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Systems Biology: A Shared  
Goal with Diverse Views
BY FREDERICK P. ROTH AND BRENDA ANDREWS

In a well known Indian tale, blind men offer diverse descrip-
tions of the same elephant (“…seizing on the swinging tail 

that fell within his scope, ‘I see,’ quoth he, “the Elephant is 
very like a rope!” (1)). Systems biology is the contemporary 
elephant in the room, and it is easy to wonder whether the 
diverse scientific views operating under this name are of 
the same beast. However, systems biologists do share a 
common ultimate goal: to produce a dynamic model that 
can predict the actions and internal workings of an entire 
organism. 

Currently unachievable in any organism, a predictive 
dynamic model of an entire organism will require concerted 
effort on several fronts. Minimally, we must: 1) learn the 
“parts list” for organisms of interest; 2) obtain a basic under-
standing of the relationships between all parts; 3) observe 
system dynamics across time, space, and individuals; and 
4) prepare for the global modeling challenge by first model-
ing small subsystems.

Global Systems Biology: Parts
Ultimate success in systems biology depends on the unfin-
ished task of defining the parts—genes, gene products, and 
their basic functional role. Current challenges include gene/
protein definition, post-translational modifications, pheno-
typing, epigenomics (e.g. heritable chromatin structure), 
and function annotation. It is clear that the parts list is far 
from complete. For example, recent work by Takashi Ito 
(University of Tokyo) and colleagues has expanded the list 
of Saccharomyces cerevisiae (the most extensively studied 
eukaryote) by dozens of introns, hundreds of new transcrip-
tion units in regions previously thought to be intergenic, 
and hundreds of intragenic alternative transcriptional start 
sites (2). The connection of genes to basic cellular roles, 
e.g. determination of cell shape, also remains incomplete. 
In a single whole genome phenotyping screen in Droso-
phila melanogaster, Amy Kiger (University of California, San 
Diego) and colleagues expanded the list of genes affecting 
cell shape by one-third (3). It is clear that our most basic 
understanding of genes and gene functions remains vastly 
incomplete. A current challenge is the integration of dispa-
rate sources of data to roughly assign genes to functional 
roles, which can focus limited experimental resources on 

the most likely hypotheses (e.g. unpublished work by Fred-
erick Roth (Harvard Medical School) and colleagues).

Global Systems Biology: Relationships
Before we can hope to simulate a global system, we must 
first have a general understanding of how the parts are 
related to one another. Current challenges include protein 
networks, genetic networks, gene regulatory networks, and 
chromatin networks. This area remains even less explored 
than the parts list. For example, Marc Vidal (Dana-Farber 
Cancer Institute/Harvard Medical School) and colleagues 
have roughly estimated that only ~1% of all interactions 
between human proteins are known (4). We have only 
begun to learn about genetic interactions (cases in which 
perturbations of two genes together yield a surprising 
result that often indicates a functional relationship). For 
example, Brenda Andrews (University of Toronto), Charlie 
Boone (University of Toronto), and colleagues are using an 
automated genetics platform to create a complete map of 
double-mutant genetic interactions that lead to a significant 
fitness defect in budding yeast. These groups have also 
begun to explore the effects of other genetic perturbations, 
particularly gene overexpression, with the aim of reveal-
ing unappreciated functional connections in S. cerevisiae
(5). Furthermore, much of the dynamic control of biological 
systems is affected through transcriptional regulation. Unfor-
tunately, we do not yet have a complete map connecting 
transcription factors to their DNA binding elements in any 
species. Tim Hughes (University of Toronto), Martha Bulyk 
(Harvard Medical School), and colleagues are systematically 
identifying DNA-binding specificity of transcription factors in 
mouse (unpublished work). In the meantime, it is clear that 
a comprehensive predictive model of any organism awaits 
a complete understanding of the relationships between 
components.

Global Systems Biology: Dynamics
We must also learn how the parts of an organism and their 
relationships change over time and space within an organ-
ism and between organisms and environmental stimuli. 
Current areas of interest include gene expression, signaling, 
development, genetic variation, and pathogenic systems. 
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For example, Jason Lieb (University of North Carolina, Cha-
pel Hill) and colleagues are investigating how the occupancy
and activity of human regulatory elements change in living
cells (6). One class of circuit that affects dynamics and 
homeostasis in living organisms is feedback, and our knowl-
edge of the existence of such circuits is incomplete. Rachel
Brem (University of California, Berkeley) and colleagues are
searching systematically for evidence of regulatory feedback 
(unpublished work). A major challenge for systems biol-
ogy will be grappling with complexity and dynamics within
multicellular organisms. As an example of current work in 
this area, Robert Waterston (University of Washington) and
colleagues have developed technology for tracking the 
location and lineage of all cells in real time through the early 
development of the worm Caenorhabditis elegans (7), which 
they are now scaling up.

Local Systems Biology: 
Subsystems and Simulation
On the path towards modeling and simulating entire organ-
isms, we can begin by modeling and simulating smaller 
modules and subsystems. For example, Trey Ideker
(University of California, San Diego) and colleagues have
been assembling knowledge about individual physical and 
genetic interactions to model cellular responses to DNA 
damage (see Ref. 8 for an example). In an example of 
dynamic subsystem modeling, Alexander Hoffmann (Univer-rr
sity of California, San Diego) and colleagues are developing
temporal models of inflammatory signaling pathways (see
Ref. 9 for an example). A major challenge in the modeling
of subsystems is that many of our experimental measure-
ments of cellular systems are derived from the study of 
ensembles of cells rather than individual cells. Alexander 
van Oudenaarden (Massachusetts Institute of Technology) 
and colleagues have been exploring stochastic phenomena, 
(e.g. Ref. 10), for which measurements on the single cell 
level will be critical.

In summary, systems biologists have a shared vision for 
where the field must ultimately go, but the scale of the chal-
lenge is immense and demands a diversity of vision as we 
proceed. 
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