
product or technology (see biological technology, genetic
engineering, biochemical engineering, biotechnology,
technology).

Insulin. Protein with 51 amino acids that regulate the level
of blood sugar. It was the first human protein produced in
bacteria through genetic engineering techniques. There
are individuals who, due to a mutation of the insulin gene,
are unable to produce functional insulin, which is why they
suffer from a genetic disease called Diabetes mellitus [see
Figures 1.9, 11111, 11.12] (see protein, genetic disease, dia-
betes, mutation, drugs, biomedicine, E. coli, recombinant
product, amino acid, DNA).

Integration of exogenous DNA. Process whereby heterol-
ogous DNA is incorporated into the genome of the recep-
tor strain through covalent unions, meaning that it remains
as a constitutive segment of the new rearranged genome
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[see Figures 1.8, 11.9, 111.7] (see DNA, transformation, infec-
tion, virus, genetic recombination, genome reorganization,
heterologous DNA, transgene, GMO).

Interferon. Human protein that forms part of the humoral
immune system of vertebrates. There are a variety of pro-
teins with various sequences included among interferons.
They are produced as biomedicine by genetic engineering
[see Figures I1.11, 11.12] (see amino acid, protein, drug, E.
coli, biomedicine, insulin, GMO).

Intron. DNA fragments found in many of the genes of eu-
karyotes that do not normally encode for the protein that
encodes this gene. Genes are composed of exons that en-
code for protein and introns that do not. When genes of
eukaryotic cells are transcribed into mRNA, introns permit
differentiated processing for the messengers carrying
them. Thus, on the basis of an original transcription, several
small transcripts are produced that lead to different com-
binations of introns and exons. That is why it is possible to
produce more than one protein on the basis of a gene [see
Figures 1.2, 11.3, 11.5] (see gene, exon, DNA, DNA structure,
transcription, RNA processing).

Isolate genes. Ability to separate a specific DNA segment
containing one or more genes from the whole genome.
Genes can also be chemically synthesized (see DNA, gene,
genome, oligonucleotide).

Isoleucine. One of the 20 amino acids comprising proteins
[see Figures 1.6, 11.7] (see amino acid, protein, DNA, gene,
protein synthesis, monomer, codon, genetic code, polymer,
mMRNA, transfer RNA).

Lactase. Enzyme used in hydrolysis, or breaking down lac-
tose, a component of milk. It is also produced through ge-
netic engineering techniques [see Figure 11.14] (see protein,
enzyme, lactose, technology, genetic engineering, GMO).



Lactose. Carbohydrate present in milk (see glucose, carbo-
hydrate, lactase, catabolism, molecule).

Leucine. One of the 20 amino acids comprising proteins
[see Figures I1.6, I1.7] (see amino acid, protein, gene, protein
synthesis, DNA, RNA, monomer, codon, genetic code, poly-
mer, mRNA, transfer RNA).

Ligase enzyme reaction. The use of this enzyme to ligate
or unite covalently (strong bond) two different DNA mole-
cules [see Figures I1.8, 11.9] (see DNA, enzyme, recombinant
DNA, molecule).

Lipase. Enzyme used in oil production from vegetables.
Also produced by genetic engineering [see Figure 11.14]
(see protein, genetically modified foods, technology, ge-
netic engineering).

Lisine. One of the 20 amino acids comprising proteins [see
Figures 1.6, 11.7] (see amino acid, protein, protein synthesis,
codon, monomer, gene, genetic code, polymer, mRNA,
transfer RNA).

Locus. The site on the chromosome where a specific gene
is located [see Figures 1.2, I1.3] (see chromosome, DNA,
gene).

Medicine. Any substance that has a therapeutic, preventive
or rehabilitative effect, presented in a pharmaceutical form
and identified as such by its pharmacological activity and
physical, chemical and biological properties (see drug, bio-
medicine, insulin, technology, interferon, GMO).

Megadiverse. Possessing enormous diversity (see biodi-
versity, biota, biological resource).

Messenger RNA (mRNA). The first step in protein synthesis
is the synthesis or formation of an RNA molecule called a

messenger RNA (mRNA), which uses one of the DNA
threads or chains as a mold. Messenger RNA is a molecule
that is chemically very similar to DNA; it forms linear chains
in the cell without ramifications. As a result, the genetic in-
formation contained in DNA, in other words, the order of
the DNA deoxyribonucleotides is transferred to a comple-
mentary sequence of ribonucleotides during mRNA synthe-
sis. Transcription is an enzymatic process mediated by the
polymerase RNA enzyme and governed by two rules: it al-
ways occurs, like DNA replication in a 5'@3' direction and
normally, only one of the DNA chains is transcribed or
copied in a mRNA molecule. The genetic information con-
tained in each mRNA molecule is subsequently translated
into protein molecules in an enzymatic process carried out
in the cellular organelles known as ribosomes. Three main
different types of RNA take part in this biosynthetic mech-
anism: ribosomal RNA (rRNA) which, together with various
proteins, forms ribosomes; mRNA, which transports the ge-
netic information contained in DNA and lastly the transfer
RNA (tRNA) which serve as adaptors for the linear arrange-
ment of specific amino acid of the protein to be synthe-
sized according to the mRNA sequence. Protein synthesis,
the translation of the RNA message, is also carried out in a
5'@3" direction through the polymerization of amino acids
in ribosomes to synthesize proteins by reading the messen-
ger RNA by triplets according to the genetic code. This
process is similar to what happens when a cassette tape is
played. The information for each song contained in a seg-
ment of the tape is translated into a melody when this sec-
tion of the cassette tape runs past the tape recorder heads.
In the case of living cells, the tape corresponds to the mRNA
carrying the information and the ribosomes correspond to
the tape recorder heads that read the tape and transform
(translate) the information into proteins, which, in the anal-
ogy, would be the biological melodies or songs [see Figures
1.2, 113, 1.4, 1.5, 11.6, 1.7, 1.7, 111.11] (see DNA, transcription,
translation, ribosome, protein, anticodon, codon, transfer
RNA, genetic code, amino acid, protein synthesis).
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Metabolic pathway. Set of enzymatic reactions in a cell to
perform the synthesis or degradation of cell metabolites
(see cell, metabolism, cell metabolite, molecule, metab-
olome, glucose, catabolism).

Metabolic pathway engineering. Set of methodologies
that permit the directed modification of the means of
biosynthesis and degradation of biological compounds in
living organisms (see metabolism, cell, cell engineering,
genetic engineering, catabolism, gene).

Metabolism. Set of all the enzymatic processes in the cell
enabling it to transform nutrients into energy, new biolog-
ical molecules and new cells (see cell, metabolic pathway,
ATP, catabolism, organism).

Metabolite. Cell compounds of low molecular weight, syn-
thesized by enzymes with specific functions in the cell (see
cell, metabolism, enzyme, metabolomics, ATP).

Metabolome. Set of metabolic pathways and their metabo-
lite products in a living organism (see cell, genome, pro-
teome, cell, metabolite, organism).

Metabolomics. Systemic, overall analysis of cell metabolites
—not proteins—in a cell. The analysis includes the identifi-
cation, quantification, characterization, location, synthesis,
degradation and relation with other, different metabolites
in a living cell as a result of its numerous metabolic path-
ways that permit the synthesis of all metabolites (see me-
tabolism, metabolic pathway, metabolite, protein, cell,
metabolome, genome, proteome, metabolite).

Methionine. One of the 20 amino acids comprising pro-
teins [see Figures I1.6, 11.7] (see amino acid, proteins, protein
synthesis, codon, genetic code, polymer, monomer, gene,
mRNA, transfer RNA).
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Methylation. Addition of the chemical group called methyl
(-CH3) to proteins and nucleic acids. In the case of DNA and
RNA, methylation occurs in some of the residues of the cy-
tosine nucleotides (see methylation pattern, DNA, nu-
cleotide, cytosine, epigenetic).

Methylation pattern. Positions held and in some cases pre-
served by the modifications of certain methyl groups (-CH,)
in the residue of the cytosine nucleotide (see methylation,
nucleotide, DNA, epigenetics, cytosine).

Microbe. Synonym of microorganism. Organism with one
or a few cells invisible to the human eye like bacteria [see
Figure l11.9] (see bacteria, yeast, prokaryote, cell).

Microbiology. Discipline that studies microorganisms —those
that cannot normally be seen by the naked eye since they are
so small—usually consisting of one or a few cells (see virus,
bacteria, yeast, microbe).

Microinjection. Introduction of DNA into a cell through the
use of extremely thin syringes (see DNA, cell, GMO, trans-
gene, biobalistic).

Microorganism. See microbe.

Mitochondria. Intracellular organelles with their own genes
in which ATP synthesis is carried out. They are thought to
have originally been bacteria that were incorporated by en-
dosymbiosis to create new, more adapted and capable
forms of life. They exist in humans and in all the animals and
plants in the world [see Figures lIl.11, l11.14] (see organelle,
endosymbiosis, DNA, chloroplast, cell, symbiogenesis, evo-
lution, ATP, metabolism, catabolism, metabolite).

Mobilization. Transfer or translocation of genetic material
from one place of the genome to another. This may occur
within the same cell or between different cells and may en-



courage the genetic reorganization of the genome [see
Figures Il.7, 11115, 111.117, 11118, 111.19] (see transposon, vec-
tor, genome reorganization, evolution, transformation).

Modern biotechnology. Multidisciplinary activity based on
state-of-the-art knowledge created in various disciplines
(including molecular biology, biochemical engineering, im-
munology, genomics, ecology) which permits the integral
study and manipulation of biological systems (microbes,
plants, animals and insects). Modern biotechnology seeks
to make intelligent, respectful use of biodiversity through
the development of clean, competitive, efficient biological
technology to facilitate the solution of major problems in
sectors such as health, agriculture and fishing, industry and
the environment [see Figure I.1] (see biological technology,
biotechnology, technology, biological system, biodiversity,
GMO, genetic engineering).

Molecular biology. Discipline studying living organisms at
the molecular level. This branch of biology emerged fol-
lowing the identification of nature at the molecular level of
DNA in 1953 [see Figures 1.1, I1.2] (see DNA, DNA structure,
recombinant DNA, biotechnology).

Molecular medicine. Application of molecular biology
techniques in medicine for the treatment of hereditary and
infectious diseases (see molecular biology, genomic med-
icine, biomedicine, drug, diagnosis, technology).

Molecule. A group of atoms held together by strong chem-
ical (covalent) bonds. A molecule may consist of atoms of
the same kind like oxygen in the Oy molecule, or two dif-
ferent atoms like in the CO, molecule. Molecules are the
components (substances) of inorganic and organic matter
including living organisms. Most of the molecules in living
cells are composed of carbon, nitrogen, hydrogen, oxygen
and phosphorus atoms. DNA, RNA and proteins are mole-
cules (biological molecules) composed of millions of these

atoms arranged with different order and structure that
allow their biological functions [see Figures 1.2, 1.5, 11.7]
(see DNA, gene, protein, cell).

Molecular tools. Set of biological molecules a living cell usu-
ally requires to carry out its functions to handle its own nucleic
acids. These molecules are used in vitro in the laboratories
to manipulate the genetic material of cells. These tools in-
clude plasmids and enzymes that modify and polymerize nu-
cleic acids [see Figures 1.8, 1.9, 111117, 11.18, 111.19] (see plasmid,
nucleic acids, genetic engineering, molecular DNA cloning).

Monitoring. Refers to the capacity to supervise, detect or
diagnose the presence of transgenics in various niches over
time (see crop, transgenic, diagnosis, biosecurity, biological
risk, evaluation).

Monomer. Constituent unit of a polymer. Proteins are poly-
mers in which the amino acids are monomers [see Figures 1.2,
1.5, 1.7] (see amino acid, nucleotide, DNA, polymer, protein).

Moratorium. Actions to halt the use of a technology or
product for different periods of time (see biological risk,
biosecurity, monitoring, diagnosis).

Mutagenesis. Process whereby changes are caused in the
genetic material of an organism. The process may be spon-
taneous or induced (see DNA, mutation, mutagenic, DNA,
nucleotide, gene).

Mutagenic. Chemical changes, energy, technologies and
genetic material used to cause changes in the genome se-
qguence of an organism (see mutagenesis, DNA, nucleotide,
mutation).

Mutant. Organism with a modification in the nucleotide se-

guence of its genome in relation to the original organism
(see DNA, gene, mutation, evolution, nucleotide).
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Mutation. The genetic information contained in the DNA
may undergo changes or modifications known as muta-
tions. Mutations are a cause of hereditary variation and
therefore mainly responsible for evolution. It is a well-
known fact that organisms experience mutations in their
DNA due to environmental factors such as solar radiation,
interaction with chemical products and viral infections. DNA
may undergo various types of changes which may alter a
single nucleotide to complete chromosomes. Alterations
in the sequence of the nucleotides of a gene can cause a
change in the interpretation phase of the gene in the
mMRNA and therefore create a protein with an altered amino
acid sequence, which is no longer able to perform its orig-
inal function (see gene, DNA, nucleotide, mutagen, evolu-
tion, protein, amino acid, nucleotide, mutant).

Nucleic acids. Informational biological molecules contain-
ing genetic information, of which there are two types: DNA
and RNA (see DNA, RNA, protein).

Nucleotide. Building blocks of nucleic acids. Monomers of
DNA and RNA nucleic acids comprising a base, a sugar and
a phosphate molecules. There are five nitrogenated bio-
logical bases in the nucleic acids of living creatures. Three
of them: Guanine (G), Cytosine (C) and Adenine (A) are
present in DNA and RNA. DNA also contains Thymine (T)
while RNA has Uracil (U) instead of Thymine (see DNA, RNA,
mRNA, transcription, transduction, ribosome, monomer,
polymer, nucleic acids, molecule).

Nucleotide sequencing. See DNA sequencing.

Oligonucleotide. DNA molecule with a low number (~5 to
200) of nucleotides. Oligonucleotides are used as probes
or trackers in diagnosis systems and as primers in polymer-
ization and the amplification of DNA using PCR techniques.
They can be chemically synthesized (see PCR, replication,
diagnosis, amplification, DNA, nucleotide, polymer).
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Omic sciences. Set of genomic, proteomic, transcriptomic
and metabolomic sciences (see genomic, proteomic,
metabolomic, transcriptomic).

Operator. Refers to a regulatory region present in many
genes used to link regulatory molecules, normally proteins
(repressors, activators) to modulate genetic expression (see
genetic expression, genome, DNA, gene).

Organelle. Cell structure specializing in a specific function,
such as the nucleus, mitochondria, chloroplasts, ribosomes
[see Figures llI.11, 111.14] (see cell, endosymbiosis, mito-
chondria, evolution).

Organism or living organism. In the context of this book,
organisms are living beings of the five kingdoms (Animal,
Plantae, Fungi, Monera (Prokaryotes), and Protista) that
comprise the biota of the world. They are composed of cells
highly organized, capable of aquire materials and energy
from the environment to allow their growth and reproduc-
tion. They are also capable of respond to environmental fac-
tors and to evolve [see Figures .10, 11.16, [11.112, 111.13, 111.25]
(see biota, cell, bacteria, plant, animal, fungi, biology, trans-
genic plant).

Passenger. Refers to genetic material that may be incorpo-
rated into a vector in order to be transferred and incorpo-
rated into a cell [see Figures I1.8, 11.9, 111.17, 111.18] (see genetic
engineering, molecular DNA cloning, plasmid, heterologous
DNA, molecular tools, transgene, recombinant DNA).

Pathogen. See pathogenic organism.

Pathogenic organism. Organism capable of causing infec-
tions in another through a process of infection [see Figures
1.6, 111.7, 111.8] (see botulism, bacteria, S. pneumonia, in-
fluenza, cholera, infection).



PCR (Polymerase Chain Reaction), Chain reaction of poly-
merase. Methodology that permits in the test tube the spe-
cific amplification—copying millions of times—of DNA
fragments. This is achieved through various DNA synthesis
cycles using the DNA polymerase enzyme (see oligonu-
cleotide, replication, diagnosis, DNA, nucleotide, primer).

Pectinase. Enzyme used to make juice. Also produced
through genetic engineering (see protein, genetic engi-
neering, technology, genetically modified foods).

Pesticide. Substance used to kill insects that cause plagues.
Many of these pesticides are of chemical origin and cause
health problems. In some cases, they even cause cancer and
many of them are recalcitrant. Moreover, most chemical pes-
ticides are not specific to an insect or plague. Consequently,
when they are used, they not only kill the plague but also in-
discriminately kill many other organisms that are not the tar-
get [see Figures 11.15, 11.16] (see cell, cancer, bioinsecticide,
technology, recalcitrant, carcinogenic, biosecurity).

Phenotype. Refers to the observable manifestation of a
certain genotype. Each genotype has a phenotype. For ex-
ample, dark skin coloring (phenotype) corresponds to the
presence of a gene that produces melanine in large
amounts (genotype) (see gene, genotype, mutation, DNA,
cell, genome).

Phenylanine. One of the 20 amino acids comprising pro-
teins [see Figures I1.6, 11.7] (see amino acid, protein, protein
synthesis, codon, monomer, gene, genetic code, polymer,
mMRNA, transfer RNA, gene, DNA).

Photosynthesis. Process whereby plants and certain bac-
teria are capable of synthesizing biological compounds
and biomass using sunlight as an energy source [see Figure
[11.14] (see plant, chloroplast, organelle, mitochondria, en-
dosymbiosis, evolution, cell).

Plant. Member of one of the five kingdoms into which living
organisms are divided (Plantae Kingdom). Plants are multi-
cellular eukaryote organisms usually with roots in the earth
[see Figures I1.15, 111.13, 111.14] (see DNA, cell, animal, zygote,
gamete, organism).

Plasmid. Circular DNA molecular that constitutes additional
genetic material to the bacterial chromosome and is capa-
ble of autonomously replicating. Used as a tool for molec-
ularly cloning DNA [see Figure 11.9] (see genetic engineering,
molecular tools, molecular DNA cloning, transgene, heterol-
ogous DNA).

Plasminogenic. Precursor protein which, when activated by
proteases, becomes plasmin, which is involved in the start
of the process of dissolving blood clots. It is produced
through genetic engineering techniques [see Figures .11,
11.12] (see drug, protein, biomedicine).

Point mutation. Change of a single nucleotide in a gene
(see mutation, DNA, gene, nucleotide).

Polymer. Molecule formed by various monomers. By anal-
ogy, monomers would be the beads on a necklace, which
would be the polymer [see Figures 11.2, 1.5, I1.7] (see pro-
tein, amino acid, nucleotide, DNA, RNA, monomer).

Polymerase chain reaction. See PCR.

Polypeptide. Amino acid chain. Synonym of protein [see
Figure I1.7] (see protein, amino acid, polymer, monomer).

Primer. DNA molecule with simple helix (oligonucleotide)
with a low molecular weight, used as the first element for
beginning complementary DNA synthesis in replication
processes (see oligonucleotide, diagnosis, PCR, DNA poly-
merase).
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Probe. Specific fragment of DNA or RNA which, because of
its association with the complementary sequence, is used
in diagnostic methods (see diagnosis, oligonucleotide,
primers, DNA, RNA, replication, DNA polymerase).

Prokaryote. Live, single-cell organism, like bacteria, which
has a single chromosome and does not have a nuclear
membrane [see Figure I11.9] (see cell, bacteria, eukaryote,
microbe).

Proline. One of the 20 amino acids comprising proteins
[see Figures I1.6, 11.7] (see amino acid, protein, protein syn-
thesis, codon, genetic code, monomer, gene, polymer,
mRNA, transfer RNA).

Promoter. Small DNA sequence that permits the start of the
transcription of the gene into mRNA that controls it, normally
located in the front part of the gene. The promoter is rec-
ognized by the RNA polymerase enzyme to begin the
process of gene transcription [see Figure 11.5] (see gene,
DNA, genetic regulation, transcription, mRNA, DNA struc-
ture).

Protease. Enzyme that degrades or hydrolyzes proteins
(see protein, amino acid, recombinant product, metabolite,
enzyme).

Proteic or proteinic. Related to proteins (see protein,
amino acid, polymer, DNA, RNA).

Protein. Proteins are informational macromolecules but unlike
DNA, the molecule containing the genetic information to syn-
thesize proteins. Proteins are the tools used by cells to per-
form most of their functions. In other words, proteins contain
the cell’s functional information. Examples of these proteins
include the following: Insulin, a protein that regulates blood
sugar levels; hemoglobin, another protein that transports oxy-
gen from the lungs to all the cells in the organism in red glob-
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ules; tripsin, a protein that works in our digestive apparatus to
digest other proteins from other organisms, which form part
of our diet. In addition to these three proteins there are many
others -approximately one hundred thousand- in our human
organism. As a result of these proteins and the specific func-
tional information in each of them, the organism and its vari-
ous organs, tissues and cells perform their tasks. Proteins are
biological polymers (like necklaces) comprising 20 different
monomers (the beads on the necklace) called amino acids,
the building blocks of the proteins. For this reason, there is
not one amino acid for each of the nucleotides comprising
the genes. The obvious consequence is that each of the
amino acids in a protein must be “encoded” by groups of nu-
cleotides. When the “genetic code” was deciphered, it was
found that each amino acid is encoded by a group of three
nucleotides called “triplet” or “codon.” It was also found that
in some cases, more than one triplet encodes for the same
amino acid and that certain triplets encode termination or ini-
tiation signals for protein synthesis. This genetic code is uni-
versal, since it is the same for all living beings. Proteins can be
chemically modified after their synthesis, which is why their
activity can be modulated [see Figures 11.2, I1.3, IL.5, 1.6, 11.7,
1111, I11.14] (see genetic code, codon, anti-codon, transfer
RNA, messenger RNA, ribosomal RNA, ribosome, protein syn-
thesis, DNA, amino acid, polymer, macromolecule, biology,
gene, polymer, molecule, monomer).

Protein sequencing. Position (sequence) of amino acids,
one immediately after the other, in the protein polymer. By
way of an analogy, we have the sequence of beads on a
necklace, where each bead is an amino acid and the neck-
lace is the protein [see Figures I1.5, 1.6, I1.7] (see amino acid,
protein, polymer, monomer).

Protein structure. Three-dimensional conformation that
has a given protein in certain physiological conditions in
the cell (see protein, cell, amino acid, RNA, mRNA confor-
mation).



Protein synthesis. Cellular process whereby proteins in ri-
bosomes are synthesized. The cell uses the nucleotide se-
quence present in the mRNA, which is interpreted in
nucleotides in threes by the transfer RNA, giving rise to pro-
tein synthesis [see Figures IL.5, 11.6, 1.7, 1l1.11] (see DNA,
RNA, mRNA, transfer RNA, genetic code, codon, protein,
anticodon, nucleotide, transcription, translation).

Proteome. Set of all the proteins contained in a living or-
ganism [see Figure I.7] (see protein, cell, genome, DNA).

Proteomic. Analysis of proteic components (of proteins)
comprising living cells. This analysis not only includes the
identification and quantification of the proteins in a cell
but also the synthesis, degradation, location, modification,
interaction, activity and functions of these informational
biological macromolecules (see protein, cell, biological
macromolecule, genomic, DNA).

Provirus. DNA of a retrovirus when it has been incorporated
into the genome of the infected cell [see Figure Ill.7] (see
retrovirus, virus, genome, DNA).

Pseudoviral. Particle comprising the viral proteins that con-
tains non-viral genetic material of the cell infected by the
original virus (see virus, DNA, genome).

Recalcitrant. Compounds normally produced by man that
are not degradable or biologically recyclable (see pesti-
cide, risk, cancer, bioremediation).

Recombinant. See recombinant product.

Recombinant DNA. See genetic engineering.
Recombinant DNA molecule. Molecule comprising DNA of

cellular and heterologous origin. These molecules can be
produced in the laboratory by using genetic engineering

techniques that make it possible to isolate and join DNA
fragments of different origins—using the ligase enzyme re-
action—; this is how the recombinant DNA molecule is cre-
ated. These recombinant molecules can be introduced in
one or more cells. If one of the two molecules is a vector
such as a plasmid or a virus, this permits the replication of
the recombinant DNA and the stabilization of this molecule
inside the cell into which it was incorporated [see Figures
1.8, 1.9, 1117, 111.18, 111.19] (see plasmid, vector, genetic en-
gineering, DNA molecular cloning, transgenic, genetic re-
combination, transgene, GMO, ligase enzyme reaction,
technology).

Recombinant product. Product obtained through the use
of recombinant DNA techniques, also called genetic engi-
neering [see Figures I1.8, I1.9, I1.11] (see drug, transgenic,
genetically modified foods, insulin, lactase, chymosin, in-
terferon, GMO).

Recombinant protein. Protein obtained through genetic
engineering techniques or recombinant DNA techniques
[see Figures 1.8, 1.9, 11.11] (see genetic engineering, GMO,
protein, technology, DNA).

Regulating gene. DNA sequence carrying the information for
a protein that participates in gene expression regulation (see
gene, structural gene, DNA, mRNA, transcription, protein).

Release into the environment. Refers to the process
whereby transgenics can be placed in or released into the
environment. It refers to vegetable crops and also to the
use of micro-organisms for the bioremediation of polluted
habitats or the environment (land, earth, water) (see step-
by-step evaluation, biosecurity, biological risk, transgenic,
biodiversity).

Remediation. Set of techniques making it possible to
remedy or clean a polluted system or habitat (see fungus,
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recalcitrant, biodegradable, bioremediation, technology,
biopesticide).

Replication. Enzymatic cell process whereby DNA mole-
cules are duplicated and created two identical double he-
lices on the basis of a single double helix. The process
requires the separation of the two helices from the original
molecule (see DNA, DNA polymerase, PCR, double helix,
nucleotide, polymer).

Resistance. In molecular biology, it is a system that permits
the selection of an organism and generally uses genes that
encode for the proteins that confer resistance to an antibi-
otic (see antibiotic, gene, protein, plasmid, recombinant
DNA).

Retrovirus. Virus with an RNA genome (like the human im-
munodeficiency virus (HIV) that causes AIDS) and infects eu-
karyotic cells. It is replicated inside the cell by synthesizing
a complementary DNA copy on the basis of its RNA (reverse
transcription). This complementary DNA is latter inserted
into the chromosomal DNA of the guest cell and gives rise
to viral messenger RNAs as well as the genomic RNA that
are incorporated into the new viruses [see Figures I11.6, 111.7]
(see genome reorganization, DNA, reverse transcription,
cDNA, RNA, virus).

Reverse transcription. Process of copying DNA from RNA.
Occurs in cells infected with retroviruses that have RNA as
genetic material. When this genetic material is introduced
into the cell, DNA copies are produced from the virus RNA.
In the case of retroviruses, this DNA material copied from
RNA can be incorporatd into the genome of the infected
cell [see Figure Ill.7] (see retrovirus, DNA, mRNA, genome
reorganization, cDNA, AIDS).

rHGH (Recombinant Human Growth Hormone). See hu-
man growth hormone.
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Ribonucleic acid (RNA). Ribonucleotide polymer resem-
bling DNA except that instead of thymines it has uracils in
its nucleotides and instead of 2-deoxyribose it has D-ri-
bose. It is formed or synthesized by the transcription or
copy of specific DNA regions. There are three main types
of RNA involved in protein synthesis: a) Messenger RNA
(mRNA), involved in the transmission of genetic information
on the basis of DNA; b) Transfer RNA (tRNA) involved in in-
formation coupling and ¢) ribosomal RNA (rRNA) involved
in the structuring and function of ribosomes, organelles in
which proteins are synthesized [see Figures 1.2, 11.3, 115, 1.6,
[1.7] (see DNA, mRNA, transfer RNA, molecule, nucleotide,
ribosome, protein synthesis, protein).

Ribose. Sugar molecule forming part of the ribonucleotides
in RNA [see Figure I1.5] (see nucleotide, RNA, molecule).

Ribosomal RNA. Type of RNA that forms part of the ribo-
somes and is involved in protein synthesis by reading the
mMRNA which are synthesized or transcribed on the basis of
genes [see Figures I1.5, 116, I1.7] (see mRNA, transfer RNA,
genetic code, amino acid, transcription, translation, pro-
tein, anticodon, RNA, odon, protein synthesis).

Ribosome. Organelle in which proteins are synthesized, ac-
cording to the instructions present in the messenger RNA.
Itis an aggregate of proteins and RNA [see Figures 1.7, 111.9,
[11.11] (see organelle, transcription, translation, mRNA, trans-
fer RNA, ribosomal RNA, codon, anticodon, protein, amino
acid, translation, protein synthesis, RNA).

Risk. Likelihood that danger or damage will occur. This
probability of occurrence depends on various factors: the
possibility of exposure and the possibility that the danger
or damage will occur after exposure has occurred. Within
the context of GMO, it is the possibility that the presence
or use of transgenic organisms or their products might
cause damage to human or animal health or the world's



biodiversity. To date, there is no scientific evidence indicat-
ing damage to human health or biodiversity due to the use
of GMO or their products. All technology has the implicit
possibility of causing damage if it is used irresponsibly or
illegally. However, to date, GMO have not caused any sci-
entifically proven damage. Many countries already have the
legislation and are developing standards for the responsi-
ble handling of GMO that minimizes the possible risks of
their use (see biological risk, biosecurity, biotechnology se-
curity, transgenic, GMO).

Risk assessment. Strategies and protocols using proce-
dures based on solid scientific knowledge to assess the ev-
idence of possible risks due to the use of GMO (see
biological risk, risk, biosecurity, scientific knowledge, case
by case, step by step evaluation).

RNA. See ribonucleic acid.

RNA polymerase. Protein with enzymatic activity involved
in RNA synthesis (transcription), which uses one of the two
DNA chains as a mold [see Figures I.5, ll1.7] (see RNA, DNA,
transcription, protein, enzyme).

RNA processing. Cell processes that reduce the size of RNA
transcripts. These processed RNA molecules are usually the
functional molecules in the cell (see DNA, gene, RNA, tran-
scription, intron, exon).

Scientific knowledge. Knowledge produced through sci-
entific research. This knowledge has permitted the detailed
understanding of the functioning of the universe, nature
and life itself as well as various scientific problems. The
publication of scientific knowledge in journals must guar-
antee the conditions for it to be repeated and validated by
other independent groups. Knowledge generated by sci-
entists must be published in journals or arbitrated books
in order to be validated. Scientific knowledge is responsi-

ble for supporting and developing technologies that have
permitted technological progress (see scientifically sup-
ported evidence, scientific research, technology, risk eval-
uation, risk).

Scientific research. Human activity based on the scientific
method designed to explain the organization and function-
ing of natural systems and phenomena, including biologi-
cal systems. This activity produces new knowledge on the
different systems of study normally published in special-
ized, arbitrated journals (see scientific knowledge, technol-
ogy, risk).

Scientifically based evidence. Set of data scientifically sup-
ported through the publication of these data in interna-
tional, arbitrated journals. Data published in journals must
be able to be repeated by independent groups in order to
be validated, particularly in the case of risk and harmless-
ness issues. Much of this evidence can subsequently be in-
corporated into books and other documents drafted by
Academies of Sciences and other organizations such as the
WHO and FAO with internationally acknowledged members
in order to guide and support governments’ decisions (see
biosecurity, biological risk, risk, evaluation, harmlessness,
scientific knowledge, technology).

Sequence bank. Data base containing the identified DNA,
RNA and protein sequences (see bioinformatics, DNA, RNA,
proteins).

Serine. One of the 20 amino acids comprising proteins [see
Figures 1.6, 11.7] (see amino acid, proteins, protein synthe-
sis, codon, genetic code, polymer, monomer, gene, mRNA,
transfer RNA).

Single-cell organism. Organism comprising a cell (see bac-
teria, cell, organism).

GLOSSARY 141



Step by step evaluation. Refers to the evaluation provided
for in the Mexican Biosecurity Law of GMO, which indicates
that in processes involving the possible release of a GMO,
the evaluation must be carried out at different levels or
stages: 1) greenhouse; 2) small sown fields with experimen-
tal release and 3) larger sown fields (see release into the
environment, biological risk, biosecurity, case by case, risk
assessment, risk, scientifically based evidence).

Structural gene. Specific fragment of genetic material con-
taining the information for a protein. Gene regulation is
achieved through specific DNA sequences in the regions prior
to genes, known as 5" regions [see Figure I1.2] (see gene, exon,
intron, promoter, operator, regulating gene, RNA processing).

Substantive or substantial equivalence. Concept pro-
posed by the OECD to indicate that a product of transgenic
origin has similar nutritional characteristics to its conven-
tional counterpart (see biosecurity, biological risk, trans-
genic, harmlessness, genetically modified foods).

Substrate. Substance or molecule with which an enzyme
specifically interacts and is then transformed into a product
(see protein, molecule, metabolite, enzyme).

Support. Sustain and defend with scientific reasons (see
scientific evidence, risk, scientifically based evidence).

Symbiogenesis. Term that refers to the creation of new life
forms, organs or organelles achieved through the perma-
nent association of previously established life forms. A key
role has been attributed to this type of process in the evo-
lution of species [see Figures I11.11, 111.14] (see endosymbio-
sis, chloroplast, mitochondria, organelle, cell, evolution).

Terminator genes. Genes that can prevent the germination

of the seeds of a crop that has them as part of its genome
(see biological risk, biosecurity, transgenic plant, risk).
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Theory of evolution of species. Proposed by Darwin, this
theory states that all the living beings in the world are de-
rived from a common organism [see Figures Ill.1, 11.3] (see
evolution, endosymbiosis, genome reorganization, or-
ganelle, mitochondria, symbiogenesis, organism).

Technology. The use of scientific knowledge, allows the de-
velopment of processes—tools, machines, techniques—that
can be used to solve society problems and deal with human
demands such as food, medicine, lodging and preserving
biodiversity and the environment (see biotechnology, biolog-
ical technology, biological resource, biochemical engineer-
ing, biomass, biomedicine, biopesticide, biopharmaceuticals,
bioremediation, chymosin, diagnosis, vaccination, drug, fer-
mentation, genetic engineering, transgene, genetic re-
sources, genetically modified foods, GMO hybrid seeds,
innovation, lactase, lipase, medicine, molecular medicine,
pectinase, pesticides, recombinant DNA product, remedia-
tion, scientific knowledge, scientific based evidence).

Therapeutic protein. Proteins used in disease treatment.
Nowadays, many of them are produced through genetic
engineering techniques [see Figures I1.11, 11.12] see drug,
biomedicine, technology, insulin, protein).

Threonine. One of the 20 amino acids comprising proteins
[see Figures 1.6, 11.7] (see proteins, amino acid, protein syn-
thesis, codon, genetic code, polymer, mRNA, transfer RNA,
gene, monomer).

Thymine. One of the four nitrogenated bases consisting of
the nucleotides comprising DNA. There are millions of nu-
cleotides in chromosomal DNA [see Figures 1.2, II.5, 11.7]
(see DNA, replication, bases, nucleotide).

Toxicity. Refers to the possible effect of poisoning in the
user (see biological risk, risk).



Transcription. Cell process whereby messenger RNA, ribo-
somal RNA and transfer RNA are synthesized from DNA
using RNA polymerase [see Figures 1.3, 11.5, 11.6, 11.7] (see
DNA, RNA, mRNA, ribosome, protein, RNA polymerase).

Transcriptome. Set of all the RNA transcripts that can be
synthesized from the DNA sequences of a cell [see Figures
1.5, 11.7] (see transcription, RNA, gene, DNA, genome, pro-
teome).

Transcriptomic. Analysis of set of RNA transcripts that can
be produced in a cell. This set varies according to the dif-
ferent metabolic conditions: it determines which genes are
being expressed and giving rise to the set of mRNA, rRNA,
tRNA and many other small RNA produced on the basis of
the transcription of a cell genome. The analysis includes
the quantification, characterization, location, modification,
degradation and other functions associated with RNAs.
Gene transcription of the genome genes into RNA occurs
as a result of the RNA polymerase, an enzyme that is part
of the machinery for transcribing (copying) DNA onto RNA
(see transcriptome, genome, RNA, gene, mRNA, RNA
polymerase, transcription).

Transfer RNA. Type of RNA that links the various amino acids
in the process of protein synthesis. Proteins are synthesized
in the ribosomes using the messenger RNA, whose se-
guence of nucleotides is read in threes according to the ge-
netic code. Nucleotides are read in threes—in the form of
triplets—by transfer RNAs using their anticodon sequences,
thereby permitting the incorporation of amino acids by as-
sociating anticodons with the triplets or codons of the mes-
senger at the ribosomes [see Figures II.5, 11.6, 11.7] (see
messenger RNA, ribosomal RNA, mRNA, RNA, codon, anti-
codon, genetic code, amino acid, triplets, protein synthesis).

Transformation. Phenomenon enabling genetic material to
be inserted into a cell. If it is incorporated into the genome

of the receptor cell, the DNA can be stabilized and trans-
ferred to daughter cells. In bacteria, genetic material can
also be stabilized through genetic engineering techniques
by linking it to a vector or plasmid [see Figures 11.8, 1.9,
.17, 11.18, 111.19] (see genome reorganization, horizontal
DNA transfer, transgenosis heterologous, plasmid, genetic
engineering, transgene).

Transgene. Genetic material of a different origin, incorpo-
rated into an organism by genetic engineering techniques.
The organism resulting from this process is called trangenic
or genetically modified [see Figures 11.8, 11.9, 1117, 11118,
[11.19] (see genetic engineering, DNA, transgenic, ligase en-
zyme reaction, horizontal DNA transfer, heterologous DNA).

Transgenic. GMO Synonym. Biological organism into which
one or more genes (transgenes) have been incorporated
from an organism of another species, through genetic engi-
neering and other horizontal DNA transfer techniques
(biobalistics or electroporation). These new transgenes are
usually stabilized through genetic recombination with ge-
netic material from receptor cells. Through the multiplication
of these transformed cells, transgenes may be transmitted
to their offspring [see Figures 11.8, 1.9, 11.17, 11118, 111.19] (see
genetic engineering, biological risk, biosecurity, molecular
DNA cloning, biobalistics, transgenic plant, horizontal DNA
transfer, GMO, recombinant DNA molecule, ligase enzyme
reaction, technology, transgen).

Transgenic foods. See genetically modified foods [see Fig-
ures 11.14, 11.15]

Transgenic organism. See transgenic, GMO.
Transgenic plant. Plant into which genetic material of an-
other origin (the transgen) has been incorporated. Nor-

mally for the purpose of creating resistance to an insect or
providing new metabolic properties for the new organism
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[see Figures 1.8, 11.15] (see transgenic, bioinsecticide, ge-
netic engineering, biobalistics, pesticides, transgen).

Transgenosis. Process whereby genetic material (trans-
gene) is incorporated from one given organism into an-
other. Transgenics are created when the donor and
receptor are different [see Figures 11.8, 11.9] (see transgenic,
genetic engineering, transformation, horizontal DNA trans-
fer, genome reorganization).

Translation. Enzymatic process whereby the cell recognizes
and reads the mRNA codon sequence and through this
process, creates a protein chain, in keeping with the ge-
netic code, reading the nucleotides comprising the mRNA
in threes [see Figures I1.2, 11.3, I1.5, 11.6 11.7] (see colinearity
between gene and proteic product, nucleotide, cell, pro-
tein, ribosome, transcription, protein synthesis).

Transposase. Enzyme responsible for the movement or re-
location of a transposon to another place in the genome
of a cell [see Figures l11.15, l11.16] (see transposon, genome
reorganization, genome, protein).

Transposition. Mechanism whereby a DNA fragment (the
transposon) is relocated in the genome of the cell in which
it occurs. Through this mechanism, the genome is reorgan-
ized as a result of the change of position of the transposon.
In some cases, the transposon can inactivate a gene by in-
terrupting it due to its translocation. In corn cobs with col-
ored grains, these changes in coloring are the result of the
relocation of the transposons in these grains. This is a nat-
ural process that occurs on a daily basis [see Figures .15,
[11.16] (see transposon, genome reorganization, evolution,
genetic modification, DNA, retrovirus).

Transposon. DNA element capable of relocating (moving)

from one part of the genome to another within a single
cell through the actions of transposases [see Figures .15,
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[11.16] (see transposase, genome reorganization, transpo-
sition).

Tripanosomes. Parasitic animals on other animals (see
pathogenic organism).

Triplet. See codon.

Trypsin. Protein with enzymatic capacities (enzyme) higher
animals use to degrade other proteins that form part of
food in the stomach (see protein, enzyme).

Tryptophan. One of the 20 amino acids comprising pro-
teins [see Figures 1.6, 11.7] (see amino acid, protein, protein
synthesis, monomer, gene, codon, genetic code, polymer,
MRNA, transfer RNA).

Tyrosine. One of the 20 amino acids comprising proteins
[see Figures 1.6, I1.7] (see protein, amino acid, protein syn-
thesis, monomer, gene, codon, genetic code, polymer,
mRNA, transfer RNA).

Uracil. One of the four nitrogenated organic bases consist-
ing of the nucleotides comprising DNA. There are millions
of nucleotides in an RNA molecule [see Figures I1.5, 11.6, 11.7]
(see RNA, transcription, translation, nucleotide, bases).

Vaccination. Set of biological molecules which, when in-
serted into a mammal, may produce specific antibodies
and possibly create immunity against this particular set of
biological molecules (see immunogen, antibody, technol-

ogy).

Valine. One of the 20 amino acids comprising proteins [see
Figures 1.6, I1.7] (see amino acid, protein, protein synthesis,
monomer, gene,codon, genetic code, polymer, mRNA,
transfer RNA).



Vector. Type of DNA such as plasmids or viruses that can
replicate their genetic material within certain guest cells
and is capable of transferring DNA fragments between dif-
ferent organisms [see Figure 11.9] (see genetic engineering,
molecular tools, ligase enzyme reaction, transgenic, plas-
mid, virus).

Verification and Follow-Up Processes. Refers to the pro-
tocols to detect the presence of GMO in various organisms
and scenarios, and the procedures for ensuring the follow-
up of these detection processes (see biosecurity, biological
risk, risk, monitoring, transgenic, GMO).

Vertical DNA transmission. Inheritance of genes and ge-
netic material from parents to children (see gametes, cell,
chromosomes, zygote).

Virulence. Measure of pathogenic nature (or pathogenicity)
of a microorganism. It is determined by the set of mole-
cules and mechanisms used by viruses and pathogenic or-
ganisms such as some bacteria to infect an organism (see
virus, bacteria, pathogenic organism).

Virus. Microscopic particle formed and organized by the
association of proteins comprising a nucleic acid molecule
(DNA or RNA). Viruses are cell parasites that can only be
multiplied when they infect susceptible guest cells [see Fig-
ures 1.5, 111.6, 111.7] (see DNA, RNA, AIDS, nucleic acids, cell,
retrovirus).

Wild strain. Natural variety of a particular organism. Its
counterpart is a mutant strain with particular changes in its
genome (see mutant, genome, DNA).

X Chromosome. Type of chromosome present in two
copies in the cells of female organisms and in a single
copy in male organisms (see gamete, zygote, chromo-
some, cell).

Y Chromosome. Type of chromosome present in a single
copy only in the cells of male organisms (see gamete, zy-
gote, chromosome, cell).

Yeast. Single-cell eukaryote organism used for alcohol pro-
duction and other compounds, including recombinant
products. It has 16 chromosome pairs in its nucleus and the
entire nucleotide sequence of its genome, which contains
6,241 genes, has been determined (see eukaryote,
genome, cell, metabolism).

Zoonosis. Infections that occur in animals and are trans-
mitted to the human race. One example of these naturally
occurring infections is the influenza virus (see virus, in-
fluenza).

Zygote. Egg fertilized by the fusion of two haploid sex
cells. In the case of humans, it involves a spermatozoid and
an ovule. After the fusion of the gametes, the zygote is al-
ready a diploid cell, since it contains two copies of each
gene, one from the father and the other from the mother
(see gamete, haploid, diploid, cell, chromosome).
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APPENDIX 3: LIST OF RELEVANT FACTS AND EVENTS RELATED
TO BIOTECHNOLOGY AND THE USE OF LIVING BEINGS
AND THEIR PRODUCTS TO MEET OUR FOOD AND HEALTH NEEDS

This appendix also includes certain key scientific events

linked to living cells and biotechnology.

500 B.C. The first antibiotic based on soybean mold poul-

100

1761

1859

1870

1871

tices was used to treat burns in China.

The first insecticide was produced in China from

chrysanthemum powder.

E. Jensen develops the first smallpox virus.

C. Darwin creates and publishes his theory of

evolution.

The first genetic crossings are developed in cot-

ton to create better quality strains.

The first maize hybrid was produced in a labora-

tory.

Deoxyribonucleic acid (DNA) in sperm trout is

described.

1880

1885

1911

1922

1933

1942

1944

G. Mendel discovers that there are discrete genetic
elements (subsequently called genes) containing
the specific characteristics of living organisms,

which are handed down to their offspring.

L. Pasteur develops the rabies vaccine.

T. Morgan and his collaborators draw up the first
genetic maps with the positions of the genes in
the fruit fly’s chromosomes.

A. Fleming discovers penicillin.

The first improved maize hybrid is commercial-

ized.

Penicillin obtained from mushroom fungus is

commercially produced
O. Avery, C. McLeod and M. McCarthy demon-

strate that DNA is the substance in which genetic

information is stored.
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1951

1953

1957

1958

1960

1961

148

The first cattle are artificially inseminated.

J. Watson and F. Crick describe the structure of
the DNA double helix.

B. McClinton postulates the existence of trans-
posons to explain the rearrangement of genetic
material that occurs in the different colored

grains in maize cobs.

M. Messelson and F. Stahl proved that DNA repli-
cation occurs through the separation of the two
DNA helices and the copying again, of its two he-
lices to form two identical double helices on the

basis of the original double helix.

DNA is synthesized in a test tube for the first

time.

A. Kornberg isolates the DNA polymerase used

in gene amplification techniques.

S. Brenner and his collaborators discover the
messenger RNA and prove that it has the infor-
mation and capacity needed to direct the incor-

poration of amino acids into protein synthesis.

M. Niremberger and collaborators establish the
universal genetic code on the basis of F. Crick’s

proposals.
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1967

1970

1973

1977

1978

1979

F. Jacob and collaborators isolate the first ele-

ment regulating gene expression.

The DNA ligase enzyme was isolated, making it
possible to link DNA fragments of different ori-
gins in the test tube.

H. Smith and collaborators isolate the first nucle-
ase restriction enzyme that cuts DNA molecules

in specific places.

S. Cohen and H. Boyer develop the first transgenic
organism through the insertion of a fragment of
frog DNA in a bacterial plasmid, subsequently in-

serted into the Escherichia coli bacteria.

R. Maxam and W. Gilbert and F. Sanger and col-
laborators simultaneously develop methods to

determine the sequence of DNA nucleotides.

Introns and exons are discovered in the genes of

higher organisms.

K. Itakura and collaborators create the first trans-
genic organism that will permit the synthesis of

human hormones in bacteria.

The complete genomic sequence of a virus, the

@ X 174, is reported.

The first genetic engineering company is created:

Genentech, Inc., in the United States of America.



1980

1981

1982

1983

1985

1987

D. Goeddel and collaborators report the pro-
duction of human insulin by transgenic organ-

isms.

Recombinant human growth hormone is pro-

duced in transgenic organisms.

The Supreme Court of Justice of the United
States of America approves the patenting of live

organisms.

The genome sequence of human mitochondria

is reported.

The first transgenic animal is produced by insert-

ing human genes into a mouse.

P. Valenzuela and collaborators develop the first
product of transgenic origin used as a vaccine in

humans to immunize against the hepatitis virus.

Insulin is commercially produced as the first

medicine of transgenic origin.

M. Montagu and collaborators design and con-

struct the first transgenic plants.

Genetic markers for identifying diseases in hu-

mans are discovered.

K. Mullis and collaborators develop the DNA

polymerase chain reaction system (PCR), making

1988

1990

1992

1993

1994

it possible to amplify specific fragments of DNA

millions of times.

On the initiative of J. Watson, the United States
National Health Institutes set up the Office for

the Investigation of the Human Genome.

Human interferon of recombinant origin is pro-
duced as the first biological medicine of trans-

genic origin for cancer treatment.

The first pest-resistant transgenic maize plant (Bt

maize) is produced.

Three groups simultaneously develop the capil-
lary electrophoresis method that made it possible
to optimize the automation of DNA sequencing

methods.

The Food and Drug Administration (FDA) in the
United States approves the use of the transgenic
growth hormone to increase the production of

cows’ milk.

The first recombinant medicine for multiple scle-

rosis treatment is approved.

One hundred and fifty countries sign the United

Nations Convention on Biological Diversity.

The first gene related to breast cancer is discov-

ered.
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1995

1996

1997

1998

1999

150

The nucleotide sequence of the first genome of

a living organism, the H. influenzae bacteria is

reported.

Recombinant antibodies of transgenic origin are

incorporated for cancer treatment.

The nucleotide sequence of the first genome of

an eukaryote, S. cerevisiae, is discovered.

The first cultivar of transgenic origin is commer-

cialized.

The recombinant human plasminogen activator

used to dissolve blood clots caused by myocar-

dial infarctions is placed on the market.

Dolly, the first farm animal cloned from an adult

cell, is created.

The nucleotide sequence of the first genome of

an animal, the C. elegans worm, is obtained.

Use of the first recombinant medicine for treat-

ing breast cancer is approved in the United

States of America.

The complete nucleotide sequence of a human

chromosome is reported for the first time (Num-

ber 22).
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2000

2001

2002

2003

2004

The nucleotide sequence of the genome of a
plant, Arabidopsis thaliana, is reported for the

first time.

Field testing for the first virus-resistant recombi-

nant potato is approved in Kenya.

The Cartagena Protocol for Biosafety, included
in the United Nations Convention on Biological

Diversity, is approved.

The research groups of C. Venter and F. Collins
simultaneously report the draft of the nucleotide

sequence of the human genome.

The nucleotide sequences of mouse and rice

genomes are reported.

The first transgenic rootworm-resistant maize

plant is approved in the United States of America.

The nucleotide sequence of the human genome

is completed.

The Cartagena Protocol for Biosafety comes into

effect.

The United Nations Food and Agricultural Or-
ganization (FAO) notes that transgenic cultivars
for food production are an important tool in

meeting world food needs.



2005

2006

2007

The Mexican Law of Biosafety of Genetically

Modified Organisms is passed in Mexico.

The recombinant vaccine against the papilloma

virus is approved in the United States of America.

The United Nations World Health Organization
publishes the document “20 Questions on Ge-
netically Modified Foods,” (Appendix 4) showing
that foods of transgenic origin have not harmed

health.

The recombinant virus against the H5N1 flu virus

is approved in the United States of America.

2009

2011

Use of the first transgenic animal for the produc-
tion of the human antithrombin protein is ap-

proved in the United States of America.

The maize genome sequence is reported.

The European Union approves the use of the
transgenic potato and other strains of transgenic

maize, after a long debate on biosafety.

Twenty-seven countries have planted nine differ-
ent cultivars of transgenic organisms, which have
been consumed in 50 countries by over 300 mil-

lion inhabitants.
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APPENDIX 4: ELECTRONIC DOCUMENT
PUBLISHED BY THE WORLD HEALTH
ORGANIZATION (WHO)

20 QUESTIONS ON GENETICALLY MODIFIED (GM) FOODS

These questions and answers have been prepared by WHO in response to questions
and concerns by a number of WHO Member State Governments with regard to the
nature and safety of genetically modified food.

Q1. What are genetically modified (GM) organisms and GM foods?

Genetically modified organisms (GMOs) can be defined as organisms in which the
genetic material (DNA) has been altered in a way that does not occur naturally. The
technology is often called “modern biotechnology” or “gene technology”, sometimes also
“recombinant DNA technology” or “genetic engineering”. It allows selected individual
genes to be transferred from one organism into another, also between non-related
species.

Such methods are used to create GM plants — which are then used to grow GM food
crops.

Q2. Why are GM foods produced?

GM foods are developed — and marketed — because there is some perceived advantage
either to the producer or consumer of these foods. This is meant to translate into a
product with a lower price, greater benefit (in terms of durability or nutritional value) or
both. Initially GM seed developers wanted their products to be accepted by producers
so have concentrated on innovations that farmers (and the food industry more generally)
would appreciate.

The initial objective for developing plants based on GM organisms was to improve crop
protection. The GM crops currently on the market are mainly aimed at an increased
level of crop protection through the introduction of resistance against plant diseases
caused by insects or viruses or through increased tolerance towards herbicides.

Insect resistance is achieved by incorporating into the food plant the gene for toxin
production from the bacterium Bacillus thuringiensis (BT). This toxin is currently used
as a conventional insecticide in agriculture and is safe for human consumption. GM
crops that permanently produce this toxin have been shown to require lower quantities
of insecticides in specific situations, e.g. where pest pressure is high.
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Virus resistance is achieved through the introduction of a gene from certain viruses
which cause disease in plants. Virus resistance makes plants less susceptible to
diseases caused by such viruses, resulting in higher crop yields.

Herbicide tolerance is achieved through the introduction of a gene from a bacterium
conveying resistance to some herbicides. In situations where weed pressure is high, the
use of such crops has resulted in a reduction in the quantity of the herbicides used.

Q3. Are GM foods assessed differently from traditional foods?

Generally consumers consider that traditional foods (that have often been eaten for
thousands of years) are safe. When new foods are developed by natural methods,
some of the existing characteristics of foods can be altered, either in a positive or a
negative way National food authorities may be called upon to examine traditional foods,
but this is not always the case. Indeed, new plants developed through traditional
breeding techniques may not be evaluated rigorously using risk assessment techniques.

With GM foods most national authorities consider that specific assessments are
necessary. Specific systems have been set up for the rigorous evaluation of GM
organisms and GM foods relative to both human health and the environment. Similar
evaluations are generally not performed for traditional foods. Hence there is a
significant difference in the evaluation process prior to marketing for these two groups
of food.

One of the objectives of the WHO Food Safety Programme is to assist national
authorities in the identification of foods that should be subject to risk assessment,
including GM foods, and to recommend the correct assessments.

Q4. How are the potential risks to human health determined?

The safety assessment of GM foods generally investigates: (a) direct health effects
(toxicity), (b) tendencies to provoke allergic reaction (allergenicity); (c) specific
components thought to have nutritional or toxic properties; (d) the stability of the inserted
gene; (e) nutritional effects associated with genetic modification; and (f) any unintended
effects which could result from the gene insertion.

Q5. What are the main issues of concern for human health?

While theoretical discussions have covered a broad range of aspects, the three main
issues debated are tendencies to provoke allergic reaction (allergenicity), gene transfer
and outcrossing.

Allergenicity. As a matter of principle, the transfer of genes from commonly allergenic
foods is discouraged unless it can be demonstrated that the protein product of the
transferred gene is not allergenic. While traditionally developed foods are not generally
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tested for allergenicity, protocols for tests for GM foods have been evaluated by the
Food and Agriculture Organization of the United Nations (FAO) and WHO. No allergic
effects have been found relative to GM foods currently on the market.

Gene transfer. Gene transfer from GM foods to cells of the body or to bacteria in the
gastrointestinal tract would cause concern if the transferred genetic material adversely
affects human health. This would be particularly relevant if antibiotic resistance
genes, used in creating GMOs, were to be transferred. Although the probability of
transfer is low, the use of technology without antibiotic resistance genes has been
encouraged by a recent FAO/WHO expert panel.

Outcrossing. The movement of genes from GM plants into conventional crops or related
species in the wild (referred to as “outcrossing”), as well as the mixing of crops derived
from conventional seeds with those grown using GM crops, may have an indirect effect
on food safety and food security. This risk is real, as was shown when traces of a maize
type which was only approved for feed use appeared in maize products for human
consumption in the United States of America. Several countries have adopted
strategies to reduce mixing, including a clear separation of the fields within which GM
crops and conventional crops are grown.

Feasibility and methods for post-marketing monitoring of GM food products, for the
continued surveillance of the safety of GM food products, are under discussion.

Q6. How is a risk assessment for the environment performed?

Environmental risk assessments cover both the GMO concerned and the potential
receiving environment. The assessment process includes evaluation of the
characteristics of the GMO and its effect and stability in the environment, combined with
ecological characteristics of the environment in which the introduction will take place.
The assessment also includes unintended effects which could result from the insertion
of the new gene.

Q7. What are the issues of concern for the environment?

Issues of concern include: the capability of the GMO to escape and potentially introduce
the engineered genes into wild populations; the persistence of the gene after the GMO
has been harvested; the susceptibility of non-target organisms (e.g. insects which are
not pests) to the gene product; the stability of the gene; the reduction in the spectrum
of other plants including loss of biodiversity; and increased use of chemicals in
agriculture. The environmental safety aspects of GM crops vary considerably according
to local conditions.

Current investigations focus on: the potentially detrimental effect on beneficial insects
or a faster induction of resistant insects; the potential generation of new plant
pathogens; the potential detrimental consequences for plant biodiversity and wildlife,
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and a decreased use of the important practice of crop rotation in certain local situations;
and the movement of herbicide resistance genes to other plants.

Q8. Are GM foods safe?

Different GM organisms include different genes inserted in different ways. This means
that individual GM foods and their safety should be assessed on a case-by-case basis
and that it is not possible to make general statements on the safety of all GM foods.

GM foods currently available on the international market have passed risk assessments
and are not likely to present risks for human health. In addition, no effects on human
health have been shown as a result of the consumption of such foods by the general
population in the countries where they have been approved. Continuous use of risk
assessments based on the Codex principles and, where appropriate, including post
market monitoring, should form the basis for evaluating the safety of GM foods.

Q9. How are GM foods regulated nationally?

The way governments have regulated GM foods varies. In some countries GM foods
are not yet regulated. Countries which have legislation in place focus primarily on
assessment of risks for consumer health. Countries which have provisions for GM foods
usually also regulate GMOs in general, taking into account health and environmental
risks, as well as control- and trade-related issues (such as potential testing and labelling
regimes). In view of the dynamics of the debate on GM foods, legislation is likely to
continue to evolve.

Q10. What kind of GM foods are on the market internationally?

All GM crops available on the international market today have been designed using one
of three basic traits: resistance to insect damage; resistance to viral infections; and
tolerance towards certain herbicides. All the genes used to modify crops are derived
from microorganisms.

Crop Trait Areas/countries with approval

Maize Insect resistance Argentina, Canada, South Africa,
United States, EU

Herbicide tolerance Argentina, Canada, United States, EU

Soybean Herbicide tolerance Argentina, Canada, South Africa,
United States, EU (for processing only)

Oilseed Herbicide tolerance Canada, United States
rape
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Chicory Herbicide tolerance EU (for breeding purposes only)

Squash Virus resistance Canada, United States
Potato Insect resistance/herbicide Canada, United States
tolerance

Q11. What happens when GM foods are traded internationally?

No specific international regulatory systems are currently in place. However, several
international organizations are involved in developing protocols for GMOs.

The Codex Alimentarius Commission (Codex) is the joint FAO/WHO body responsible
for compiling the standards, codes of practice, guidelines and recommendations that
constitute the Codex Alimentarius: the international food code. Codex is developing
principles for the human health risk analysis of GM foods. The premise of these
principles dictates a premarket assessment, performed on a case-by-case basis and
including an evaluation of both direct effects (from the inserted gene) and unintended
effects (that may arise as a consequence of insertion of the new gene). The principles
are at an advanced stage of development and are expected to be adopted in July 2003.
Codex principles do not have a binding effect on national legislation, but are referred
to specifically in the Sanitary and Phytosanitary Agreement of the World Trade
Organization (SPS Agreement), and can be used as a reference in case of trade
disputes.

The Cartagena Protocol on Biosafety (CPB), an environmental treaty legally binding for
its Parties, regulates transboundary movements of living modified organisms (LMOs).
GM foods are within the scope of the Protocol only if they contain LMOs that are capable
of transferring or replicating genetic material. The cornerstone of the CPB is a
requirement that exporters seek consent from importers before the first shipment of
LMOs intended for release into the environment. The Protocol will enter into force 90
days after the 50th country has ratified it, which may be in early 2003 in view of the
accelerated depositions registered since June 2002.

Q12. Have GM products on the international market passed a risk assessment?

The GM products that are currently on the international market have all passed risk
assessments conducted by national authorities. These different assessments in general
follow the same basic principles, including an assessment of environmental and human
health risk. These assessments are thorough, they have not indicated any risk to
human health .
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Q13. Why has there been concern about GM foods among some politicians,
public interest groups and consumers, especially in Europe?

Since the first introduction on the market in the mid-1990s of a major GM food
(herbicide-resistant soybeans), there has been increasing concern about such food
among politicians, activists and consumers, especially in Europe. Several factors are
involved.

In the late 1980s — early 1990s, the results of decades of molecular research reached
the public domain. Until that time, consumers were generally not very aware of the
potential of this research. In the case of food, consumers started to wonder about safety
because they perceive that modern biotechnology is leading to the creation of new
species.

Consumers frequently ask, “what is in it for me?”. Where medicines are concerned,
many consumers more readily accept biotechnology as beneficial for their health
(e.g. medicines with improved treatment potential). In the case of the first GM foods
introduced onto the European market, the products were of no apparent direct benefit
to consumers (not cheaper, no increased shelf-life, no better taste). The potential for
GM seeds to result in bigger yields per cultivated area should lead to lower prices.
However, public attention has focused on the risk side of the risk-benefit equation.

Consumer confidence in the safety of food supplies in Europe has decreased
significantly as a result of a number of food scares that took place in the second half of
the 1990s that are unrelated to GM foods. This has also had an impact on discussions
about the acceptability of GM foods. Consumers have questioned the validity of risk
assessments, both with regard to consumer health and environmental risks, focusing in
particular on long-term effects. Other topics for debate by consumer organizations have
included allergenicity and antimicrobial resistance. Consumer concerns have triggered
a discussion on the desirability of labelling GM foods, allowing an informed choice. At
the same time, it has proved difficult to detect traces of GMOs in foods: this means that
very low concentrations often cannot be detected.

Q14. How has this concern affected the marketing of GM foods in the European
Union?

The public concerns about GM food and GMOs in general have had a significant impact
on the marketing of GM products in the European Union (EU). In fact, they have
resulted in the so-called moratorium on approval of GM products to be placed on the
market. Marketing of GM food and GMOs in general are the subject of extensive
legislation. Community legislation has been in place since the early 1990s.

The procedure for approval of the release of GMOs into the environment is rather
complex and basically requires agreement between the Member States and the
European Commission. Between 1991 and 1998, the marketing of 18 GMOs was
authorized in the EU by a Commission decision.
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As of October 1998, no further authorizations have been granted and there are currently
12 applications pending. Some Member States have invoked a safeguard clause to
temporarily ban the placing on the market in their country of GM maize and oilseed rape
products. There are currently nine ongoing cases. Eight of these have been examined
by the Scientific Committee on Plants, which in all cases deemed that the information
submitted by Member States did not justify their bans.

During the 1990s, the regulatory framework was further extended and refined in
response to the legitimate concerns of citizens, consumer organizations and economic
operators (described under Question 13). A revised directive will come into force in
October 2002. It will update and strengthen the existing rules concerning the process
of risk assessment, risk management and decision-making with regard to the release
of GMOs into the environment. The new directive also foresees mandatory monitoring
of long-term effects associated with the interaction between GMOs and the environment.

Labelling in the EU is mandatory for products derived from modern biotechnology or
products containing GM organisms. Legislation also addresses the problem of
accidental contamination of conventional food by GM material. It introduces a 1%
minimum threshold for DNA or protein resulting from genetic modification, below which
labelling is not required.

In 2001, the European Commission adopted two new legislative proposals on GMOs
concerning traceability, reinforcing current labelling rules and streamlining the
authorization procedure for GMOs in food and feed and for their deliberate release into
the environment.

The European Commission is of the opinion that these new proposals, building on
existing legislation, aim to address the concerns of Member States and to build
consumer confidence in the authorization of GM products. The Commission expects
that adoption of these proposals will pave the way for resuming the authorization of new
GM products in the EU.

Q15. What is the state of public debate on GM foods in other regions of the
world?

The release of GMOs into the environment and the marketing of GM foods have resulted
in a public debate in many parts of the world. This debate is likely to continue, probably
in the broader context of other uses of biotechnology (e.g. in human medicine) and their
consequences for human societies. Even though the issues under debate are usually
very similar (costs and benefits, safety issues), the outcome of the debate differs from
country to country. On issues such as labelling and traceability of GM foods as a way
to address consumer concerns, there is no consensus to date. This has become
apparent during discussions within the Codex Alimentarius Commission over the past
few years. Despite the lack of consensus on these topics, significant progress has been
made on the harmonization of views concerning risk assessment. The Codex
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Alimentarius Commission is about to adopt principles on premarket risk assessment,
and the provisions of the Cartegena Protocol on Biosafety also reveal a growing
understanding at the international level.

Q16. Are people’s reactions related to the different attitudes to food in various
regions of the world?

Depending on the region of the world, people often have different attitudes to food. In
addition to nutritional value, food often has societal and historical connotations, and in
some instances may have religious importance. Technological modification of food and
food production can evoke a negative response among consumers, especially in the
absence of good communication on risk assessment efforts and cost/benefit
evaluations.

Q17. Are there implications for the rights of farmers to own their crops?

Yes, intellectual property rights are likely to be an element in the debate on GM foods,
with an impact on the rights of farmers. Intellectual property rights (IPRs), especially
patenting obligations of the TRIPS Agreement (an agreement under the World Trade
Organization concerning trade-related aspects of intellectual property rights) have been
discussed in the light of their consequences on the further availability of a diversity of
crops. In the context of the related subject of the use of gene technology in medicine,
WHO has reviewed the conflict between IPRs and an equal access to genetic resources
and the sharing of benefits. The review has considered potential problems of
monopolization and doubts about new patent regulations in the field of genetic
sequences in human medicine. Such considerations are likely to also affect the debate
on GM foods.

Q18. Why are certain groups concerned about the growing influence of the
chemical industry on agriculture?

Certain groups are concerned about what they consider to be an undesirable level of
control of seed markets by a few chemical companies. Sustainable agriculture and
biodiversity benefit most from the use of a rich variety of crops, both in terms of good
crop protection practices as well as from the perspective of society at large and the
values attached to food. These groups fear that as a result of the interest of the
chemical industry in seed markets, the range of varieties used by farmers may be
reduced mainly to GM crops. This would impact on the food basket of a society as well
as in the long run on crop protection (for example, with the development of resistance
against insect pests and tolerance of certain herbicides). The exclusive use of
herbicide-tolerant GM crops would also make the farmer dependent on these chemicals.
These groups fear a dominant position of the chemical industry in agricultural
development, a trend which they do not consider to be sustainable.
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Q19. What further developments can be expected in the area of GMOs?

Future GM organisms are likely to include plants with improved disease or drought
resistance, crops with increased nutrient levels, fish species with enhanced growth
characteristics and plants or animals producing pharmaceutically important proteins
such as vaccines.

Q20. What is WHO doing to improve the evaluation of GM foods?

WHO will take an active role in relation to GM foods, primarily for two reasons: (1) on the
grounds that public health could benefit enormously from the potential of biotechnology,
for example, from an increase in the nutrient content of foods, decreased allergenicity
and more efficient food production; and (2) based on the need to examine the potential
negative effects on human health of the consumption of food produced through genetic
modification, also at the global level. It is clear that modern technologies must be
thoroughly evaluated if they are to constitute a true improvement in the way food is
produced. Such evaluations must be holistic and all-inclusive, and cannot stop at the
previously separated, non-coherent systems of evaluation focusing solely on human
health or environmental effects in isolation.

Work is therefore under way in WHO to present a broader view of the evaluation of GM
foods in order to enable the consideration of other important factors. This more holistic
evaluation of GM organisms and GM products will consider not only safety but also food
security, social and ethical aspects, access and capacity building. International work in
this new direction presupposes the involvement of other key international organizations
in this area. As a first step, the WHO Executive Board will discuss the content of a WHO
report covering this subject in January 2003. The report is being developed in
collaboration with other key organizations, notably FAO and the United Nations
Environment Programme (UNEP). It is hoped that this report could form the basis for
a future initiative towards a more systematic, coordinated, multi-organizational and
international evaluation of certain GM foods.
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