CTCAACT TCTGAGCTCTAT T TACAACT TGGTGTGT TAGTGTAT T TGTCT TAGT TCT
T TGTCCT T T T T T TAGTGT TAACTCTAGGC T TGTCCT T T T T T TAGTGT TAACTCTAG
CT TCCCAAGAATAAGTGCT TGAACACCCT CT TCCCAAGAATAAGTGCT TGAACACC
T T TCT TAGAAGCGTGGGTCT TGGTATACA T T TCT TAGAAGCGTGGGTCT TGGTATA
TATATACAAAGTATAACGATATGGTGGCT TATATACAAAGTATAACGATATGGTGG
T T TGAGGGTAGCTCAGATATGCAATAAGT T T TGAGGGTAGCTCAGATATGCAATAA
AAGACAGCATCTCGATAAAATAATAAAACAAGACAGCATCTCGATAAAATAATAAA
AT TAAGGTGCT TGCT TGTCCT TGGAGTCCAT TAAGGTGCT TGCT TGTCCT TGGAGT
GAAAGATGT T TATAT T TGACTGTACCATGGAAAGATGT T TATAT T TGACTGTACCA
CTCAACT TCTGAGCTCTAT T TACAACT TGGTGTGT TAGTGTAT T TGTCT TAGT TCT
T TGTCCT T T T T T TAGTGT TAACTCTAGGC T TGTCCT T T T T T TAGTGT TAACTCTAG
CT TCCCAAGAATAAGTGCT TGAACACCCT CT TCCCAAGAATAAGTGCT TGAACACC
T T TCT TAGAAGCGTGGGTCT TGGTATACA T T TCT TAGAAGCGTGGGTCT TGGTATA
TATATACAAAGTATAACGATATGGTGGCT TATATACAAAGTATAACGATATGGTGG
T T TGAGGGTAGCTCAGATATGCAATAAGT T T TGAGGGTAGCTCAGATATGCAATAA
AAGACAGCATCTCGATAAAATAATAAAACAAGACAGCATCTCGATAAAATAATAAA
AT TAAGGTGCT TGCT TGTCCT TGGAGTCCAT TAAGGTGCT TGCT TGTCCT TGGAGT
GAAAGATGT T TATAT T TGACTGTACCATGGAAAGATGT T TATAT T TGACTGTACCA
CTCAACT TCTGAGCTCTAT T TACAACT TGGTGTGT TAGTGTAT T TGTCT TAGT TCT
T TGTCCT T T T T T TAGTGT TAACTCTAGGC T TGTCCT T T T T T TAGTGT TAACTCTAG
CT TCCCAAGAATAAGTGCT TGAACACCCT CT TCCCAAGAATAAGTGCT TGAACACC
T T TCT TAGAAGCGTGGGTCT TGGTATACA T T TCT TAGAAGCGTGGGTCT TGGTATA
TATATACAAAGTATAACGATATGGTGGCT TATATACAAAGTATAACGATATGGTGG
T T TGAGGGTAGCTCAGATATGCAATAAGT T T TGAGGGTAGCTCAGATATGCAATAA
AAGACAGCATCTCGATAAAATAATAAAACAAGACAGCATCTCGATAAAATAATAAA
AT TAAGGTGCT TGCT TGTCCT TGGAGTCCAT TAAGGTGCT TGCT TGTCCT TGGAGT
GAAAGATGT T TATAT T TGACTGTACCATGGAAAGATGT T TATAT T TGACTGTACCA
CTCAACT TCTGAGCTCTAT T TACAACT TGGTGTGT TAGTGTAT T TGTCT TAGT TCT
T TGTCCT T T T T T TAGTGT TAACTCTAGGC T TGTCCT T T T T T TAGTGT TAACTCTAG
CT TCCCAAGAATAAGTGCT TGAACACCCT CT TCCCAAGAATAAGTGCT TGAACACC
T T TCT TAGAAGCGTGGGTCT TGGTATACA T T TCT TAGAAGCGTGGGTCT TGGTATA
TATATACAAAGTATAACGATATGGTGGCT TATATACAAAGTATAACGATATGGTGG
T T TGAGGGTAGCTCAGATATGCAATAAGT T T TGAGGGTAGCTCAGATATGCAATAA
6 JEFFERSON MEDICAL COLLEGE ALUMNI BULLETIN
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sidore Rigoutsos sat in a Philadelphia
office in October 2002 watching a
colleague draw a schematic of RNA interference, at the time not well understood but
now known to be a key component in the
regulation of cellular processes. The biologist looked up from his sketch and asked,
“If we were to give you the sequence of a
microRNA, could you find the messenger
RNAs it targets?”
Years later, the simple question would lead
to unexpected conclusions with very important implications.
+++++

Since its inception three decades ago, computational biology has become the ultimate
“interdisciplinary” field, combining the
talents of biologists, computer scientists,
chemists, engineers, mathematicians and
physicists. Computational biology projects
involving pattern analysis often begin with a
researcher posing a challenge that computer
scientists – many also familiar with biology
– take up. They develop complex algorithms
based on hunches as well as fact and then use
the software to sort through reams of data
that no human mind could process.
They return to the biologists with hypotheses and clues gleaned from the patterns
that they discovered. Instead of searching
through a haystack, the biologists now have,
essentially, a 3-inch box to comb for answers.
Without the computational scientist, the
researchers might need many decades to
identify areas of greatest interest; without
the biologists, the computational scientists
would have only unverified hypotheses.
The journey that Rigoutsos began that
afternoon in Philadelphia clearly illustrates
the synergy that comes from mixing “dry”
and “wet” laboratories.
+++++

When the human genome was finally
mapped in 2000, scientists thought that cures

were just a few years away. But by the time
Rigoutsos took up his colleague’s challenge,
the picture had become far more complex:
Researchers were beginning to realize that
RNAs, once considered ancillary molecules,
played a far more prominent role and that
one special type of short RNAs of about 22
letters, microRNAs, could help modulate the
expression of genes by latching onto corresponding RNAs, or mRNAs. The discoveries
meant that microRNA/mRNA interactions
could play critical roles in diseases ranging
from cancer to diabetes.
Heading home to New York from his
Philadelphia visit in 2002, Rigoutsos began
formulating his strategy for the algorithm he
would develop for finding microRNA targets.
At the time, he had a hunch that the problem
might appear deceptively trivial.
Working on it sporadically, fitting it in here
and there with the rest of his work at IBM’s
Computational Biology Center, he rejected the
tactic other researchers favored – building on
available experimental data – because he knew
he would merely find more of the same. Instead,
he searched for patterns in the 700 microRNA
sequences that researchers had already identified in humans, animals and plants. He
thought that patterns, if they existed in these
sequences, might capture salient features. Not
even Rigoutsos was prepared for what he would
discover using this novel approach.
+++++

Rigoutsos has been working in computational
biology “since the field’s Mesolithic period,”
as he likes to joke. He was a co-founder
of IBM Research’s Computational Biology
Center in 1992 and went on to make the
organization the epicenter for the use of
pattern discovery in computational biology.
In 1996, he and one of his students developed
the trailblazing Teiresias algorithm, which
introduced the concept of “position list intersection,” the base of many sequence pattern
discovery algorithms developed since.

TCTGCCTATTCAGGACAGCCATGATTCTTCCACCAGTCCCAAAGGCAAACAACCCGTCCCGGTCAAGAAACAGAAGTTTGACCAA
AGACCTGGTTCCAGAACCAGAGAATACTACTGCAGAGAAGAGTGCCACAAAAAAGGAAGACAAGGTCCCGGTCAAGAAACAGAAG
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GGACAGCAGACCACTAGGTATTTTAAACCAGAACTGTGTTCTCTTCCACCCAGCTGTGTGTACTCAATGATAGATTTCAGAGACAG
TAGATAAGTAGATGTAATACTAGTGCTAAATACCTCAGCCTCCAGCAGATGCAAGAACTTTCCAACATCCTGAACCTCAGCTACAAA
TGTAATCCCAGCTACTCGGGAGGCTCAGGTGAAGACCTGGTTCCAGAACCAGAGAATGAAATCTAAGAGGTGGCAGAAAAACAAC
TGTAATCCCAGCTACTCGCAATCCCTGGCTGAAGAATAGCAATGGTGTGACGCAGGGATGCCTGGTGAACCCGACTGGGAACCTT
AAATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
CTGTAATCCCAGCTACTCGGGAGGCCAGTCCTGGAGCAACCACTCCTGGAACACTCAGACCTGGTGCACCCAATCCTGGAACAAT
TAGATAAGTAGATGTAATACTAGTGCTCAGGCCTGGAACAGTCCCTTCTATAACTGTGGAGAGGAATCTCTGCAGTCCTGCATGCAG
After spending the better part of a decade of “close enough” comes into play: Not all
CTACAGCAGACCACTAGGTATTTTAATTCCAGCCAAATTCTCCTGCCAGTGACTTGGAGGCTGCCTTGGAAGCTGCTGGGGAAGGC
developing algorithms for discovering letters of a key-lock pair need a counterpart,
CTGTAATCCCAGCTACTCGCAATCCCGGCTTAATGTAATACAGCAGACCACTAGGTATTTTAATACTCCACAAACCATGGATTTATTC
patterns, Rigoutsos now uses them to answer meaning some positions in either the key or
CCAAATTCTCCTGCCAGTGACTTGGACTAAACTACTCCATGAACATGCAACCTGAAGACGTGTGAAGATGAGTGAAATTGATGTTA
questions from molecular biology.
the lock can remain unpaired, while some
AGATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
In
February,
Rigoutsos
left
IBM
Research
letters might pair with letters usually considAGATAAGTAGATGTAATACTAGTGCTTCGATTTTTCTTGTATGGAAACTACGTGTTCTGGTTTCCATGATGCCTATCCAGTCAATCTC
for
Jefferson,
where
he
oversees
the
newly
ered a mismatch, making the problem far
AAATTCTCCTGCCAGTGACTTGGAGTCATGGAGGGTGGGGTATGGTTGGAGCCTAATCAGAGAGGTTTCTTTCTTTTTTCCTATTGG
formed
Center
for
Computational
Medicine
more complicated.
AGGACAGCAGACCACTAGGTATTTTAAATCTTTCCTGAGAAAAGATATTTTAATAACCTTGGCTGCTAAAGACAACTTGATAGAAGC
and
serves
as
professor
in
the
departments
of
Using the patterns he discovered in the
AGCCAAATTCTCCTGCCAGTGACTTGGATGTCTCTGGCTATAGATAAGTAGATGTAATACTAGTTTGGATATCTTTAGGGTTTAGAAT
pathology,
anatomy
and
cell
biology;
cancer
microRNA
sequences, Rigoutsos’ algorithm
ATATTCTCCTGCCAGTGACTTGGAAGCTAACCTCAAGAATGAGAAATAAGCTGGGCGCGGTGGCTTACATCTGTAATCCCAGCACT
biology; and biochemistry and cell biology. found locks, lots of locks. To test his compuAGATAAGTAGATGTAATACTAGTGCTTTGGGAGACCAAGGCGGGCGACAGAGTGAGACTCTGTCTCAAAAAAAAAAAAAGAAAAAG
He hosted an international interdisciplinary tations, Rigoutsos took the keys from all 31
ACATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
conference on bioinformatics and bioengi- key-lock pairs known at the time and found
CTGTAATCCCAGCTACTCGCAATCCCTGATTGGGAGGCTTTGTTTATTTTTTTAAAAACTCTATTGAGGCTGGGTGTGGTGGCTCAC
neering the first week in June on campus.
nearly all of the corresponding locks using
TGACAGCAGACCACTAGGTATTTTAAACCTGTAATGGCAGCACTTTGGGAGGCCAAGGTAGGCAGATCACCACAGGTTAGGAATTC
With his undergraduate training in physics, his algorithm.
CCAAATTCTCCTGCCAGTGACTTGGAAAGACCAGTCTGGCCAACATGGTGAAATCCCGTCTCTACTAAAATACAAAAATTAGCTGG
Rigoutsos obtained master’s and doctoral
But his computations also led to two
GAATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
degrees
in
computer
science
from
New
York
surprising
results. Far more locks seemed
TAGATAAGTAGATGTAATACTAGTGCTTAGCAATCCAGCCTGGATGACAGAGCCAGACTCCATGTCAAAATAAAATAAAAACTCTATT
University.
Not
having
been
formally
trained
to
exist
than
the number of known keys,
CTGTAATCCCAGCTACTCGCAATCCCAGAGGTGAAGGGTGAAGCTTTAAGTTGTTACATACTTCACTGATTTCCTCAACCCTTTTTG
in
biology
gives
him
a
fresh
eye
that
adds
a
implying
that
either
more keys exist or each
AAATTCTCCTGCCAGTGACTTGGATTTTGCTCCGTTTTACTATAGCCCGTATTTTGTTGGTTATGACTAATATTTGTGGAAAGAGGTC
novel
perspective
to
the
field.
key
opens
many
more
locks than thought.
A
TCTGCCTATTCAGGACAGCCATGATTCTTCCACCAGTCCCAAAGGCAAACAACCCGTCCCGGTCAAGAAACAGAAGTTTGACCA
In addition to his more recent work with Even more surprising, the patterns indicated
AGACCTGGTTCCAGAACCAGAGAATACTACTGCAGAGAAGAGTGCCACAAAAAAGGAAGACAAGGTCCCGGTCAAGAAACAGAAG
microRNAs, Rigoutsos’s broad experience that locks exist not only in the 3’ “untransGGACAGCAGACCACTAGGTATTTTAAACCAGAACTGTGTTCTCTTCCACCCAGCTGTGTGTACTCAATGATAGATTTCAGAGACAG
includes the study of junk DNA, automated lated” region, or 3’UTR, of mRNAs, already
TAGATAAGTAGATGTAATACTAGTGCTAAATACCTCAGCCTCCAGCAGATGCAAGAACTTTCCAACATCCTGAACCTCAGCTACAAA
protein analysis, gene discovery in micro- proven through experiments, but also in
TGTAATCCCAGCTACTCGGGAGGCTCAGGTGAAGACCTGGTTCCAGAACCAGAGAATGAAATCTAAGAGGTGGCAGAAAAACAAC
bial organisms, the study of the human the amino acid coding region, arguably the
TGTAATCCCAGCTACTCGCAATCCCTGGCTGAAGAATAGCAATGGTGTGACGCAGGGATGCCTGGTGAACCCGACTGGGAACCTT
cytomegalovirus, the study of the genomic messenger RNA’s sanctum sanctorum, and
AAATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
organization of vertebrate and invertebrate the 5´UTR.
CTGTAATCCCAGCTACTCGGGAGGCCAGTCCTGGAGCAACCACTCCTGGAACACTCAGACCTGGTGCACCCAATCCTGGAACAAT
organisms, metagenomics and the analysis of
Rigoutsos decided to try to determine
TAGATAAGTAGATGTAATACTAGTGCTCAGGCCTGGAACAGTCCCTTCTATAACTGTGGAGAGGAATCTCTGCAGTCCTGCATGCAG
environmental
samples.
His
work
has
even
how
many keys existed. By modifying his
CTACAGCAGACCACTAGGTATTTTAATTCCAGCCAAATTCTCCTGCCAGTGACTTGGAGGCTGCCTTGGAAGCTGCTGGGGAAGGC
taken
him
into
the
worlds
of
computer
secumicroRNA
targeting algorithm, he also
CTGTAATCCCAGCTACTCGCAATCCCGGCTTAATGTAATACAGCAGACCACTAGGTATTTTAATACTCCACAAACCATGGATTTATTC
rity and spam-mail detection.
devised a method for discovering microRNAs.
CCAAATTCTCCTGCCAGTGACTTGGACTAAACTACTCCATGAACATGCAACCTGAAGACGTGTGAAGATGAGTGAAATTGATGTTA
ISIDORE RIGOUTSOS
Rigoutsos stands as the antithesis of the When he searched the full genome, he found
AGATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
stereotypical “computer geek.” Outgoing and nearly all of the microRNAs
AGATAAGTAGATGTAATACTAGTGCTTCGATTTTTCTTGTATGGAAACTACGTGTTCTGGTTTCCATGATGCCTATCCAGTCAATCTC
affable, the Greek native possesses an innate known at the time but also
AAATTCTCCTGCCAGTGACTTGGAGTCATGGAGGGTGGGGTATGGTTGGAGCCTAATCAGAGAGGTTTCTTTCTTTTTTCCTATTGG
ability to translate his highly complex work identified a very large number
AGGACAGCAGACCACTAGGTATTTTAAATCTTTCCTGAGAAAAGATATTTTAATAACCTTGGCTGCTAAAGACAACTTGATAGAAGC
into layman terms. His great passion outside of previously unseen ones. His
AGCCAAATTCTCCTGCCAGTGACTTGGATGTCTCTGGCTATAGATAAGTAGATGTAATACTAGTTTGGATATCTTTAGGGTTTAGAAT
of work and his family is his motorcycle; he method suggested that several
ATATTCTCCTGCCAGTGACTTGGAAGCTAACCTCAAGAATGAGAAATAAGCTGGGCGCGGTGGCTTACATCTGTAATCCCAGCACT
has ridden across the country, following the tens of thousands of microRNAs
AGATAAGTAGATGTAATACTAGTGCTTTGGGAGACCAAGGCGGGCGACAGAGTGAGACTCTGTCTCAAAAAAAAAAAAAGAAAAAG
COMPUTATIONAL BIOLOGISTS LOOK FOR
famed Route 66 from Los Angeles to Chicago existed in the human genome,
ACATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
PATTERNS IN NUCLEOTIDE STRINGS.
and then continuing to the East Coast.
though only about 300 were in the public
CTGTAATCCCAGCTACTCGCAATCCCTGATTGGGAGGCTTTGTTTATTTTTTTAAAAACTCTATTGAGGCTGGGTGTGGTGGCTCAC
domain. In the few short years since, the
TGACAGCAGACCACTAGGTATTTTAAACCTGTAATGGCAGCACTTTGGGAGGCCAAGGTAGGCAGATCACCACAGGTTAGGAATTC
+++++
number of human microRNA sequences in
CCAAATTCTCCTGCCAGTGACTTGGAAAGACCAGTCTGGCCAACATGGTGAAATCCCGTCTCTACTAAAATACAAAAATTAGCTGG
Using the Teiresias algorithm, Rigoutsos public repositories has risen to more than
GAATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
searched for microRNA patterns involving 1,000.
TAGATAAGTAGATGTAATACTAGTGCTTAGCAATCCAGCCTGGATGACAGAGCCAGACTCCATGTCAAAATAAAATAAAAACTCTATT
the four nucleotides that make up the genetic
As the complexity of his challenge became
CTGTAATCCCAGCTACTCGCAATCCCAGAGGTGAAGGGTGAAGCTTTAAGTTGTTACATACTTCACTGATTTCCTCAACCCTTTTTG
code
–
A,
T,
G
and
C.
And
patterns
did
begin
increasingly
clear, Rigoutsos knew he needed
AAATTCTCCTGCCAGTGACTTGGATTTTGCTCCGTTTTACTATAGCCCGTATTTTGTTGGTTATGACTAATATTTGTGGAAAGAGGTC
to
emerge.
His
ultimate
goal
was
to
find
to
find
a
bench
biologist to help him prove
A
TCTGCCTATTCAGGACAGCCATGATTCTTCCACCAGTCCCAAAGGCAAACAACCCGTCCCGGTCAAGAAACAGAAGTTTGACCA
“locks,
”
or
regions
on
messenger
RNAs
where
his
hypotheses.
AGACCTGGTTCCAGAACCAGAGAATACTACTGCAGAGAAGAGTGCCACAAAAAAGGAAGACAAGGTCCCGGTCAAGAAACAGAAG
the microRNA “keys” might fit.
GGACAGCAGACCACTAGGTATTTTAAACCAGAACTGTGTTCTCTTCCACCCAGCTGTGTGTACTCAATGATAGATTTCAGAGACAG
+++++
The keys and locks interact using the
TAGATAAGTAGATGTAATACTAGTGCTAAATACCTCAGCCTCCAGCAGATGCAAGAACTTTCCAACATCCTGAACCTCAGCTACAAA
simple-sounding principle of “A” and “T” In the fall of 2004, Rigoutsos talked about his
TGTAATCCCAGCTACTCGGGAGGCTCAGGTGAAGACCTGGTTCCAGAACCAGAGAATGAAATCTAAGAGGTGGCAGAAAAACAAC
latching together as a pair and “C” and “G” theories at the Human Genome Organization
TGTAATCCCAGCTACTCGCAATCCCTGGCTGAAGAATAGCAATGGTGTGACGCAGGGATGCCTGGTGAACCCGACTGGGAACCTT
latching together. But unlike many rules meeting in Singapore and then with Edison
AAATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
in the hard sciences, the nebulous concept Liu, MD, director of the Genome Institute
CTGTAATCCCAGCTACTCGGGAGGCCAGTCCTGGAGCAACCACTCCTGGAACACTCAGACCTGGTGCACCCAATCCTGGAACAAT
TAGATAAGTAGATGTAATACTAGTGCTCAGGCCTGGAACAGTCCCTTCTATAACTGTGGAGAGGAATCTCTGCAGTCCTGCATGCAG
CTACAGCAGACCACTAGGTATTTTAATTCCAGCCAAATTCTCCTGCCAGTGACTTGGAGGCTGCCTTGGAAGCTGCTGGGGAAGGC
CTGTAATCCCAGCTACTCGCAATCCCGGCTTAATGTAATACAGCAGACCACTAGGTATTTTAATACTCCACAAACCATGGATTTATTC
CCAAATTCTCCTGCCAGTGACTTGGACTAAACTACTCCATGAACATGCAACCTGAAGACGTGTGAAGATGAGTGAAATTGATGTTA
AGATTCTCCTGCCAGTGACTTGGATCCAATGTGGAGCAACCAGACCTGGAACAATTCAACCTGGAGCAACCAGACCCAGAACATC
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there. On Liu’s recommendation, Rigoutsos
met with Bing Lim, MD, PhD, a senior group
leader at the Genome Institute and an associate professor at Harvard Medical School.
Lim welcomed the chance to collaborate.
Among several other projects, Lim’s lab
specializes in stem cell differentiation, a
perfect candidate for Rigoutsos’ hypotheses.
But first, Yvonne Tay, a graduate student,
and Andrew Thomson, a senior scientist in
Lim’s lab, used a simpler approach, luciferase
assays, to check Rigoutsos’ predicted key-lock
pairs. In these assays, luciferase, an enzyme
that glows, would be combined with the lock
of a predicted key-lock pair. Then the key
would be introduced in sufficient quantities. If
Rigoutsos’s predicted key-lock pair were right,
then the luciferase would dim.
Focusing on a few microRNAs only,
Rigoutsos randomly chose 220 key-lock
pairs from among the few thousand that his
algorithm had predicted. His Singaporean
colleagues confirmed that in 75 percent of
the cases, the keys and locks fit as predicted
and the luciferase dimmed. Not only did
the experiments lend credence to Rigoutsos’
computations, but they also uncovered
evidence that a given key could open about
100 times more locks than commonly
believed at the time, a stunning figure.
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fied, but in the amino acid coding regions of
the Nanog, Oct4 and Sox2 messenger RNAs.
By now, the team had grown accustomed
to proving the unexpected, but the setting
was so complicated and the required experiments so involved that Tay, Thomson and
Rigoutsos took nearly two years to complete
the project. In the end, they proved that the
three microRNAs did indeed target Nanog,
Oct4 and Sox2 at multiple locations within the
amino acid coding regions. One more unexpected finding surfaced: The majority of those
targeted locations did not exist in the human
counterparts of the three genes, suggesting
that, for this setting at least, extending findings from mouse genome studies to human
may be more complicated than anticipated.

WITHOUT THE COMPUTATIONAL
SCIENTIST, THE RESEARCHERS
MIGHT NEED MANY DECADES TO
IDENTIFY AREAS OF GREATEST
INTEREST; WITHOUT THE
BIOLOGISTS, THE COMPUTATIONAL
SCIENTISTS WOULD HAVE ONLY
UNVERIFIED HYPOTHESES.

+++++

Biologists agree that Rigoutsos, Tay and
Thomson changed the microRNA targeting
paradigm by discovering targets in the part of
mRNA that codes for amino acid sequences.
Other findings – the discovery that a key can
potentially open thousands of locks; and that
animal and human genes, though identical in
many aspects, can differ in ways not previously
imagined – will likely have a profound influence
on research for years ahead. These discoveries
started with computations but came to fruition
in the lab – a true demonstration of the power
of marrying computation with biology.
Rigoutsos often tells people that they will
find both bad news and good news in his
work. The bad news? Cellular processes seem
to be far more complex than anyone imagined even a few years ago. The good news?
Combining the power of computers with the
imagination and skills of researchers in “wet”
labs is making the work to prevent and cure
disease far less daunting.

GAGCTCTAT T TACAACT TGGTGTGT TAGTGTAT T TG
T T TAGTGT TAACTCTAGGC T TGTCCT T T T T T TAGTG
ATAAGTGCT TGAACACCCT CT TCCCAAGAATAAGTG
T T TCT TAGTGTAT
TAGAAGCGTGGG
GCGTGGGTCT
TGGTATACA
T TGT
AGCTCTAT T TACAACT
TGGTGTGT
TATATACAAAGTATAAC
GTATAACGATATGGTGGCT
T T T T T TAGTGT
T TAGTGT TAACTCTAGGC T TGTCCT
T TCCCAAGAATAAGTGC
T TGAGGGTAGCTCAGA
GCTCAGATATGCAATAAGT
TAAGTGCT TGAACACCCT CT
+++++

Moving on to mice, the team chose to focus
on three genes – Nanog, Oct4 and Sox2 –
responsible for maintaining the pluripotency
of embryonic stem cells. The lab’s earlier work
had identified three microRNAs of interest:
miR-134, miR-296 and miR-470. Rigoutsos’
computations suggested that the three
microRNAs preferentially targeted not areas in
the 3’UTR, as the paradigm at the time speci-

