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Genomics

Proteomics 

Interactomics

Systems Biology –

None of these fields of 
research would be 
possible without 
Bioinformatics, 
which would not be 
possible with lots of 
computing power!



Mass Spec and MicroArrays /  Applications
Genome – the genome of an organism is its whole hereditary information 
encoded in its DNA (or, RNA for some viruses) and includes both the 
coding (genes) and non-coding sequences of the DNA.

Proteome – Proteomics is often considered the next step in the study of 
biological systems, after genomics.  It is much more complicated than 
genomics, mostly because while an organism's genome is rather 
constant, a proteome differs from cell to cell and constantly changes
through its biochemical interactions with the genome and the 
environment.

Interactome – whole set of molecular interactions in cells, in the context 
of proteomics, it refers to protein-protein interaction network(PPI), or 
protein network (PN).
Systems Biology - seeks to understand how biological systems function.  
By studying the relationships and interactions between various parts of a 
biological system (e.g. metabolic pathways, organelles, cells, 
physiological systems, organisms etc.), it is hoped that eventually a 
model of the whole system can be developed.





Note:  HT Proteomics is restricted to those 
species where a sequence database exists!



Generic Mass Spectrometry-based Proteomics 

(+)





Common MSs Used in Proteomics Research







With the new genomic data bases of model species, such as Esherichia
coli, Saccharomyces cerevisae, mouse, and human, the sequences of 
many/most proteins of biological interest will in principle be known, and the 
problem of characterizing a protein primary structure will be reduced to 
identifying it in the data base.  

Within the past few years research groups have demonstrated how MS 
can be used for identification of proteins in sequence data bases. One 
approach is to cleave the protein with a sequence-specific proteolytic
enzyme, measure molecular weight values for the resulting peptide 
mixture by mass spectrometry, and search a sequence data base for 
proteins that should yield these values.  Search algorithms can utilize 
low resolution tandem mass spectra of selected peptides (<3 kDa) from the 
protein degradation. Yates and coworkers compared the MS/MS sequence 
data to the sequences predicted for each of the peptides that would be 
generated from each protein in the data base.   In the PEPTIDESEARCH
sequence tag approach of Mann and Wilm, a partial sequence of 2–3 
amino acids is assigned from the fragment mass differences in the 
MS/MS spectrum. This partial sequence and its mass distance from each 
end of the peptide (based on the masses of the fragment and molecular 
ions) are used for the data base search.  Often, a single sequence tag 
retrieved only the correct protein from the data base.
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Cleavages Observed in MS/MS of Peptides
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CID (Collision InDuced) Spectra – adds sequence data to 
mass mapping for improved database identification!
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Peptide mass fingerprint of Spot A

Gel coordinates: 16kDa, 4.2 (mwt, pI)



Mass accuracy 
tolerance = 15 ppm

This means that the 
mass is within 
0.015 Da at 
m/z 1000







Stable-isotope Protein Labelling for Proteomics



Organellar
Proteomics: 
Combined  
MS and 
Imaging 
Methods









The Birth of Molecular Biology:  DNA Structure









Jim Kent is a research scientist at UC Santa Cruz.  

The human genome project was ultimately a race between Celera 
Genomics and the public effort, with the final push being a bioinformatics 
problem to put all of the sequence reads together into a draft genome 
sequence.  Jim Kent was a grad student at UCSC, who worked for weeks 
developing the algorithm to put all of this together, beating Celera by 3 
days to an assembled human genome sequence.

His efforts ensured that the human genome data remained in the public 
domain and were not patented into private intellectual property.

Kent built a grid of cheap, commodity PC’s running the Linux operating 
system and other Freeware to beat Celera's, what was thought of then as 
the, world's most powerful civilian computer.  In June 2000, thanks to the 
work done by Kent and several others, the Human Genome Project was 
able to publish its data in the Public Domain just hours ahead of Celera. 

Kent went on to write BLAT and the UCSC Human Genome Browser to help 
analyze important genome data, receiving his PhD in biology in 2002. Today 
at UCSC he works primarily on web tools to help understand the human 
genome. He helps maintain and upgrade the browser, and has worked on 
recent projects such as comparative genomics and Parasol.







The  BIG  QUESTION:

Why do we have so few genes?



With the completion of a rough draft of the human genome, 
many researchers are looking at how genes and proteins 
interact to form other proteins.  A surprising finding of the 
Human Genome Project is that there are far fewer protein-
coding genes in the human genome than proteins in the 
human proteome (20,000 to 25,000 genes vs. about 
1,000,000 proteins).  The human body may contain more 
than 2 million proteins, each having different functions.  
The protein diversity is thought to be due to alternative 
splicing and post-translational modification of proteins.  
The discrepancy implies that protein diversity cannot be 
fully characterized by gene expression analysis, thus 
proteomics is useful for characterizing cells and tissues.

Genomics   vs.  Proteomics





Note: Thanks to Prof. Vishy Iyer for many of these slides on microarrrays.























Diffuse large B-cell lymphoma is the 
most common subtype of non-Hodgkin’s 
lymphoma. With current treatments, long-
term survival can be achieved in only 40% 
of patients. There are no reliable indicators 
— morphological, clinical, 
immunohistochemical or genetic — that 
can be used to recognize subclasses of 
DLBCL and point to a differential
therapeutic approach to patients.





Hierarchical clustering of gene expression data (as ratios).







Using “clustering analysis,” Alizadeh et al. could separate DLBCL into 
two categories, which had marked differences in overall survival of the 
patients concerned. The gene expression signatures of these subgroups 
corresponded to distinct stages in the differentiation of B cells, the type 
of lymphocyte that makes antibodies.





The Interactome



Architecture and Modularity of Complexes







Architecture and Modularity of Complexes



Phenotypic Data Mapped to Complexes



Systems Biology Approach


	Cleavages Observed in MS/MS of Peptides

