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A Brief Background

BSc in Computer Science, Technion (Israel), 1992-1996

Master’s in Computer Science, Texas A&M University, 
1997-1998 (Testing of Digital Circuits)

PhD in Computer Science, UT Austin, 1999-2004: Formal 
Verification (Prof. Emerson) until late 2000, and  
Computational Biology (Prof. Warnow) until 2004

Assistant Professor at Rice University, 2004 until Now



Rice University and TMC: Inevitable 
Collaboration and Interdisciplinarity 



How It Influenced My Work

PhD from UTCS in May 2004: Phylogenetics   

Assistant Professor at Rice U since July 2004: 
Phylogenetics, Systems Biology, Genotype-
phenotype associations, ...



Phylogenetics



Signaling in Cancer



Genotype/Phenotype 
Associations



How It Influenced My Work

Advisor: 7 PhD Students; Committee Member: 15 
Students; Co-authors: 50

Affiliations: Computer Science (Rice), Biochemistry 
and Cell Biology (Rice), UT MD Anderson Cancer 
Center, Baylor College of Medicine, and UT 
Graduate School of Biomedical Sciences

Funding: NIH, NSF, DOE, and internal Rice/TMC 
funds established specifically for collaborative/
interdisciplinary research



Interdisciplinary Research

Source: [1]



Watson (a biologist) and Crick (a Physicist) discovered the 
double-helix structure of DNA

Interdisciplinary Research

Source: [1]



IDR

Interdisciplinary research (IDR) is a mode of 
research by teams or individuals that 
integrates information, data, techniques, 
tools, perspectives, concepts, and/or 
theories from two or more disciplines or 
bodies of specialized knowledge to advance 
fundamental understanding or to solve 
problems whose solutions are beyond the 
scope of a single discipline or area of 
research practice

Source: [1]



MDR vs. IDR

Source: [1]



IDR is a Must

“To continue to make progress on basic 
scientific questions and on the application 
of new knowledge to human needs, life 
scientists are discovering that they must 
join in partnerships with physical scientists 
and engineers. This convergence of 
disciplines is the defining intellectual 
movement of our time...”  

Source: [2]



Example 1:
Synthetic Biology

A great example of a true interdisciplinary 
research area is synthetic biology, which 
integrates Biology, engineering, 
mathematical and computational sciences, to 
design and build new biological systems  



[ Figures from: Fisher and Henzinger, Nature Biotechnology, 25(11): 1239-1249, 2007. ]

Example 2:
Executable Biology



Challenges Driving IDR

Scientists are drawn toward “grand challenges” most 
of which require interdisciplinary research

1. The inherent complexity of nature and society

2. The drive to explore basic research problems at the 
interface of disciplines

3. The need to solve societal problems

4. The stimulus of generative technologies

Source: [1]



Key Conditions for IDR

Sustained and intense communication

Talented leadership

appropriate reward and incentive mechanisms

adequate time

Seed funding for initial exploration

Willingness to support risky research

Source: [1]



Facilitating IDR

The most interesting observation is that the students 
are the integrating glue. Graduate students, 

undergraduates, and postdocs are the ones that go 
between the laboratories that make things happen.

Harvey Cohen, Professor of Pediatrics
Stanford School of Medicine



Issues for IDR Faculty
Joint vs. single-department appointments

Joint appointments can promote interdisciplinary research and 
education

However,

Departments have different appointment policies; different 
expectations for research, teaching and service; different 
policies and practices on start-up funds; different teaching 
loads;...

Teaching assignments are more complex 

At the time of tenure, two P&T committees may have to be 
satisfied!

Source: [3]



Issues for IDR Faculty

Interdisciplinary tenure within a single department

The single greatest difficulty is that faculty tend to judge other 
faculty according to the norms and criteria of their own discipline

Another challenge is the metrics for impact and success (e.g., 
conference papers in most CS areas vs. in other areas)

A third challenge is interpreting the candidates support letters (a 
letter writer may be familiar with a portion of the candidate’s 
work) 

Source: [3]



Lessons from my Experience
Teaching:

Students in my course come from CS, ECE, BIOE, EEB, 
and TMC institutions

Striking the “right” balance between computation and 
biology

What type of homework and exam questions?

Co-teaching

Cross-listing

Depth, breadth, or neither? 



Lessons from my Experience

Publication venues:

Major conferences are more “prestigious” yet less 
focused

More focused meetings are less “prestigious”, yet 
attract the leading people in your research area

For biologists, conferences do not count (your 
collaborator(s) may not want to submit there)

Journals: a wide spectrum of quality and balance 
between computation/biology



Lessons from my Experience

Service:

Harder to review papers

Serving on committees in other departments (may not 
count in your department!)

More meetings (I have met/dined with faculty 
candidates from CS, BCB, EEB, Baylor College of 
Medicine, MD Anderson Cancer Center, UT Health 
science Center, and the University of Houston!)



Lessons from my Experience

Mentoring students:

I have 7 PhD students working on problems in biology 
ranging from evolution of bacteria to the role of 
signal transduction in cancer. Are you ready to learn 
all this biology? 

One of the 7 students is a BIOE student. What 
background do you require? 

Are you interested in someone who can “prove 
theorems” or someone who can develop code, analyze 
data, and generate hypotheses (the two categories are 
not necessarily mutually exclusive)



Lessons from my Experience
The style of work:

Computer scientists prefer “polynomial” over 
“exponential”, but when n is the number of nucleotides in 
a genome, an O(n2) algorithm is not such a practical 
solution

Implementation matters!

Heuristics with good empirical performance are more 
appealing and useful than, say, approximation algorithms 
with theoretical bounds

Performance (time, space, accuracy) analysis is important

NP-Hardness may not be as critical as you think



Lessons from my Experience

The style of work:

Functionalities AND user interface (most commonly-used tools 
in phylogenetics are written by biologists, not computational 
scientists!)

Data analysis is crucial if you want to achieve high impact 
(particularly if you’re interested in a Science/Nature paper)

Learn about the other discipline(s) as much as possible  (not 
just the language)

Think of interesting biological questions; don’t think of 
yourself as just a problem solver; formulating an important 
biological question is as important as (or, even more) solving 
it



Lessons from my Experience

The style of work:

Computations are fast, cheap, and automated; experiments 
(the real ones) are slow, expensive, and require manual 
interventions

Be patient

Be prepared for spending a year or two to get one 
publication (Do you prefer to spend 2 years to get a 
Nature article or to publish 3 workshop articles a year?)

Authorship system is different (very different) 



Lessons from my Experience

The style of work:

Your bio collaborator wants “Bioinformatics”; does he/she 
mean research or system administration / Database 
support?

Biology is very exciting and many projects may interest 
you; make sure you devote at least 75% of your time and 
efforts at the beginning to your own project, while 
spending the other 25% learning and getting involved in 
new ones



Before You Graduate
Take as many courses in as many areas as possible 

Respect the “other” discipline: “Biology is easy and CS 
is hard” is a myth; learn the biology and you’ll see 
unprecedented complexity

Integrate works from multiple disciplines

You may want to consider a post-doc position as your 
primary goal (not as a backup option)

Again, do not act as a “problem solver”; formulate 
problems as well, particularly biologically-relevant 
ones



Conclusions

IDR is a must in many areas, and has already 
led to breakthroughs  

IDR does not come without challenges; in 
fact, it comes with many challenges at all 
levels

For those aspiring to become faculty 
members, remember: tenure is one goal; it 
should not be the only goal; if the place is 
not supportive of IDR, you may want to 
consider other places



Further Reading
[1] “Facilitating Interdisciplinary research”, a report 
by the National Academy of Sciences, National Academy 
of Engineering, and Institute of Medicine (available 
from http://www.nap.edu/catalog/11153.html)

[2] “The Role of Life Sciences in Transforming America’s 
Future: Summary of a Workshop”, a report by the 
committee on a New Biology for the 21st Century.            
(available from http://www.nap.edu/catalog/12592.html)

[3] “Best Practices Memo: Promotion and Tenure of 
Interdisciplinary Faculty”, a report by the Computing 
Research Association (available from                       
http://www.cra.org/reports/promotion_tenure.html)
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Thank You
http://www.cs.rice.edu/~nakhleh

nakhleh@cs.rice.edu
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