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by michael barnes 2003 was a pivotal year for the biosciences. In that year the Human Genome Project was com-
pleted, along with the planned five-year doubling of the budget of the National Institutes of Health.

2003 was also the year that NIH started the Roadmap Initiative to encourage the development 
of translational research to speed new discoveries “from bench to bedside.” The genomics 
revolution was expected to bring a profusion of new drugs and medical therapies.

But it didn’t happen that way. The early enthusiasm for gene therapy faded, having yielded  
little in way of immediate cures. And the pipeline for new drug candidates dried up, even as 
our knowledge of the human genome was rapidly expanding.

The sequencing of the human genome seemed to raise more questions than it answered. Why 
did humans have relatively few genes, and why did we share so many with even simple crea-
tures like yeast cells? More research led first to proteomics, then metabolomics and then to even 
more ’omics. Like peeling an onion, there always seemed to be yet another layer.

With the discovery of epigenetics and RNA silencing and other post-transcriptional modifica-
tions, scientists began to question our understanding of evolution. The nascent evolutionist 
Lamarck has been dismissed for arguing that the environment could influence inherited traits. 
But it looks like he was right after all.

The early years of the genomics revolution have been a muddle. But then, that is typical of  
revolutions, even scientific ones. It is only in retrospect that history appears neat and compact.

In the 1700s, the gap between the first piston-powered steam engine of Thomas Newcomen 
and the improved engine of James Watt was 69 years. The development of the laws of thermo-
dynamics that showed why steam engines worked were still another lifetime away.

In the 1900s, the lag between the discovery of penicillin by Alexander Fleming and its first 
chemical synthesis was 29 years. And that was for what was considered one of the most impor-
tant medical discoveries of the 20th century.

For genomics, the era of muddling may be coming to an end. New tools and fundamental research 
have now primed the world for a sustained genomics revolution. Some of the more interesting  
examples are flowing from the labs of researchers affiliated with the College of Chemistry.

In this issue of Catalyst, we feature three College of Chemistry researchers who have built upon  
foundational research and are now creating startup companies and practical applications. 
Here at the college we are privileged to have ringside seats at what could be the start of a new 
genomics era.

Genomics redux
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 The CRISPR revolution

to a practical problem. Their story is oddly similar to that of Louis 
Pasteur, the father of microbiology, who likewise was trying to solve 
the practical problem of preventing the spoilage of milk and beer in 
the 1860s.

Rodolphe Barrangou and Philippe Horvath worked for Danisco, a 
Danish company that provided fermentation cultures and other products 
for the food industry. One of the main bacteria used to produce yogurt 
and cheese is Streptococcus thermophiles. The two researchers were puz-
zled by why some cultures were infected by bacteriophages, viruses that 
attack bacteria, while other S. thermophiles cultures seemed immune.

They determined that CRISPR sequences were snapshots of the 
genetic material of invading viruses, and that CRISPR was part of an 
adaptive immune system in bacteria that remembered the genetic identity 
of previous viral attackers and used that information to mount a defense.

Humans have an adaptive immune system based on antibodies,  
biomolecules that are produced to fight specific bacterial or viral invad-
ers. We can train our adaptive immune system with vaccines, a concept 
developed by Pasteur. It’s been 150 years since Pasteur’s first studies 
of bacteria, yet only in the last decade have researchers realized that 
single-cell organisms also have an adaptive immune system.

For Doudna, this discovery only deepened the mystery. Somehow 
bacteria were using CRISPR sequences to defend themselves. But 
how? In 2011, while at a conference in Sweden, she met an ally in 
Emmanuelle Charpentier, a European researcher then at Umea 
University in Sweden. They began to work together to understand 
how CRISPR and Cas9, a relatively simple CRISPR-associated sys-
tem of proteins, functioned.

Doudna and Charpentier noted an important fact. The Doudna 
lab’s postdoc Martin Jinek spoke the same Polish dialect as the 
Charpentier lab’s research scientist Krzysztof Chylinski. Sensing a 
good research team in the making, Doudna and Charpentier desig-

nated Jinek and Chylinski to be the lead researchers and the bridge 
between the two groups.

The research collaboration revealed that CRISPR/Cas9 is a 
ruthlessly effective viral assassin. CRISPR is the bacterial-coding 
mechanism that stores a snapshot of the bad guy, the viral DNA. A 
segment of RNA reads this snapshot of DNA and creates the com-
plementary strand, like a seamstress who can make one side of an 
RNA zipper that custom matches its DNA complement. The RNA 
side of the zipper is mated with a pair of very sharp molecular scis-
sors known as an endonuclease.

With amazing speed and specificity, the RNA/endonuclease 
assassin scans the zipper sections of DNA that it encounters inside 
the cell. If it finds viral DNA that is a match, this assassin uses the 
endonuclease scissors to cut the viral DNA in half, destroying its 
ability to infect the cell.

The resulting paper was published in Science in August 2012, with 
Jinek and Chylinski as the lead authors. On the first page, at the bot-
tom of the middle column, appeared a sentence that couldn’t help but 
catch the attention of the researchers who were working in this area:

“Our study further demonstrates that the Cas9 endonuclease 
family can be programmed with single RNA molecules to cleave spe-
cific DNA sites, thereby raising the exciting possibility of developing 
a simple and versatile RNA-directed system to generate double-strand 
DNA breaks for genome targeting and editing.”

That comment indicated to the cognoscenti that the Doudna lab 
was close to making a stunning breakthrough—a precise, simple 
technique for making double-strand breaks in DNA in exactly the 
right location. Earlier techniques for cutting DNA, based on zinc-
finger nucleases and Transcription Activator-Like Effector Nucleases 
(TALENs), required making customized proteins for each DNA cut, 
a laborious and expensive process.


























