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Functional genomics is a field of molecular biology that attempts to make use of the vast wealth of data produced

by genomic projects (such as genome sequencing projects) to describe gene (and protemn) functions and
mteractions. Unlike genomics, functional genomics focuses on the dynamic aspects such as gene transcription,
translation, and protein—protein interactions, as opposed to the static aspects of the genomic mformation such as
DNA sequence or structures. Functional genomics attempts to answer questions about the function of DNA at the
levels of genes, RN A transcripts, and protein products. A key characteristic of functional genomics studies is their
genome-wide approach to these questions, generally mvolving high-throughput methods rather than a more

traditional “‘gene-by-gene” approach.
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Goals of functional genomics

The goal of functional genomics is to understand the relationship between an organism's genome and its phenotype.
The term functional genomics is often used broadly to refer to the many possible approaches to understanding the
properties and function of the entirety of an organism's genes and gene products. This definition is somewhat
variable; Gibson and Muse define it as "approaches under development to ascertain the biochemical, cellular,

and/or physiological properties of each and every gene product”,l!] while Pevsner includes the study of nongenic
elements in his definition: "the genome-wide study of the function of DNA (including genes and nongenic elements),

as well as the nucleic acid and protein products encoded by DNA".[2l Functional genomics involves studies of
natural variation in genes, RN A, and proteins over time (such as an organism's development) or space (such as its
body regions), as well as studies of natural or experimental functional disruptions affecting genes, chromosomes,
RNA, or proteins.

The promise of functional genomics is to expand and synthesize genomic and proteomic knowledge into an
understanding of the dynamic properties of an organism at cellular and/or organismal levels. This would provide a
more complete picture of how biological function arises from the information encoded in an organism's genome. The
possibility of understanding how a particular mutation leads to a given phenotype has important implications for
human genetic diseases, as answering these questions could point scientists in the direction of a treatment or cure.

Techniques and applications

Functional genomics includes function-related aspects of the genome itself such as mutation and polymorphism
(such as single nucleotide polymorphism (SNP) analysis), as well as measurement of molecular activities. The latter
comprise a number of "-omics" such as transcriptomics (gene expression), proteomics (protein expression), and
metabolomics. Functional genomics uses mostly multiplex techniques to measure the abundance of many or all gene
products such as mRN As or proteins within a biological sample. Together these measurement modalities endeavor
to quantitate the various biological processes and improve our understanding of gene and protein functions and
interactions.

At the DNA level

Genetic interaction mapping

Systematic pairwise deletion of genes or mhibition of gene expression can be used to identify genes with related
function, even if they do not interact physically. Epistasis refers to the fact that effects for two different gene
knockouts may not be additive; that is, the phenotype that results when two genes are mhibited may be different
from the sum of the effects of single knockouts.

The ENCODE project

The ENCODE (Encyclopedia of DNA elements) project is an in-depth analysis of the human genome whose goal
is to identify all the functional elements of genomic DN A, in both coding and noncoding regions. To this point, only
the pilot phase of the study has been completed, nvolving hundreds of assays performed on 44 regions of known

or unknown function comprising 1% of the human genome. Important results include evidence from genomic tiling
arrays that most nucleotides are transcribed as coding transcripts, noncoding RN As, or random transcripts, the
discovery of additional transcriptional regulatory sites, further elucidation of chromatin-modifying mechanisms.
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At the RNA level: transcriptome profiling
Microarrays

Microarrays measure the amount of mRNA in a sample that corresponds to a given gene or probe DNA sequence.
Probe sequences are immobilized on a solid surface and allowed to hybridize with fluorescently labeled “target”
mRNA. The mtensity of fluorescence of a spot is proportional to the amount of target sequence that has hybridized
to that spot, and therefore to the abundance of that mRNA sequence in the sample. Microarrays allow for
identification of candidate genes involved in a given process based on variation between transcript levels for
different conditions and shared expression patterns with genes of known function.

SAGE

SAGE (serial analysis of gene expression) is an alternate method of gene expression analysis based on RNA
sequencing rather than hybridization. SAGE relies on the sequencing of 10—17 base pair tags which are unique to
each gene. These tags are produced from poly-A mRNA and ligated end-to-end before sequencing. SAGE gives
an unbiased measurement of the number of transcripts per cell, since it does not depend on prior knowledge of
what transcripts to study (as microarrays do).

At the protein level: protein—protein interactions
Yeast two-hybrid system

A yeast two-hybrid (Y2H) screen tests a "bait" protein against many potential interacting proteins ("prey") to

identify physical protein—protein interactions. This system is based on a transcription factor, originally GAL4,!
whose separate DN A-binding and transcription activation domains are both required in order for the protein to
cause transcription of a reporter gene. In a Y2H screen, the "bait" protein is fused to the binding domamn of GALA,
and a library of potential "prey" (interacting) proteins is recombinantly expressed in a vector with the activation
domain. In vivo interaction of bait and prey proteins in a yeast cell brings the activation and binding domains of
GALA close enough together to result in expression of a reporter gene. It is also possible to systematically test a
library of bait proteins against a library of prey proteins to identify all possible interactions in a cell.

AP/MS

Affinity purification and mass spectrometry (AP/MS) is able to identify proteins that interact with one another in
complexes. Complexes of protemns are allowed to form around a particular “bait” protein. The bait protem is
identified using an antibody or a recombinant tag which allows it to be extracted along with any proteins that have
formed a complex with it. The proteins are then digested into short peptide fragments and mass spectrometry is

used to identify the proteins based on the mass-to-charge ratios of those fragments.

Loss-of-function techniques

Mutagenesis
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Gene function can be investigated by systematically “knocking out” genes one by one. This is done by either
deletion or disruption of function (such as by insertional mutagenesis) and the resulting organisms are screened for
phenotypes that provide clues to the function of the disrupted gene.

RNAIi

RNA nterference (RN A1) methods can be used to transiently silence or knock down gene expression using ~20
base-pair double-stranded RNA typically delivered by transfection of synthetic ~20-mer short-interfermg RNA
molecules (siRN As) or by virally encoded short-hairpin RN As (shRN As). RN Ai screens, typically performed in
cell culture-based assays or experimental organisms (such as C. elegans) can be used to systematically disrupt
nearly every gene in a genome or subsets of genes (sub-genomes); possible functions of disrupted genes can be
assigned based on observed phenotypes.

Functional annotations for genes

Genome annotation

Putative genes can be identified by scanning a genome for regions likely to encode proteins, based on
characteristics such as long open reading frames, transcriptional initiation sequences, and polyadenylation sites. A
sequence identified as a putative gene must be confirmed by further evidence, such as similarity to cDNA or EST
sequences from the same organism, similarity of the predicted protein sequence to known proteins, association with
promoter sequences, or evidence that mutating the sequence produces an observable phenotype.

Rosetta stone approach

The Rosetta stone approach is a computation method of de novo protein function prediction, based on the
hypothesis that some proteins involved in a given physiological process may exist as two separate genes in one
organism and as a single gene in another. Genomes are scanned for sequences that are independent in one organism
and m a single open reading frame in another. If two genes have fused, it is predicted that they have similar
biological functions that make such coregulation advantageous.

Functional genomics and bioinformatics

Because of'the large quantity of data produced by these techniques and the desire to find biologically meaningful
patterns, biomformatics is crucial to analysis of functional genomics data. Examples of techniques i this class are
data clustering or principal component analysis for unsupervised machine learning (class detection) as well as
artificial neural networks or support vector machines for supervised machine learning (class prediction,
classification). Functional enrichment analysis is used to determme the extent of over- or under-expression
(positive- or negative- regulators in case of RN Ai screens) of functional categories relative to a background sets.

Gene ontology based enrichment analysis are provided by DAVID and Gene Set Enrichment Analysis (GSEA), !
pathway based analysis by Ingenuity [°] and Pathway studiol%] and protein complex based analysis by
COMPLEAT."]
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