
er of Church’s Regenesis, placing front 
and center the language and imagery 
that has frequently dominated public 
discourse about the field. In her book, 
Roosth describes how notions of “de-
sign,” imported into synthetic biology 
from engineering, sometimes retain re-
ligious resonances, especially in connec-
tion with terms like “creation.” In 2008, 
Radiolab ran a segment on synthetic biol-
ogy titled “Intelligent Design?”

One of the most disquieting acts of 
whole-scale biological recreation came 
in 2002, when researchers were able 
to produce live, infectious poliovirus 
by synthesizing its genome. In 2005, 
researchers at the Centers for Disease 
Control and Prevention used simi-
lar methods to reconstruct the virus 
responsible for the 1918 pandemic of 
Spanish flu. In 2006, using private ad-
dresses and identities, reporters from The Guardian were able to 
mail-order a small segment of the smallpox genome, though ad-
ditional equipment and expertise would have been required to 
assemble the entire genome and bring the virus to life.

Indeed, the logical extreme of making biology easier to engineer is 
that anyone could do it. In a 2007 essay, “Our Biotech Future,” pub-
lished in the New York Review of Books, Nobel Prize-winning physicist 
Freeman Dyson drew an analogy to the computing industry, pre-
dicting a world in which genetic engineering was literally child’s 
play. “The final step in the domestication of biotechnology will be 
biotech games,” he wrote, “designed like computer games for chil-

dren down to kindergarten age but 
played with real eggs and seeds rather 
than with images on a screen.”

 “There are distinct challenges 
coming out of synthetic biology,” says 
Kenneth A. Oye, Ph.D. ’83, professor of 
political science at MIT. “Modularity 
and repurposing potentially decrease 
barriers to diffusion, and the poten-
tial for more artificial organisms ren-
ders obsolete regulatory approaches 
that are based on standardized lists of 
dangerous wild-type organisms.” 

Oye works with synthetic biolo-
gists to study questions of safety and 
security raised by new technologies 
as part of the Synthetic Biology En-
gineering Research Center, or Syn-
berc, funded by the National Science 
Foundation (NSF). “I believe that 
engineers and scientists should ac-

cept responsibility for addressing or engaging with risks that are 
associated with what they’re creating,” he says. “By ‘responsible,’ 
what I mean is taking an active interest in identifying and doing 
research to identify potential problems, and not just simply re-
sponding or reacting to problems that others raise.”

Twin concerns of safety and security, the latter focused on pre-
venting malevolent use, have prompted synthetic biologists and 
policymakers alike to closely examine the opportunities and chal-
lenges of the new field. “I think something that both scientists and 
lay audiences forget is just how much safety engineering goes into 
a mature field,” says Church. “You look at a car, and it doesn’t take 

T
his july, Wyss Institute fel-
low Kevin Esvelt and Win-
throp professor of genetics 
George Church coauthored 

a paper in the journal eLife outlin-
ing how new technologies containing self-replicating pieces 
of DNA could potentially be used to genetically reengineer 
entire species in the wild. A recently discovered bacterial sys-
tem called CRISPR-Cas, named after the DNA and proteins in-
volved, has allowed scientists to make highly specific genetic 
modifications with greater ease than ever before (see harvard-
mag.com/genomic-14). As Church and colleagues predicted in 
the recent paper, certain genetic changes that themselves in-
clude a CRISPR-Cas system could copy themselves in a process 
called a “gene drive,” enabling a modification to spread through 
an entire species during the course of many generations. Scien-
tists might one day be able to alter or even eliminate entire spe-
cies—reengineering herbicide susceptibility into populations 
of resistant weeds, for instance, or suppressing malaria mosqui-
toes or invasive plants.

 Church’s technical paper was published simultaneously 
with a policy paper in Science that assessed the technology’s 
possible impacts. The environmental and security effects of 

gene drives are still unclear, wrote 
the authors, a team of scientific and 
legal experts that included technolo-
gists Church and Esvelt, Ph.D. ’10, 
evolutionary ecologist and former 

National Science Foundation director for population biology 
and physiological ecology James P. Collins, and lead author 
Kenneth Oye, Ph.D. ’83, professor of political science at MIT. 
Moreover, regulatory gaps remain: domestic and international 
policies, built narrowly around lists of dangerous toxins or or-
ganisms, fail to address the uniquely broad character of gene 
drives. The authors made 10 recommendations for managing 
environmental and biosecurity risks. Certain types of gene 
drives might reverse prior genetic changes or immunize organ-
isms from further modification, for instance, and new regula-
tory structures might adopt broader definitions of biological 
impact. The authors also called for a public discussion on how 
the new technology ought to be used. “For emerging technolo-
gies that affect the global commons, concepts and applications 
should be published in advance of construction, testing, and 
release,”  they wrote in conclusion. “Lead time will allow for 
broadly inclusive and well-informed public discussion to de-
termine if, when, and how gene drives should be used.” 
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