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Dear Readers,

There’s a lot of energy on campus, whether you’ve seen the new 
buildings to house research laboratories on the northwest side 
of campus, or attended the BERC symposium that brought 
together 700 members of the UC Berkeley community to talk 
about carbon emissions and clean technology. In this issue 
of the BSR we’re putting a spotlight on energy, from biofuels 
to solar cells, and examining how Berkeley is experimenting 
with novel technology in a number of fields, to maintain an 
energetic and cutting-edge research community. 

For an overview of the energy research community at Cal and 
the up-and-coming institute that is funding and organizing its 
projects, Anna Zaniewski brings us Building BECI (page 20), 

an entertaining and thoughtful exploration of the forces that brought the Berkeley Energy and 
Climate Institute into being and its exciting future trajectory. Many research labs are already 
on this trajectory by virtue of the work they’ve completed, and in Natural inspiration (page 35) 
and Sweet on biofuels (page 12) Sheba Plamthottam and Hannah Ray catch up with Professor 
Katz of Chemical Engineering and Professor Cate of Chemical Engineering and the Energy 
Biosciences Institute to find out how genetically engineering organisms and enzymes can lead 
to safer and more efficient production of fuels. 

Keeping researchers energized—and keeping research exciting—can be a difficult engineering 
challenge. In Whose lab are you wearing? (page 18), Anand Sampat reports on Ana Claudia Arias’s 
lab in the EECS department and their efforts to bring flexible, wearable technology to the masses. 
From e-ink screens that can be printed directly onto clothing to medical sensors that can wrap 
around the body’s contours, Arias’s inventions hold promise. A technological innovator herself, 
Lina Nilsson, a co-founder of Tekla Labs, covers efforts to bring entrepreneurial technologies 
developed on campus to developing countries in Planting seeds (page 26). Award-winning 
innovations including solar cell kits and cookstoves are being introduced in India and Sudan, 
with plans for scaling outward around the globe. If you’d like to know how a solar cell works 
before trying to build one, Ali Moharrer dives into the theory of solar cell efficiency in Catch 
and release (page 16), including Electrical Engineering professor Eli Yablonovitch’s methods 
for producing solar cells with record-breaking efficiences.

Keep an eye out for improvements around the BSR as well; we’re bringing our entire digital 
archive online, in whole issues and individual articles, and you’ll be able to find the BSR more 
easily on campus, with our distribution boxes at the campus’s science and engineering buildings. 
In the fall, Sebastien Lounis takes over my duties, and as a veteran of the energy community 
himself, it’s sure to be an exciting transition.

Enjoy the issue, 

Allison Berke
Editor in Chief
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—Mar y Grace Lin

Mind reading has historically been science fiction, but in light of recent work by Berkeley neuroscientists this idea may soon be science 
reality.  In a paper published in Current Biology, Jack Gallant’s lab in the Helen Wills Neuroscience Institute reported a computational 
model that can predict human brain activity recorded with functional magnetic resonance imaging (fMRI) as subjects view natural 

movie clips taken from YouTube.  The aim of developing this encoding model was to understand how early visual areas of the human brain 
process visual input—specifically, motion information.  However, in validating the model the lead author of the paper, Shinji Nishimoto, has 
spurred media interest by using a Bayesian decoder to reverse the prediction and “read” subjects’ minds.  The decoder reconstructs visualized 
movies from each subject’s fMRI blood oxygen level-dependent (BOLD) brain signals.  While the reconstructed movies do not reveal the exact 
contents of the actual movies, they do reveal correct shapes and motion.  Nishimoto notes that what is particularly significant about the work 
is that the lab was actually able to model fMRI BOLD signals encoding video stimuli, as the BOLD response had traditionally been thought 
too slow to do so. The immediate next step, according to Nishimoto, is to “extend the encoding model framework into higher-order processing 
brain areas” to allow researchers to investigate how the human brain encodes more complex visual input, like faces.  Upon further development, 
the decoding aspect of this 
model may one day be used 
to peer into dreams, in hopes 
of unraveling the ongoing 
mystery of why we dream.  
It could also be used to help 
handicapped individuals 
communicate images and 
thoughts through a brain-
machine interface system.  
Using fMRI to explore the 
way human brains encode 
visual stimuli, the Gallant lab 
has brought science fiction 
within reach of reality.

—Alexis Fedorchak

Decoding the mind’s eye

Leaping lizards!

From Jurassic Park’s Velociraptor to geckos to cats, tails are thought to provide stabilization 
that contributes to these organisms’ agility. In a recent report in Nature, Robert Full’s lab in 
the Department of Integrative Biology at UC Berkeley, in collaboration with Masayoshi Tomizuka 

and the Mechanical Systems Control Lab in the Department of Mechanical Engineering, have shown that 
lizards use their tails for body stabilization by transferring angular momentum from their bodies to their tails. Using 
high-speed video, researchers recorded the body and tail positions of Red-Headed Agama lizards (Agama agama) as they 
leaped toward a vertical surface. By varying the traction of the vault, the researchers introduced different perturbations in body angular 
momentum, and evaluated the effect of tail stabilization by mathematical models, and by building an Agama-sized robot designed to use 
feedback from the tail to control and stabilize body angle. The angle of tail swing was proportional to the change in body angle, and lizards 
could swing their tails upward or downward to compensate for downward or upward perturbations, respectively. The researchers found 
that by actively controlling their tails, Agama lizards are much less sensitive to perturbation than tailless, rigid-tailed, or compliant-tailed 
models. They calculated that Agama lizards could completely stabilize a perturbation that would rotate a tailless lizard by almost 80 degrees 
and that Velociraptor mongoliensis could theoretically completely stabilize a 110-degree perturbation, supporting an earlier proposal of tail 
stabilization in dinosaurs. “The next big steps,” said first author Tom Libby, “will come in understanding the control of multi-axis rotations, 
and how animals coordinate tail motions with limb motions during fast running.” Already, by furthering our understanding of how append-
ages confer inertial control of movement, these findings have generated excitement because of their implications for improved tail design 
in robots and, ultimately, the design of exceptionally agile and maneuverable robots for use in search-and-rescue and other applications.

Top: presented clip; bottom: clip reconstructed from brain activity.  
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—Sandra Takei

BASIS for education     

—Erin Jar vis

Whether it’s food, drugs, gambling, or an obsessive-compulsive act, each of us 
experiences temptation. For some people, it’s easy to stay strong most of the time. 
But for others, giving in to temptation is almost inevitable. What is it that separates 

those with self-discipline from those who end up mired in the trenches of addiction?  
To answer this question, researcher Jonathan Wallis of the Helen Wills Neuroscience 

Institute at UC Berkeley and colleagues looked to two regions of the prefrontal cortex, 
the anterior cingulate cortex (ACC) and the orbitofrontal cortex (OFC), which were 
previously shown to be linked with poor decision-making. To test the specific functions 

of these regions, the researchers measured which parts of the brains of macaque 
monkeys were active when the monkeys chose between pictures. The stakes of these 
decisions varied based on cost (number of lever pulls) and reward (amount of fruit 
juice). Wallis and colleagues found that the ACC was active during learning and 
expectation; in humans, it is thought to be the part of the brain that says “no” to 
alcohol in response to a bad hangover. However, these behavior-regulating signals 

were impaired in monkeys who repeatedly made unhealthy decisions despite past 
bad experiences. The researchers saw that the activity of the OFC changed in response 

to the importance of the scenario, while damage to the OFC affected the ability to distinguish between decisions of varying magnitudes. Next 
time you’re faced with an easy choice, thank your OFC—if every decision seemed as grave as what career to choose, proper decision-making 
would become confusing. “This is the first study to pin down the calculations made by these two specific parts of the brain that underlie healthy 
decision-making,” Wallis said. A better understanding of the underlying mechanisms of addiction may lead to deeper insight into the disease, 
and could point to molecular avenues for treatment. 

Decision making and the addicted brain

Most students in the sciences tend to divide their lives between lab work, 
eating, and sleeping. But the UC Berkeley undergraduates, graduate 
students, and post-docs who volunteer with the Bay Area Scientists in 

Schools (BASIS) program have also found the time to take their love of science 
outside the laboratory and into local elementary schools. For over a decade, the 
BASIS program has been one of many services offered to elementary school teachers 
by the Berkeley non-profit organization Community Resources for Science (CRS). 
CRS serves teachers in 92 public schools throughout the Berkeley, Oakland, and 
Emeryville Unified School Districts, helping them find resources to incorporate 
more science into the school day. Last fall, the Lawrence Hall of Science released 
a report in which a shocking 40% of elementary school teachers in California 
reported that their students receive 60 minutes or less of science instruction per 
week. Currently, BASIS has over 350 scientist volunteers from research institutions and biotechnology companies across the East Bay. Over 
three-quarters of those volunteers come from the 21 different science programs at UC Berkeley. Each volunteer meets individually with 
CRS staff to develop a one-hour lesson personalized to their research interests and tailored to a particular grade level in accordance with 
the California State Science Standards. As the program has grown, teachers respond each year with overwhelmingly positive feedback.
Teachers and students valued the content, vocabulary, hands-on activities, opportunity to share ideas and ask questions, and chance to 
learn about individual scientists’ backgrounds and work in science. Moreover, as a direct result of CRS support services, 95% of teachers 
indicated they felt more informed about science resources and about three-quarters of the teachers indicated they increased the amount of 
science taught, and learned where to access (science) information. Kristine Fowler, a third grade teacher in Berkeley commented, “These 
classroom visits are exceptional.  The only improvement is to offer more of them!” Volunteers have also found the experience enriches their 
lives. As one volunteer, a PhD student named Kimberly Sogi, put it, “It’s easy to get your head buried in research. Going into classrooms 
and seeing the excitement of the kids really puts a new perspective on my work, and that’s really exciting.”



Science aims for the truth. But could 
the way scientists approach empiri-
cal data be sabotaging their efforts? 

Leif Nelson at UC Berkeley’s Haas School 
of Business and colleagues have recently 
suggested that common practices in data 
analysis are too flexible to be reliable: scien-
tists may be unwittingly tricking themselves 
into reporting false results.

The basic problem arises in any sta-
tistical hypothesis test, which calculates 
the probability, or p-value, that what look 
like patterns in your data may in fact have 
occurred by chance, rather than reflecting 
the reliable relationship you anticipated. 
Finding this p-value to be sufficiently small 
(e.g. p< 0.05) generates that unique rush of 
elation. It’s significant! Except… many seem-
ingly significant “findings” may actually 

be scientists searching for systematicity in 
random noise. 

Nelson and colleagues suggest that the 
familiar joy of significant results is compro-
mised by two features inherent to research: 
ambiguity in how to analyze data, and sci-
entists’ hopes of finding a significant result. 
We are intimately familiar with the latter, but 
may be less cognizant of the ambiguities we 
regularly resolve in examining data. How 
many data points are collected before ending 
a study? Which dependent variables should 
be reported? Does one control for a particular 
factor, like time of day, ambient light, vibra-
tion, or inter-animal variation? Is there a 
good reason to drop a flawed condition or 
problematic experiment?

Nelson claims that these choices 
introduce “researcher degrees of freedom” 

—that is, f lexibilities in making decisions 
that researchers may lean on in finding a 
significant result. Ambiguities inherent in 
analysis make many decisions look equally 
logical. This conceals how post-hoc a deci-
sion really was: many equally justifiable 
approaches were likely passed over when 
they failed to reveal significant results. It’s 
tempting to assume that no one you know 
would be so careless, but extensive psycho-
logical research reveals that people often fail 
to recognize their bias to interpret ambiguity 
in self-serving ways. 

Think back to recent research findings 
in your own field—or if you’re feeling coura-
geous, your own department. When might 
such ambiguities have been inadvertently 
exploited to find significant results? Many 
scientists may believe that although these 
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the signifi cance rollercoaster

Hmm, I need 
more data.

Almost! Just 
a bit more 
data!

Yes! p < 0.05!

Simulations show that the statistical significance of a result 
can strongly depend on the sample size. As a researcher adds 
one observation to each of two conditions and performs a 
test of significance, the p-value can change dramatically, 
with values below the orange line indicating significance 
(left). A scientist’s emotions can follow a similar rollercoaster .



mistakes are prevalent, their effect is tiny. 
In fact, Nelson admits, “when we first ran 
simulations to examine how these researcher 
degrees of freedom influenced false positives, 
I was expecting minimal effects.” 

Instead, his statistical simulations show 
that shocking inflations of false positives are 
possible. Consider the consequences of some 
apparently innocuous sources of flexibility. 
When testing the effect of an independent 
variable, the freedom to choose one (or 
both) of two dependent variables doubles 
the probability of a false finding. Conducting 
statistical tests as more data points are being 
collected can increase erroneous findings by 
50%. Moreover, using more than one such 
tactic can increase the probability of acciden-
tally finding a result (the p-value) from 5% to 
30% or even 60%. “I was completely shocked 
when I saw these results,” Nelson recalls.

Scientists frequently gripe about the 
misuse of statistics, so what does this paper 
contribute beyond an obvious confirmation 
of those war stories? In addition to systematic 
and quantitative analysis, the paper reports 
an experiment that audaciously demonstrates 
researcher degrees of freedom run amok. 
Subjects invited into the lab reported their 
ages (along with other variables) before listen-
ing to a Beatles song or, as a control, suffering 
through a Microsoft Windows system tune. 

In analyzing the data, Nelson and his 
colleagues allowed themselves to use the 
researcher degrees of freedom outlined ear-
lier and simulated in their paper: collecting 
multiple conditions and not reporting one; 

continually testing for significance as data 
was collected; choosing which dependent 
variables to analyze and which covariates 
to use. Their groundbreaking and statisti-
cally significant finding was that listening to 
the Beatles song made people younger than 
listening to a less stimulating tune, when 
controlling for a different variable between 
the two groups (father’s age). This impos-
sible result was obtained by methods that 
were chillingly indistinguishable from those 
reported in a typical article. Nelson recalls, 

“Initially we weren’t sure whether our experi-
ment would actually find such a result. But 
after seeing the results of the simulations, I 
was absolutely confident.” 

What can be done about this problem? 
The findings raise sensitive policy issues. 
Public opinion is in little danger of being 
excessively pro-science. Do the benefits of 
potentially reducing false findings outweigh 
the cost of giving everyday people and 
special-interest groups license to dismiss 
scientific research?

Moreover, these challenges are not 
unique to scientists but are shared more 
generally in interpreting any observa-
tions.  Many opinions and beliefs we form 
from everyday experience carry the risk of 
researcher degrees of freedom writ large. 
While scientists’ use of statistics clarifies 
their underlying logic and makes it easier to 
detect errors, everyday reasoning provides 
the opportunity to cherry-pick a vast collec-
tion of anecdotes in support of one’s preferred 
conclusion.

Nelson et al.’s paper provides simple 
and specific recommendations for authors: 
list all independent and dependent variables 
that were collected, report at what points in 
data collection results were analyzed, and 
report results with and without any ambigu-
ous decisions such as eliminating an outlier 
or controlling for a factor. But there is a 
tremendous disincentive for individual sci-
entists to hurt their chances of publication by 
holding themselves to higher standards than 
the community. A list of recommendations 
for reviewers and editors is also provided. 
In addition to asking authors to follow the 
recommendations, reviewers should be 
more tolerant of imperfections in results, ask 
authors to report analyses with and without 
particular analysis decisions, and in extreme 
cases consider requesting exact replications.

When asked what readers should carry 
away from this work, Nelson said he hoped 
it would change both the culture around 
reporting analyses and the approach taken by 
individual scientists. “Analyze data knowing 
that those decision are important, and you 
will be reporting every step in print. This 
work has completely changed how I look at 
my research. Now I’m constantly evaluating 
my decisions, trying to detect situations in 
which there would otherwise be tempta-
tions to game the data to find statistical 
significance.”

Joseph Williams is a graduate student in 
psychology.
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Kermit in crisis
Fungus depletes amphibian 
population
A summer night near a pond used to be 
replete with the croaks of frogs and toads and 
the splashes they made jumping into water. 
These sounds have become increasingly rare 
over the last three decades due to a mysteri-
ous and dramatic reduction in the world’s 
amphibian population. If researchers don’t 
discover the cause of this massive decline 
and ways to stem it, one day these voices of 
the night might be silenced forever.

The mass extinction of frogs, toads and 
salamanders went unnoticed until the 1980s 
when numbers of the beautiful golden toad of 
Costa Rica were discovered to have dwindled 
from thousands to a single male, who was 
never sighted again after 1989. Since then, 
over 40% of the world’s amphibian species 
have been classified as endangered, with 
many having disappeared completely; this 
is especially troubling as many of the extinct 
species lived in protected natural preserves. 
Habitat destruction, diseases, and newly 
introduced predators have all been cited as 
possible causes. Recently, a major culprit that 
resulted in some of the most catastrophic 
recorded declines in amphibian numbers 
was discovered: the fungus Batrachochytrium 
dendrobatidis (Bd). 

Bd is an aquatic microbe that thrives in 
the moist environment of the amphibian skin, 
leading to its maturation and colonization in 
the epidermis. Severely infected amphibians 
can contract hyperkeratosis—a thickening 
of the skin cells that causes abnormal skin 
structures, leading eventually to death. Dr. 
Erica Rosenblum, a new faculty member in 
the Department of Environmental Science, 
Policy and Management, characterizes it “as 
if humans all of a sudden began to die of 
athlete’s foot.” This might sound improbable, 
but consider how important the skin is to 
amphibians. The skin of frogs and newts 
controls electrolyte transport, water uptake, 
and in some cases helps the animal breathe. 
Bd in susceptible animals can wreak havoc 

on all kinds of normal functions, lead-
ing to symptoms such as lethargy, loss of 
reflexes, severe dehydration, and cardiac 
arrest. Amazingly, this water-borne disease 
can even affect some strictly terrestrial 
salamanders. 

Rosenblum is one of many research-
ers on the Berkeley campus working col-
laboratively to find the cause and mode 
of transmission of this deadly fungus. Dr. 
David Wake of the Museum of Vertebrate 
Zoology and his colleague, researcher in 
the Department of Integrative Biology Dr. 
Vance Vredenburg, focus on how Bd arises 
in one particular area and spreads in local 
populations. They developed a technique 
to examine preserved museum specimens 
for any trace of the fungus. To detect and 
distinguish a host’s genetic materials from 
those of the microbes that might reside in it, 
Vredenburg’s group used small DNA frag-
ments specific to Bd to amplify and identify 

its DNA. This way, they could look for Bd in 
specimens collected before and during the 
approximate period of extinction. In a paper 
published in Proceedings of the National 
Academy of Sciences in 2011, they showed 
for the first time the dynamics of Bd infection 
and the consistent correlation between its 
emergence and the dates of extinction for 
that particular species. They were able to 
model historical, ecological, and geographi-
cal data, together with genetic information, 
to map genetic patterns over a wide range of 
areas and time periods. One of the patterns 
discovered was that “the infection starts in 
only a few individuals in each population but 
quickly spreads within the whole population,” 
explained Vredenburg.

Through these approaches, a strange 
picture of Bd infection patterns emerged. 
Though Bd has been found to cause mass 
amphibian extinctions in Australia, Europe, 
and North and Central America, “to date, g
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Vredenburg’s group works with Southern Mountain Yellow-legged Frogs, one of the many amphibian species 
threatened by the spread of bd fungus. 

c u r r e n t  b r i e f s
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there is not a single study that has shown 
a mass die off caused by Bd in Asia,” said 
Vredenburg. In a study published in PLoS 
One in 2011, the Vredenburg group reported 
that over 3,000 species sampled in Asia are 
not in danger of extinction. If an Asian 
species was infected by Bd, their findings 
showed that the severity of the infection was 
far below the level that would kill the animal. 
This observation indicates that learning from 
Asian frogs and salamanders could help stem 
Bd infection in other parts of the world.

The widespread effect of Bd led many 
to believe that it was introduced through 
human activities. The Rosenblum lab has 
done extensive genomic analyses of different 
fungal strains from around the world. They 
were hoping to find a pattern to indicate 
that Bd has always been an underlying threat 
dormant within a population, and that due 
to some environmental change frogs started 
to get sick from this historically innocuous 
fungus. If that were the case, the population 
genetic signature of that specific Bd strain 
would show that it slowly evolved and that 
strains in the same region are somewhat 
similar to one another. However, what they 
found was completely unexpected. “The data 
is all messed up. It’s just as likely for an isolate 

from California to be related to one in Japan,” 
explains Rosenblum. These data strongly 
support the model that Bd originated in 
one location and was able to spread within 
a population rapidly. 

Species that are resistant to the fungus 
have long been suspected of serving as Bd 
reservoirs, infecting their neighboring 
species with the disease. Some of the most 
vehemently accused perpetrators are the 
African clawed frogs, or Xenopus. In the 
1930s, these frogs were discovered to be 
able to lay eggs when injected with human 
chorionic gonadotropin (hCG),  a hormone 
found in the urine of a pregnant woman and 
detected by home pregnancy kits. This made 
Xenopus one of the earliest reliable pregnancy 
tests, and as a result live frogs were traded 
extensively throughout the world in the first 
half of the 20th century. Because of its wide 
distribution, Xenopus is thought to have 
acted like a Typhoid Mary, silently spreading 
disease wherever it went. Other frog species 
are also suspected, such as bullfrogs that 
were introduced to many areas as a delicacy. 
However, though they have an idea of how Bd 
arose as an amphibian pathogen, researchers 
still need to determine how it spreads from 
animal to animal, and species to species. 

With all these resources aimed at pre-
venting amphibian extinction, one might 
wonder why researchers care so deeply. The 
disappearance of frogs, salamanders, and 
newts can impact human habitats because 
amphibians are an important component 
of the ecosystem both as predators and 
prey. Some frogs can even directly benefit 
human health: a recent study showed that a 
chemical product secreted from amphibian 
skin has anti-HIV properties. These societal 
benefits aside, for biologists like Rosenblum, 
Vredenburg, and Wake, the value of these 
species is immeasurable, and to lose them 
would be devastating to biodiversity. “To 
me a world without amphibians is unimagi-
nable,” said Wake.  “The very fact that they 
exist is invaluable, representing 300 million 
years of evolution during which they have 
accumulated history, and now manifest the 
results of evolutionary processes in their 
very beings.” To put it another way, these 
researchers are working to ensure that those 
memories of summer nights by the pond will 
be preserved for generations to come.

Nikki Kong is a graduate student in molecular 
and cellular biology.
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Vredenburg and his colleagues were able to trace the spread of the bd fungus through 
Central America in recent decades. 

A close-up of the batrachochytrium dendrobatidis fungus.
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Tremblay began her detective work by 
tracking down Hepaticites devonicus, the 
second oldest fossil liverwort ever found. 
Since it was described in 1961 by Fran Hueber, 
a PhD student at Cornell, Tremblay says “no 
one has looked at the material to find more 
liverworts. Even the 80 fragments that were 
mentioned in that paper appear to have been 
lost.” When Tremblay began her search, the 
only remaining evidence of H. devonicus 
were six exemplar fragments, embedded 
on microscope slides, that Hueber used to 
describe the species for the botanical litera-
ture. Thus, it was impossible for Tremblay to 
use high-resolution microscopy techniques, 

such as transmission electron microscopy, 
that would damage or destroy the specimens. 

Even worse, the source of Hueber’s 
liverwort fossils has been forever lost to his-
tory. When researchers returned to Hueber’s 
original site, a shale quarry in the Catskills 
Mountains of upstate New York, to look for 
more fossils, they discovered that it had been 
mined out for construction materials. “Any 
remaining liverwort fossils from that local-
ity,” Tremblay says ruefully, “have ended up 
on road repairs around New York State.” 

Fortunately, a recent reorganization of 
the Devonian collection at the Smithsonian 
National Museum of Natural History turned 
up a drawer full of the Cornell graduate stu-
dent’s rock samples from that exact site. After 
hearing about the rediscovery this spring, 
Tremblay flew to Washington DC to confirm 
that these samples were indeed chock-full of 
fossil liverworts. She also brought the best-
preserved rock fragments to UC Berkeley 
for further study.

One afternoon this past summer, 
Tremblay and I were the only people in the 
paleobotany lab in the Valley Life Sciences 
Building when, without warning, she pulled 
me over to the dissecting microscope. To 
my amazement and her delight, she was 
examining a plastic container filled with 
375-million-year-old liverwort fossils. 

Tremblay’s “eureka!” moment came after 
many weeks spent in UC Berkeley’s Museum 
of Paleontology perfecting a technique for 
extracting ancient liverwort fossils from their 
rock matrix. The hydrofluoric acid (HF) used 
to dissolve the rock is highly toxic, causing 
deep burns on contact and even cardiac 

Return of the 
liverwort
Ancient fossils are new again

The colonization of land by green plants was 
like a moon landing. To make this leap, the 
ancestor of land plants evolved the biologi-
cal equivalent of a space suit. Waxy cuticles, 
protective structures for young embryos, and 
ultraviolet light-absorbing pigments were 
likely among the earliest adaptations to the 
harsh exposures of terrestrial life. Because 
these characteristics are shared across all 
land plants, we can infer with confidence that 
they were present in the first plants as well. 

arrest (due to interference with the body’s 
calcium metabolism). For safe handling, 
Tremblay created what she calls the “French 
fryer technique.” Shale-embedded fossils 
are placed into plastic sieve containers and 
lowered into a series of acid and water rinses, 
keeping the scientist’s hands away from 
corrosive chemical splashes. Conveniently, 
the HF dissolves only rock, leaving behind 
organic fossils. Looking into the microscope, 
even my unpracticed eye could distinguish 
the ancient cellular structures of liverworts 
from other floating pieces of debris. 

After the success of Tremblay’s French 
fryer technique, she and a collaborator from 
the New York State Museum are now collect-
ing more samples at another quarry in the 
Catskills. The fossils at their field site are 
spectacularly preserved and even older than 
those rediscovered at the Smithsonian. These 
fossils are the oldest known for liverworts, 
dating to 380 million years ago. Tremblay 
showed me photographs of her liverworts, 

For over half a century, 
these microscope slides 
were the only specimens 
of liverwort hepaticites 
deconicus.
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However, other traits are found in only some, 
but not all, groups of early diverging plants—
the mosses, hornworts, and liverworts. In the 
absence of a fossil proto-plant, UC Berkeley 
scientists hope to resolve ambiguities about 
the order of land plant trait evolution by 
reconstructing the ancient characteristics 
of liverworts, the group most closely related 
to the ancestor of all land plants. 

Unfortunately, fossil liverworts are 
not easy to come by. Not only are fossils of 
these tiny, fragile plants extremely scarce, 
paleobotanists also frequently overlook 
these microfossils.  Befitting UC Berkeley’s 
reputation as champion to lost causes and 
underdogs, Susan Tremblay is on a quest to 
improve our knowledge of fossil liverworts. 
A liverwort specialist and graduate student 
in the Department of Integrative Biology, 
Tremblay has assembled at Berkeley the 
small handful of liverwort fossils formerly 
housed—and sometimes lost—in dusty 
museum drawers around the world.

Cell walls are distinguishable  in 
the 385-million-year-old fossils 

of metzgeriothallus  sharonae, the 
oldest liverwort found to date. 

Briefs MethylationBriefs Ancient liverworts



both modern and ancient, magnified under 
a microscope. Placed side-by-side, the char-
acteristic traits—toothed margins, cell walls, 
and organelles—of the ancient fossils are just 
as detailed and intact as her fresh samples. 
Using the French fryer technique, Tremblay 
has multiplied the number of Devonian 
liverwort fossils available to science from 
a few handfuls to many dozens of slides 
now housed at the UC Berkeley Museum of 
Paleontology. 

Close inspection of the fossils led 
Tremblay to discover that her specimens have 
an unexpectedly complex morphology. All 
early liverwort fossils found up until now 
have branched in a simple, dichotomous 
pattern, i.e., they only split into branches in 
pairs. Instead, Tremblay found evidence of 
secondary branching, with new branches 
growing in between two branches.  This new 
finding is significant because, according to 
Tremblay, “this particular type of branching 
is found in a lineage that had not yet diverged 
as far as we know.” Her finding suggests that 
this type of secondary branching was an 
ancestral characteristic. Alternatively, the 
lineage with this type of branching could 
have already evolved, suggesting that the 
molecular dating of the liverwort lineages 
is incorrect. 

Another big surprise came when she 
happened upon a tiny, stalked sac attached 
to one of her fossils. Tremblay believes it may 
be an ancient insect egg sac. If confirmed 
by colleagues at the Smithsonian, this 
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discovery may represent very early evidence 
of an ecological interaction between insects 
and liverworts. 

Even with these unexpected discover-
ies, Tremblay still has her fingers crossed 
for hitting the paleobotanical jackpot:  find-
ing a fossil liverwort with attached spores. 
Like mosses and ferns, liverworts disperse 
not with seeds, but with unicellular spores. 
Finding a specimen with in situ spores is a 

“holy grail” for researchers who study the 
rise of early plants. This is because, Tremblay 
says, “spores are found throughout the early 
land plant period, including 40 million years 
before other plant parts are found.”  Spores 
are very well-preserved in the fossil record 
due to their tough, desiccation-resistant coat-
ing. However, the reproductive structure 
where spores are produced on liverworts 
is short-lived and not usually preserved 

along with the rest of the vegetative body. 
If Tremblay’s search is successful, she may 
be able to establish whether this ancient 
abundance of spores belongs to liverworts 
or some other early group of plants. 

Even if these ancient spore-bearing 
structures remain elusive, Tremblay is 
excited by the new findings. She says, 

“Liverwort fossils are so rare that the new 
structures are extremely valuable for placing 
the fossils in the phylogeny and revealing 
the primitive states of [plant traits].” With a 
little detective work, her fossils have already 
revealed that the oldest known liverworts 
are more morphologically and ecologically 
complex than previously thought. 

Ginger Jui is a graduate student in integrative 
biology.

A microscope image of a modern 
Calypogeia liverwort shows the level 
of cellular detail available when 
examining a fresh sample.

Briefs Ancient liverworts



12 Berkeley Science Review Spring 2012

are quite common in cellulose-eating fungi. 
Based on comparisons to other known organ-
isms, they predicted that the genes prompt N. 
crassa to produce two major types of proteins: 
one that transports short chains of cellulose 
from the outside environment into the cell, 
and one that could break down the short 
chains to glucose inside the cell. Galazka’s 
project tested this hypothesis. “He showed 
that these putative transporters, when put 
into yeast, made the yeast all of a sudden able 
to take in short chains of glucose and actually 
use them for growth to make ethanol,” Cate 
explained. 

This is an important achievement for 
the cellulosic ethanol community. The 
current process for making ethanol from 
cellulose is long and expensive, involving 
treatments with chemicals and enzyme cock-
tails to break the cellulose down into single 
sugars, followed by purification treatments, 
fermentation with yeast, and finally sepa-
ration of the ethanol from waste products. 
Using cellulose-eating yeast eliminates the 
need to break down cellulose all the way to 
single sugars; instead, converting cellulose 
to shorter glucose chains known as cellodex-
trins is sufficient. This removes a few of the 
processing steps, making ethanol production 
quicker and cheaper.  It also leads to less con-
tamination. “If you have a big vat of glucose, 
everything likes to grow on glucose. If you 
only break down the cellulose to cellodex-
trins, not as many things can grow on that, 
so you eliminate contaminant organisms,” 
Cate explained.  

The next steps for this project will 
include incorporating the cellodextrin 
transport systems into the less-studied but 
more robust strains of yeast that are used 
in industry. But the work won’t stop there, 
as Cate mentioned. “In the end it has to be 
a whole process. What plants do you grow, 
how do you harvest them, break them down, 
and treat them so you can extract the sugars, 
how do you ferment them, and how do you 
isolate the ethanol?” The Cate laboratory, 
together with other member labs of EBI, is 
addressing these broad-spectrum questions 
of the global energy challenge.

Hannah Ray is a graduate student in materials 
science.

Like humans, yeast process starches 
rather than cellulose. Both starch and cel-
lulose are polymers—long chains—of the 
simple sugar glucose. The main difference 
between the two materials is in the shape of 
the chemical linkage between glucose units.  
Because of this difference in link shape, 

“there are differences in the active sites of the 
enzymes used to break down these polymers,” 
explained Professor of Molecular and Cell 
Biology Dr. Jamie Cate. “Normal yeast just 
doesn’t have the right enzymes to break down 
cellulose.”

Cate’s research group at UC Berkeley is a 
member laboratory of the Energy Biosciences 
Institute (EBI), an interdisciplinary, collab-
orative research organization that takes a full 
systems approach to developing sustainable 
biofuels (see Natural inspiration, page 35). 
Toward this goal, Cate postulated that yeast 
could be engineered to digest cellulose after 
identifying and inserting the right genes. 
This was recently achieved by Dr. Jonathan 
Galazka, a graduate of Cate’s research group. 
He created a yeast strain with the ability to 
grow on short chains of cellulose by inserting 
genes taken from the fungus Neurospora 
crassa, which naturally grows on cellulosic 
biomass in grasslands.

Galazka’s work builds on a previous col-
laboration with Professor 

Louise Glass  at UC 
Berkeley that took a 

global look at the 
N. crassa genome 
and identified 

which of its genes 
were necessary for 

cellulose digestion.  
For this experiment, the 
team began by growing the 
fungus on pure sugar and 
noting the genes it expressed. 

Then they switched the diet 
to cellulose. Within hours, they 

could monitor changes in genes.  “We know 
all of the genes in Neurospora,” said Cate. 

“We don’t necessarily know what they’re 
doing.  By using this switch from sucrose to 
cellulose we’re able to have Neurospora tell 
us what genes are important, by which genes 
it turns on and turns off.” On comparing the 

“important” genes to a bioinformatics data-
base, the researchers found that these genes 

Sweet on biofuels
Yeast get a transporter 
makeover
Whether triple-distilled, aged in oak, or 
bootlegged, beverages containing ethanol 
have been prized by nearly all human soci-
eties. Ethanol, however, has uses beyond 

“liquid courage;” it is considered a possible 
substitute fuel for gasoline with many ben-
efits.  It has a higher octane than gas, emits 
fewer pollutants, and has the potential to 
be a sustainable, carbon-neutral fuel source. 
Ideally, ethanol would be produced from 
cellulosic biomass rather than from starches 
such as corn. Cellulosic ethanol feedstocks 
would include wood and cardboard waste, 
or dedicated biofuel crops like switchgrass. 
An obvious advantage of these sources is 
that they include waste products, rather than 
food.  Additionally, switchgrass can be grown 
using fewer resources than corn, and cel-
lulosic biomass has the potential to produce 
more ethanol per volume of plant than starch.  
However, producing ethanol from cellulose 
is expensive, partly because fuel ethanol is 
currently produced through fermentation by 
the same yeast strains as those used to make 
our alcoholic drinks.  

A beaker of Neurospora crassa fungus growing on cellulose 
and yeast saccharomyces cerevisiae. The sugar transport-
ers from the fungus that have been inserted into the yeast 
are shown to the right. 
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Finding needles in 
the permafrost
Thaw releases greenhouse 
gases, new genome
Approximately 20% of the earth’s land 
surface is covered by permafrost, soil that 
remains permanently frozen throughout 
the seasons. It is found mainly at the poles 
in the Arctic and Antarctic tundra, and 
acts as a gigantic carbon reservoir: with an 
estimated 1.7 trillion tons of carbon, perma-
frost contains 57 times the amount of carbon 
that is annually released by anthropogenic 
sources into the atmosphere. The continued 
emission of man-made greenhouse gases, 
such as carbon dioxide released by burning 
fossil fuels, contributes to global warming. 
Rising temperatures, in turn, are expected to 
cause a significant proportion of permafrost 
to thaw, with unknown consequences for 
the organic matter trapped within. Will the 
carbon that has been locked up in permafrost 
for millennia be released into the atmosphere 
immediately, or will microbial communities 
in the soil metabolize it and slow down its 
release? How will the complex ecosystem 
of microorganisms, plants, and animals 
respond to a thaw?

To gain insight into these questions, a 
team of researchers led by Dr. Janet Jansson, 
professor and senior staff scientist in the 
ecology department at Lawrence Berkeley 
National Laboratory (LBL), analyzed the 
effect of thaw on microbial permafrost com-
munities from Hess Creek, Alaska. Soil at 
Hess Creek is known to be rich in organic 
matter, making it an ideal candidate for the 
study of greenhouse gas release upon thaw. 
Samples for the study were collected by Mark 
Waldrop, a research scientist at the United 
States Geological Survey, who extracted soil 
cores to a depth of one meter, containing 
both the permafrost and its overlying, ~35 
cm thick, seasonally thawed active layer. The 
soil samples were kept frozen until their 
arrival at Jansson’s laboratory at LBL, where 
they were allowed to thaw while the release 
of gases was monitored. Whereas the active 
layer mainly released carbon dioxide upon 
thaw, there was a burst of methane from 
the permafrost sample. Methane is more 
effective than carbon dioxide in reflecting 
radiation in the atmosphere, making it one of 

the most potent greenhouse gases. Its release 
upon thaw can trigger a positive feedback 
loop, explained Jansson: “As permafrost 
thaws, microorganisms degrade carbon, and 
greenhouse gases such as carbon dioxide 
and methane are released. Their release, in 
turn, aggravates global warming, which then 
causes more permafrost to thaw.”

To identify microbial species present 
in permafrost and the genes responsible for 
methane production and consumption, Dr. 
Rachel Mackelprang, a postdoctoral fellow 
at LBL and the Joint Genome Institute at the 
time, extracted DNA from the soil samples 
and sequenced it, an approach known as 
metagenomics. In contrast to conventional 
DNA sequencing, where DNA from a single, 
isolated species is examined, metagenomics 
targets complex environmental samples that 
contain a mixture of DNA from different 
organisms. Metagenomics can therefore 
reveal the diversity of a habitat, which is 
often overlooked when only species that can 
be grown in the laboratory are sequenced. 
Performing metagenomics on the permafrost 
sample from Hess Creek was challenging: its 
soil is highly diverse, the overall cell density 
is low, and its bacteria tend to form “pseudo-
spores,” a dormant state with a tough outer 
shell that makes them resistant to extreme 
environmental conditions, and also to lysis in 
the lab. To obtain sufficient amounts of DNA 
for metagenomic sequencing, Mackelprang 
had to rely on a novel way to amplify DNA, 
using emulsion polymerase chain reaction 
to individually amplify small fragments 
of DNA. Sequencing of these fragments 
produced almost 40 billion bases of DNA 
sequence—a phenomenal success and huge 
challenge at the same time. “First you think 
that’s fantastic, because you get so much 
sequence data, but it can be a challenge to 
assemble it, and to make sense of it,” said 
Jansson. However, the metagenomic sequenc-
ing data turned out to yield a large number 
of long DNA assemblies. To the researchers’ 

surprise, they even achieved the assembly 
of a draft genome for a previously unknown 
methane-producing microorganism. “We 
definitely didn’t expect to get that from 
our analysis of this soil sample – it is really 
fascinating that it worked at all,” said Jansson. 

The scientists then mined their data to 
study relative changes of genes known to 
be involved in carbon and nitrogen cycling. 
On the basis of observed increases and 
decreases of these genes upon thaw, they 
proposed a model of carbon and nitrogen 
cycling between the permafrost, the active 
layer and the atmosphere. When Jansson 
showed her model to a climate scientist at 
LBL, she discovered that their metagenom-
ics analysis confirmed existing theoretical 
models of carbon and nitrogen cycling. “We 
did not know what their models looked like 
when we analyzed our data,” says Jansson. 

“The agreement between the data lends a 
lot more confidence to our approach.” The 
model predicts that part of the methane 
produced by microbes in the permafrost is 
depleted by methane-consuming bacteria, 
but a portion of it is released into the atmo-
sphere along with other greenhouse gases 
such as carbon dioxide and nitrous oxide. 
The remaining key question is whether these 
greenhouse gases can be trapped by other 
microorganisms as well as plants, which 
would be expected to thrive with rising 
temperatures. These complex interactions 
are the focus of a new collaborative study ini-
tiated by the Department of Energy, termed 
Next-Generation Ecosystem Experiments. 
The experiment will run over a period of 10 
years and draw on the expertise of hydrolo-
gists, biogeochemists, geophysicists, clima-
tologists and microbiologists to gain a better 
understanding of the complex permafrost 
ecosystem and its response to climate change. 

Susanne Kassube is a graduate student in 
biophysics.br
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we think about ways for our work to make an 
impact, having a video that really explains 
one’s core methodologies is a very important 
component,” he says. Additionally, as direc-
tor of the Biological Nanostructures Facility 
at LBL, Zuckermann is keen to use video as 
a vehicle to reach a broad viewership: “Since 
our method is quite simple and easy to learn 
from a video, we think this is a great medium 
to interest people from other fields (espe-

cially students and 
post-docs) who might 
otherwise assume that 
peptoid synthesis, in 
our case, is too dif-
ficult to learn.”

Bioengineering 
professor Dr. David 
Rempel also cites 
increased visibility 
for his ergonomics 
research as one of the 
benefits of publish-
ing in JoVE.  With 
many funding agen-
cies now mandating 
public availability of 

research findings, Rempel finds outlets like 
JoVE useful in fulfilling these requirements; 
he has also posted videos of his projects on 
YouTube.

For one recent bioengineering gradu-
ate, publishing in the then-nascent JoVE 
was a chance not only to expand his pub-
lication record, but also to elaborate on a 
complicated experimental protocol. The 
2007 video from Kyle Kurpinski and his 
advisor, Bioengineering professor Dr. Song 
Li, has been viewed over 17,000 times. In 
place of the usual series of still microscopy 
images, they chose video to document their 

Science, labs, and 
videotape
Video helps scientists reach 
new audiences
Scientific publishing—the tripod created by 
the intersection of profit-making, knowledge 
transfer, and archival needs—has been in the 
process of toppling for some time. Long ruled 
by paper and the compression imposed by 
print, with its word limits and limited access, 
the publishing industry is catching up with 
the explosion of bandwidth and gadgets of 
the 21st century. Formal journals are enter-
ing the digital space, and new formats for 
increasingly visual and interactive science 
communication are emerging, with video in 
particular complementing the show-and-tell 
nature of science. Is UC Berkeley embracing 
this change, and what kinds of experiences 
have campus researchers had with video 
publishing?

For the scientist seeking to enter the 
realm of videography, there are a number 
of platforms available, with varying degrees 
of impact and structure. The YouTube-like 
DNATube (dnatube.com) is an informal shar-
ing site for videos explaining basic biological 
phenomena. Science magazine’s video portal 
(video.sciencemag.org) is a repository of 
supplementary videos for articles published 
in Science, sprinkled with other offerings like 
webinars and podcasts. SciVee (scivee.tv), a 
joint project of the Public Library of Science 
(PLoS), the National Science Foundation, 
and the UC San Diego Supercomputer 
Center, allows affiliated journals to publish 
‘synchronized video abstracts’ on its site. 
While traditional journals like Journal of the 
American Chemical Society or Proceedings of 

the National Academy of Sciences provide 
peer review and editorial functions, SciVee 
offers its platform for simultaneous view-
ing of the original paper, the authors’ video, 
and additional figures or slides. Finally, the 
Journal of Visualized Experiments (JoVE) 
(jove.com) touts itself as the ‘first scientific 
video journal,’ with in-house peer-review and 
tightly integrated pairs of videos and articles, 
the latter often consisting of an abbreviated 

“protocol” as opposed to the traditional sec-
tions of background, methods, results, and 
discussion. 

For Lawrence Berkeley Laboratory staff 
scientist Ronald Zuckermann, the credibility 
of JoVE as a peer-reviewed journal figured 
into his choice to publish. His group’s video 
on the synthesis of peptoid polymers for 
new nanomaterials appeared in November 
2011 and, according to Zuckermann, has 
already received positive feedback. “I think 
that students very much enjoy the medium of 
video, and it is important to provide content 
that they will be interested in consuming. As 

An example of SciVee’s PubCast platform, which integrates a journal article with author video.

Briefs Video publishing
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method of applying forces to stem cells using 
a bioreactor; the immediate benefit was a 
quick-and-ready training guide for other 
members in the group, plus a way to reach 
the field at large to enable replication of their 
work. While Kurpinski, now the managing 
director of the Berkeley/UCSF Translational 
Medicine Master’s Program, calls publishing 
in JoVE a “great experience,” he laments the 
fact that the journal, which was briefly open 
access until 2009, is now subscription-based. 
Though UC Berkeley has an institutional 
subscription to JoVE, “students in the Li lab 
don’t even access [our] work through JoVE 
anymore; they go straight to the original 
video files on the lab computer, because it 
is much easier to access,” says Kurpinski. “I 
think that publishing in JoVE was great in 
many ways, but I was really disappointed 
when they moved away from true open 
access.”

Economic considerations prompted 
JoVE to change its business model, and the 
cost of publishing (whether in video or print) 
continues to be central to the open access 
publishing debate (see Access granted in BSR 
Spring 2011). Videography and production 
make up some of this cost at JoVE: its staff 
script, film, and professionally edit video 
articles, services that the journal values at 
$6,000 per article. By contrast, publishing 
in open access journals through PLoS can 
set authors back between $1,350 and $2,900 
per article (JoVE does now offer open access 
options and a discount for author-produced 
videos). Cost, and the fact that not all stud-
ies are amenable to video publishing, may 
explain the slow takeoff of JoVE. Though 
both were launched in 2006, PLoS One has 
become the world’s largest peer-reviewed 
journal, while JoVE reached the milestone of ro
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1,500 articles in January 2012; only seven of 
those articles were from groups at Berkeley 
(by comparison, UCSF had 36, Harvard 47, 
and UC Irvine 55). Impact factor continues to 
influence publishing choices, with a methods 
video perhaps appearing as a less glamorous 
option. Indeed, many of the Berkeley authors 
who have published in JoVE describe their 
submissions as secondary to traditional 
journal articles, or as protocol pieces that 
they cite in more fleshed-out papers.

It seems that video publishing still has 
some hurdles to cross, and it is hardly the 
du jour choice for Berkeley scientists. With 
increasing international collaboration and 
more involved experimental setups, however, 

Former Berkeley student and LBL Post-Baccalaureate Fellow Helen Tran is filmed by Jeff Piccinini for the Zuckermann 
group’s JoVE video.

showing rather than telling may become 
more commonplace; video may also aid in 
speeding up replication and keeping scien-
tific fraud in check. Perhaps the future will 
give us a “Science Skype” portal for realtime 
check-ins with ongoing experiments. Until 
then, YouTube will remain the top source for 
groundbreaking science videos – or at least 
cute cat videos.

Amanda Alvarez is a graduate student in vision 
science. 

For links to videos, visit: sciencereview.
berkeley.edu/science-labs-videotape

Briefs Video publishing



16 Berkeley Science Review Spring 2012

open-circuit condition), all of the mobile 
electrons generated by the sun, having 
nowhere to go, would be reemitted from the 
cell, much like light shining from an LED. Put 
another way, any excess recombination that 
led to heat would reduce the voltage in the 
cell, falling short of Shockley and Queisser’s 
calculation. It was this relationship between 
fluorescence and voltage that Yablonovitch 
chose to explore in much greater detail.

High efficiency is crucial to the wide-

spread adoption of solar energy. While solar 
power already exists in small quantities on 
the electric grid today, many in the industry 
cite one dollar per installed Watt as the cost 
target for the economical deployment of a 
truly significant number of panels. As many 
costs, including the cost of land, glass encap-
sulation materials, and processing, scale 
directly with the total area subtended by a 
solar cell, more efficient cells are ultimately 
cheaper than less efficient ones. It is for this 
reason that many photovoltaic companies are 
fiercely competing to develop more efficient 
solar cells than those existing on the market 
today. 

Efficiency in a solar cell is the ratio of 
the power it produces (the product of its 
current and voltage) to the power delivered 
to the surface of the cell by the sun. Thus, 
any absolute increase in either the current 
or the voltage produced by the cell will in 
turn increase its efficiency. Because many of 
the traditional optimization challenges for 
semiconductors deal with the movement of 
electrons and holes, most efforts at increasing 
the efficiency of solar cells, both in research 
and industry, have focused on increasing 

Catch and release
Shedding light on a solar cell 
paradox
2011 marked the intersection of two excit-
ing 50th anniversaries: In 1961, William 
Shockley and Hans Queisser published a 
seminal paper detailing the limit of energy 
conversion efficiency for solar cells. Just 
a year later the commercial light emitting 
diode (LED) was invented. As if to com-
memorate these two historic technological 
advances, Dr. Eli Yablonovitch, a professor 
of electrical engineering at UC Berkeley, 
announced a major breakthrough in the 
physics of photovoltaic energy conversion 
late last year. In a paper published under 

“Physics: Optics” at arXiv.org, Yablonovitch, 
along with his graduate student Owen Miller 
and National Renewable Energy Laboratory 
(NREL) scientist Sarah Kurtz, demonstrated 
that a hitherto underappreciated property of 
solar cells—their ability to emit light under 
certain conditions—is crucial to approaching 
the efficiency limit calculated by Shockley 
and Queisser over a half-century ago. 
Counter-intuitively, a high performance solar 
cell must behave like its functional opposite, 
an LED, emitting light (or fluorescing) with 
extremely high efficiency. 

On one level, Yablonovitch’s discovery 
shouldn’t be surprising at all: Shockley 
and Queisser’s theoretical efficiency limit 
was grounded directly in an assumption 
of perfect f luorescence in their ideal solar 
cell. Fundamentally, photovoltaic cells work 
based on two phenomena, the absorption of 
photons from the sun to create a mobile elec-
tron and hole (a mobile electron vacancy) and 
the separation of these mobile charges that 
allows them to traverse a circuit and power 
a load. Absorption of light and separation 
of charge in solar cells is made possible by 
taking advantage of a special class of materi-
als called semiconductors, whose properties 
can be tuned between those of a conductor 
and those of an insulator. In a solar cell, 
incident light is absorbed when it donates 
its energy to a bound electron, exciting it 
above a forbidden band of energy known as 
the band gap, and allowing it to move freely 
about the cell. These mobile electrons (and 
the holes they leave behind) are then forced 
in opposite directions around a junction 
of p-type (for “positive”) and n-type (for 

“negative”) semiconductor material. If they 
are connected with a load, like a light bulb, 
the charges will move around the circuit 
and provide power to a device much like a 
battery would: equal in magnitude to the 
product of the electric voltage and current 
produced by the cell.

Even for an ideal semiconductor, there 
are fundamental limitations to the efficiency 
that a solar cell can have based on its spectral 
match with incoming sunlight. In their paper 

entitled “Detailed Balance Limit of Efficiency 
of p-n Junction Solar Cells” (Journal of 
Applied Physics, 1961) Shockley and Queisser 
set out to determine the fundamental limit-
ing efficiency for a solar cell with a given 
band gap. By taking meticulous account of all 
of the energy flowing into and out of a solar 
cell (hence “detailed balance”) and assum-
ing ideal performance, they calculated the 
maximum efficiency of an ideal solar cell at 
approximately 33.5%. 

One of the central assumptions used to 
arrive at this figure, and that which lies at the 
heart of Yablonovitch’s work, is the assump-
tion of exclusively radiative losses in the cell. 
In a real solar cell, several types of f laws 
in the semiconductor can cause a mobile 
electron to pop back into a mobile hole, an 
effect known as recombination, preventing 
it from entering a circuit and reducing the 
overall efficiency. In Shockley and Queisser’s 
ideal solar cell, however, it was assumed that 
electron recombination would lead only to 
the emission of light. In the extreme case in 
which the resistance of a circuit is infinite 
(imagine snipping the wire in the circuit, 
leaving two open ends: this is known as the le
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The Shockley-Queisser efficiency 
curve portrays the ideal maximum 
efficiency of a solar cell as a 
function of the bandgap property 
of its material. While the theoretical 
maximum efficiency suggests that 
a photovoltaic cell can output 
33.5% of the solar energy it collects, 
the best commercially-available 
solar cells typically only achieve an 
efficiency of around 14-15%. 
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their current. With the insight that voltage 
was equally, if not more, important to the 
overall efficiency of a highly performing cell, 
Yablonovitch went against this trend and per-
formed a theoretical study of the parameters 
that determine the maximum open circuit 
voltage possible in a cell. “Maximizing volt-
age is much more subtle than maximizing 
current,” he says. “Many researchers have 
not looked deeply enough into this area, and 
that’s what we did.” Shockley and Queisser’s 
ideal solar cell had been a perfect LED in the 
open circuit condition (and, consequently, 
possessed the maximum possible open 
circuit voltage) but how important was this 
property to an actual device?

Upon close theoretical examination, the 
notion that solar cells should throw away 
perfectly good photons by reemitting them 
back into the world becomes less silly. In 
the open circuit condition, when electrons 
and holes are “stuck” in the cell (remember 

that the wires are cut), any pairs that are not 
recombining to emit a photon are instead 
being wasted due to other internal loss 
mechanisms. These internal losses reduce 
the voltage of the cell and hence its efficiency. 

“The new physics is to assist the solar cell 
to emit light, and this is a subtle aspect 
of getting to the maximum of theoretical 
efficiency,” says Yablonovitch. With this in 
mind, Yablonovitch’s team re-designed the 
solar cells in their equations to emit light, 
and were thus able to study directly the 
degree to which this property influenced 
the overall efficiency. Working with the 
common semiconductor gallium arsenide 
because its band gap is close to the ideal used 
by Shockley and Queisser, the results of their 
calculations were striking: even a respectable 
90% internal fluorescence yield can lead to 
a significant voltage loss.

These results are particularly notable for 
their implications for commercial gallium 
arsenide solar cells. Since its invention in 
the early 1960’s, the efficiency of gallium 
arsenide solar cells has been moving upward 
and, as of 2010, held the world record at 
26.4%. However, high material costs mean 
that this value, still seven percent short of 
the theoretical maximum, is not enough to 
drive commercial success, a fact evidenced by 
the extremely limited market penetration of 
gallium arsenide cells today. However, with 
a new understanding of how to approach the 
theoretical limit based on the Berkeley study, 
gallium arsenide solar cells have new life. 
Indeed, the prior success of gallium arsenide 
as an LED bodes well for the material.

Yablonovitch is already one step ahead 
of this discovery. Alta Devices, a company 
he co-founded in 2007, has designed a gal-
lium arsenide solar cell with an efficiency of 
28.4% based on the highly fluorescent cell 
concept, a new world record. With further 
improvements as well as innovative thin-
film manufacturing techniques that reduce 
the amount of material used per unit area, 
these efficiency gains should be accompanied 
by cost advantages as well. However, the 
implications of this work go beyond Alta 
Devices, potentially redefining the paradigm 
for improvement of solar cell efficiency that 
has dominated R&D for fifty years. 

Yablonovitch’s next step is to go beyond 
Shockley and Queisser’s theoretical limit by 
using spectral splitting to take best advantage 
of the natural colors in white light. This 
might be addressed with ideas from photonic 
crystals, a field Yablonovitch established 
almost 25 years ago. Photonic crystals are a 
class of materials that interact strongly with 
light, leading to beautiful effects in nature, 
like the color palette of peacock feathers. 
By combining synthetic versions of these 
crystals with new geometries like double-
junction cells, Yablonovitch hopes to achieve 
game-changing efficiencies of over 35% that 
could dramatically reduce total cost. With 
these continuing innovations, buildings may 
one day have great solar cells, which are also 
great LEDs, atop their roofs. 

Alireza Moharrer is a solar power engineer in 
the Bay Area.

Like an LED, the 
best solar cells 
can efficiently 
emit light.
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the creation of complex circuits by canceling 
out shifts in the behavior of positive voltage-
enabled and negative voltage-enabled devices, 
mitigating stress effects. 

One use for these switches is in sensing 
devices, and Arias’s research has produced 
sensors that can detect ambient light 
(through photosensitive inks) and pressure. 
The basic structure of these sensors uses a 
slice of an organic polymer (PVDF) sand-
wiched between two electrodes. Exerting 
pressure on the polymer changes the poly-
mer’s electrical characteristics, altering the 
voltage measured between the two electrodes. 
This design is modeled after similar sensors 
commonly used in car airbags, cell phones, 
and hard drives. Tailoring the thickness of 
the polymers and the materials used alters 
pressure sensitivity. One use for this type 
of sensor is as a blast dosimeter, a wearable 
device that detects shocks and stores data 
about them. Using existing technology for 
thin film batteries and a layer of circuitry 
including common electrical elements, a 
device as thin as a piece of tape becomes a 
functional, bendable pressure sensor.

With the ability to sense information, 
the next step was to find a way to store and 
display such information. Professor Arias’s 
group developed an organic, inkjet-printed 
method to create flexible small-area displays 
that make use of “e-inks”—positively and 
negatively charged particles suspended in a 
liquid. Depending on the voltage applied to 

Whose lab are you 
wearing?
Developing flexible 
electronics
When most of us think of electronics, we 
think of the sturdy stability of silicon and 
plastic.  Flexibility is a trait that belongs to 
the organic world, where materials come in 
all shapes and stiffness.  However, advances 
in materials science and electrical engineer-
ing have paved the way for a new type of 
electronic device: one that can bend and 
fold just like a piece of paper. From flexible 
displays to disposable RFID tags, these new 
materials have enabled electronics to end up 
in places they never have before. They could 
even, thanks to Berkeley electrical engineer-
ing and computer science professor Ana 
Claudia Arias, end up in our own clothing.

Professor Arias is a recent addition to 
the Berkeley engineering community, having 
begun her career in materials science at the 
company Plastic Logic, developing materials 
called organic printed electronics. Just as one 
might print ink onto paper using a desktop 
printer, these electronics can be printed onto 
various f lexible substrates, and Professor 
Arias’s goal is to create wearable electronics. 
As she explains, the benefit to being able 
to print a circuit onto any material is that 

“flexible electronics are thin, lightweight, and 
conformal, and can allow new form factors 
not currently available with established 

technologies.” Arias’s lab is looking into 
using printed electronics for flexible displays, 
wearable memory, and sensors the thickness 
of tape.

Organic electronics are interesting not 
only for their low power requirements, but 
also for their low-cost processing methods. 
Being able to print directly onto substrates 
in intricate patterns contrasts with the 
higher-cost methods used in traditional 
circuits whereby thin layers of material 
are deposited uniformly and then removed 
selectively to make patterns. By printing 
the pattern directly, engineers can skip the 
removal process. Layer-by-layer printing 
techniques like inkjet printing or gravure 
printing (e.g. newspaper printing presses) 
are natural tools for organic and polymeric 
solutions and can be performed sequentially 
on a variety of substrates.

Developing systems to print electronics 
requires overcoming a number of electrical 
and engineering problems. Every circuit 
begins with a transistor, or voltage-controlled 
switch, that allows one to control the amount 
of conduction between its two ends. These 
switches can be triggered by negative or posi-
tive voltages, but Arias’s group noticed that 
they were affected by stress from multiple 
cycles of voltage switching. By using circuitry 
that combines both positive voltage-enabled 
and negative voltage-enabled switches, a 
high input voltage can be turned into a low 
output voltage and vice versa. This allows 

A flexible circuit design from the Arias lab for detecting 
mechanical stimuli.  With a base layer made of flexible 
substrate, two foil layers are placed, followed by a layer of 
PolyVinylidine DiFluoride (PVDF) to sense pressure.  On top is 
a printed electrode to detect any pressure-induced electrical 
changes in the PVDF, covered by a protective elastomer layer.
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the device, either the negatively or positively 
charged particles will float upward. Because 
the differently charged particles are white 
and black, respectively, voltage controls the 
number of black or white particles at the 
surface, corresponding to the shade of black 
displayed for one pixel. A full black-and-
white image can be displayed on an array 
of these pixels, and by using the f lexible 
substrate polyethylene naphthalate (PEN) 
as a base Professor Arias’s group created a 
flexible electrophoretic display. 

While physical parts like displays and 
transistors can easily benefit from flexible 
materials, what about more intangible elec-
trical properties like memory? Arias’s lab 
has created non-volatile memory produced 
with inkjet processing. In most computers, 
a constant trickle of electricity is needed 
to keep memory stable, but Arias’ organic 

material maintains previous states without 
power. This is accomplished using a transis-
tor that relies on magnetism (not electricity) 
to store information. Although memory 
retention is only 8 hours, the technology 
could be used in applications that require 
continuous turnover.

Although we may be far from wearing 
electronics as a fashion fad, the applications 
of such technologies range from dynamic 
displays woven right into our shirts to 
embedded mechanical and ambient atmo-
spheric sensors to obtain and store data about 
human movement and biological signals. 
These smart devices could change the way we 
use clothing. Professor Arias is already in the 
process of modifying her wearable electron-
ics to fit a multitude of uses. Her previous 
work focused on defense applications, and 
she has branched into developing flexible 

magnetic resonance imaging (MRI) coils 
and wearable medical sensors. While there 
are still challenges involving performance, 
stability, and scalability, in Professor Arias’ 
words, “This is just the beginning; wear-
able sensors that measure environmental 
and biological signals can open up many 
applications for people who play sports, are 
in the hospital, or just want to monitor their 
daily health.” Flexible electronics can even 
be art; in collaboration with Professor Elad 
Alon and John Wawrzynek at the Berkeley 
Wireless Research Center, Professor Arias 
is also working on creating electronic wall-
paper that will, she notes, cover walls with 

“electronics instead of flowers.” 

Anand Sampat is a graduate student in 
materials science.

Eran Karmon Editor’s Award
In memory of Eran Karmon, co-founder and first 

Editor in Chief of the Berkeley Science Review. 
This award is given annually to the Editor in Chief 

of the BSR thanks to a generous donation from 
the Karmon family. 
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Building

With seven billion people on the planet and global tempera-
tures rising, the entwined challenges of growing energy 
demand and climate change have become a central moti-

vator across many fields of research. In many ways, Berkeley is an 
appealing place for an ambitious individual to tackle problems on 
this scale, as there are top-notch faculty, students, and researchers 
engaged in climate and energy science in virtually every department 
on campus, and at Lawrence Berkeley National Laboratory (LBL) 
up the hill. With such a breadth of activity, however, coordination 
can pose a problem. When a prospective PhD student interested in 
renewable energy recently contacted UC Berkeley’s Vice Chancellor 
for Research, Chemistry Professor Graham Fleming, asking to which 
department he should apply, the answer he received was not so simple: 

browse short blurbs on the websites of seven or so departments, choose 
one that seems to have interesting research and then apply to that 
department. Many students at both the graduate and undergraduate 
level have faced similar frustration. For students and researchers 
interested in engaging in Berkeley’s energy and climate studies, find-
ing opportunities to do so can be a frustratingly opaque process. 

Graham Fleming’s confidence in Berkeley’s excellence is 
unequivocal. “When Berkeley brings all its strengths together it 
is unique and unbeatable,” he says. “Berkeley’s strength is not only 
in having smart individuals, but in having a breadth and range of 
expertise.” Yet, while he is certain Berkeley has a lot to offer in the 
field of energy research, he is equally sure that its impact could be 
amplified through greater institutional coordination. In 2011, the 
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UC Berkeley Office of Research launched a project to engage scholars 
across disciplines working on energy and climate: the Berkeley Energy 
and Climate Institute, or BECI. BECI’s aim is to provide a central 
hub at UC Berkeley that integrates energy and climate studies across 
disciplines. 

How to go about unifying the university, however, remains an 
open question. “Berkeley’s greatest strength, the vastness and diversity 
of the people in the organization, is also its greatest weakness,” says 
Fleming. Horst Simon, Deputy Director of LBL and one of the many 
members of BECI’s steering committee, puts a finer point on the 
challenge that lies ahead. “UC Berkeley, as an academic institution, 
focuses on the individual brilliance of its faculty, something it does 
exceedingly well,” according to Simon. “But it’s difficult to bring them 

together and focus their energies on interdisciplinary research.” With 
the goal of attacking this challenge head-on, BECI was launched in 
2011 with a one-time allocation of internal funding. Soon afterward, 
BECI’s leadership met with some initial fundraising success, securing 
over $8 million in private and industry support that will enhance a 
variety of program initiatives.

A history of energy and climate initiatives at UC Berkeley
The history of energy initiatives at Berkeley is peppered with ambi-
tious projects. At LBL, for example, high-energy physicists like Dr. 
Art Rosenfeld decided to turn their attention to energy and climate 
studies during the energy crisis of the 1970s, realizing that their 
talents could be used to address the most immediate challenges faced 

by Anna Zaniewski
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by society.  Rosenfeld, an early proponent 
of energy efficiency, founded the Center for 
Building Science at LBL in 1975, and became 
one of the nation’s preeminent leaders in 
energy efficiency science and policy. This 
redefinition of the lab’s purpose led to pio-
neering innovations in the realms of energy 
efficiency, air quality, energy analysis, energy 
storage, and combustion over the next 30 
years.  

UC Berkeley’s commitment to the 
energy and climate problem was reaffirmed 
when Steven Chu, now the US Secretary of 
Energy, became Director of LBL in 2004. 
That year, Chu and Fleming, who was serv-
ing as Deputy Director of LBL at the time, 
decided to take a hard look at Berkeley’s 
strengths and move the national lab and 
university in a direction that would attack 
what they considered to be the largest and 
most pressing problem facing humanity. “In 
scale, nothing else comes close to the energy 
problem,” Fleming said. With grants won 
from the DOE and BP, Helios, a solar-to-fuel 
research center, was born. However, though 
it elevated the scale of energy research at 
Berkeley, Fleming and others realized that 
Helios addressed only one aspect of energy 
supply, which itself is only one aspect of the 
larger energy and climate picture. A larger-
scale and more comprehensive coordination 
effort would be needed to have transforma-
tional impact.

Meanwhile, other departments, stu-
dent groups, and researchers were coming 
together to tackle the energy problem in 
disparate ways. The major energy and 
climate initiatives at Berkeley 
create a veritable alphabet 
soup of acronyms: 

happened at places like Bell Labs, where 
people were communicating very quickly. ” 
This strategy of using rapid communication 
and collaboration to foster transformative 
discoveries is at the heart of BECI’s mission.

BERC and BECI
Much of the impetus for BECI’s launch, fun-
draising, and coalescence has come from the 
top down, driven by concerned parties in 
UC Berkeley’s administration and board of 
trustees. However, Vice Chancellor Fleming 
has also been keen to tap into the grassroots 
energy of UC Berkeley’s students to fuel the 
institute and provide important insight and 
momentum toward its development. With 
this in mind, Fleming commissioned the 
Berkeley Energy and Resources Collaborative 
(BERC), UC Berkeley’s student energy club, 
to complete a comprehensive gap analysis 
to determine where Berkeley could improve, 
and identify important strategic priorities 
for BECI’s leadership. Fleming hoped that a 
student team could be brutally honest and 
unbiased in a way that was difficult for the 
entrenched deans and faculty members sit-
ting on the BECI steering committee. He 
was rewarded with a detailed report that 
highlighted both successes and failures of 
the university’s institutional performance in 
showcasing and promoting interdisciplinary 
energy and climate science.

Finding information about Berkeley 
energy research can be difficult, even from 
a logistical point of view, with so many 
separate labs and departments participating. 

The BERC study, which was conducted 
by three engineering graduate 

students and two MBA 
students from the 

Carbon Cycle 2.0 (CC2.0), an LBL initia-
tive launched in 2009 by its current director, 
Dr. Paul Alivisatos, to stimulate cross-
disciplinary research focused on enabling a 
carbon-neutral society; the Joint BioEnergy 
Institute (JBEI), a US Department of Energy 
research hub opened in 2008, which seeks 
to unite Bay Area researchers working on 
harvesting the energy in plant biomass; the 
Energy Biosciences Institute (EBI), another 
BP-funded biofuels research center opened 
in 2008; the Berkeley Initiative in Global 
Change Biology (BiGCB); the Energy 
Resources Group (ERG); the Berkeley Energy 
and Resources Collaborative (BERC); and 
the aforementioned Helios. All together, 
there are around forty energy and climate 
science programs between UC Berkeley’s 
campus and LBL.

Just reading this list can be overwhelm-
ing, and those passionate about BECI agree. 

“BECI is an umbrella that brings together 
many institutes that exist in Berkeley already. 
While they all have their own agenda, BECI 
is the one place where, if someone does not 
know Berkeley, they can learn about what 
happens in a particular area,” according 
to Simon. He also believes that promoting 
better communication between researchers 
at Berkeley will lead to big breakthroughs: 

“Some of the most significant inventions 
in the mid- to late-20th century, like the 
transistor that fundamentally changed our 
lives and gave us the computer revolution, 

BECI  is an umbrella program that spans more than 50 
organizations at UC Berkeley involved in energy and 
climate research, including multi-institute centers, multi-
departmental groups, departmental groups, and idea-labs.

features BECI
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Haas School of Business, found a dearth 
of inter-departmental collaborations and 
coursework, difficult access to energy and 
climate resources on campus, and a lack of 
a central hub for publicizing, recruiting for, 
and collaborating on energy and climate 
studies. According to the surveys and inter-
views conducted for the report, students 
mostly hear about research opportunities 
through word-of-mouth or secondary 
sources, rather than from the university, a 
fact that most recognize as a major barrier 
to engagement. 

According to Alex Luce, BERC’s co-
president and a student in materials science 
and engineering who worked on the report, 
finding opportunities to study energy and 
climate at Berkeley is difficult given the 
fragmented landscape of course offerings 
and research. In working on the report, Luce 
was surprised to discover that UC Berkeley 
offered a designated emphasis in energy for 
PhD students, a title that is attached to a 
student’s final degree to certify their exper-
tise in a specific subfield. However, many 
of the classes required for the designated 
emphasis are discontinued or not regularly 
taught. Even for those classes that are offered, 
students must look through the course 
offerings of roughly a dozen departments. 

“Frustratingly,” says Luce, “there is no central 
and up-to-date hub for information.” 

 The BERC report has already had an 
impact on BECI’s immediate and long-term 
goals. When the BERC team presented their 
final results to the BECI steering committee 
in December of 2011, it was a standing-room-
only event, a rare occurrence at mid-day 
faculty and administrative meetings. Based 
on information from their surveys and inter-
views, as well as an extensive accounting of 
research papers published in peer-reviewed 
journals and patents originating from 
UC Berkeley and LBL energy and climate 
research, the BERC report made four recom-
mendations to the steering committee for 
immediate action: establish an online virtual 
hub, increase focused and interdisciplinary 
coursework, improve marketing of energy 
and climate activities, research, and educa-
tion, and develop and implement a thorough 
organizational design.

BECI’s steering committee is currently 
engaging with these recommendations. The 

virtual hub, for instance, is envisioned as 
a website where members of the Berkeley 
community, as well as prospective students, 
researchers, and the public, can learn about 
energy and climate-related research oppor-
tunities and publications, course offerings, 
and public lectures happening at Berkeley. 

Fleming’s desire to engage students in 
BECI’s growth has also manifested itself in 
other ways. In addition to commissioning 
the report from BERC, BECI has tapped the 
student leadership of BERC for the steering 
committee, inviting both of its co-presidents 
to sit on equal footing with campus deans, 
research institute directors, and profes-
sors. BERC’s leadership has also helped to 
interview potential hires for the open BECI 
Executive Director position. Deputy Director 
Simon believes that BECI’s continuing rela-
tionship with BERC and other energy groups 
at Berkeley will be mutually beneficial. “All 
these things that are happening in Berkeley 
happen all over the place, and BECI makes 
sure that there is one place where they are 
all coming together.”

Challenges and opportunities
There are substantial challenges to launching 
a project as big as BECI. All big organizations 
depend on the enthusiasm and engagement 
of the individuals involved. Fortunately, 
because of the urgency of BECI’s theme, 
there is no lack of enthusiasm among faculty 
and administration. However, a formidable 
challenge is that of overexposure. As Simon 
says, “there’s so much going on here in the 
space of energy and climate that one can get 
tired of yet another meeting.” Achieving fac-
ulty engagement in BECI, and encouraging 
the multidisciplinary research central to its 
mission, is a challenge that Vice Chancellor 
Fleming is well aware of. “Telling faculty 
what to do is like herding cats: impossible,” 
he often quips with a tinge of sarcasm, “but 
what you can do is move the food.” In other 
words, because Berkeley faculty members 
are perpetually competing for research 
funding, new resources that allow them to 
develop new projects are a powerful incen-
tive. Fleming claims BECI can help faculty 
secure the “cat food” of the academic world: 
grants and recognition.

Though the UC system is facing cuts 
from state funding, Fleming considers BECI 

to be a worthwhile investment: “You can’t 
cut your way to health. Once you stop creat-
ing new things, you lose the momentum for 
creating opportunities.” Indeed, many on the 
steering committee believe BECI will bring a 
net influx of funding for energy and climate 
studies, which can lead to more resources for 
students, faculty, and researchers. Simon of 
LBL agrees. “Our colleagues and competitors 
at Stanford and MIT have created similar 
programs, and used the combined prestige 
of their professors to attract funding from 
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The need for BECI

BERC surveyed 345 UC Berkeley students to 
identify problems in student engagement 
with energy and climate research. Results 
show the key weaknesses are: 

resources for students to �nd 
research opportunities

types of course-work available

how UC Berkeley engages with 
outside groups  

How students discover research

How satis�ed students are with...
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donors, and stimulate interactions with for-
eign universities and foundations,” he says. 

“BECI has an important role to play to make 
Berkeley have a more coherent presence on 
these issues: it is one place where external 
institutions can get information on what’s 
happening in Berkeley, both the university 
and LBL.” 

If successful, BECI will be the hub 
through which these entities can connect 
with all of the energy and climate research 
on campus and at LBL. Particularly valuable 
to potential partners and investors, as well 
as academics interested in commercializing 
their next breakthrough, are the increased 
research disclosures, patents, and licensing 
and investment opportunities that BECI 
hopes to generate. 

Planting a seed for innovation
BECI’s coffers have already been opened in 
an effort to stoke new and innovative energy 
research. In late 2011 BECI provided its first 
round of “innovation seed funds” to multi-
disciplinary UC Berkeley and LBL research 
teams in the form of $200,000–$250,000 
internal grants. Three projects were funded 
in the initial round of grants, focusing on 
economic analysis of energy efficiency 
investments, real-time modeling and data 
collection of energy use and efficiency in 
buildings, and solar-to-fuel energy con-
version. Catherine Wolfram, Associate 
Professor at the Haas School of Business 

and Co-Director of the UC Energy Institute 
and Assistant Professor Meredith Fowlie of 
the Agricultural and Resource Economics 
Department, used one of the innovation 
grants awarded by BECI to expand their 
research on the impact of a federal energy 
efficiency project called the Weatherization 
Assistance Program (WAP), which weather-
izes homes for households with income at or 
below 200% of the poverty line.

 Wolfram and Fowlie’s research com-
pares real energy use with models developed 

to the outside world. Some of it occurs at 
the business level, some at the science level, 
and it’s important to have an institute to 
communicate.”

Cal Energy Corps
The opportunities being generated by BECI’s 
initial activities are not confined to faculty 
members alone. Tiff Dressen, the manager 
of new initiatives and projects at the office 
of the Vice Chancellor of Research, has spent 
a lot of time coordinating BECI’s programs 
and says the community of great thinkers in 
Berkeley inspires her. “I see my role as putting 
these people together, to create something 
larger than the sum of the parts.” Part of that 
piecing-together is matching undergraduates 
excited about energy issues with hands-on 
projects, and creating opportunities for 
students to work across disciplines in ways 
they may not be exposed to in their home 
departments. One of BECI’s initial projects, 
the Cal Energy Corps, a paid internship 
program for undergraduates to gain experi-
ence in energy-related research, is managed 
by Dressen and her colleague in the Vice 
Chancellor’s office, Kaja Sehrt, with the goal 
of providing Berkeley students opportunities 
to explore real world energy problems in 
a global context. The students engage in a 
range of projects, from laboratory science 
to policy and business applications. 

Physics undergraduate Gloria Lee 
participated in BECI’s Cal Energy Corps 

during the summer of 2011, working on 
organic photovoltaic research at the Chinese 
University of Hong Kong. She helped opti-
mize polymer-based solar cells, and was 
able to practice laboratory skills that would 
continue to be useful upon her return to 
Berkeley. Fleming was inspired to offer this 
program after his own visit to Hong Kong. 

“In Hong Kong, there is nowhere to build but 
up. The buildings are so dense and tall, they 
disturb the airflow around them, trapping 
pollution.” The uniqueness of this problem, 

by engineers. As Wolfram explains, “engi-
neers simulate energy use savings with a 
weatherization program, and those models 
say the program will save 20–25% of energy 
use. However, after someone makes your 
home more airtight, you might use the heat 
more, so the energy savings you get are much 
lower than the engineering models would 
predict.” This diminishment in energy sav-
ings is called the rebound effect. Fowlie and 
Wolfram want to measure the magnitude 
of the rebound effect in actual homes, and 
compare its size to other potential discrep-
ancies between real savings and modeled 
savings, such as poorly installed retrofits or 
imprecise models. “The seed grant allows us 
to go back, replicate engineering simulations, 
use billing data, and work with researchers at 
LBL to improve engineering simulations to 
try to fit the empirical estimates,” says Fowlie. 
Using the new funding provided by BECI, 
they plan to develop surveys to measure the 
rebound effect, and reconcile engineering 
models with empirical data. 

Complementing predictive engineer-
ing with empirical behavior research like 
that conducted by Wolfram and Fowlie is 
essential to fully understanding energy use. 
Predictions made by the engineering models 
upon which the WAP is based leave out the 
important human component of these sys-
tems that exists in the real world. After all, 
real families, not computer code, inhabit the 
homes being weatherized. Understanding 

both the physics of heat and the psychology 
of setting a thermostat can be powerful tools 
for informing future energy efficiency policy. 

 Fowlie and Wolfram think Berkeley will 
benefit from having more multidisciplinary 
projects like theirs, and see BECI playing a 
role in making them happen. “The students 
have done a lot to integrate the departments 
and get people talking across disciplines,” 
Wolfram says, “and I think BECI will do that 
on the institutional level. Energy and climate 
research is also about selling the product 

“energy and climate research is also about selling the product to the 
outside world. some of it occurs at the business level, some at the science 

level, and it’s important to have an institute to communicate.”

features BECI
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and others that are part of the global energy 
and climate picture, cannot be experienced 
in Berkeley. According to Fleming, the Cal 
Energy Corps gives students the opportunity 
to travel to international locations and gain 
a deeper appreciation of the complexities of 
the energy problem on a global scale. 

Cultural immersion is a key component 
of the experience gained in the Energy Corps. 
While in Hong Kong, Lee noticed the local 
culture surrounding sustainability. “Hong 
Kong is really into the ‘green’ movement. A 
lot of local politicians use that as a prominent 
buzzword, and I saw flyers for campaign 
activities such as clothing drives that pro-
mote re-use. While it makes sense that Hong 
Kong, as a small, densely populated island, 
would care deeply about efficient energy and 
resource use, it was interesting to see how 
enthusiastically they approached this issue.”

Dressen is excited that the Cal Energy 
Corps program will continue for the summer 
of 2012 and is especially enthusiastic about 
the addition of Brazil, Ghana, Germany, and 
the People’s Republic of China to the list of 
places Berkeley students can study. Long-
term funding for the program has not yet 
been secured, but Dressen is optimistic that 
the program will continue in future years. 

A bridge to the future
In addition to supporting multidis-

ciplinary faculty research projects and 
experience abroad, BECI is also providing 
institutional support and seed funding in 
a lower-profile but equally starved arena: 
cross-disciplinary curriculum development. 
While it may not lead directly to techno-
logical breakthroughs that make headlines, 

the knowledge transfer 
delivered in courses 
taught by researchers in mul-
tidimensional fields is exactly the 
kind of collaborative learning experience 
that BECI wants to promote.  Fleming hopes 
that with this ecosystem in place, Berkeley 
will attract the best and brightest among 
the next generation of scientists, engineers, 
and researchers to tackle the energy and cli-
mate challenge, and instill in them a deeper 
understanding of these complex problems.

The growing demand for this type of 
curriculum was clearly identified by BERC’s 
report. According to survey results, in-depth, 
practice-based, and interdisciplinary courses 
in energy and climate studies are lacking at 
UC Berkeley. The BERC team also discovered 
a great deal of demand for an energy seminar 
series to connect students with the latest 
developments in energy and climate-related 
issues. However, the development of new 
interdisciplinary curricula takes time and 
energy, both of which are at a premium for 
the typical UC Berkeley faculty member.  
Much like the innovation seed funding 
on the research side, funding awards for 
curricular development are an important 
incentive for faculty engagement.  

The first of BECI’s scholastic efforts 
were already underway before the BERC 
report was finalized. In the fall of 2011, six 
professors including chemists and geophysi-
cal scientists team-taught a course on carbon 
capture and sequestration for the inaugural 
Berkeley Energy and Climate Lectures. This 
new course is meant to expose students to the 
latest research in a specific energy or climate-
related field. In addition, BECI awarded 

three grants to 
teams of professors 
developing new energy and climate-related 
curricula. These grants will support new 
graduate and undergraduate energy courses 
focused on biomass, energy policy, and the 
fundamentals of solar energy. Finally, BECI 
is also helping to launch a new energy studies 
minor for undergraduates by convening a 
committee of faculty members to determine 
the course requirements and curricular gaps.  

It remains to be seen what impact BECI 
will ultimately have on energy research and 
curriculum at UC Berkeley, and the organiza-
tion itself is still a work in progress. However, 
the institute has had tremendous success in 
its inaugural year. BECI has grown from an 
idea with an initial injection of funding into 
an institute that has not only provided sup-
port for new programs, courses, and funding 
opportunities, but has reinvigorated dia-
logue and a sense of collaboration on energy 
and climate challenges across UC Berkeley’s 
institutional structure. BECI’s growing 
network and array of resources will likely 
continue to expand the opportunities for 
energy and climate scholars at Berkeley and, 
if it fulfills its mission, foster breakthroughs 
that will impact the rest of the world. 

Anna Zaniewski is a graduate student in 
physics.d
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Energy research at Berkeley covers a vast 
array of topics. This graphic illustrates the 
variety of research areas and distribution of 
researchers at UC Berkeley studying each. The 
groups represent a broad research category. 
The branches within each group show 
research sub-categories. The size of each dot 
is proportional to the number of researchers 
working in the field, based on data from the 
BERC gap analysis study.  



Planting seeds
Lessons learned from 
       global social entrepreneurs

by Lina Nilsson
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 pregnant woman in Nigeria 
suffers a complication while 
laboring at home.  She is turned 
away from three health centers 
before being admitted to a state 

hospital, where she bleeds for hours while 
waiting for a doctor.  Meanwhile, in India, 
another woman spends her days at home 
waiting—and waiting—for the municipal 
water to turn on, as stepping out and miss-
ing this opportunity can mean another two 

week wait for water for her family. These 
scenarios seem a world away from life in 
the Bay Area. Yet innovative students at 
UC Berkeley have started engineering and 
science-based ventures that have a sustain-
able positive impact on the lives of these 
women. These are initiatives that, with the 
initial support of the university, can be devel-
oped independently by students—outside of 
the traditional framework of professor-led 
laboratory research initiatives. 

From observer to entrepreneur
UC Berkeley is a great place to be a student. 
Berkeley offers resources that help you master 
just about any skill. Students and alumni 
are the recipients of many awards, includ-
ing at least 29 Nobel Prizes and over 100 
Olympic Medals. But not only is UC Berkeley 
a venue for personal achievement, it is also 
a center for student engagement in social 
change. In the 1960s, UC Berkeley gained a 
reputation for student activism, with the Free Cl
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Speech Movement and protests against the 
Vietnam War. Today, this political activism 
has been revived with the Occupy movement. 
Additionally, a new brand of student social 
changers is now entering the stage: the social 
entrepreneur. 

Social entrepreneurs use principles 
from business to create, manage, and scale-
up sustainable ventures that achieve social 
change. Rather than measuring performance 
exclusively in economic terms, these compa-
nies measure “profit-
ability” with param-
eters such as health 
and environmental 
impact. Often lever-
aging technology and 
scientific solutions to solve global challenges, 
students from diverse departments at UC 
Berkeley are starting their own “ventures for 
global good.” There are colossal challenges 
to getting these initiatives off the ground, 
but the university also provides abundant 
support infrastructure. 

 In 2008, then-student Laura Stachel, 
DrPH (doctorate of public health) traveled 
to Nigeria through the Bixby Center at UC 
Berkeley to visit a maternal care hospital. 

“The clinics had less equipment than my 
garage,” Dr. Stachel describes, yet the doctors 
are up against some of the worst maternal 

hours when water flows. Every single day, 
women worldwide spend a cumulative 200 
million hours waiting for and acquiring water 
for their families, reinforcing inequalities in 
employment and education and trapping 
vulnerable households in poverty. In their 
class, the founders of NextDrop had a simple 
yet powerful idea: a cellphone texting service 
that sends households a warning one hour 
ahead of each time the water service turns on. 

WE CARE Solar and NextDrop have 
both grown success-
fully. WE CARE Solar 
has distributed solar 
panel suitcase kits in 
15 countries on three 
continents and is 

planning multiple regional partnerships in 
Africa, each delivering as many as 200 kits 
to networks of hospitals. NextDrop has 20 
employees serving some 10,000 customers in 
Hubli, India, who no longer have to plan their 
days around waiting for water. What was the 
path from these Berkeley students’ initial 
ideas in science and technology to thriving 
social enterprises with global impact? 

Taking the first step
Immediately after her trip to Nigeria, Stachel 
knew she wanted to do something to help 
the people she had met, yet didn’t know how. 

outcomes in the world. For every 100 births 
in Nigeria, one woman will die and 20 will 
suffer serious and often permanent disabili-
ties. Worldwide, one woman dies in child-
birth every minute. The numbers are stag-
gering and the problems seem intractable. Yet 
Stachel came up with a scalable solution that 
costs less than $1,500 and reduced maternal 
mortality at the Nigerian hospital by 70%: a 
suitcase-sized solar power kit for lighting, 
phones, and equipment that enables doctors 

to perform life-saving surgeries. Her social 
enterprise WE CARE Solar now provides 
the kits worldwide.

Challenged during a class assignment 
to come up with innovative ways of solving 
pressing global problems, a group of Berkeley 
students developed another innovative health 
project: NextDrop, a water-access company. 
Access to water is a basic human need and 
much progress has been made over the last 
decades: today, nearly half of all people glob-
ally have piped water in their homes. Yet for 
many, this service is intermittent at best and 
days or even weeks can pass between the w
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“Don’t worry, you planted a seed and out of this a 
beautiful tree will grow.”  

WE CARE Solar Suitcase 

1.  Hard suitcase shell is portable and durable.

2.  One switch for the whole system with simple plug-
and-play design.

3. 40- or 80-watt solar panels can be installed on the rooftop
without a technician. 

4. A fetal heart rate monitor is a vital diagnostic tool.

5.  LED lamps provide high-efficiency medical task lighting.

6.   A sealed lead-acid battery safely stores solar power.

7. Universal cell phone charger supports emergency medi-
cal communication.

8.  12-volt DC outlets power lights, computers, and medical 
devices in the clinic.

features Planting seeds



When she heard that the CITRIS Big Ideas@
Berkeley contest was a mere 11 days away, 
she knew she had to apply. Since 2006, the 
yearly Big Ideas competition at UC Berkeley 
has provided $750,000 in funding to gradu-
ate and undergraduate student teams who 
have just that—“big ideas” that can change 
people’s lives. 

Stachel’s project won honorable mention, 
but the $1,000 prize money was not nearly 
enough to fund the hospital solar electric 
system her team designed. She reluctantly 
called the hospital director to convey the 
bad news. Perhaps the idea would never be 
more than just that, an idea. But her Nigerian 
colleague was reassuring: “Don’t worry, you 
planted a seed and out of this a beautiful tree 
will grow.” And indeed, after seeing her pro-
posal at the competition, Tom Kalil, Special 
Assistant to the Chancellor, brought her solar 
project to the attention of the Blum Center 
for Developing Economies at UC Berkeley, 
which decided to provide additional funding. 
The nascent WE CARE Solar became one of 
the center’s supported initiatives. The Big 
Ideas@Berkeley competition, Stachel says, 
may not directly have provided the funding 
to get her initiative off the ground, but it was 
an instrumental first step in formulating her 
idea and making connections to funders. “I 
don’t know if we’d be here without Big Ideas.” 

Anu Sridharan, a 
UC Berkeley graduate 
student who co-founded 
NextDrop and who has 
now moved to India to 
co-lead the venture 
on-location, agrees 
that initial support 
from campus can be 
an important first 
step to establishing 
a social venture 
as a student. 
Importantly, she 
adds, it does not 
have to involve a 
large amount of 
money. She explains 
how in their first year 
NextDrop got by on 
$5,000 in funding from UC 
Berkeley. “It doesn’t have to cost 
a lot to start a social enterprise. All we 
really needed was the plane ticket to India 
to do our pilot study. You just have to prove 
your concept, which you can do with very 
little money. This will tell you if you even 
have a business.” Based on this initial on-
the-ground feedback, NextDrop won a Big 
Ideas@Berkeley grant, and got their project 
started. “Once you get money, it is much w
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Stachel demonstrates the WE CARE Solar Suitcase 
while a Nigerian woman checks out the instructions. 
Stachel’s team designed the Solar Suitcase to be easy 
for local clinics to install and maintain, empowering 
medical professionals to focus on patient care.

Nigeria

Sudan



30 Berkeley Science Review Spring 2012

for evaluating your social impact, rather than 
just  focusing on the science.” 

Each year, the GSVC awards a total of 
$50,000 to the top three applicants, plus a 
Social Impact Assessment prize. Perhaps 
even more importantly, even if you don’t win, 
GSVC can offer a lot of valuable support for 
budding science initiatives for global good. 
It matches teams with mentors who are expe-
rienced industry professionals, which helps 
teams address factors they might otherwise 
overlook. Feedback from the judges helps 
sharpen the science, social impact evaluation, 
and business model. The size and history of 
GSVC allows teams to pitch their ideas to 
some very well-known and well-connected 
judges and mentors, and some teams find 
sponsors and partners from these networks 
as well. 

“Innovative competitions like the GSVC 
are really important because they give focus 
and a timeline,” says Stachel. “Entering the 
GSVC competition got me to write my first 
business plan for WE CARE Solar in 2010. 
It also spurred the creation of rich, inter-
disciplinary relationships that have proven 
invaluable in moving the initiative forward.” 

How can Berkeley help?
In addition to Big Ideas@Berkeley, GSVC, 
and the Blum Center, there are many other 
resources on campus for budding social 
entrepreneurs. A great venue for generating 
ideas is a design class targeting applied social, 
environmental, and health challenges, such 

world’s preeminent social venture competi-
tion,” says Brian Busch, an MBA student who 
runs this student-organized initiative at the 
Haas School of Business. Started in 1999, it 
today draws hundreds of entries from over 
50 countries, making it one of the largest and 
longest-running competitions of its kind. 

“The prize money attracts a lot of the initial 
excitement, but for most teams, it is the men-
toring feedback and connections that end up 
being the most important,” Busch explains. 

“I don’t know how many entrants have told 
us they really appreciate simply having to 
write down the idea they’ve had in mind 
for some time. Moreover, GSVC forces you 
to think about all aspects of implementing 
your idea, like going to market and metrics 

easier to get more money for your project,” 
says Sridharan. “Everyone starts to talk to 
you.” Competitions and awards are critical 
for building initial credibility and making 
connections for social entrepreneurships. 

Progress through competition
Participating in the Big Ideas@Berkeley 
competition gave both NextDrop and WE 
CARE Solar the initial funding to improve 
their ideas and to perform essential on-
location evaluations. To make the next step 
towards a long-lasting social enterprise, they 
both needed to develop a rigorous plan for 
financial sustainability. 

“The Global Social Venture 
Competition—or GSVC, for short—is the 
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Anu Sridharan and the NextDrop team at the 2011 
Global Social Venture Competition (GSVC), where they 
won first place.

India
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as the Blum Center’s Design for Sustainable 
Communities, Bioengineering’s Capstone 
Design, or the Townsend Center’s Human-
Centered Design courses. Indeed, starting 
a social enterprise may be a lot easier with 
founders having diverse, complementary 
expertise, and classes outside of your major 
are a good way to connect with these people. 
NextDrop, for example, includes founders 
from Berkeley’s College of Engineering, 
School of Information, and School of Public 
Policy, as well as Stanford Business School. 
As a team assembles, budding social entre-
preneurs can hone their ideas by seeking 
scientific advice from the relevant depart-
ments and centers across campus.

But there is more to the equation than 
the social impact and the technology, and 
a whole set of business-focused resources 
on campus to consider. “A social enterprise 
start-up is still a start-up,” says Busch. “Just 
because you have a social mission doesn’t 
mean that you don’t have to worry about 
finding the right partners and balancing your 
books. You have to meet your social impact 
goals and you have to still think about all the 
things that a regular start-up does.” 

The business and law skills needed 
to start a social entrepreneurship can be 
developed at very early project stages, or even 
before one has an idea. Classes such as Idea to 
IPO, a UCSF course also open to UC Berkeley 
students and postdocs, are designed to pro-
vide business skills specifically to scientists. 
Meanwhile, Haas School of Business and 

Berkeley Law School offer a myriad of classes, 
including New Business Practicum, a class on 
law and entrepreneurship that also provides 
free consulting to students’ start-ups. The 
Lester Center for Entrepreneurship and the 
Berkeley Postdoc Entrepreneurs Program 
(BPEP), also open to students, provide 
resources such as workshops and speaker 
events. The Bplan contest at Haas Business 
School allows teams to compete on purely 
the business model of their idea. 

Dedication is key
No matter how much one prepares, there 
will be setbacks to any large venture. WE 
CARE Solar’s applications to the MacArthur 
Foundation, one of the most well-known sup-
porters of non-profits in the country, were 
rejected seven times. On the eighth attempt, 
they finally got one of the prestigious grants. 

“Endurance is part of the equation,” says 
Stachel. “Not being successful right away 
doesn’t mean that you won’t be ultimately 

successful.” Sridharan agrees that “persever-
ance during our initial project development 
at UC Berkeley was key. On our first try, we 
did not make it to the finals of the Global 
Social Venture Competition. In fact, we did 
not win any competitions at all that first year.” 
Following up on the judging feedback from 

the first round, NextDrop came back to win 
the GSVC in the following year, having more 
thoroughly evaluated the product market, 
interviewed stakeholders on the ground, and 
developed their technology implementation 
plan. Busch estimates that a significant 
number of teams resubmit to the competition. 
In order to get a project off the ground, one 
has to expect setbacks. The important thing 
is not to only have successes, but to be open to 
learn from apparent “failures” and to openly 
re-evaluate the project. This will allow for 
an even more powerful solution to evolve.

Evolving ideas, evolving solutions
If you have been developing an amazing 
solution in lab (or on paper!) that you think 
can make a difference in global development, 
an early step after initial technological or 
scientific design is evaluating the potential 
impact in the messier, real world. Like “regu-
lar” start-ups, new social enterprises benefit 
from viewing their initial start-up phase as 

an opportunity to develop and improve their 
initiative. The first solar electric system WE 
CARE Solar designed was installed by a 
Nigerian solar electric company. The com-
mercially available solar panel fell down after 
eight weeks. There was no protection for 
the circuit breakers and the workmanship 
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“A social enterprise start-up is still a start-up.”  

1) Utility engineers call NextDrop when they 
open neighborhood valves.

2) Residents receive automatic text messages 
less than an hour before water reaches their 
home—and updates if there’s a snag.

3) NextDrop gathers feedback from residents 
to create a real-time map of the delivery 
network.

4) Engineers can check NextDrop’s web 
dashboard, then quickly identify and resolve 
problems.

NextDrop Water Alert Network
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Where do we go from here? 
Many promising social enterprises never 
make it across the so-called Valley of Death, 
the funding and project development gap that 
early initiatives often face. While UC Berkeley 
does a great job supporting social enterprise 
ideas, the challenges to making impactful 
innovation are huge and UC Berkeley entre-
preneurs would surely welcome new support 
mechanisms. For example, boot camps where 
participants interact closely with other social 
entrepreneurs and gain practical knowledge 
about business development and successful 
scale-up strategies can be very valuable, says 
Stachel. She obtained valuable mentorship 
from the Global Social Benefit Incubator 
Fellowship at Santa Clara University and 

the Pop Tech Social Innovation Fellowship 
in Maine. NextDrop has brought the social 
enterprise learning process nearly full circle: 
this summer, they will have a Berkeley PhD 
student work on an impact analysis for their 
project in India, and they hope to get another 
student to do a second study on the incen-
tives for the valve-men who send out the 

warning time or adequate reliability for users 
to be able to trust the system. Now, NextDrop 
has recruited the valve-men who work for 
the municipal water utility—whenever they 
turn on a valve, they send out a text message. 

Berkeley professor Ashok Gadgil also 
recognizes the importance of iterative solu-
tion development. He is the founder of the 
social initiative Darfur Stoves Project, which 
has distributed over 20,000 fuel-saving stoves 
to Darfuri women. “The initial designs we 
tested did not work well at all,” says Gadgil. 

“The traditional cooking practices in Darfur 
resulted in such high lateral forces on the pots 
that they tipped over.” It took a series of itera-
tive designs in collaboration with women in 
Darfur to come up with a stable, appropriate 

design. “We could never have guessed back in 
Berkeley or just from a short observation that 
this problem of stove stability would be so 
important. Close collaboration with women 
using the stoves in Darfur was absolutely 
necessary.” Sustainable solutions require 
iteration together with those actually facing 
the issues being addressed. 

was shoddy. They fixed the panel, but then 
the roof started to leak where the panel had 
been reattached. Dissatisfied with the com-
mercial options, Stachel and Hal Aronson 
developed the idea for a portable, pre-wired 
complete solar electric system that ultimately 
turned out to be successful: the Solar Suitcase, 
designed in-house by WE CARE Solar. 

Initially, this suitcase was optimized for 
providing medical lighting and emergency 
mobile communication so that doctors can 
be reached. More recently the Solar Suitcase 
has been modified for use as a solar-electric 
platform for other medical devices, such as a 
blood bank refrigerator for transfusions, an 
oxygen-concentrator for alleviating pediatric 
respiratory problems and a smartphone-
based microscope that can be used to diag-
nose infectious disease. So far, Stachel has 
traveled from Berkeley to WE CARE Solar’s 
initial partner hospital in Nigeria nine times 
to continue her research and evaluate the 
solar panel installation. “Follow-up is the 
key to a successful project,” explains Stachel. 

“Your project needs to evolve as your under-
standing of what is needed evolves.” 

Likewise, NextDrop’s model has pro-
gressed over time. Their initial idea for alerts 
on water availability relied on crowdsourcing 
the ability to send alerts to the community 
itself. This, however, did not provide enough 
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“Close collaboration with women using the stoves in 
Darfur was absolutely necessary.”

1.   A wind collar increases fuel efficiency by keeping 
out the wind, while accommodating a range of 
pot sizes.

2.  Wooden handles make the stove portable.

3.  Metal tabs allow bread baking by supporting 
large flat plates.

4.   Metal feet provide stability.

5.   A small opening to the fire box helps women 
reduce fuel use.

Berkeley-Darfur Stove

Traditional Darfuri cooking is done over a three-
stone fire (left) that inefficiently burns hand-
gathered wood. The Berkeley-Darfur stove (right) 
cuts fuel use in half, dramatically increasing the 
health, safety, and available time of Darfuri women.

1.   A wind collar increases fuel efficiency by keeping 
out the wind, while accommodating a range of 

2.  Wooden handles make the stove portable.

3.  Metal tabs allow bread baking by supporting 

5.   A small opening to the fire box helps women 

Traditional Darfuri cooking is done over a three-
stone fire (left) that inefficiently burns hand-
gathered wood. The Berkeley-Darfur stove (right) 
cuts fuel use in half, dramatically increasing the 
health, safety, and available time of Darfuri women.
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water messages. Perhaps these students will 
go on to start their own initiatives. 

Another valuable skill is knowing how 
to best get the word out about your initiative. 

“Partnerships with the journalism school 
to pair social entrepreneur start-ups with 
students savvy in effective messaging and 
use of social media would also be incredibly 
useful,” says Stachel. If we want to make UC 
Berkeley a hub for global social innovation, 
we will have to be creative about the support 
infrastructure we provide. 

As social entrepreneurships expand, 
new support frameworks are needed. Indeed, 
current models are evolving. Gadgil is the 
founder of the brand-new LBNL Institute 
for Globally Transformative Technologies 
(LIGTT). Based on the successes of Gadgil’s 
Darfur Stoves, LIGTT plans to create sus-
tainable models and innovative technology 
platforms for starting successful social 
enterprises. “The path for technology has 
to be grounded in economic and cultural 
reality. This requires getting feet on the 
ground quickly,” Gadgil emphasizes.

By partnering with organizations that 
are already successfully working locally, 
new initiatives can more quickly assess 
what is possible and what is not, and they 
can connect directly with people who 
need the new technology to run pilot tests 
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You could be next...

Want to use your science skills for global 
good? There are plenty of resources and 
competitions to get you started at UC 
Berkeley:

COMPETITIONS AND SEED FUNDING

Big Ideas @ Berkeley Inititative
Develop your science or technology concept. 

Bplan
Write a business plan that can compete with 
any start-up.

Global Social Venture Competition
Write a business plan, quantify your social 
impact, get business mentorship, and develop 
networks.
 
STEP Science Technology and Engineer-

ing Policy White Paper Competition
Write a report on an initial, early stage formula-
tion of new frameworks and concepts. 

Indiegogo.org
Get crowd-sourced seed funding from this 
online platform by UC Berkeley alumni Danae 
Rigelmann and Eric Schell.

CENTERS 

Blum Center for Developing Economies

Center for Emerging and Neglected Diseases 
(CEND)

Lester Center’s Social Entrepreneurship & Innova-
tion Program

LBL Institute for Globally Transformative 
Technologies (LIGTT)

Christina Galitsky was taught how to stir traditional 
Sudanese food, assida, by Darfuri women. She 
brought this knowledge back in order to design the 
Darfur-Berkeley stove so that it was adapted properly 
to cooking conditions in the Darfur camps.

and market evaluations at an early stage. 
“Focusing on business models that avoid 
multi-million dollar capital investments or 
large bureaucracy allows projects to grow 
sustainably, and also with limited initial 
seed funding,” says LIGTT representative 
Allan Chen. Gadgil concurs, “If we want to 
change the lives of those who, economically, 
are the bottom two billion, we will need to 
not only leverage science and technology, but 
also have cultural intelligence and attractive 
solutions.” 

“We need to reach out in many directions 
to connect with people who have novel ideas,” 
says Gadgil. “Great ideas can come not only 
from research groups at Berkeley but from 
people on the ground, from students who 
have traveled abroad, from major non-prof-
its, and from academic institutions in the 
developing world. No one has a monopoly 
on ideas.” For UC Berkeley students, this is a 
call for action. The university provides sup-
port frameworks to help students to develop 
their ideas and to become successful social 
entrepreneurs. If you have a great idea, you 
owe it not only to yourself to go for it, but 
to everyone you could impact.

Lina Nilsson is a postdoctoral scholar in  
bioengineering.
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round the world, about $1.5 tril-
lion is spent on fuel for trans-
portation every year. America’s 
dependence on oil alone sums 

up to more than 140 billion gallons per year, 
at a cost of more than $1 billion per day. 
Relying on fossil fuels like coal, petroleum, 
and natural gas for about 85 percent of 
our energy supply influences our foreign 
policy decisions, drains billions of dollars 
from the economy, and raises environmen-
tal concerns like climate change. It is no 
wonder that scientists have been looking 
for alternative sources of energy. Renewable 
energy—energy that can be naturally replen-
ished—in the form of biofuels has become a 
topic of increasing interest.

Wood, for example, is one form of 
biomass that can be converted into biofuel. 
Wood is clearly combustible; it has been 

burned as a source of fuel for centuries. 
However, combustion of a liquid fuel like 
gasoline is far more efficient than the burn-
ing of wood because it has a much higher 
energy density, the amount of chemical 
energy stored by the fuel per unit volume. 
Scientists are therefore looking for ways to 
efficiently convert low-energy-density solid 
biomass, like wood and plants, into useful 
high-energy-density liquid biofuel, like 
gasoline and ethanol.

Converting plant matter into fuel 
requires that individual sugar molecules 
within the plant first be isolated and then 
fermented. Biomass is comprised of a mix-
ture of three polymer molecules (lignin, 
hemicellulose, and cellulose), forming a 
robust structural substance known as lig-
nocellulose. The desired sugars are found 
in cellulose, an un-branched polymer of 

several hundred to ten thousand glucose 
sugar units. Cellulose is the most abundant 
and renewable organic compound on earth 
and a major component of most plant cell 
walls. However, extracting cellulose required 
for biofuel production is not simple, as it is 
trapped within lignocellulose, and  vigor-
ous chemical methods are required to break 
bonds and release this polymer. Through 
a process called depolymerization, the 
chemical bonds that link each of the glucose 
molecules together, called glycosidic bonds, 
can be broken to produce individual sugars 
from a cellulose molecule. This crucial 
process can be the most expensive step in 
the production of biofuels and has recently 
become the major challenge for scientists to 
overcome as they search for an economical, 
efficient, and renewable source of energy to 
replace fossil fuels.

solar

geothermal

wind

hydroelectric

biofuel

nuclear

coal

natural gas

petroleum

the fuel we use

The United States is highly reliant on non-renewable energy 
sources for its sizable energy needs. In 2010, more than 90% of the 
total energy consumed by the country came from petroleum 
(37%), natural gas (25%), coal (21%), and nuclear (9%) fuel sources. 
Renewable sources comprised just 8% of consumption, and of 
these sources, roughly half were biofuels. Institutions like the 
Energy Biosciences Institute at UC Berkeley seek to help change 
these numbers by creating biofuels that are a�ordable and 
e�cient to manufacture and have minimal negative impact on the 
environment. Source: U.S. Energy Information Administration  

features Biofuels production
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key advantage of using catalytic surfaces 
is that they can be easily regenerated, an 
important factor to consider when designing 
an industrial-scale process.

Catalytic surfaces
Drawing inspiration from biological catalysts, 
the Katz group realized in 2006 that a solid 
silica surface, which presents an ensemble of 
reactive groups known as silanols, mimics 
the essential active groups within an enzyme. 
By having this “pseudo-continuum of active 
sites on a surface,” the group was able to carry 
out reactions similar to those performed in 
nature, without the complex and intricate 
positioning of atoms that enzymes facilitate. 
Essentially, if a strand of cellulose can get 
close to the silica surface, then activation 
and hydrolysis of the glycosidic bonds will 
occur. A postdoctoral scholar in the Katz 
group, Dr. Oz Gazit, determined a method to 

biomass and donate a hydrogen bond just in 
that position where it needs to be to activate 
that particular oxygen.” Katz explained that 
nature works wonders “through intricate 
molecular-scale control of the enzyme active 
site—the precise placement of atoms in cer-
tain positions to activate molecules. Enzymes 
don’t use specific acid catalysis. They don’t 
use hydronium ions (H3O

+) to break the same 
kinds of bonds, and they are able to do that 
under much milder conditions: near neutral 
pH and room temperature.” 

However, isolated enzymes have draw-
backs. They are costly to produce and cannot 
be re-used. To develop depolymerization 
methods that are more economical and have 
greater selectivity and efficiency compared 
to current commercial processes, the Katz 
group is developing enzyme-inspired cata-
lytic surfaces that can promote separation 
of glucose units under mild conditions. A 

Biomimicry for biomass 
depolymerization
The necessary chemical reac-
tion to derive glucose from 
biomass is hydrolysis of the 
glycosidic bonds that link 
the sugar molecules together 
within the cellulose polymer. 
Hydrolysis is addition of the 
atoms derived from one water 
molecule, H2O, to separate 
the sugars, wherein one sugar 
ends up with an extra hydrogen 
atom and the other receives the 
remaining OH atoms. However, 
hydrolysis does not occur 
at an appreciable rate under 
mild conditions of neutral pH 
and low temperature, and a 
substance known as a catalyst 
is required to increase the reac-
tion rate. A good catalyst for 
this reaction is acid because 
it will add a proton, H+, to 
the sugar molecules, which 
facilitates bond breakage. 
One process uses very harsh 
conditions of concentrated 
sulfuric acid. Another more 
conveniently uses dilute acid, 
but requires high temperature 
(100 ºC) and, unfortunately, is 
less selective.  

A group of researchers led by Professor 
Alexander Katz from the Department of 
Chemical and Biomolecular Engineering  
at UC Berkeley look to nature for inspiration 
to find better catalysts for cellulose depoly-
merization. Naturally occurring catalysts 
found within some microorganisms, mainly 
fungi, can break up glycosidic bonds under 
much milder conditions than what can be 
achieved with strong acid. Nature’s catalysts 
for cellulose depolymerization are known as 
cellulase enzymes. On the molecular scale, 
reactions occur when an enzyme encounters 
its target, in this case, cellulose. A molecular 
feature of the enzyme, such as a carboxylic 
acid group, can donate a hydrogen bond 
to the glycosidic oxygen atom of glucose, 
which activates the bond for hydrolysis. Katz 
remarked, “We don’t really know how to do 
that. We don’t know how to catch a piece of 
biomass or have a receptor on the surface for 

Dr. Alexandre Charmot and Professor Alexander Katz examine a culture of gluconacetobacter xylinus, a bacterium that naturally 
produces cellulose. Growing the microbe in the presence of an isotopically-labeled carbon source results in the production of 13C-
labeled cellulose at an abundance of 95% compared to the naturally-occuring 12C isotope. This labeling allows them to identify 
and quantify the amount of glucose and cellulose within the different steps of separation and reaction processes the group is 
developing. This is achieved by observing the 13C signal in nuclear magnetic resonance (NMR) experiments, a useful technique 
for research in the field of biomass depolymerization.

features Biofuels production
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get the cellulose strands close enough for the 
reaction to take place. His project involved 
synthesis of a new class of materials that 
were the first composites between molecular 
strands of cellulose chemisorbed on the sur-
face of silica. He saw that as the interaction 
between the silica surface and the cellulose 
strands increased, the rate of hydrolysis of 
the glycosidic bonds increased because those 
bonds by the surface were being activated. 
The observed hydrolysis rate was over a 
hundred times more reactive than cellulose 
conventionally pretreated. As Katz explained, 

“This presented a new mechanism by which 
we could break up biomass under very mild 
conditions—using a pH of 4, which is very, 
very mild compared to concentrated sulfuric 
acid breaking up the same bonds.”

One problem with this initial approach 
is that it requires conditions that also com-
promise the silica, thus degrading the catalyst. 
Currently, the group is looking toward other 
types of materials that function similarly 

to silica, but are less prone to degradation, 
such as carbon. Katz explained, “Carbon 
materials also adsorb these long cellulose 
chains, and by decorating the carbon materi-
als with acid groups you can actually make 
glucose by just having water as the medium.” 
Despite this drawback when using silica for 
biomass depolymerization, the Katz group 
is continuing to develop and commercialize 
their cellulose-coated silica surface technol-
ogy, as it is a convenient way to make a silica 
(glass) surface repel water, and has potential 
applications.

Not a quick fix
Understanding the essential chemistry in 
nature can lead us closer to finding solutions 
to some of our most complicated problems. 
Katz commented that biomimicry “doesn’t 
mean that I’m trying to make an artificial 
dog, because that’s too much of a challenge. 
But if we take some aspects of what nature 
does and try to incorporate them into 

synthetic systems then we might not be able 
to get all of the way or even a large fraction, 
but maybe we will be able to enhance what 
we already know how to do and be able to do 
things under milder conditions, under lower 
temperatures, with less cost or less capital by 
using the principles that nature incorporates.” 
Katz stressed that these developments are 
only steps in the renewable biofuels field, 
which is dynamically evolving and which has 
the potential to provide significant benefit 
to the environment. One such benefit is that 
biofuels address the carbon dioxide (CO2) 
problem. “We get to recapture a significant 
fraction of the CO2 generated by growing 
the biomass from the CO2 that came from 
burning the fuel. This addresses a problem 
in a way that is scalable,” explained Katz, and 

“could make biofuels much more practical 
than some people think they are.” Of course, 
many challenges still remain. Katz remarked, 

“There is no readily-available kit for solving 
the problems that are facing our society in 

inspiration application
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Cellulose molecules, which are a structural component in the walls of plant cells, are long polymers composed of hundreds 
or thousands of glucose subunits held together by glycosidic bonds. In order to separate the individual glucose molecules, 
the glycosidic bonds must be broken through a chemical process called hydrolysis. In nature, hydrolysis is facilitated by 
molecules known as cellulase enzymes, proteins found in certain fungi that have a complex shape, charge, and other char-
acteristics that make them selective for glycosidic bonds. However, enzyme-catalyzed depolymerization is di�cult to 
mimic in the lab because of the need to precisely position the molecules in order for hydrolysis to occur.  Searching for a 
more convenient approach, the Katz group found that the molecular structure of the surface of silica contains active sites 
called silanols which are capable of catalyzing hydrolysis in a similar manner to cellulase enzymes. When cellulose mol-
ecules are applied to the surface, they are e�ciently depolymerized under mild conditions.
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127 professors at the three institutions that 
comprise EBI, with 77 at UC Berkeley and 
LBL and 50 from Illinois. Including gradu-
ate students, postdocs, and staff members, 
there are nearly 500 individuals within the 
Institute. To date, these researchers have 
published more than 300 peer-reviewed 
articles on EBI-funded projects.

Each year, faculty from the three 
academic partners submit research propos-
als to earn a portion of the $350 million 
annual budget. The proposals are sent out 
for peer review and among those funded 
each year, about 25 percent are new, whereas 
another fourth of applicants are not renewed. 
Somerville explained, “If they add something 
new to the field and new to the Institute, then 
we give those the priority for funding. Each 
year we try to retire some things that are 
finished and start some new things.” 

A multidisciplinary mindset
EBI hopes to address all parts of the global 
energy challenge with a multidisciplinary 
approach. Bringing industry and science 
together, EBI is composed of specialists from 
all areas: ecologists, environmental scien-
tists, economists, agronomists, mechanical 
engineers, chemical engineers, chemists, 
biochemists, and microbiologists, who all 
work together to develop new sources of 
renewable energy. Somerville explained that, 
although challenging, there are benefits to 
this approach: “One of the interesting chal-
lenges in the Institute is that we try to put 

Somerville, who serves as the current 
EBI director, believes they had the winning 
proposal because they evaluated what BP’s 
needs were and focused on addressing them. 

“My personal opinion was they could simply 
acquire the best technology by just going 
to whichever group in the world seemed to 
have a good piece of technology, and get a 
license to it. That would be the normal path. 
So we thought, ‘What could we possibly do 
to justify 350 million dollars of research: why 
shouldn’t they just go and purchase innova-
tion wherever it occurs?’ And it seemed to 
us that one thing that they could not just go 
and purchase was expertise—the coherent 
expertise, not just bits and pieces, but all 
in one place.” Importantly, they also rec-
ognized essential areas where UC Berkeley 
was lacking needed expertise, and in the 
course of the process, Lawrence Berkeley 
Laboratory (LBL) was invited to join the 
Institute. Somerville and Paul Ludden, 
Dean of UC Berkeley’s College of Natural 
Resources, also interviewed presidents of 
many other universities in the search for one 
that could partner with UC Berkeley and 
LBL to provide know-how in areas that were 
then deficient. The University of Illinois was 
chosen, as Somerville explained, because 

“when we evaluated the range of expertise 
within Berkeley, we realized we needed some 
additional expertise to see all the pieces. For 
example, Illinois is a distinguished school for 
agriculture. We knew that we were going to 
need that capability.” Altogether, there are 

energy, but through sustained design, dis-
covery, and innovation, it is possible to do. 
And that also, for a lot of us, is what makes 
it fun science.”

The Energy Biosciences Institute (EBI)
Katz is one of more than 100 principal 
investigators who receive funding from 
the Energy Biosciences Institute (EBI) for 
biofuels research. The idea for EBI began 
in the summer of 2006, when the global 
oil and gas company BP announced an 
international competition for resources to 
create an institute in the area of bioenergy. 
BP initially approached 20 universities 
that expressed interest in hosting such an 
institute, and soon narrowed down the 
list to five finalists, of which UC Berkeley 
was one. A team representing UC Berkeley, 
including US Secretary of Energy Steven Chu, 
Philomathia Professor of Alternative Energy 
Chris Somerville, Distinguished Professor 
and CEO of the Joint BioEnergy Institute 
Jay Keasling, Chancellor Robert Birgeneau, 
and Vice Chancellor of Research Graham 
Fleming drew up a proposal to BP and flew 
to London to defend it against the other four 
finalists: MIT, UCSD, Imperial College, and 
Cambridge. In 2007, BP chose the proposal 
from UC Berkeley and entered into a part-
nership with the university to tackle one of 
the greatest challenges of the 21st century: 
to develop new sources of fuel and reduce 
the impact of energy consumption on the 
environment.

arabidopsis plants in growth 
chambers at the EBI’s Calvin 
Laboratory location. These 
plants will be surrogates for 
future biofuel source plants 
used in deconstructing bio-
mass. They are being stud-
ied for use in feedstock and 
biomass research to improve 
yield and separate sugars 
from cellulose. 
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in place practices that allow us to get the 
economists and the ecologists talking with 
the chemical engineers, so that everybody 
can see the various pieces, and so that we 
don’t get narrowly focused on something that 
might have some shortcomings in another 
area. I think one of the things we know about 
technical innovation is that if we get too nar-
rowly focused, we may miss some downsides.” 
Likewise, Katz believes the multidisciplinary 
nature of EBI is a definite benefit. “Having 
all these different perspectives in one place 
is very special and allows progress to happen 
much faster than it otherwise would and 
could, and it is a very stimulating environ-
ment because of that. It’s really a wonderful 
thing to be a part of.” 

To ensure this multidisciplinary aspect 
of EBI persists, the $350 million of funding 
that is received every year is allocated about 
equally across five disciplines: environmen-
tal, social, and economic (stressing the effi-
ciencies and economics of renewable energy); 
feedstock development (examining the fuel 
production capabilities of plants using 
less land, water, and energy); bioethanol 

production (the efficient conver-
sion of plant sugars into fuels); 
fossil fuel bioprocessing (creating 
more environmentally friendly 
extraction processes); and 
biomass depolymerization (the 
breakdown of plants for energy).

A multidisciplinary educa-
tion for EBI students
Christy Roche, a graduate student 
in Professor Douglas Clark’s 
laboratory in the Department 
of Chemical and Biomolecular 
Engineering and a member of 
EBI, is currently working on a 
project involving lipid produc-
tion in Neurospora crassa, a type 
of red bread mold. The goal of 
her research is to use this fungus, 
which is naturally capable of 
degrading cellulose and produc-
ing lipid, to make larger amounts 
of lipid, which could then be 
used to make biodiesel. Roche 
commented on her positive 
experiences as an EBI graduate 
student: “It’s wonderful. We are 

never supply-limited or resources-limited 
here. We have all kinds of equipment to do 
pretty much anything we could imagine we 
would like to do with our research.” She also 
recognizes the advantage of working with 
others from many disciplines. “It’s really 
nice from the research standpoint that we 
work with all kinds of labs. I’m from chemi-
cal engineering, and on our floor we have 
plant biologists, and we have microbiologists 
and chemists—all kinds of people. It is very 
multidisciplinary; we think about our project 
from many aspects because we have a lot of 
people that help us critique our work.”

EBI has played an important role in 
attracting new researchers to the field of 
bioenergy and to UC Berkeley. Meera Atreya, 
another graduate student in the Clark Lab, 
explained how she chose her field of study 
and became a part of the EBI: “I consider 
myself an environmentalist, and I love sci-
ence. I wanted a way to combine the two 
that would have an impact on global climate 
change, which I see as the most important 
issue of our time. I decided bioenergy was the 
intersection of my environmental interests 

to do energy research, plus my scientific 
interests to do chemistry and biology. I was 
really motivated to come to Berkeley because 
of the Energy Biosciences Institute specifi-
cally.” Among the many benefits of being an 
EBI graduate student, Atreya agrees that the 
multidisciplinary aspect is key. One way this 
is played out is through joint lab meetings. 
She explained, “People from different fields 
all working toward the same end goal can 
present their research. You can learn a lot 
of ways to approach the same problem, so 
that is really unique about this environment. 
I like the intersection of all of the different 
disciples here, especially economics. You 
are never going to compete with fossil fuels 
and commodity chemicals if you do not 
have a competitive price and the proper 
policies.” This insight into the challenges of 
competing with fossil fuels is evident in her 
research, which focuses on improving cel-
lulase enzymes with the end goal of making 
biofuel production cost competitive with 
fossil fuels, and thus a greener alternative.

The future of biofuels
Somerville agrees that biofuels must be 
able to compete with fossil fuels in order 
to be implemented as an effective alterna-
tive. “Right now there are no commercial 
cellulosic biofuels refineries operating out 
there. There are some small ones—BP has 
a small one, and a number of others have 
small demo pilot plants—but during the 
next two years I think we are going to see 
the first commercial-scale facilities being 
built to make cellulosic fuels.” In the long 
run, these processes ideally must operate 
without subsidies to be successful. Biofuels 
must be able to compete directly with fossil 
fuels, and many of the innovations made 
at EBI are going into commercialization. 

“Our goal is to contribute to getting our best 
possible process into those refineries and to 
make innovations that will bring the cost of 
cellulosic fuels below the cost of petroleum,” 
explained Somerville. Indeed, the future 
of biofuels sounds promising. Perhaps one 
day we will use “grassoline” to power our 
vehicles.

Sheba Plamthottam is an undergraduate 
student in chemical biology.

Christy Roche, a graduate student in the Department of Chemical 
and Biomolecular Engineering and a member of EBI, working in 
the Clark lab.
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Small interference,
big impact? RNAi therapy and the 

specialization of medicineby anaamika  Campeau



RNAi therapy and the
specialization of medicine
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ake a look at your reflection in 
a mirror.  If you’re impressed 
by what you see, you should be.  
Everything about you, everything 

you can and cannot see, is maintained by a 
complex network of biochemical pathways 
in your cells. Every year as scientists seek 
to understand the specifics of genetics and 
cell biology, they decode small bits of this 
puzzle, and work their way closer to solv-
ing the mysteries of why diseases arise and 
how they can be stopped. The discovery of 
RNA interference (RNAi) by Andrew Fire at 
Stanford University and Craig Mello at the 
University of Massachusetts, a discovery that 
garnered them a Nobel Prize in Medicine in 
2006, represented a huge breakthrough in 
the quest to figure out how gene expression 
is regulated, a key step in controlling the 
expression of wayward or disease-causing 
genes. The wake of RNAi’s discovery has 
manifested broadly in academia and industry 
alike, and has generated hopes for therapeu-
tics that could be precisely targeted to indi-
vidual misbehaving genes.  The field of RNAi 
therapy has burgeoned in the past decade; 
however, in some cases expectations have 
outpaced the tumultuous path of discovery. 
Almost fifteen years after the first publica-
tion delineating the mechanisms behind 
RNAi, some researchers have abandoned 
the field altogether.  And yet, some believe 
it is uniquely poised to deliver important 
results. Looking at the state of the field, 
graduate students and post-docs in Fenyong 
Liu’s laboratory in the UC Berkeley School of 
Public Health are part of a larger movement 
in RNAi therapeutics—but they could be 
taking a great risk on an uncertain therapy.  

RNAi is a ubiquitous process by which 
the expression of genes is regulated by small 
bits of double-stranded RNA made by the cell.
According to the central dogma of molecular 
biology, DNA is transcribed into messenger 
RNA that ultimately encodes a protein, but 
it’s often not that simple in practice. RNA 
interference is one of a multitude of regula-
tory mechanisms that can step in between a 
genetic recipe and its intended protein output. 
Perhaps one of the most exciting uses for 
RNA interference is therapeutics. By using 
the blueprints for natural RNA interference, 
biologists are able to synthesize components 
of the RNAi pathway that can repress the 

expression of genes in diseased cells.
Scientists throughout the field of molec-

ular biology have been hard at work since the 
discovery of RNA interference, attempting 
to turn the idea of RNAi therapeutics into a 
reality. RNAi therapeutics has been shown 
to work in in vitro (cellular) models in the 
controlled conditions of a lab. However, any 
RNAi-based drug faces a slew of unforesee-
able variables when introduced into a living 
system.  One major barrier to the success of 
RNAi therapeutics in live organisms is the 
mode of delivery. Taking a pill is too simple; 
RNAi would be quickly degraded by the 
digestive system. An injection could trigger 
degradation by an immune response, and 
wouldn’t be specifically targeted to diseased 

cells. Currently, there is no safe and effective 
way of getting RNAi therapeutics through 
our bodies and into cells. This might seem 
to be a game-ending proclamation, but with 
the potential benefits of RNAi therapeutics 
in mind, the prospect of engineering a novel 
delivery mechanism keeps scientists hard at 
work. Scientists in the Liu lab are working 
to design effective delivery mechanisms for 
RNAi therapeutics that work with the body’s 
natural systems, thus reducing toxicity and 
negative side effects. They are engineering 
guide sequences that would direct RNAi to 
specific cells, and using gutted and harmless 
bacteria as delivery vehicles.

There are factions of RNA interference: 
microRNA (miRNA) and small interfering 

Once inside, dsRNA is cut 
into small RNA fragments 
by the protein Dicer

mRNA is degraded by the 
RISC complex

dsRNA must 
penetrate the lipid 
bilayer of the cell 
membrane

RISC    (Ago2)

Nucleus

dsRNA

messenger RNA

RISC    (Ago2)

Dicer

RNA interference pathway

The Ago2 protein in the 
RISC complex then selects 
one strand of the small 
RNA to bind mRNA
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Messenger RNA
DNA

Messenger RNA

   Transcription 
by polymerases

         Peptide 
(protein precursor)

   Translation         
by ribosomes

RNA interference

RNA (siRNA). The main difference between 
the two is their origin: miRNAs are endoge-
nous, or natural; siRNAs are generally exoge-
nous and are synthesized in a lab. siRNAs are 
modeled after naturally occurring miRNA.  
They both begin as long, double-stranded 
fragments of RNA, and are then processed 
by a series of enzymes into short fragments 
of just 22-27 nucleotides. These fragments 
can pair with complementary segments of 
mature cellular messenger RNA—the RNA 
that codes for proteins—and, with the help of 
an enzyme complex, cleave it. RNAi cleavage 
marks specific strands of messenger RNA for 
destruction by the cell’s natural machinery, 
before they can be translated into protein 
precursors.

RNA interference therapy: re-work-
ing  an   old  standby
The real fascination with RNAi lies in the 
prospects for its use as a therapeutic for 
gene-based diseases. The idea is to engineer 
siRNAs (synthetic double-stranded RNA 
fragments that are about 22-27 nucleotides in 
length) that specifically target genes within 
certain cells that are associated with disease 
or that are necessary for replication.  The 
cells that are targeted have been functionally 
taken over by a genome, or genetic muta-
tions, that cause them to make proteins that 
disrupt a cell’s harmonious relationship with 
its neighbor. This happens with cancerous 
cells and cells that have been infected by 

a virus.  In the case of cancer, genes that 
promote mitosis (cell division) are expressed 
at levels that are far higher than normal. RNA 
interference therapy could knock down the 
expression of those genes. In the case of 
viruses that take over their host’s cellular 
machinery and induce the expression of their 
own viral components, RNA interference 
therapy could be engineered to target the 
virus’s own genes, hindering its ability to 
reproduce. The beauty of RNA interference 
therapy lies in its origin as a naturally occur-
ring process in cells.

Theoretically, therapy would involve 
synthesizing double-stranded siRNA in a 
laboratory and introducing it into a target 
cell. This synthetic RNA would pair with 
target messenger RNA. The siRNA would 
then proceed through the normal RNAi 
pathway. By waylaying the genetic code 
in its quest to become a protein, the RNA 
interference pathway can knock down the 
expression of a specific gene.  

If we can agree that the theory sounds 
promising, then where are the results? There 
are a number of competing therapies for 
cancer on the market, including chemo-
therapy, radiation, and monoclonal antibody 
drugs (like Avastin), all widely adminis-
tered; where do RNAi therapeutics fit in? 
Why hasn’t this nearly magical technique 
changed the way we treat disease?  RNAi 
isn’t used to treat disease in humans—yet.  
RNAi has been shown to work in many in 

vitro and some in vivo (animal) experimental 
models, but development of therapeutics for 
human use is a slow process for even the 
most successful methods. This isn’t for lack 
of trying; along with researchers in academia, 
many biotech companies have RNAi divi-
sions, and even subcompanies. Merck, for 
one, invested $1.1 billion in 2006 to acquire 
Sirna Therapeutics, a company that, true 
to its name, is investigating siRNA treat-
ments. Roche has partnered with Alnylam, 
another company researching siRNA based 
in Massachusetts, and smaller startups like 
Regulus Therapeutics are operating in the 
same field. Yet every company being fun-
neled billions of dollars of research fund-
ing has come up against the same obstacle: 
delivery.

In order to produce a viable and market-
able therapeutic, scientists must not only find 
a way to direct RNAi drugs across the cell 
membrane and to their target tissues, they 
must also circumvent the body’s enzymatic 
pathways. Normally, the body would break 
down a free double-stranded RNA before 
it could have any effect on a cell. If the 
double-stranded RNA reaches a cell, pass-
ing it through the cell membrane becomes a 
difficulty. The cell is very selective in what it 
allows into its cytoplasm, and foreign or syn-
thetic substances are highly restricted. The 
goal, then, is to disguise RNAi therapeutics 
as natural components of our bodies.

Here’s where UC Berkeley scientists 

RNAi targets the central 
dogma of biology

Normally, segments of DNA are 
transcribed into messenger RNAs 
(mRNA) in the nucleus by proteins 
called polymerases. These messages 
are in turn translated in the 
cytoplasm by complexes called 
ribosomes to make peptides. 
Peptides are folded into  3D 
structures that are functional  
proteins. Small RNAs such as those 
from the RNA interference pathway, 
can cause the degradation of mRNAs 
or prevent them from being 
recognized by the ribosomes. Either 
way, the messages are lost and no 
functional proteins can be made.
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could make an enormous impact. Dr. Naresh 
Sunkara, a postdoc in Liu’s lab, works with 
delivery mechanisms for RNAi therapy. He 
believes that by constructing a molecule that 
mimics some of the body’s natural chemistry, 
he will be able to walk that fine line between 
getting drugs past the cell’s membranous 
barrier and avoiding activating an immune 
response. Sunkara is investigating using 
synthetic lipids, which can mimic the natural 
composition of the cell membrane, to con-
tain and deliver therapeutic siRNA. Lipids 
interface well with cell membranes, and form 
protective structures that can shield siRNA 
from enzymes or immune responses until 
they reach cells. However, targeting can be 
a problem; lipids primarily end up in the 
liver, whereas cancerous cells can reside in 
any part of the body.

Another obstacle for siRNA 
therapeutics is off-target effects. 
Despite the specificity of siRNA 
engineered to bind only one 
particular segment of a 
gene, biology has a way of 
providing unintended 
consequences. If an 
siRNA molecule is 
complementary to part 
of a gene, rather than 
the entire transcript, 
it can still function to 
block transcription of 
that gene, if only partially. 
This means that siRNA has 
to be designed extremely 

carefully, so that it not only affects the target 
gene, but also doesn’t match up, even in part, 
with genes that code for other proteins not 
being targeted. Off-target effects can also 
involve the natural RNA machinery that 
siRNA takes advantage of for processing. 
An overabundance of introduced siRNA 
molecules can mean that the naturally-
occurring mRNA meant to be processed 
by the cell isn’t taken care of efficiently, or 
isn’t processed at all.  This siRNA saturation 
can be toxic to a cell, as it hinders any RNA, 
including functionally necessary protein-
encoding mRNA, from leaving the nucleus 
and being translated. Off-target effects can 
be screened for in animal models, but the 
cost of their unpredictability can be a deter-
rent to development.

The broader goal of Sunkara and others 
who work to engineer cancer thera-

peutics using RNAi is potentially 
market-changing: the hope is to 

phase out the use of chemo-
therapeutic and non-specific 
drugs. Sunkara explained 
that the cause of the adverse 
side effects and failures of 
chemotherapy lie in the 
fact that we all have unique 
genotypes, which a general 
course of action like chemo 
is not equipped to address. 

“The best course of action 
is to understand our biology 

better, and tailor our drugs 
based on our personal DNA or 

RNA,” Sunkara explained.Initiatives like The 
Human Genome Project opened the door for 
huge advances in our ability to understand 
the specific functions of our genes and 
marked the beginning of an explosion in 
gene therapy research. As we gain a firmer 
grasp on our own biology, the possibilities 
for gene-specific therapeutics open up. “This 
is where RNA interference comes in; many 
diseases that we see involve the up-regulation 
of certain genes,” said Sunkara. 

Sunkara believes that the future of 
pharmaceuticals lies in identifying deranged 
genes and regulating them through mecha-

nisms like RNA interference. He painted a 
picture: “Suppose you have the flu.  You go 
to a hospital, they take your blood, genotype 
your cells to see what exactly is wrong, and 
then actually design something that will 
correct the problem. Then you come back 
the next day to get a drug specific to your 
problem.” In terms of cancer treatment, 
he sees great potential for the activity of 
genotype-specific drugs. “The genotypes 
in cancer cells are bound to be different 
in different human beings,” he said. RNA 
interference therapy, with its intrinsically 
specific binding properties, offers us greater 
control over disease management.

For existing cancer drugs, general 
effectiveness is a valuable quality. Drugs like 
those used in chemotherapy can be admin-
istered to a wide range of patients, and are 
deemed efficient; they have the potential to 
provide answers to many ailments. However, 
when general drugs do not work, Sunkara 
believes that specific treatments, while labor-
intensive and still mainly theoretical, will 
help healthcare professionals work with our 
varied genotypes to circumvent side effects 

“the best course of ac-
tion is to understand 

our biology better, and 
tailor drugs based on 
our personal DNa or 

rNa.” 

The Human Genome Project made  
it possible to design gene-specific 
therapeutics, such as RNAi therapy
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and ineffective treatments. 
Discussing the future of RNAi therapeu-

tics, Sunkara also noted the difficulties that 
the business of drug development can present. 
He pointed to the fairly recent cutbacks that 
Roche Pharmaceuticals, the world’s biggest 
funder of drug research and development 
(R&D) implemented. After planning on 
investing $1 billion in RNAi R&D, Roche 
completely shut down its RNAi division. 
Novartis, another premier pharmaceutical 
company, also shut down its RNAi opera-
tions. The corporate decision-making behind 
this high-profile exit from RNAi therapy is 
rarely disclosed. In the private sector of drug 
development, scientific pursuits are more 
heavily exposed to market demands than are 
governmental or academic projects. Indeed, 
scientists like Sunkara see these shutdowns 
as products of market forces rather than a 
reflection of RNAi therapy’s viability.  He 
acknowledges the setback that RNAi therapy 
has suffered because of a lack of support from 
the private sector, but seems undaunted on 
the whole.

Dr. Paul Rider, also a post-doc in the Liu 
lab, pointed out that although we may not 
see RNAi therapeutics being administered 
to patients with cancer or viral infections, 
there have been some successes in developing 
therapeutics that have moved on to phase 
I and II clinical trials. Indeed, one of the 
reasons that we do not see RNAi drugs on the 
market today may be that it is such a young 
idea.  Monoclonal antibodies went through a 
similar period of hype in the 1980s, followed 
by a longer-than-expected developmental 
period before the first viable products came 
to market. Drugs must pass through four 

trial phases in order to ensure safety, which 
can take more than a decade.  Concerns with 
delivery methods could slow passage through 
these trials even further. 

Regardless of the challenges, many 
scientists still believe that these sequence-
specific drugs are the wave of the future. 
Undoubtedly, as our understanding of the 
specific aberrations in cell biology that lead 
to disease continues to expand, we will see 
an increase in drug 
specificity.  Despite 
the inherent barriers 
that RNAi therapy 
presents, it offers the 
tantalizing possibility 
of drug specificity. 

Humans are 
innately fascinated by 
our origins, the mys-
tery behind life, and 
the idea that we can 
improve the condi-
tions of life within our 
own lifespans. We are 
increasingly develop-
ing the potential to 
uncover causes and 
treatments for cancer, 
viral and bacterial 
infections, inherited 
genetic disorders, and 
even addiction. Even 
as they persevere to 
account for all the 
variables of the human 
body and its microen-
vironments, biologists 
like Sunkara cannot 

help but be optimistic about the prospects 
for RNA interference therapy and specialized 
medicine. It may take longer than expected 
to see this research investment pay off, but 
scientists at UC Berkeley are no strangers to 
high-risk, high-reward projects.

Anaamika Campeau is an undergraduate in 
molecular and cellular biology.

Drug design for RNAi thearpy will focus 
on a delivery method that could bypass 
the lipid bilayer of the cell membrane
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Universe—have earned supernovae a place 
in popular vocabulary and imagination.

Perlmutter became interested in the 
supernovae for a different reason. It turns 
out that a special class known as Type 1a 
supernovae, which originate from white 
dwarf stars, explode with surprising regu-
larity in the Universe, and that every Type 
1a supernova occurs with nearly the same 
brightness. Because of this, Perlmutter’s 
group here at UC Berkeley and LBL (formally 
titled the Supernova Cosmology Project), 
and the competing group of Schmidt and 
Reiss based mostly at Harvard (the High-z 
Supernova Search Team) were independently 
able to use Type 1a supernovae as “standard 
candles” in determining how fast galax-
ies were moving away from us across the 
universe. The brightness of a supernova’s 
explosion can determine its distance from 
Earth and, by extension, when it exploded. 
A supernova’s velocity can be determined 
by analyzing its redshift (that is, the shift 
in frequency that occurs in the supernova’s 
spectral features because of the Doppler 
effect), and together these two values can 
be used to determine the changing size of the 
universe over the course of billions of years.

Both groups expected to use the super-
nova data to measure the rate at which the 
universe is decelerating, a consequence 
of the fact that gravity as we know it only 
ever tends to pull things toward each other. 
Shockingly, they found the opposite. Not 
only is the universe failing to slow down in its 
expansion; it is actually accelerating. In order 
to account for this, it seems that there must 
be some new force at work, which scientists 
have cryptically labeled “dark energy.” The 
new finding has thrust us into a new age of 
ignorance, which is both irksome and excit-
ing because dark energy comprises almost 70 
percent of all that exists.

CS:  So what’s it like to win the Nobel 
Prize?
SP:  The day they call you up is one of 
these amazing whirlwind days. You’re 
woken up at 2:45 in the morning, and after 

arrive at the corridor that leads to 
Saul Perlmutter’s office in the early 
afternoon as he wraps up a weekly 

group meeting with his research team. 
He is slightly built, wears a casual button-
down shirt, and has wire-rimmed glasses 
framing an effervescent pair of blue eyes. 
It is Thursday, the first opening he has to 
meet with me this week after being away on 
business. We exchange a quick hello before 
he hurries into downtown Berkeley for an 
appointment while I get the chance to speak 
to the members of his research group. Upon 
returning, he sits down at his desk for about 
five seconds in the hope of checking his email 
when Cathy Thompson, his administrative 
assistant, briefs him on the upcoming sched-
ule. Several appointments still need to be 
met, there is a seminar scheduled in half an 
hour that he’ll want to attend, and then he 
leaves town again in two days. He glances 
at his watch and realizes he needs to meet 
with one of his group members before the 
day is through, and in order to squeeze in 
the interview with me he’ll have to settle for 
being a little late to the seminar. No time for 
email after all. Such is a typical day in the 
life of the University’s newest Nobel laure-
ate. Last fall Perlmutter, who holds a joint 
post as Professor of Physics at UC Berkeley 
and Senior Faculty Scientist at Lawrence 
Berkeley Laboratory (LBL), was awarded 
the 2011 Nobel Prize in Physics along with 
fellow cosmologists Brian Schmidt and 
Adam Riess, officially “for the discovery of 
the accelerating expansion of the universe 
through observations of distant supernovae.”

The heart of the research leading to the 
prize was conducted in a pair of landmark 
studies that Perlmutter and his colleagues 
published in 1998 and 1999 on supernova 
explosions that occurred in galaxies in the 
distant past. A supernova is the explosion 
of an aging star, a cataclysmic reaction that 
emits so much light that a single event will 
outshine its entire host galaxy and can be 
viewed from Earth at a distance of even 
billions of light-years. These explosions—
some of the most violent in the known 

I got off the phone with the Nobel Com-
mittee (though in this particular case I got 
off the phone with a reporter because they 
couldn’t find me), I looked at my wife and 
I said, “So, now what?” And I thought, “I 
guess I ought to take a shower, get dressed, 
and shave.” Because sure enough, with-
in 40 minutes there are people at the 
door ready to start interviewing you, 
and there are trucks with TV crews 
outside. It becomes a nonstop day 
of interviews and celebrations, 
and the whole university and 
lab communities feel very much 
involved. It’s been such a prod-
uct of these two communities 
for so many years that I think 
everybody felt like we were all 
doing it together, which is fun. 

And then of course things 
got nice and quiet for a couple 
of days because the email 
was so overloaded that you 
didn’t know what you were 
missing! I had a few days to 
get around and talk to people. 
And then we started assigning 
administrative assistants to 
look through the mail, and we 
realized all of the things we had 
to do to go to Stockholm. There’s 
a huge amount of organization that 
has to happen there because it’s real-
ly set up for lone scientists to go to get 
the prize. In my case it was a team that 
did the work together, and so we were 
all going. It was like organizing a wed-
ding remotely. In fact it was much bigger 
than the wedding we had in Berkeley when 
I got married. Out of the 31 or so people on 
the team, 27 came with their spouses, and 
my family was there. We were organizing 
banquets for 65–70 people.

And then the week itself comes, which 
happened fairly quickly because we were so 
busy doing all this organizing. It’s a whole 
eight days of activities and it’s nonstop 
from morning until late at night. They’re 
driving you around in a specially dedi-
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“These are all mind-boggling ideas. Although 
as I point out to everybody, any model of the 
universe is hard to wrap your mind around.”

cated limousine, and they’re taking you to 
interviews, and to press conferences, and 
to filmings, and to your lecture, and then 
eventually you go to the big ceremony and 
then the banquet. They have these palaces 
and castles, kings and queens, and they re-
ally know how to use them to make it feel 
like a heightened event. And what’s striking 
is that Sweden really takes this stuff very se-
riously. People recognized you on the street. 
They would ask for autographs, and the 
awards ceremony and banquet were shown 
on TV as if it were a sports event or the 
Academy Awards. Everybody watches it.

CS:  I noticed you were the first person to 
walk across the stage to receive the prize.
SP:  Apparently the phys-
ics prize is considered 
the senior prize, I think 
because it’s the first one 
mentioned in [Nobel’s] 
will. And I was the senior 
member, I guess by age 
and by order in which they 
gave the prize. So I was always put at the 
front of everything, which was fun. But it 
also meant you had to try doing everything 
first before you got to see how it really is 
done. The nice thing is that the Swedes are 
very formal, and yet they have a nice sense 
of humor behind the whole thing. You get 
the impression that if you get it wrong, no-
body’s going to be very upset.

CS:  Do you see yourself differently now, 
and/or do other people?
SP:  Well of course it’s still new, so it’s hard 
to know what will happen in the years down 
the road. But I’m still the same person. My 
friends and colleagues still have just as 
much respect (or disrespect) for me as they 
would have had to start with. There’s obvi-
ously a lot more that I have to figure out in 
terms of a nonstop stream of invitations 
for things that people want me to do now, 
and the real question is, how are you going 
to use your time? There are the things you 
feel are important to try to do, and some to 
which you feel that you can’t say no, but you 
also feel like you shouldn’t be traveling all 
the time. You should be getting some work 
done and you should be there with your 
family as well.

into empty space (because empty space 
would be the Universe, too). The picture 
that I think is much more apt is to imagine 
that the Universe is infinite today, and that 
as far as you go in any direction there are 
galaxies, and the only thing we mean by the 
Universe expanding is that all the distances 
between the galaxies are getting a little bit 
bigger. We’re pumping extra space between 
the galaxies. In that picture, as you go back 
in time it’s still infinite. It’s just that all 
these galaxies are a little bit closer together. 
Eventually, things get on top of each other, 
and once they get tight enough on top of 
each other our physics models don’t work 
anymore, and we call that the Big Bang. But 
it’s not a very great name. I mean really we 

should be calling it the Big 
Soup or something. I think 
in that picture many of the 
questions that people ask 
you about “what’s the edge of 
the Universe?” and “where 
was that center, where was it 
located?” go away.

CS:  Hmm, it’s really hard to wrap my 
mind around that.
SP:  Absolutely. These are all mind-
boggling ideas. Although as I point out to 
everybody, any model of the universe is 
hard to wrap your mind around.

CS:  Who is your favorite Nobel laureate 
or scientist?
SP:  It’s probably easy to choose Einstein, 
just because he captured so much of what 
we like to think of as the prototype of 
physics, which includes a strong humanist 
component amidst this amazingly crazy 
scientific picture that turned out to be true. 
Similarly, the playfulness of people like 
Feynman is very attractive to me, and that 
translates down to the diverse capabilities 
of people like Luis Alvarez. 

CS:  Have you gotten a chance to enjoy the 
Nobel laureate parking space?
SP:  Yes! So far I’ve parked there maybe ten 
times. I definitely appreciate it every time, 
and I’m hoping that I’m providing a role 
model rather than just taking up space.

CS:  If you had to pick out a single great-

CS:  How does your family feel about it?
SP:  They generally have been having a 
good time with it. I think there were a 
few moments in which my eight-year-old 
daughter was a little bit nervous that maybe 
somehow I’d be taken away from her a little 
bit more. But I think she got over it quickly. 
To first order I’d say we’re still able to lead 
ordinary lives.

CS:  I heard you don’t really like cham-
pagne.
SP:  I’m not a big champagne person, but 
of course it’s nonstop for these celebrations. 
Everybody has to have champagne. So I al-
ways have a sip. So now I am a connoisseur 
of different sips of champagne.

CS:  You’ve mentioned in the past that 
physics is a very social activity. Could you 
comment a little more on that?
SP:  I think some people are lone scientists 
still, but in my experience the work that 
you’re doing is a reflection of a large group 
of people all contributing something. I like 
to think about problems quietly for a few 
minutes, but really I love to bounce the 
ideas off other people, and I come into work 
and I look forward to that. If there’s some-
thing I want to think through, I want to 
think it through with other people. And so 
we’re constantly getting the group together 
and asking questions. In general that’s the 
way in which most of the science I know 
works best. And so that fact that all those 
people came out to the Nobel ceremony was 
really appropriate. 

CS:  What is the hardest question that 
children ask you?
SP:  There’s a whole family of questions 
that are premised on the [erroneous] idea 
that the universe expanding means that ev-
erything in the universe started at a point, 
and then expanded out from that point. I 
always try to correct that by saying that we 
shouldn’t think of it as an explosion of stuff 
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Perlmutter’s team studies Type 1a supernovae like 
this one, supernova 1994D in galaxy NGC 4526 as 

captured by the Hubble Space Telescope. 
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est challenge to the work that led to the 
prize, what would it be?
SP:  You had to find a way to get a whole 
bunch of things to all work all at the same 
time. We would be using maybe a half dozen 
telescopes around the world simultaneous-
ly, but they’re all controlled by completely 
separate entities, and they’re scheduled by 
different people, and you have to be able to 
talk to everybody and get them all on the 
same page together so that they’re actually 
scheduling them in a coordinated manner, 
and you have to get all of the people to work 
simultaneously together in a coordinated 
manner, and your software has to succeed 
all at the same time.

It’s an interesting logistics problem, 
which is not at all what you expect to be 
the hard part of a science project. I always 
thought the science itself was going to be 
one of the simplest experiments I knew. 
There were sophisticated parts of it that 
took some ideas that we had to invent to 
make it work, but as bad as those difficult 
science parts were, the most difficult parts 
were the social and logistics parts, getting 
the story to work with all those humans.

In the 13 years since the original findings 
of the Supernova Cosmology Project and 
High-z Supernova Search Team, complemen-
tary techniques have arrived at results that 
are in striking agreement with the original 
findings of the supernova studies. Yet despite 
mounting evidence of dark energy’s exis-
tence, no one really understands what it is 
or why it behaves the way that it does. The 
simplest way to account for an accelerating 
Universe is an idea known as the cosmologi-
cal constant, due to Albert Einstein, which 
postulates that dark energy can be incorpo-
rated into the intrinsic fabric of spacetime. 
Unfortunately, theoretical estimates of the 
value of this cosmological constant are 120 
orders of magnitude (a factor of 100 quintil-
lion googols) larger than the experimental 
evidence indicates, a spectacular failure of 
understanding that has been described as 
the largest discrepancy in science between 
theory and experiment ever.

Current research efforts in the 
Perlmutter group have proceeded along 
two fronts in the effort to better understand 

dark energy. Part of the group is continu-
ing to push forward along the Supernova 
Cosmology Project’s original efforts, search-
ing for ever more distant supernovae and 
using them to obtain smaller error bars 
on the Universe’s expansion. In tandem 
with this, Perlmutter and colleague Greg 
Aldering run a complementary study called 
the Nearby Supernova Factory, which is 
an effort to characterize supernova events 
that happen much closer to home. Graduate 
student Hannah Fakhouri said that the study 
of nearby “twin supernovae,” supernovae 
with nearly identical temporal features, could 
lead to a better understanding of intrinsic 
supernova processes and the eventual identi-
fication of a more stringent class of standard 
candles than the Type 1a subset. According 
to Fakhouri, the new prize and fame has only 
slightly cut into Perlmutter’s involvement 
with these efforts, and thankfully so. “Saul 
has an amazing ability to be excited and it’s 
infectious,” she said. “Sometimes when I’m 
frustrated and things aren’t really making 
any progress, he’ll come and he’ll stand 

by my desk, and he’ll ask what the status 
is. And I’ll say what’s working and what’s 
not working, and somehow he’ll manage 
to take whatever is said into a very positive 
light. And somehow it becomes exciting and 
possible to solve the problem.”

Saul Perlmutter’s Nobel Prize will mark 
him as the ninth laureate from UC Berkeley 
in physics. Previous recipients include 
Ernest O. Lawrence, Emilio G. Segre, Owen 
Chamberlain, Luis Alvarez, Donald A. Glaser, 
Charles H. Towns, Steven Chu, and most 
recently George F. Smoot. It is a select club 
with one of the strictest academic member-
ship requirements on earth. In Perlmutter’s 
case, the academic qualifications appear to 
have a personality to match. “He’s really great 
as a person, and he’s just really humble about 
it. He doesn’t flaunt the fact that he’s won the 
prize,” Fakhouri said. “I would say it couldn’t 
have happened to a better guy.”

Christoper Smallwood is a graduate student 
in physics.
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When I first read “The Selfish Gene,” 
Richard Dawkins’s classic work 
on reducing living phenomena 

to “selfish” interactions between specialized 
molecules, I felt betrayed. I asked my high 
school teacher, how can this be it? How can 
we take Brahms and marriage and recessions 
and reduce them to chemistry? How can 
my fierce thoughts be nothing more than 
a byproduct of physics? To me, a nanoscale 
view of the mind—which Francis Crick 
called “no more than the behavior of a vast 
assembly of nerve cells and their associated 
molecules”—lacked something essential. 
Instead, I agreed with Charles Darwin when 
he said that the potential reductionism of 

his own theory “is always painful to me. I 
am bewildered.”

I’m not the only person who wants to 
give scientific reductionists like Richard 
Dawkins and Francis Crick their comeup-

pance. UC Berkeley anthropology 
professor Terrence W. Deacon, in 
his new book “Incomplete Nature,” 
writes that physics and chemistry 
are “devoid of function, meaning, 
and value.” In contrast, “something 
quite different happens with organ-
isms and brains than with erupt-
ing volcanoes, turbulent rivers, or 
exploding stars.” What happens dif-
ferently? And how do we, scientists 
of all stripes, incorporate emergent 
phenomena of life and the mind into 
our scientific laws and theories 
without forsaking our knowledge 
of the physical world?

Deacon bravely essays answers 
to these questions. His attempt gath-
ers up Aristotle, Jerry Fodor, Charles 
Darwin, Lionel Turing, and Albert 
Einstein (among many others) in a 
swirl of philosophy, anthropology, 
history of science, geology, genet-
ics, computer science, and more. 
Deacon shows why reductionism 
doesn’t always work. His main argu-
ment is that many phenomena with 

no clear physical explanation, like values and 
purposes, can still have causal influence in 
the world. “To navigate in a world without 
value is to be without rudder or destination,” 
he says, “and yet without science, we navigate 
blind.” 

His solution, a reframing of thermody-
namics to account for emergent phenomena, 
takes time to wade through. Deacon makes 
up a lot of words—ententional, absential, 
teleogen—and his inclusion of ideas from 
widely varying fields means that there is a lot 
of jargon. This isn’t to say that “Incomplete 
Nature” is meant only for experts. Deacon 
gives myriad easy to understand examples, 
helpful figures, and a glossary. His 

explanations of how snowflakes are made, 
the relevance of Conway’s Game of Life to 
thermodynamics, and contemporary sci-
ence’s relationship to Aristotelian cosmology 
are delightful. But “Incomplete Nature” is 
a tome and Deacon’s argument is complex. 
In truth, the book’s complexity is satisfying. 
Deacon calls up facts, logic, and ideas from 
thinkers throughout the history of Western 
scientific thought who spent their lives 
mitigating the separation between mind and 
matter. His thoughts about thermodynamics 
are synthesized from the ideas of several 
20th-century physicists. Sitting comfort-
ably on the shoulders of giants, Deacon is 
convincing. 

The mark of a good book is, perhaps, 
whether it changes one’s mind. Indeed, 
Deacon might point out that a book chang-
ing someone’s mind is an example of how 
information that is not contained within 
the physical nature of an object (a book) 
could change how a human being behaves. 
I’m beginning to hear the assumptions in 
how people talk about neurons and reframe 
my scientific questions: what is information 
processing to a bunch of molecules? Is the 
information really being processed physically 
in the world? What are the constraints on 
neurons, and how does consciousness emerge 
from these constraints?

Deacon doesn’t pretend to have all of 
the solutions to these problems. He hopes 
that experimentalists might take his work 
to heart—or head? or some virtual space 
in which our thoughts are contained?—and 
begin testing whether the world acts the 
way he writes that it does. He leaves us 
with a quote from philosopher Jerry Fodor: 

“Nobody has the slightest idea how anything 
material could be conscious. Nobody even 
knows what it would be like to have the 
slightest idea how anything material could 
be conscious.” Let us find out.

Anna Vlasits is a graduate student in 
neuroscience. w
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Incomplete Nature: 
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From Matter 
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t o o l b o x
n January 17th, 1966, a US Air 
Force bomber f lying over the 
south of Spain exploded in mid-

air while attempting to refuel, sending its 
cargo, including four hydrogen bombs, rain-
ing down from the sky. Of these, three were 
recovered, undetonated, on land, while the 
fourth was disturbingly AWOL. According 
to a local fisherman, it splashed down some-
where in the Mediterranean Sea. How would 
you go about looking for the bomb in a way 
that maximizes the chance you’ll find it?

In addition to sounding like an end-
of-chapter question from Math for Rambos, 
this story is historical fact. It came to be 
known as the Palomares Incident, and its 
successful resolution depended on a statisti-
cal tool called Bayesian inference. The roots 
of Bayesian statistics go back to 18th century 
England with the discoveries of Reverend 
Thomas Bayes, who was interested in the 
problem of determining causes from obser-
vations of results. Bayes realized that any 
analysis of causes should incorporate not 
only the observations of results but also prior 
expectations about the various causes. In 
Bayesian terminology, beliefs about potential 
causes at the outset of your experiment are 
referred to as your “prior,” as they are formed 
prior to making an observation. Here’s an 
example to illustrate its importance: imagine 
waking up in the night to get a drink of water. 
As you stand at the sink filling your glass, you 
feel a warm, slobbery tongue lick your calf. 
Now, your response to this will differ greatly 
depending on whether or not you have a dog. 
That is to say, your belief 
about the cause of the 
warm wetness on your 
calf (the observation) 
depends on your belief 
about the presence of a 
dog (the prior). It is the 
inclusion of a prior that 
makes Bayesian statistics 
such a powerful tool for 
answering complex 
problems.

Let’s return to our bomb hunt. Search 
teams set to work building their prior by 
establishing various hypotheses about the 
bomb’s location and assigning certainties 
to each of them. The fisherman’s sighting 
was their best clue, but there was always the 
possibility that he was mistaken, and it actu-
ally landed somewhere else. The bomb had 
two parachutes, and its location depended 
on whether one or both or none deployed 
successfully. All of these beliefs should factor 
into our search plan, and the Bayesian prior 
allows precisely for that to occur. When the 
prior was complete, the team sent a deep 
sea-submersible, Alvin (the same one that 
explored the Titanic), to the sites that had 
the highest probability of containing the 
bomb. Each night, the team would revise 
their prior to incorporate that day’s data, and 
use the new prior to inform the next day’s 
search path. Using this method, the bomb 
was eventually located and safely recovered.

At UC Berkeley, Professor Jack Gallant 
and colleagues are using Bayesian statistics 
to plumb the depths of a different great 
unknown. To better understand how the 
brain works, they have set off on a quest to 
reconstruct what people are seeing based on 
their brain activity (“Decoding the mind’s 
eye” page 4). Reconstruction is an incred-
ibly hard task, as the possible hypotheses 
are every combination of real-life objects 
imaginable. In analogy to the bomb hunt, 
the space containing the possible movie loca-
tions is absolutely enormous: far more expan-
sive than all of the Earth’s oceans. Luckily, 

there exists a repository that approximates 
possibilities on such a grand scale, the 
wondrous product of millions of individual 
and societal neuroses known as YouTube. 
The authors used this resource to harvest 
the roughly 18 million one-second snippets 
that served as their “natural movie” prior. 
Next, they showed subjects longer movies 
while recording brain activity and, for each 
second, calculated the likelihood that the 
on-screen movie contained elements from 
a particular prior snippet. By design, none 
of the prior snippets perfectly matched the 
test movie, but the hope was that the set of 
priors would include enough elements of 
the test movie that averaging the 100 most 
likely snippets together would produce an 
estimated reconstruction of the subject’s 
visual experience, second-by-second. Using 
this method, the team was able to reproduce 
the movies with surprising accuracy.

One reason Bayesian inference is so 
popular is that it mathematizes a very intui-
tive and reasonable approach – start with 
what you know, make observations based on 
your prior knowledge, update what you know 
with what you find out. Lather, rinse, repeat. 
By incorporating our incoming beliefs via 
the prior probability, Bayesian inference has 
formed the backbone of fields as diverse as 
search-and-rescue, brain decoding, medical 
diagnoses, and artificial intelligence. 

Robert Gibboni is a graduate student in 
neuroscience.
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