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Technology trends target

This study is part of a collection of reports on the different
disruptive technologies detected in the ACCIO Technology
Trends Target (2018), which are expected to have a great
impact on Catalan society and its productive fabric in the
years to come.
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1. Definition of genomics
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Gene, genetics, genome, genomics

A gene is a linear sequence of nucleotides in DNA
or RNA that is essential for a specific function,
whether in human development or the maintaining of
a normal physiological function.

Genetics is a branch of biology that focuses on the
inheritance and variation of organisms, i.e. the
characteristics transferred from parents to children,
from generation to generation.

The genome refers to the genetic material of an
organism.

Genomics is a scientific discipline that deals in
genetic mapping, DNA sequencing, and genome
analysis.

Source: NIH
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Definitions (1)

Omics

Omics are a group of
disciplines related to
biochemistry and molecular
biology through which in-depth
analytical knowledge can be
ascertained of the
characteristics and the overall
contents of a biological sample.
Omics include: genomics,
metabolomics, proteomics,
transcriptomics,
pharmacogenomics, and
others.

Genomics

Genomics involves the study of
the contents, organisation,
function and evolution of the

genetic information in a complete

genome. It studies the mapping,
seqguencing and analysis of the
genome functions.

This analysis is used to diagnose

genetic diseases and
counselling, create personalised
medicine and nutrition, perform
evolution studies for species,
identify micro-organisms or
produce functional foods.

Gene therapies

Gene therapy can be defined as
the transfer of genetic material
to an individual for therapeutic
purposes.

A new type of therapy that
consists of using nucleic acid
that is released in different
ways, generally with a viral
vector or synthetic lipid-based
vectors to treat a disease.

Source: Omics report, ACCIO(2018); Spark; Spanish Society of Gene and Cell Therapy
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Definitions (I1). Personalised medicine

Personalised medicine adapts to the specific needs of
each patient. It consists of adapting the dose and type of
drug to each patient, because each person responds
differently to the same treatment.

Advances in knowledge of human genetics have led to a
shift in paradigm in the way in which medical science
deals with disease. In this paradigm, the challenge does
not lie in treating the disease but in the specific individual
suffering from it, by adapting the treatments to the
individual biological characteristics of each patient.

This new scenario indicates that personalised medicine
seeks objectives from an individual perspective:
understanding the disease molecularly, understanding
how the response to treatment is produced, particularly
pharmacological, specifying the response and having the
capacity to foresee the individual risk of suffering a
disease or of responding to certain medication.

Catalonia AI Generalitat de Catalunya
Trade X Investment MlY Government of Catalonia
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Definitions (111). CRISPR, genome editing

Genome editing has allowed for genetic modifications to be made at will in any gene of any
organism. Although intentional genome modification has been feasible for some time, this has
now expanded and been improved thanks to the discovery of the CRISPR system.

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is the name of a
sequence of repetitive sequences present in the DNA of bacteria, which act as auto-vaccines.
More specifically, CRISPR is a region of the DNA of some bacteria that acts as an immune
mechanisms to viruses, i.e. the bacteria surviving the attack stores the information on their
aggressor. When the virus attacks again, the bacteria identifies the unwanted genes thanks to
the information stored, and this memory enables it to destroy the virus.

Cas9 is an endonuclease associated to the CRISPR (an enzyme), known for acting as
imol ees ol adhatrcat and edit, or correct, the DNA associated to a disease in a cell. A
guide RNA directs the Cas9 molecular scissors to the precise location of the mutation. Once
these molecular scissors make a cut in the DNA, the additional cellular mechanisms and the
DNA added exogenously will use the machinery of the cell itself and other elements to
specifically i r e pttee DNAO

CRISPR-CAS9 technology can offer the capacity to directly modify or correct the changes
associated to the underlying disease in the genome and has great potential in medicine, food,
agriculture, and the environment.

Guide
Cas9 RNA

Edited DNA

Targeted
sequence

The 2020 Nobel Prize in Chemistry was awarded to researchers Emmanuelle Fuster and Jennifer A. Doudnafif or t he devel

met hod for genome editingo, CRISPR/ Cas9 technol

ogy.

Source: SINC Agency, Bayer, Genotipia

o

Catalonia AT Generalitat de Catalunya
TradeQtInvestment  WlV Government of Catalonia



Genomics in Catalonia | Technology report October 2020 10

Definitions (V). Bioinformatics

Bioinformatics is a field of computer science that analyses biomolecular sequences. It is normally
applied to genes, to DNA, to RNA or to proteins, and is especially useful in comparing gene and
protein sequences between different organisms to see the evolutionary relationships between
organisms in search of the function of these genes and proteins.

Bioinformatics can be said to be responsible for the linguistic part of genetics. In the same way
that linguists study language patterns, bioinformatics study the patterns in DNA or protein

Sequencesl >GGGTCCGAGETGTAATTIGTAGAGGAR OIS
Bioinformatics use computer software with a great many applications, such as determining the | ggg;»gég;’c’;§1
functions of genes and proteins, establishing evolutionary relationships, and predicting the 3D § COTGGARC G5 3R 30

shaping of proteins. CCATGGAACGGGACS

Bioinformatics is one of the scientific disciplines with most repercussions over recent years, even
more so in 2020 with the essential task involved in handling and interpreting data on SARS-CoV-
2.

Among the most relevant problems benefiting from the development of genomics and
bioinformatics are the study of rare genetic diseases, the identification of tumour-associated
mutations, the identification of the pathogen causing an outbreak of infection, or the discovery of
new viruses, such as SARS-CoV-2.

Source: Instituto de Salud Carlos Ill, National Human Genome Research Institute
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Value chain

Based on analysis

Decoding the order of data, providing
nucleotides in the clinical information.
genome.

Sampling Sequencing Interpretation Application
Sample collection Identifying the variants Pharmaceutical
(blood, saliva) and causing the disease. industry, therapies or

packaging process to This generally involves medical and care
conserve it until the support of services.
analysis. bioinformatics.

Source: Preon Capital, Deloitte (2018)
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2. The world genomics market

> ?‘\

Catalonia 71
Trade X Investment MY Government of Catalonia




Genomics in Catalonia | Technology report

October 2020 13

The world genomics market

The world genomics market is calculated to reach
35.7 billion dollars by 2024, as of 18.9 billion
dollars in 2019, at a compound annual rate of
13.5%.

The United States was the principal area of the
genomics market in 2018.

Factors such as the increase in funding and
investments by governments, the growth in the
number of projects, the decrease in sequencing
costs, the increase in areas of application, and the
entry of new players and new companies in the
field of genomics might promote its growth.

However, the high cost of equipment may also put
a restraint on this growth.

Non-invasive cancer detection research is one of the main
factors in promoting the genomics industry. Investigators from
different areas are taking part in the development and
establishing of protocols for clinical trials to identify the DNA
mutations causing cancer that that could be detected early in

this way.
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Traditional genome editing technologies are intensive in
terms of time, but the appearance of new technologies such
as CRISPR/Cas9 or ZFN might help streamline genome
editing and the appearance of personalised therapies.

Source: Markets and Markets (2018)
grandviewresearch
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Main regions and relevant hubs

B
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North America, a possible leader

The United States is foreseen as being the dominating region in this market, given the significant investment
into research made by the governmental organisations and the advanced infrastructure in medical care.

The presence of key companies such as Bio-Rad Laboratories, Inc., Tecnologias Agilent, lllumina, Genomic

Health and Bluebird Bio, who are leading the way in the fields of genome sequencing, genetic diagnosis, and
gene therapies.

Europe: initiatives within the European Commission

Through the initiative European '1+ Million Genomes, a collaboration mechanism to obtain at least 1 million
genomes sequenced by 2022 with the goal of improving disease prevention, allow for more personalised
treatments, and provide a sufficient scale for new clinical research.

Asia-Pacific: Early adopters

Asia-Pacific is expected to grow most quickly over the coming years. China is developing an essential role in
the growth of the r e g i mankétswith initiatives such as the Precision Medicine Initiative (PMI) for use of the
genome in medical case since 2017.

Source: ACCIO based on Grand View Research and the European Commission
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World leading genomics companies Main genomics  startups
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Source: Biospace, The Medical Futurist; Medical Startups
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