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Figure 6.1  The future of 
genomics	



Functional Genomics	


•  The field of “functional genomics” represents the next stage in genomics, in 

which we will move beyond the (relatively) simple clerical exercise of 
“sequence annotation” to experimental determination of biological function(s) 
at the whole genome level.	



•  In most cases, functional genomics is based on the methods of molecular 
genetics, but adapted to high throughput, in one of the following ways:	



•  “forward genetics” uses random mutagenesis to identify the set of genes that 
affect any given trait.	



•  “reverse genetics” uses molecular sequence information to construct loss-of-
function mutations without needing to know the phenotype.	



•  “fine structure genetics” is used to systematically manipulate the structure and 
function of genes, in order to obtain a more detailed picture of the functions of 
each part of the molecule, or the functions in each part of the body, etc.	



•  Chip-on-chip and DNA microarrays are also part of functional genomics.	
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Transposon mutagenesis, enhancer trap screens, ���
the GAL4-UAS expression system	



Figure 5.20  Targeted 
mutagenesis (Part 1)	
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Figure 5.20  Targeted 
mutagenesis (Part 2)	



Figure 5.25  Floxing mice	



Figure 5.25 - Floxing mice to knock out gene function in a 	


specific tissue or developmental stage	
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Figure 5.21  Inhibitory RNA 
expression (RNAi)	



Figure 5.21 - RNA interference	


(can also use opposite technique of “miRNA sponges”)	



Proteomics	


•  Proteomics as a complement to gene expression analysis	



•  Basic methods - 2d gels, affinity chromatography, 
immunohistochemistry	



•  Mass spectrometry	



•  Two-hybrid screens of protein binding	



•  Protein microarrays	



•  Computational prediction of protein structure & function	



•  Drug development as an example of an integrated 
genomics approach to problem solving.	
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Figure 5.4  Two-dimensional polyacrylamide gel electrophoresis	
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Figure 5.5  Affinity 
chromatography	



Affinity purification of protein complexes	



Figure 5.9  Antibodies and 
immunohistochemistry	
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Figure 5.6  Basis of mass 
spectrometry peptide sequencing	
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Predicted number of fragments of each size -���
shows why proteomic identification is easier on small genomes	



Figure 5.7  Peptide sequencing by tandem mass spectrometry 	
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Figure 5.12  Yeast two-hybrid 
screens	
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Box 5.2, Figure C	



Inferring gene networks from two hybrid data 
plus gene ontogeny annotations	



Figure 6.8  Large-scale organization of metabolic networks	
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Protein microarrays	


•  Proteins can be printed on microarrays, and cross-linked to the 

substrate using techniques similar to those used to print DNA 
microarrays.	



•  The problem of protein denaturation can be minimized by selecting 
antibodies that are capable of binding to the denatured protein.	



•  Antibodies can be used to detect critical post-translational 
modifications (such as phosphorylation).	



•  The development and testing of specific monoclonal antibodies to each 
protein is expensive and time-consuming, but once developed they can 
be mass-produced.	



•  So far, attempts to do this on a large scale have been limited to about 
2,000 proteins per slide in yeast (L. Hood), but further attempts can be 
expected.	



Figure 5.10   Protein microarrays	
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Figure 5.13  Applications of 
structural proteomics	



Figure 5.14  Flow diagram for 
solving a protein structure	
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Figure 5.15  The Drosophila Engrailed homeodomain dimer bound to DNA	



Figure 5.16  Fold recognition	
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Figure 5.2  Primary, secondary, 
and tertiary protein structure	



Figure 5.3  Protein structural 
profiles	
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Figure 5.3  Protein structural 
profiles (Part 1)	



Figure 5.3  Protein structural 
profiles (Part 2)	
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Figure 5.3  Protein structural 
profiles (Part 3)	



Maarten Altelaar et al. (2013)	


Nat. Rev. Genet. 14, 35-48.	
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Sample preparation for mass spec	



•  Specific cell populations can be targeted with fluorescence-
activated cell sorting (FACS) or tissue micro-dissection.  A 
similar but more powerful method at the mRNA level is 
provided by “polysome tagging”, based on ribosomal protein 
gene fusions driven by cell-type-specific promoters.	



•  Reduction in complexity is achieved by conventional HPLC 
(hydrophilic stationary phase, proteins eluted by a salt gradient), 
ion-exchange chromatography (charged stationary phase, eluted 
by a pH gradient), or reversed-phase chromatography 
(hydrophobic stationary phase, eluted by decreasing the polarity 
of the solvent, i.e. with a gradient of organic solvent 
concentration). 	



•  Identification efficiency can be improved with higher mass 
resolution and accuracy, and/or electron transfer dissociation, 
but most still use defined proteolysis steps.	



Maarten Altelaar et al. (2013)	


Nat. Rev. Genet. 14, 35-48.	
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Maarten Altelaar et al. (2013)	


Nat. Rev. Genet. 14, 35-48.	



Mass spec - data reporting and sharing	


•  Most raw mass spectrometry data files are presently in 

proprietary formats, and can not be readily shared.	



•  The European Bioinformatics Institute and the NCBI are 
working on standard (XML) formats; however the experimenter 
would have to translate their data before submission.	



•  In the meantime, conclusions (as opposed to raw data) can be 
presented in published data tables or supplementary files with 
Genbank (or Refseq) ID numbers.	



•  Many public databases (PhosphoSitePlus, etc) specialize in data 
related to specific post-translational modifications.  Likewise, 
databases such as String, Intact and BioGRID are devoted to 
protein-protein interactions based on affinity purification 
followed by MS studies.  UniProt attempts to unify proteomics 
databases.	
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Maarten Altelaar et al. (2013)	


Nat. Rev. Genet. 14, 35-48.	



Maarten Altelaar et al. (2013)	


Nat. Rev. Genet. 14, 35-48.	
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Ghosh et al. (2011)	


Nat. Rev. Genet. 12, 821-832.	



Ghosh et al. (2011) Nat. Rev. Genet. 12, 821-832.	
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Discussion questions	



•  Discuss the advantages and disadvantages of (1) Chip-on-chip, 
(2) two-hybrid screens of protein binding, and (3) MS together 
with HPLC and/or affinity purification, for the purpose of 
building models of gene interaction networks.	



•  Why aren’t transcript and protein expression profiles always in 
agreement?  Which is more closely related to biological 
function?  How does this depend on which function you have in 
mind?	



•  Discuss some of the advantages and disadvantages of RNA 
interference (and micro RNA “sponges”) as a way of 
manipulating gene expression.	



•  Discuss the use of comparative genomics, structure prediction, 
X-ray crystallography, and expression cloning in drug discovery 
and design.	






