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How did you get interested 
in science? 

I have to admit there was some brain-
washing involved (just joking). My par-
ents were humanities scholars and—pre-
sumably, from the “grass is greener on the 
other side” syndrome, [they] always en-
couraged all of us (four siblings) to be in-
terested in science. So when I was young, 
for no deep reasons I always said I wanted 
to be a scientist—then I spent my college 
years rebelling and partying. Somehow, I 
meandered through and ended up in grad 
school where I nally took serious interest. 

Well, now I love my job and what I 
do. The best part is that after all these 
years there is still so much I want to 
do [in science]. Everyday there are 
problems I want to work on. It also 
feels good that what I work on may at 
some point have some deeper signi-
cance, maybe even make a difference. 
It doesn’t get much better than that.

To those who do not know 
much about science, how 
would you describe what 
genomics is about?

The genome, loosely speaking, is the 
DNA sequence in every organism that 
contains instructions for generating the 
organism (from single cells) and “run-
ning” the organism. In particular, since 
the work of [Jim] Watson and [Francis] 
Crick, we know that the “sequence” of 
the genome, the order in which the four 
different letters of DNA are strung to-
gether, is how the instruction is specied. 

Genomics started in the late 80’s to 
mid 90’s. As DNA sequencing technology 
was improving, scientists started getting 
the idea that instead of each lab study-
ing pieces of the genome at a time, that 

we should systematically collect all the 
genomic information up front as a single 
effort. There was a huge resistance to this 
idea at rst. The resistance was based on 
the thought that science should be hy-
pothesis driven—that is, we should rst 
generate some hypothesis about biologi-
cal workings and then try to study only 
the part of the genome that contains the 
information for that particular function. 
Instead, the early genomicists proposed 
that we should just gather all the DNA 
information rst, hopefully leveraging 
economies of scale, and then gure what 
each part is doing and what it is useful for 
later. This kind of approach was derided 

as non-scientic and wasteful. Fortu-
nately, the genome projects were funded. 

Two major unexpected things came 
out of the genome projects. The rst is 
that the whole strategy of doing things at 
a large systematic scale worked spectac-
ularly well. The technology for sequenc-
ing genomes improved at an exponential 
scale such that a genome that took sev-
eral years to sequence ten years ago can 
now be sequenced in less than a week. 
The second, and the more important les-
son, is that we found that the workings 
of an organism are far more complex and 
interconnected than we ever thought. Be-
fore we had exhaustive enumeration of 
parts of a genome, people thought that a 
given gene might interact with a few, at 

most tens, of partners. Now we know it 
may interact with hundreds if not thou-
sands of other parts. It is as if we used to 
read books one sentence at a time from 
random pages and suddenly somebody 
read the whole book from front to end 
and you nally learned the story of Ro-
meo and Juliet. Genomics now encom-
passes not only sequencing projects but 
a whole new scientic paradigm where 
we rst systematically measure as much 
as we can [of DNA sequences, RNAs, 
proteins] and then try to develop com-
putational, mathematical, and concep-
tual models of how they work together.

What is your research about 
and how did you get in-
volved with it?

My lab works on topics related to evo-
lution and theoretical biology. Two areas 
of interest right now are the evolution of 
gene expression (how DNA is transcribed 
into RNA) and the evolution of neurons 
in mammals.  While we do some direct 
bench experiments, most of what we do is 
theoretical and computational biology. So 
the major tools that we use are mathemat-
ics, statistics, and computational analysis. 
Our questions always have a theoretical 
avor. For example, we are interested in 
not so much the detailed mechanisms of 
how genes control each other’s expression 
but how the architecture of control sys-
tems is put together and how they evolve. 

Being a theoretical biologist means 
we work on lots of other problems too, 
usually in collaboration with other re-
searchers. We are engaged in many oth-
er projects ranging from y olfaction, 
genes involved in autism, evolutionary 
history reconstruction, to biotechnology 
development. The latter work, technol-
ogy development, is fun and I feel criti-
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cal. While I personally try to work on 
theoretical problems, I feel it is critical to 
have new kinds of data. Once new data is 
available, new theories will arise—some-
where, sometime. Theory is autocratic, 
requiring the right person with the right 
thought. Data is democratic. This is why 
we at the Penn Genomics Institute have 
the goal of making Penn the premier place 
for acquisition of novel genomic data.

What are some future appli-
cations of Genomics?

These days genomics permeates all of 
biology. The basic thing is that we’ve now 
all realized that all these molecular parts 
interact in a large system doing all kinds 
of complicated interesting things such that 
we cannot really understand biological 
phenomena without taking into account 
genome-level complexities. So one quick 
answer is genomics applies to all biology. 
But for more specic examples, several 
things jump to mind. Cancer is really a 
disease of genomic instability; we are just 
beginning to understand this and I expect 
that we will nally make rapid progress 
after nearly 40 years of “war on cancer.” 

We are also realizing that drug efcacy 
and toxicity has subtle and not-so-subtle 
dependency on individual genomes. Thus 
the future of pharmacology will be in us-
ing a patient’s genomic information to 
tailor the therapy appropriately, what we 
are calling “individualized medicine.” 

Genome-scale genetic mapping stud-
ies are revealing the genetic risk factors 
underlying complex diseases such as au-
tism. In evolutionary biology, we are us-
ing genomic information to reconstruct 
evolutionary histories and to decipher 
the relationship between the diversity of 
genomes and the diversity of life. And 
most importantly, genomic technologies 
will bring in new kinds of biological 
data, for example, real-time measure-
ments of molecules, which will lead us to 
things we have not begun to think about.

What has been the greatest 
challenge you have had to 
face in your research?

Every researcher will tell you that the 
greatest difculty in research is nding 
the funding to keep it going, especially if 
you have unorthodox ideas. But besides 
from this banal reality, there is a critical 
challenge that arises from the fact that my 
research and much of genomics in gener-
al requires really broad interdisciplinary 
approaches. A good project might require 
one to use knowledge and techniques 
from molecular biology, evolutionary 
biology, chemistry, math, statistics, me-
chanical engineering, algorithms, etc. 

Unfortunately, we usually put pre-
mium value on specialization. For ex-
ample, I am sure all the students heard of 
phrases like “Professor X is the world’s 
foremost expert on Y.” There aren’t a lot 
of personal rewards for being very broad 
or for collaborating in an interdisciplin-
ary team. Thus the main challenge for 
all of us is rst, to get over the culture 
of “expertism” and second, to person-
ally put our own egos to the side. For-
tunately, I nd that researchers at Penn 
are incredibly willing to do exactly that. 

What kind of contributions 
have undergraduates made 
to your research?

I’ve always had one or two undergrads 
in my lab, but because of the nature of 
our work, we usually do not have many 
undergrads. Genomics and computation-
al work has a bit of a stiff learning curve 
so it takes a while for students to settle 
in. I also try to encourage undergrads to 
work on semi-independent projects rath-
er than just routine lab work. Those that 
have passed through have been wonder-
ful assets to the lab and have gone off 
to continue research training—graduate 
school, MD/PHD programs, and the like. 

One word on undergraduate research 
experience: It is often very difcult not 
because of technical difculty but be-
cause research takes a lot of concentrated 
time and persistence. This is really dif-
cult for an undergraduate with courses to 
take and other obligations. Also, the fact 
that something doesn’t work the rst time 
(or the tenth time) can be quite frustrat-
ing. But, if you do put in the time and are 
persistent, undergraduates can achieve 
signicant work as long as they start early 
enough, say in your second year, and stay 
with it. Again, it is important to stay with a 
topic rather than move from one to anoth-
er. There is nothing like having a rst au-

thored paper in a serious research journal 
to get you to the next step, whether that is 
grad school, med school, or the industry.

What are your interests out-
side of academia?

I have three beautiful young children 
who are at maximally interesting ages 
and, a beautiful wife with whom I share 
scientic interest as well - she is a cog-
nitive psychologist. Besides that, I used 
to be total gym rat so I like doing any-
thing with a ball, although I don’t get to 
do as much as I would like. I wish I had 
some eccentric hobby but can’t say that 
is true—does being a fan of Sci-Fi and 
the TV show Battlestar Galactica count? 

— Interviewed by Ningkun (Nancy) Li

“we cannot really un-
derstand biological phe-
nomena without taking 
into account genome-
level complexities... 

genomics applies to all 
biology.”


