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Mexico faces important demographic and epidemiological transitions with significant implications to patterns of
disease, disability, and death. On the one hand, there are problems of underdevelopment and, on the other, the
emerging challenges of the chronic and degenerative diseases of the industrialized world. For these diseases,
prevention becomes a key strategy for alleviating a major burden to the economy and health of the Mexican
population. Genomic medicine has become a priority to the Mexican government as a means of finding new
strategies to tackle common diseases. In 2000, strategic planning for genomic medicine began, from a feasibility
study and a multi-institutional consortium effort, to the creation of a National Institute of Genomic Medicine by the
Mexican congress in 2004. Current research programs in genomic medicine in Mexico include the construction of a
haplotype map of the Mexican population, several genome-wide association studies for common diseases, such as
diabetes, obesity, cardiovascular disease, and cancer, as well as translational medicine projects that include
biomarkers discovery for several kinds of cancer, pharmacogenomics, and nutrigenomics. Although this strategy has
been successful, there are challenges that still need to be addressed, including increased investment in science and
technology to stimulate a more vigorous and competitive research environment, development of more effective basic
and clinical research synergies, recruitment and training of more human resources in genomic medicine, developing
mechanisms to stimulate translational research, and developing a more modern regulatory framework to ensure that

genomic medicine will successfully contribute to improve healthcare in the Mexican population.

As the results from the Human Genome Project became available,
many opportunities emerged for science, technology, medicine,
economy, and society. In addition to the complete sequence of
the human genome (International Human Genome Sequencing
Consortium 2004), a map containing close to 23,000 genes, and
a catalog of over 1200 disease genes (Jimenez-Sanchez et al.
2001), genomic variations that contribute to genetic individual-
ity, have been systematically identified. These include single
nucleotide polymorphisms (SNPs), copy number variations
(CNV), and segmental duplications or deletions, among others
(Wakeley et al. 2001; Iafrate et al. 2004; Sebat et al. 2004). Fur-
thermore, the HapMap Project (The International HapMap Con-
sortium 2005) has provided a set of fundamental tools that con-
tribute to the identification of the genomic basis of common
diseases. Moreover, the “1000 Genomes” (Kaiser 2008) and the
creation of new sequencing technologies promise to increase our
knowledge and accelerate the development of genomic sciences
and its medical applications.

Genomic medicine, understood as the systematic use of ge-
nomic variation to identify risks for common diseases, will lead a
more individualized, more predictive, and more preventive medical
practice based on the genetic risk factors of an individual. In turn,
this will lead to more effective interventions specific for the in-
dividual. Genome-wide association studies (GWAS) have shown
important steps toward identifying genetic risks for common dis-
eases, leading, in recent months, to the identification of genetic
markers for several common diseases including diabetes (The
Wellcome Trust Case Control Consortium 2007), heart disease
(The Wellcome Trust Case Control Consortium 2007), Crohn’s
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disease (Mathew 2008), and several types of cancers (Easton et al.
2007; Zanke et al. 2007). The availability of this information
opens not only the possibility of more accurate screening sys-
tems, diagnosis, and prognosis of common diseases, but also the
potential for new treatment targets and drug development.

This new paradigm offers important opportunities for scien-
tific research and public health by offering the potential to de-
velop knowledge to prevent, or at least delay the onset of many
common diseases. Such strategies would not only decrease
chronic complications and related costs, but they would also
improve healthcare, quality of life, and possibly lead to a more
rational use of resources and better supported public health de-
cisions. Herein, we reference several efforts launched in Mexico
in the last decade and outline a strategy for a national platform
of genomic medicine that will improve the healthcare of the
Mexican population.

Historic and demographic background of the Mexican
population

Mexico is the fourteenth largest country in world, with a total
area of 1,972,550 km? and more than 105 million inhabitants
(INEGI 2005). Its vast size and varied topography lead to a wide
variety of climatic conditions, from the arid deserts in the north
to tropical rainy climates in the south and southeast coastal ar-
eas.

Geographically distant regions in Mexico have different
population dynamics related to both the different ancestral com-
ponents and the demographic conditions affecting each region
(Gerhard 1996). During the prehispanic period, most of the
population was concentrated in the central and southern part of
Mexico. Ethnic groups inhabiting northern Mexico did not have
linguistic, religious, or politic unity. Not until two centuries after
the conquest did the northern regions attract the attention of the
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Spaniards, mainly as a consequence of silver deposits discovered
there (Gerhard 1986). African slaves were brought into Mexico
after the Amerindian population was notably reduced by epi-
demics between 1545 and 1548. Africans frequently intermixed
with both indigenous and Mestizo individuals, but many others
were taken to other regions for mining work. The Yucatan Pen-
insula, in southeast Mexico, was populated by different Amerin-
dian groups that were decimated by diseases that reduced the
original population by more than half (Gerhard 1991). This
unique history resulted in a population that derives from more
than 60 local Amerindian groups, Europeans, and, to a lesser
extent, Africans. To this date, there is a census of Amerindian
groups according to their language and geographical location
(http://www.cdi.gob.mx/index.php?id_seccion=660). These
groups have intermixed over the past 500 yr, leading to the “Mes-
tizo” population that represents over 80% of Mexicans today
(Gonzalez Burchard et al. 2005). This demographic history makes
it important to characterize the genetic makeup of the Mexican
population as an initial step for effectively developing genomic
medicine in Mexico.

Constructing the way into genomics

In the past decade, Mexico’s Government has been strengthen-
ing its commitment to improve competitiveness and innovation
through science and technology. Although investment in this
area has been consistently limited in Mexico, from 1995 to 2005
the percentage of the Gross Domestic Product (GDP) allocated to
science and technology has increased from 0.35 to 0.43. The
number of students enrolled in science and technology Ph.D.
programs has increased from 488 in 1994 to 2009 in 2005, and
from 2001 to 2005, the number of researchers under the National
Science and Technology System has increased by 62% (Triunfol
2007). Moreover, in 2002, the Mexican Congress passed a new
Science and Technology Law, creating new funds for science and
technology called Sectorial Funds. These funds are composed by
equal contributions from ministries, states, and districts, and the
National Council for Science and Technology (CONACYT).

Today, Mexico has over 12,100 investigators registered by
the National System of Investigators. Of these, 24.5% are at the
National Autonomous University of Mexico (UNAM), followed
by public State Universities across Mexico. In medical research,
the National Institutes of Health account for ~500 (3.9%) inves-
tigators, the Mexican Institute of Social Security (IMSS) accounts
for 294 (2.4%), and other areas of the health sector account for 87
(0.7%). Biology and Chemistry and Medicine and Health Sciences
account for 26.7% of the total number of investigators, showing a
sustained increase over the last 10 yr (CONACYT, www.siicyt.
gob.mx). Although the number of investigators is still limited,
the trends show a clear increase in numbers as well as the aca-
demic level of training.

In the past 15 yr, important ground-breaking efforts in geno-
mic sciences have taken place in Mexico. This includes participat-
ing in the Escherichia coli genome project (Blattner et al. 1997) as
well as the first large-scale sequencing project in Mexico, namely,
the Rhizobioum etli genome, developed at the Center for Genomic
Sciences (CGS) (www.ccg.unam.mx) at the UNAM, formerly the
Center for Nitrogen Fixation (CIFN) (Gonzalez et al. 2006). These
and other projects led to a series of genomics initiatives related to
different organisms, including the human parasite Taenia solium,
the genome of which is also currently being sequenced at UNAM
(Aguilar-Diaz et al. 2006). Other genomic projects include plant

species, where the major effort is at the Center for Research and
Advanced Studies (CINVESTAV) (www.cinvestav.mx). The Na-
tional Laboratory of Genomics for Biodiversity (LANGEBIO) was
recently established to conduct important genomics programs in
plants, such as the sequencing and functional analysis of the
maize genome. Additional infrastructure for genomics research is
located in the states of Guanajuato, Nuevo Leon, Jalisco, Tamau-
lipas, and Yucatan, among others (Fig. 1).

In 2004, a new Undergraduate Program in Genomic Sci-
ences (LCG) was launched at UNAM (www.lcg.unam.mx) and
hosted by the CGS and Institute of Biotechnology in Cuernavaca,
State of Morelos. The curriculum includes intensive training in
mathematics, statistics, computer sciences, and biology, and it
aims to produce new generations of professionals who will con-
tribute to the genomic sciences in Mexico (Palacios and Collado-
Vides 2007). In recent years, two new scientific societies were
founded: the Mexican Society of Genomic Sciences (http://
smcg.ccg.unam.mx/) and the Mexican Society of Genomic Medi-
cine (www.somegen.org.mx). These societies bring together most
of the scientists working on genomics in Mexico.

From human genetics to genomic medicine

Mexico has a long tradition in the biomedical and health sci-
ences. In the 1950’s, the study of human and biochemical genet-
ics began with the description of blood group distribution in
Mexican populations. Today, over 250 professionals are registered
in the Mexican Association of Human Genetics, there are more
than 175 certified geneticists registered by the Mexican Council in
Genetics, and a variety of institutions offer over 50 independent
formal graduate courses in human genetics and molecular biol-
ogy. As a result, independent human genetics research groups
have been established in areas including clinical genetics, cyto-
genetics, genetic epidemiology, population genetics, inborn er-
rors of metabolism, neonatal screening, genetic toxicology, and
molecular genetics (Salamanca and Armendares 1995).

Historically, most major contributions to genetic research
on Mexican-Americans have been produced outside of Mexico,
with some produced in collaboration with Mexican researchers.
In Mexico, most of the studies of the genetic basis of common
complex diseases have primarily analyzed known associated vari-
ants in candidate genes. Initially, those studies included the as-
sociation of the HLA-B27 allele to Ankylosing Spondylitis (Fraga
et al. 1979) as well as the association of other HLA alleles with
rheumatoid arthritis (Arellano et al. 1984). Since then, associa-
tions between HLA alleles and several common complex diseases,
including type II diabetes and its complications (Perez-Luque et
al. 2003), systemic lupus erythematosus (SLE) (Bekker-Mendez et
al. 1998), Scleroderma (Vargas-Alarcon et al. 1995), type I diabe-
tes (Gorodezky et al. 1995), and others, have been described in
Mexicans. Several other complex diseases have been studied us-
ing candidate gene approaches.

Examples include the analysis of SNPs associated with dif-
ferent abnormalities in serum lipid levels in genes encoding in-
sulin (INS) (Sanchez-Corona et al. 2004), hepatic nuclear factor
4-alpha (HNF4A) (Weissglas-Volkov et al. 2006), tumor necrosis-
alpha (TNF) (Parra-Rojas et al. 2006), and ABCA1 (Villarreal-
Molina et al. 2007). In addition, associations to SLE have been
described for polymorphisms in PTPN22 (Baca et al. 2006) and
PDCD1 (Velazquez-Cruz et al. 2007) in pediatric patients and for
the latter in adult patients (Prokunina et al. 2002).

The 677C>T polymorphism in the methylene tetrahydrofo-
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late reductase gene (MTHFR) is associated with diseases related to
hyperhomocystinemia and folate deficiency. In Mexicans, the
677C>T allele has been found to be mildly associated (P =0.05-
0.01) with hyperhomocysteinemia (Torres-Sanchez et al. 2006), an-
encephaly (Munoz et al. 2007), and gastric cancer (Lacasana-
Navarro et al. 2006). As an example of the effects of admixing in
Mexico, the Mexican Mestizo population shows the highest preva-
lence reported of both the risk allele (T) and the homozygous ge-
notype (TT) (Wilcken et al. 2003; Gueant-Rodriguez et al. 2006),
most likely as a result of some of the highest frequencies of the T
allele shown in Mexican Amerindian groups (Davalos et al. 2000).

Analyses of genetic variations related to drug responses have
been mainly focused on genes encoding metabolizing enzymes,
such as CYP2D6. For this gene, allelic frequencies show signifi-
cant differences in different populations across Mexico. For ex-
ample, CYP2D6*10 has a frequency of 12.45% in individuals from
Mexico City (Lopez et al. 2005), but only 2.3% in those from Du-
rango, a northern state of Mexico (Sosa-Macias et al. 2006). Limited
success in finding genetic associations with common metabolic
diseases in Mexicans underlines the need for more robust experi-
mental designs. These include GWAS, dense genotyping, and re-
sequencing of candidate regions and genes derived from ge-
nome-wide scans to effectively identify genetic risk variants in
complex diseases.

Genomic analysis of cancer in Mexico is experiencing a tran-
sition from the classical genetic approaches to the generation
and management of genome-wide analysis using high-
throughput genomic technologies. Genomic methods, including
genome-wide expression and DNA copy number variation analy-
sis (Hidalgo et al. 2005; Valladares et al. 2006; Vazquez-Ortiz et al.
2007), as well as serial analysis of gene expression (Perez-
Plasencia et al. 2005), have powered the study of cervical and
breast cancers, and the application of genomic analysis of other
cancers is becoming more common.

To develop human genetics and genomic medicine in Mexico,
the country will require more robust study designs based on the
known genetic structure of the Mexican population and the collec-
tion of large number of samples in different diseases. It will further
require more health professionals to be trained in the field and
the generation of public awareness to address the benefits and
challenges of genomic medicine.

The groundwork for genomic medicine in Mexico

Like most developing countries, Mexico faces demographic and
epidemiological transitions with important implications to the
patterns of disease, disability, and death. Mexico faces, on one hand,
the unsolved problems of infections, malnutrition, and reproductive
health problems and, on the other hand, the emerging challenges of
the chronic and degenerative diseases of the industrialized world. The
adult population in Mexico has a high prevalence of diabetes (7.0%),
hypertension (30.8%), and obesity (29.4%) (Olaiz-Fernandez et
al. 2006), and the two most frequent causes of death are cardio-
vascular diseases (22.9%) and diabetes (15.3%) (INEGI 2006). For
these health problems, prevention becomes a key strategy to al-
leviate a major burden to the economy and health of the Mexi-
can population.

In 2000, an initial work group analyzed the opportunities
that genomic medicine could represent for Mexico. They identi-
fied eight areas of opportunity: (1) contribution to a more indi-
vidualized, more predictive, and more preventive medical prac-
tice; (2) strengthening scientific research and technology in

Mexico; (3) potential for cost reduction in healthcare; (4) devel-
opment of pharmacogenomics; (5) generation of new goods and
services; (6) strengthening potential to participate in knowledge
economy; (7) timely development of an ethical and legal frame-
work for genomic medicine in Mexico; and (8) public education-
al programs related to genomics and society among others. To
identify such important opportunities for Mexico, a strategic al-
liance was established by four key institutions: the Ministry of
Health (SSA), UNAM, CONACYT, and the Mexican Health Foun-
dation (FUNSALUD). This alliance conducted and financed a fea-
sibility study between 2001 and 2002 with the collaboration of
over 65 participants from different institutions across the coun-
try. The study evaluated scientific, technological, academic, op-
erative, organizational, economic, social, and political feasibility.
It also produced a detailed analysis of the cost of not developing
genomic medicine in Mexico. This part of the study identified
high social, health, scientific, technological, economic, and ethi-
cal costs for Mexico if genomic medicine were not developed in
a timely manner. In addition, it laid out a detailed plan to imple-
ment a strategy that would include a National Institute of Geno-
mic Medicine within the Mexican NIH that would coordinate
efforts across the country and develop a national platform for
genomic medicine in Mexico (Jimenez-Sanchez 2002a,b, Jime-
nez-Sanchez et al. 2003).

A bill to create a new NIH was presented to the Mexican
Congress in 2002. The four-institution alliance created a Consor-
tium for the Institute of Genomic Medicine that would carry out
strategic planning and preparatory work, including fundraising,
establishing initial infrastructure, and identifying human re-
sources both in Mexico and abroad. In addition, this Consortium
would help set up outreach programs and initial graduate courses
in genomic medicine and other important activities that were
essential for the creation of the National Institute of Genomic
Medicine in July 2004.

The National Institute of Genomic Medicine (INMEGEN)

INMEGEN (www.inmegen.gob.mx) is one of 12 NIHs of Mexico
and has the mission of contributing to the healthcare of Mexi-
cans by developing world-class scientific research and high-
quality human resources, leading to medical applications of ge-
nomic knowledge through an innovative culture, state-of-the-art
technology, and strategic alliances, and also observing universal
ethical principles. INMEGEN is a cornerstone of the Mexican
strategy to develop a national platform in genomic medicine. It
is designed to grow as an autonomous institution with strong
links to the education and health sectors across the country.
INMEGEN’s 2004-2009 Work Program (Jimenez-Sanchez 2004)
includes nine strategies (Table 1) with specific milestones. Its
main source of funding consists of federal fiscal funds, although
it also receives funds from domestic and international grants, as
well as donations from private institutions. During its first 3 yr of
operation, the Mexican government has allocated over $125 mil-
lion USD for initial operations and infrastructure. It includes
state-of-the-art facilities in Mexico City, including high-
throughput core centers for sequencing, genotyping, expression,
high-performance computing, biomarker discovery, and valida-
tion. In addition, INMEGEN has established a Research Center in
Ethical, Legal, and Social implications of genomic medicine and
a Business Incubator and Technology Transfer facility. INMEGEN
will soon open a new 60,000-m? facility in the NIH campus in
Mexico City.
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Table 1. Nine strategies to develop the National Institute
of Genomic Medicine

1. Build an innovative organizational design: The INMEGEN system.

2. Establish the initial infrastructure.

3. Make strategic alliances for the Nationwide Development of
Genomic Medicine.

. Perform high-quality scientific research in genomic medicine.

. Apply world-class genomic technology to common health
problems.

6. Reach excellence in teaching and training programs.

7. Support scientific research and academic programs.

8. Comply and investigate on ethical, social, and legal issues.

9. Translate scientific knowledge into products and services.

[N

These strategies and specific actions were the basis of INMEGEN's 2004—
2009 Work Program. During the first 3 yr, the Institute has been success-
ful in implementing more than 85% of these strategies.

The scientific agenda of INMEGEN is oriented toward un-
derstanding the genomic structure of the Mexican population
and studying its most common health problems, including dia-
betes, obesity, cardiovascular diseases, infections, autoimmune
diseases, and age-related macular degeneration along with thy-
roid, breast, prostate, and blood neoplasias. Most projects are
related to identifying common disease genes and biomarkers for
diagnosis and prognosis (Table 2). In addition, pharmacogenom-
ics is an important part of the scientific agenda, since it stands to
generate strategies for more effective and less toxic medications
for the Mexican population (Seguim et al. 2007).

An essential tool to develop genomic medicine in Mexico is
a haplotype map of the Mexican population, given that the Hap-
Map did not include any population from Latin America (The
International HapMap Consortium 2005). Mexican Mestizos are
a recently admixed population mostly composed of European,
Amerindian, and African ancestries. Genetic heterogeneity in
Mexicans results from a range of different population dynamics
in geographically distant regions. We developed the Mexican Ge-
nome Diversity Project and genotyped 110,356 SNPs for phase I
from 300 nonrelated self-identified Mestizo individuals from six
geographically distant regions in Mexico. We then evaluated the
genetic diversity, LD patterns, and extent of haplotype sharing
using genome-wide data from these individuals together with
data from the HapMap (A. Hidalgo-Miranda, J.K. Estrada-Gil, I.
Silva-Zolezzi, L. Uribe-Figueroa, A. Contreras, L. del Bosque-Plata,
C. Lara Alvarez, R. Goya, ]J.C. Fernandez-Lopez, E. Hernandez-
Lemus, et al., in prep.). Our results indicate that although there
are some regional genetic differences between Mexican subpopu-
lations, they are similar enough to be analyzed as a single group.
Nevertheless, results from this study provide evidence of a popu-
lation structure among Mexicans that must be considered when
designing and analyzing genomic and genetic association stud-
ies. Initial analysis, using a set of 2824 ancestry informative
markers derived from the three HapMap populations, indicated
different proportions of admixture in Mestizos, and made evi-
dent a fourth ancestral component in various proportions corre-
sponding to the Amerindian contribution (J.K. Estrada-Gil, .
Silva-Zolezzi, A. Hidalgo-Miranda, J.C. Fernandez-Lopez, E. Her-
nandez-Lemus, R. Goya-Ogarrio, I. Peer, and G. Jimenez-Sanchez,
in prep.). Results from this project indicate that a haplotype map
from Mexican Mestizos would improve the selection of tagSNPs
to cover common genetic variation in association studies for
common diseases in the Mexican population. This is the first
genome-wide genotyping effort of a recently admixed Latin

American population available in the public domain (http://
diversity.inmegen.gob.mx).

To comprehensively cover common genetic variation and
adequately describe the genomic structure of Mexicans, we are
increasing the SNP density to ~1.5 million, and we will include
Amerindian populations in this analysis. Results derived from
these efforts will provide the basis for translating knowledge of
the genetic structure of our population into a better understand-
ing of common complex diseases. Additional studies of genomic
structure include the systematic analysis of CNV studies in Mes-
tizo and Amerindian populations. Moreover, INMEGEN is con-
ducting GWAS studies for age-related macular degeneration, dia-
betes, obesity, lupus, and cardiovascular diseases, as well as
expression analysis in lung, thyroid, and prostate cancer, and
leukemias and sarcomas in both humans and in mouse models.
In the area of medical proteomics, INMEGEN is developing
biomarker discovery projects in melanoma, lung, and breast can-
cer by analyzing proteomic profiles in blood, saliva, and human
tissues.

Along with scientific research in genomic medicine, differ-
ent educational training efforts have been initiated. In 2003, three
graduate courses in genomic medicine were launched as part of the
Doctoral Program in Medical Sciences of UNAM. Today, INMEGEN
offers these and undergraduate courses in different areas of genomic
medicine, and it will soon open two new courses in bioinformat-
ics and oncogenomics. In addition, the National Association of
Medical Schools (AMFEM) of Mexico is proposing the incorpora-
tion of genomic medicine into the medical school curriculum.
Other instruments to convey information to professionals and
nonprofessionals include two National Congresses of Genomic
Medicine (2004 and 2006) and several publications, including a
comic series for children ages 10-12. In addition, INMEGEN’s
web portals in Spanish and English are widely consulted. In 2007,
over 11 million hits were registered, and more than 9 million

Table 2. Selected research projects at INMEGEN

Projects Field

1. Construction of a 1,500,000 SNPs
Haplotype Map of the Mexican
population.

2. Genomic structure of Mestizo and
Amerindian populations.

3. DNA copy number variation in Mestizo
and Amerindian populations.

4. Identification of genetic variation
associated with common complex
diseases:
® Diabetes Mellitus
® Cardiovascular diseases
® Obesity
® Autoimmune diseases (SLE, RA, others)
® Asthma
® Age-related macular degeneration

5. Cancer Genomics and Proteomics:
® Breast
® Lung
® Gastric
® Prostate
® Thyroid
® Melanoma

6. Pharmacogenomics

7. Nutrigenomics

Population genetics

Population genetics
Population genetics
Genome-wide and

candidate gene
association studies.

Translational medicine

Translational medicine
Translational medicine

These priorities were mainly selected according to the prevalence of dis-
eases among the Mexican population.
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documents were downloaded from 41 countries. INMEGEN has
developed several strategic alliances with 12 state universities,
UNAM, the Mexican NIH, and ISSSTE, in Mexico, as well as the
Translational Genomics Research Institute (TGen), Vanderbilt
University, the New York State Center of Excellence in Bioinfor-
matics and Life Sciences, the University of Toronto, and Nestlé,
abroad.

Current challenges

Developing genomic medicine in Mexico and taking it to a lead-
ership level where medical applications will actually improve
healthcare for the Mexican population require more than good
science. This ambitious goal requires some cultural changes, in-
cluding a serious team effort from clinicians and basic scientists,
and it also requires a focus on common goals to tackle national
health problems such as diabetes or breast cancer as opposed to
individual, unrelated, or duplicated projects. In addition, it is
important that the Mexican model encourages a serious compo-
nent of innovation and translational research in genomic medi-
cine. In general, these challenges are better incorporated by the
younger generations.

There are, however, other challenges, including the need for
novel funding mechanisms and incentives to innovate and reg-
ister intellectual property outside of the traditional format that
conditions a significant proportion of scientists’ income, creating
a legitimate urge to publish results. While this system has been
proven to increase the number and quality of scientific publica-
tions, it does not stimulate innovation where the risk of failure is
significantly higher, and publication usually comes after registra-
tion of intellectual property. In recent years, the Mexican gov-
ernment has implemented programs to stimulate innovation and
generate new business models based on scientific knowledge.
These programs, based in CONACYT, reflect an awareness in the
federal government of the strategic importance of innovation for
economic growth (Foro Consultivo Cientifico y Tecnolédgico
2006). INMEGEN has established a synergy with CONACYT and
the Mexican Institute of Industrial Property (www.impi.gob.mx)
to develop mechanisms to incorporate innovation into the local
genomic medicine community. Although there are several geno-
mic projects that are solely developed by Mexican scientists,
many of them are usually produced under international collabo-
rations, where Mexican scientists tend to ship samples to coun-
tries with a more robust infrastructure to join forces and accel-
erate their research. While international collaborations are desir-
able and encouraged, as Mexican groups increase scientific and
technological critical mass, collaborations are shifting to a more
equal contribution level, and more independent research is car-
ried out.

Although several training programs in genomic medicine
have been recently implemented, the number of applicants has
significantly raised from tens to hundreds only at INMEGEN and
LCG. This clearly indicates the need for new training programs in
genomic sciences to satisfy the needs of the current generations.
In addition, there is still a need for young investigators to actively
develop genomic medicine in Mexico. Unfortunately, “brain drain”
remains a major problem, mainly due to the lack of competitive
salaries, appropriate infrastructure, and research funding oppor-
tunities across the country. The challenge for genomic medicine
includes recruiting and bringing back well-trained professionals
and finding a way to maintain them long enough to successfully
develop scientific contributions. In recent years, this is being

enhanced by better infrastructure and robust research programs
that attract young investigators back to Mexico. CONACYT is over-
coming this challenge by implementing a repatriation program and
another program aimed at keeping young scientists in Mexico. As a
result, 845 scientists returned to Mexico between 2001 and 2005,
including some for our genomic medicine program.

Funding limitation is a global challenge for science. Mexi-
co’s investment in research and development (R&D) is the lowest
of the Organisation for Economic Co-operation and Develop-
ment (OECD) country members, approximately one-seventh of
the OECD average, and it is significantly lower than other emerg-
ing economies, such as China (0.7%), India (0.8%), or Brazil (at
least 0.8%) (OECD 2008). Compared with other countries in Latin
America, in 2004 Mexico invested 0.41% of its GDP in R&D, while
Argentina invested 0.44%, Chile invested 0.68%, and Brazil in-
vested 0.91% (Triunfol 2007). This poses an important risk for
the successful development of a nascent field, such as genomic
medicine, in Mexico. Indeed, the Mexican Government has
made an important commitment to successfully set the basis for
this promising venture, but it is essential to improve the context
for public R&D in Mexico and maintain up-to-date technological
infrastructure. To ease this challenge, there are several initiatives
to secure additional support for genomic medicine, including
competing for international grant opportunities and increasing
the participation of the private sector in research and develop-
ment. Currently, ~35% of expenditures in science and technol-
ogy in Mexico are funded by the industrial sector (OECD 2008).
Although this percentage is on the lower end of the OECD coun-
try members, strategic alliances are being established between
industry and public research institutions for specific projects, in-
cluding those in genomic medicine.

Other regulation challenges play an important role in suc-
cessfully developing genomic medicine. Some of them are related
to importing equipment and chemicals from other countries.
This is particularly important for genomic technologies of recent
generation, since its purchase results in a significant cost in du-
ties and customs fees, which are typically covered by research
budgets. In addition, over-regulation and long customs proce-
dures damage a number of pieces of equipment and delay the
timely progress of research projects.

As genomic medicine develops in Mexico, the need for mod-
ern legislation related to its ethical and social implications will
also increase. Issues such as discrimination, confidentiality, equal
access to medical benefits, and financial and workplace implica-
tions, among others, will require regulations based on Mexican
laws. INMEGEN is the official reference center in genomic medi-
cine, and it has a significant interaction with the Mexican Con-
gress for matters related to this field.

There have been valuable lessons learned during the plan-
ning and implementation of this strategy. Some of these may be
useful to similar emerging economies interested in developing
genomic medicine. These include careful planning with equal
participation of the main health, educational, scientific, and
philanthropic organizations, which requires a robust senior lead-
ership to coordinate the efforts. It is important to survey the
availability of academic, scientific, financial, and political capaci-
ties to set feasible goals. It is useful to take advantage of previous
local successful and unsuccessful experiences to design a more
effective effort, focus on ambitious but realistic goals, and define
specific milestones. These must include training programs, de-
velopment of infrastructure, and selected alliances. In addition, it
is desirable to include the translational component of scientific
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research to make programs more appealing to private-public in-
vestment and contribute to knowledge economy.

Despite the many challenges ahead, Mexico’s efforts in ge-
nomic medicine have successfully developed during these initial
years. There is still a long way to go, but the careful planning and
serious commitments of the different members of Mexican soci-
ety coupled with solid alliances in progress anticipate Mexico’s
successful development of genomic medicine to benefit the
healthcare of its population. In addition, its scientific work, in-
frastructure, and commitment to innovation will influence Latin
America and will allow Mexico to engage in the global transition
to a knowledge-based economy.
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