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Dear reaDers,

Welcome to lucky issue 13 of the Berkeley Science Review. Despite its inauspicious number, I feel 
fortunate to have been chosen to head this issue, and I am happy to say that we have not experienced 
the publishing equivalents of broken mirrors or black cats. Instead, continuing in the proud tradition 
of the BSR, we have an issue full of excellent articles about the cutting-edge research here at UC 
Berkeley. 

The “colony collapse disorder” blighting bees worldwide has been widely publicized in the 
media, and is unlucky for farmers and bees alike. In her article on page 31, Jacqueline Chretien takes 
a different perspective on this issue, focusing on Cal researchers’ work with native bee populations 
that could be used as a more stable, hardy source of pollinators. Continuing this “insect double-
feature” of sorts, Tracy Powell turns her attention to bees’ mechanical cousins—robotic flies and fleas 
currently being developed by UC Berkeley engineers (p.22). 

ever feel cursed as you’re sitting in traffic on the Bay Bridge? On page 17, David strubbe de-
scribes how researchers at the Berkeley Institute for Transportation studies create traffic models 
based on Bay area traffic to determine the best strategies for reducing congestion. Meanwhile, on 
page 10, Jessica Harvey reports on the development of needle-free injectors that could make vaccina-
tions both safer and less painful. and finally, don’t miss adam schindler’s coverage of the ongoing 
controversy surrounding the corporate sponsorship of university research, and how UC Berkeley fits 
into the debate (p.41). 

The BSR is produced by an all-volunteer, mainly graduate student staff of writers, editors, and 
artists. If you’re interested in writing, editing, taking pictures, or doing graphic design for the next 
issue, please contact us at sciencereview@gmail.com. We’re also always in need of financial 
support, so if you’d like to help but can’t spare the time, consider donating to help offset our printing 
costs. The BSR is a nonprofit organization, so your gift is tax-deductible. 

To conclude, I’d like to thank both past and present members of the BSR staff for their tireless 
dedication to the magazine, while at the same time pursuing their own fascinating research. Without 
you, the BSR would be ill-fated indeed. 

enjoy the issue, 

Meredith Carpenter
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Page rank unfair to the 
nematode

although I am impressed with the over-
all quality of your publication, I have to take 
exception with the article by Tracy Powell 
entitled “Fashionably scientific: america’s 
Next Top Model Organism” [BSR spring 
2007, page 29]. My comment centers on the 
small bar graph titled “Who’s the Diva Now” 
on page 35. The “fashion-model” theme is 
creative, but the use of Google searches 
as a criterion for the comparison of 
scientific subjects is, at best, mislead-
ing, especially in the case of C. elegans.

I have worked with C. elegans for fifty 
years and have seen it grow in stature from 
relative obscurity to what is considered by 
some to be the world’s premier multicellular 
model organism; therefore, I believe it de-
serves better public relations. Nevertheless, 
I look forward to reading future issues of 

your BSR and would like to suggest that you 
consider an article on C. elegans, if you have 
not done it already.

—Bill Hieb, Ph.D.

Scent of a gay man?
regarding the brief article “scent of a 

Man” [BSR spring 2007, page 10]: I feel that 
either the article or the research left out a 
fairly obvious demographic—homosexual 
men and women. It may be more rewarding 
to one’s curiosity than to the research being 
conducted, but it would be very interest-
ing to find out if gay men and straight 
women (or gay women and straight 
men) had a similar response to AND 
[4,16-androstadien-3-one]. Perhaps this 
is something to consider in future research.
—Jackson Willis, Southern Company Research 

and Environmental Affairs

[It’s true: Research indicates that the brains of gay 

men and straight women show similar responses to 

AND. Alas, this work was done by a group in Sweden 

(Berglund et al. (2006) PNas 103(21):8269-74) and 

not at Berkeley.—ed.]
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Spring 2007 Issue 12

Spiders and Spice
The Nobel Prize at Berkeley
Alternative Energy Double Feature

v
Plus:  Human Pheromones ✦ Model Organisms ✦ Littlest Life Form ✦ Mammoth Find

Reader responses to articles from our last issue

Want to 
do more?

The Bsr is always 
looking for new writers, 
editors, artists and layout 

editors. If this sounds 
like you, check out

sciencereview.
berkeley.edu

Erratum:

In the first print run of BSR Issue 12, 
an early draft of “Feel the Burn” (pages 
16-17) was published in error. (The 
correct version appears online and in 
our second print run.) Please refer to 
sciencereview.berkeley.edu/errata 

for detailed corrections. The BSR regrets the 
error.
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LABSCOPES

Shifting Shorelines on Mars 

The debate over the existence of oceans on Mars has reached a turning 
point. The planet has topographical features reminiscent of an ancient 
ocean, with a wide basin outlined by apparent shorelines. However, 
the Mars Global surveyor revealed that, unusually for shorelines, their 
elevation varies from the predicted sea level by up to two kilometers. 
a phenomenon called true polar wander, in which the rotational axis 
of a planet moves relative to its surface, is known to cause variations 
in sea level on earth. Taylor Perron, a former graduate student in the 
Department of earth and Planetary science (ePs) at UC Berkeley, 
reasoned that a similar phenomenon, but with a larger amplitude, 
could have deformed the shorelines on Mars. Perron, along with ePs 
professors Michael Manga and Mark richards, and visiting professor 
Jerry Mitrovica of the University of Texas, demonstrated that a 50-
degree shift in the orientation of the Martian poles could have caused 
enough deformation to account for the anomalous shoreline elevations. 
The researchers suggest that a large redistribution of mass on the planet 
could have caused the shift in the orientation of the poles. Perron notes 
that “this new support for the ocean hypothesis underscores the need 
to probe the deep subsurface of Mars.”

— Erin GrEEn is a recent graduate of molecular and cell biology.

Snail Sex by the Seashore

For those who believe snails never venture into the fast lane, it may 
come as a surprise that at least one species pushes the boundaries of 
normal reproductive behavior. Scissurella spinosa is a snail found in 
marine habitats throughout the south Pacific, and UC researchers in 
Moorea, French Polynesia, recently found that they undergo mass 
spawning. Previously, scissurellids were thought to be exceedingly rare, 
and were only studied as dried out shells in museum collections. But 
while Carole Hickman, a professor in the Department of Integrative 
Biology, and graduate student stephanie Porter of UC Davis were 
collecting other organisms in light traps at night, they serendipitously 
found an aggregation of thousands of S. spinosa. This method of mass 
spawning, perhaps correlating with the lunar cycle, has never before 
been seen in marine snails. Their mode of locomotion also came as a 
surprise. similar species have been observed thrashing their feet to 
traverse short distances in the water, but this work documents the first 
instance of this family of snails using their feet for sustained swimming, 
covering up to two meters to reach the light traps.

— michaEl calvErt is a graduate student in chemistry.
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A Molecular Ouroboros

What happens when Ouroboros, the serpent forever swallowing its 
own tail, lets go? at the new Molecular Foundry at LBL, Dr. Yi Liu 
and colleagues, using an innovative method of synthetic chemistry, 
developed a molecule with a shape reminiscent of the mythological 
Ouroboros. They found that when the electrical or chemical 
environment of the molecule is changed, this molecular Ouroboros 
acts like a single-molecule spring. The circuitous shape brings together 
two parts of the molecule (the head and the tail) that, when charged 
with additional energy, repel each other. Just as we can put energy into 
a spring by compressing it, this repulsion builds sufficient energy in 
the molecule to linearize it; in other words, the serpent can release its 
tail. The reorganization of an individual molecule produces a minute 
amount of force and, says Liu, “many of these molecular springs 
together could be used to produce mechanical work, for example, to 
move objects around, or [move] levers up and down.”

— SuSan YounG is a graduate student in molecular and cell biology.

The Ambidextrous Brain

Learning to play the piano is challenging, especially at the beginning. 
Felice sun, a former UC Berkeley graduate student in Mark D’esposito’s 
cognitive neuroscience lab, has uncovered a possible reason for this 
difficulty. sun designed the first functional magnetic resonance imaging 
(fMrI) study examining how multiple regions of the brain interact while 
learning motor skills that require both hands (“bimanual” skills). sun 
and Dr. Lee Miller (a former UC Berkeley graduate student now at the 
UC Davis Center for Mind and Brain) observed changes in blood flow 
to different parts of the brain while subjects learned a new bimanual 
task or performed one they had learned previously. They found that the 
brain makes more connections between the left and right hemispheres 
during the early stages of learning than during later stages. so while we 
tend to place great importance on the mastery of a skill, it seems that the 
brain may actually be doing most of the heavy lifting in the early stages 
of motor skill learning, the most active period of building bridges in the 
brain.

— BEvErlY chanG is a research assistant in psychology.
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Needle-less 
Injections
Taking the sting out of 
vaccinations

Medicine may be one step closer to 
earning the approval of star Trek’s Dr. McCoy 
with a recent development: needle-free injec-
tions. The Fletcher lab at UC Berkeley, in col-
laboration with samir Mitragotri at UC santa 
Barbara and ravi srinivasan at stratagent, 
reported the development of a new kind of 
needle-free jet injector in the March 13 issue 
of the Proceedings of the National Academy of 
Sciences. The injector works by harnessing the 
power of shape-changing crystals. Instead of 
piercing the skin with a sharp piece of metal, 
tiny jets of liquid are pumped out at speeds 
sufficient to penetrate it.

The obvious benefit of this 
research is to eliminate pain from 
injections. Needles are painful 
due to their thickness, which is 
mostly required for structural 
reasons. “You’re making a large 
hole that is catching a lot of 
nerves just because you need 
rigid walls for the needle,” says 
bioengineering professor Dan 
Fletcher. But eliminating the 
needle as an injection device 
does not necessarily eliminate 
the pain. Needle-free injectors 
have actually been around for 
quite some time, but developed 
a reputation for causing pain 
and bruising due to the volume 
of liquid that they delivered. 
The first jet injectors were 
developed in the 1940s for mass 
administration of vaccines to Us 
soldiers. “They were effective at 
delivering vaccines,” says Jeanne 
stachowiak, an engineering 
graduate student in the Fletcher 
lab, because “as long as you 
inject enough [vaccine], you 

will have an immune response.” These first 
injectors used compressed gas to propel 
milliliters of liquid into the skin, even into 
muscle. “I think they were very intimidating,” 
stachowiak remarks.

Today, there are commercially avail-
able jet injectors that derive from these 
military prototypes, like the Biojector from 
Bioject Inc., but they suffer from the same 
drawbacks as their predecessors. Perhaps 
the most formidable drawback is the size of 
the penetrating jet. at around the diameter 
of a human hair, the stream size may seem 
neglible in comparison to a metallic needle, 
but it’s still large enough to hurt. “Consumers 
aren’t going to opt for a drug-delivery system 
that’s painful,” says Fletcher. 

There are also compelling reasons for 
avoiding needles that are unrelated to pain. 
Needles are expensive, so in the developing 
world they’re often re-used, but “needle 
re-use is very dangerous,” says stachowiak. 
“Cleaning to appropriate standards is dif-

Current Briefs

A graduate student in the Fletcher lab loads up the needle-less injector 
with saline solution.
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ficult.” Yet no viable alternative is currently 
available. Multi-use jet injectors were, ac-
cording to stachowiak, “actually shown 
to be responsible for the spread of disease, 
and their use was discouraged by the World 
Health Organization.”

The reason older injectors spread disease 
was due to wide injection streams that caused 
a significant amount of splashback onto the 
injector, contaminating it. “Large volume in-
jections will likely always have splashback is-
sues,” says stachowiak. With pulsed microjet 
injectors, the Fletcher lab and collaborators 
hope to have solved this problem. 

at the heart of their design is the piezo-
electric actuator, a device that uses shape 
changing crystals to deliver hundreds of 
small injections, each containing a miniscule 
volume of liquid. When a voltage pulse is 
applied, the crystals move, but only a few 
micrometers, a distance invisible to the 
naked eye. The movement pushes a plunger 
and a stream of liquid is forced out of a small 
hole barely a tenth of a millimeter wide, at 
speeds of around 100 meters per second, 
slower than a conventional jet injector, but 
fast enough to penetrate the skin given the 
reduced diameter of the jet. a spring then 
returns the plunger to its original position. 
When this happens, pressurized liquid stored 
in the reservoir flows into the nozzle, refilling 
it. Velocity, penetration depth and dosage 
can all be shaped by altering characteristics 
of the voltage pulses so that operationally, 
the design is similar to that of a commercial 
inkjet printer, which also uses a piezoelectric 
actuator to pump out liquid. as Fletcher puts 
it, “what we tried to add was something the 
printer industry has done very well—precise 
control.”

Thanks to the narrowness of the ejected 
fluid stream, splashback is reduced to minis-
cule levels. Were a conventional jet injector 
to use such a narrow stream, a long injection 
length would be required, causing pain. The 
microjet injector avoids this by repeating the 
injection procedure many times over. By ap-
propriately limiting the length and velocity of 
the stream, penetration depth is reduced to 
100-150 micrometers. This region of the skin 
contains few nerves and blood vessels (mean-
ing negligible pain and bruising), but is still 
deep enough for many drugs to be effective.

Fletcher describes his long-term goal as 
“the development of a platform for controlled 
delivery” for any liquid, but one of the main 
therapeutic targets is insulin. apart from 
requiring accurate dosage, insulin delivery 

is trickier than vaccine injections as it only 
works if it gets into the blood. While Fletcher 
and collaborators have shown their device 
can change the blood glucose levels of rats, 
“the next big step”, as Fletcher refers to it, is 
to start Phase I clinical trials in humans. In 
anticipation of successful trials, one company 
has already sprung up with the goal of bring-
ing this technology to market. stratagent 
Corporation, which Fletcher helped found, 
plans to incorporate microjet injectors into 
wearable devices that periodically sample 
blood to determine whether or not injections 
are needed, and if so, provide them. 

Dr. McCoy would be proud.

JESSica h. harvEY is a graduate student in 
chemistry.

Want to know more? 
Check out fletchlab.berkeley.edu

Frozen to 
the Core
Bacteria persist in polar 
ice caps

Most scientists would scoff at the idea 
of performing their research in a pitch-dark 
clean room where 
temperatures are 
maintained below 
-25°C. But physics 
graduate student 
robert rohdes and 
his advisor, Dr. Bu-
ford Price, welcome 
these working con-
ditions at the U.s. 
National Ice Core 
Laboratory (NICL) 
in Denver, Colorado. 
Here, they have the 
opportunity to study 
ice cores recovered 
from the polar re-
gions of the world. 

Ice cores, like 
sediment layers or growth rings in trees, 
contain an abundance of historical climate 
information. Trapped in the layers of ice are 
clues about the temperature, precipitation, 

and gas composition of the lower atmosphere 
when the ice was formed. Bacteria, dust, 
atmospheric particles, and greenhouse 
gases like methane settle on the ice sheet 
and become sandwiched between layers of 
ice, providing a continuous, detailed climate 
record extending back over 100,000 years. 
These data can be assimilated into computer 
climate models, helping to predict future 
changes by improving our understanding of 
past climate patterns.

earlier research, conducted on a 3,043-
meter ice core as part of the second Greenland 
Ice sheet Project, revealed that 99 percent of 
the samples contained methane levels sup-
porting existing climate models. However, 
the Price research team was intrigued by four 
samples that exhibited anomalously high 
methane values—up to 10 times greater than 
could be explained by climate trends alone. 

By examining the sections of the Green-
land ice core containing methane spikes in 
greater detail, Price discovered that the source 
of excess methane was not the atmosphere, 
but rather methanogens—bacteria living 
in the ice that generate methane as a waste 
product. 

To detect these bacteria, the Price 
laboratory relied on the fact that all active 
methanogens produce a fluorescent molecule, 
F420, which emits blue-green fluorescence 
when hit by specific wavelengths of light. 
This unique fluorescent signature acted as 
a beacon for the researchers, indicating the 
presence of active methanogen cells. “We 

found methanogens at precisely those depths 
where excess methane had been found, and 
nowhere else,” stated Price in a recent press 
release. “I think everyone would agree that 

Rohdes has developed a new method for detecting frozen bacteria in ice cores like this 
one, which was drilled by the European Project of Ice Coring in Antarctica (EPICA).
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this is a smoking gun.”
Unfortunately, although this early re-

search clearly linked methanogens to excess 
methane in the ice, the researchers’ sampling 
methods at the time were both destructive and 
limited. Price and his students had to melt 
and filter the ice samples to observe fluores-
cent cells under the microscope, obliterating 
spatial information about the distribution of 
methanogens in the ice layers and precluding 
further analysis of the samples. Furthermore, 
because the detection assay was so laborious, 
they only sampled the ice every 6–10 meters 
along the length of the core, omitting many 
potential deposits in the remaining ice. 

To address these issues, the Berkeley 
research team has designed and constructed 
a compact, fluorescence-scanning device 
specifically for detecting methanogens. 
affectionately dubbed the “methanogen 
machine” by rohdes, this device uses lasers 
to scan intact ice cores for the fluorescent 
methanogen signature. Unfortunately, it must 
be operated under challenging conditions: 
extreme cold, to protect the integrity of the 
frozen cores, and extreme darkness, to allow 
detection of bacterial fluorescence without 
interference from stray illumination. “even 
the LCD lights on the machines are blacked 
out,” says rohdes.

Despite the discomfort required to op-
erate the device, it allows rohdes to inspect 
an entire ice core one millimeter at a time, 
thereby providing a sensitive, non-invasive 
method for detecting life in the arctic ice. Last 
spring rohdes returned from a sampling trip 
to NICL, where he used the scanner to map 

microbial distributions in stored ice cores 
from Greenland and antarctica. armed with 
the ability to detect individual bacterial cells, 
rohdes hopes that scanning other ice cores at 
NICL will identify regions of scientific inter-
est warranting more detailed geochemical 
and biological analyses. 

Future endeavors include outfitting the 
“methanogen machine” with other lasers, 
to detect different fluorescent molecules 
common to all life as well as specialized 
signals from other types of bacteria. Price and 
rohdes also anticipate that recently collected 
data will demonstrate that unusually dense 
pockets of bacteria (including methanogens) 
in glacial ice originate from sudden influxes 
of immigrant microorganisms blown onto 
icecaps during severe storms. Using microbial 
fluorescence as a proxy, they hope to track 
meteorological events as far back as 100,000 
years ago. 

Furthermore, Price suggests that fluo-
rescence scanning technology should not be 
limited to ice cores, or even earthly research 
endeavors. It could also be adapted for future 
missions to Mars, where methane has recently 
been detected. By scanning Martian ice for 
alien methanogens, the device could one day 
help determine whether biological sources of 
methane exist on our planetary neighbor. 

KEllY WriGhton is a graduate student in plant 
and microbial biology.

Want to know more?
Check out icecube.berkeley.edu

The 
Ancestor’s 
Tale
Sponge research focuses 
on drug discovery and the 
origins of multicellularity

To the average agent of kitchen cleanli-
ness, the sponge does not evoke particularly 
strong feelings. However, the marine filter 
feeder of the same name—now only a spiritual 
cousin of the yellow and green dish-scrubbing 
staple—has been stirring the imaginations 
of biologists and engineers for a number 
of reasons. Though among the simplest of 
multicellular organisms, sponges produce 
a variety of molecules with anticancer, 
antiviral, and anti-inflammatory properties. 
Current research at UC Berkeley investigates 
the biology of sponges to understand their 
evolution and to learn how to manufacture 
their natural products.

In the 1950s, a number of previously 
unknown pharmaceutical products were 
discovered in sponges. Most of the com-
pounds are produced in very low amounts, 
so harvesting the sponges from the wild 
to extract these compounds is impractical 
at best. However, these molecules are so 
complex that synthesizing them chemically is 
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currently unachievable. Thus, learning how 
to grow sponges in a laboratory environment 
is critical to producing these chemicals in 
usable quantities. sponges can grow under 
diverse conditions, thriving in fresh and salt 
water, in polar and tropical regions, and in 
deep seas and shallow waters; however, at-
tempts to grow them in the lab, whether cul-
tured as individual cells or as whole sponges, 
have been unsuccessful.

Detmer sipkema, a postdoctoral fel-
low in Harvey Blanch’s lab in the chemical 
engineering department, has been working 
on this problem for four years. His research 
initially focused on culturing sponge cells, 
but he now works on growing sponge-
associated bacteria. This is because it is not 
clear whether the valuable chemicals found 
in sponges are produced by the sponge cells 
themselves or by the sponges’ bacterial sym-
bionts. analyzing the DNa of samples from 
the sponge Haliclona (Gellius) sp., sipkema 
was able to isolate 15 types of associated 
bacteria and has successfully cultured two 
of them. To culture the other 13 types, he is 
trying to “mimic certain microenvironments 
of the sponge to seduce them to grow.” For 
example, bacteria associated with the outer 
layers of the sponge might require light for 
optimal growth, while bacteria that live in 
the sponge’s center might prefer the dark. 
By providing the right environment for each 
type of bacterium, sipkema believes that he 
can disprove the commonly held notion that 
“only one percent of bacteria from…sponges 
can be cultured.”

While sipkema’s interest in sponges 
focuses on culturing individual sponge cells 
and the bacteria that associate with them, 
scott Nichols, a postdoctoral fellow in Nicole 
King’s lab in the molecular and cell biol-
ogy department, wants to understand how 
animals develop and evolve. To this end, 
sponges are of particular interest. They are 
among the simplest multicellular animals, 
and some of their cells are very similar to 
choanoflagellates, which are the closest living 
unicellular relative of animals [see “United We 
stand”, BSR spring 2006]. In addition, there 
is mounting evidence that all multicellular 
animals evolved from a sponge-like ancestor. 
examining the traits that sponges share with 
animals but not with choanoflagellates could 
help reveal which traits developed first, and 
thus may be most important, in the evolution 
of more complex organisms.

 “To develop multicellularity,” says Nich-
ols, “[organisms] need cell communication 

and cell adhesion.” Other researchers have 
determined that a protein called beta-catenin 
is involved in both of these processes in more 
complex animals such as fruit flies and mice. 
In the presence of an external signal, beta-
catenin helps regulate gene expression in the 
cell nucleus. This signaling pathway is critical 
to animal health, and its breakdown has been 
linked to cancer growth. Beta-catenin also 
serves a role in cell adhesion: Without it, 
a protein that attaches cells to one another 
cannot function.

Little is known about the mechanism 
of cell adhesion and signaling in sponges. 
Nichols recently discovered the beta-catenin 
gene in the sponge Oscarella carmela. In ad-
dition, he identified a number of other genes 
that are involved in cell adhesion or signaling 
in higher animals—for example, genes that 
are used in limb and tissue formation. Why 
sponges have these genes when they do not 
exhibit the body diversification of other ani-
mals is unclear, but Nichols’s early research 
indicates that beta-catenin is used for both 
cell signaling and cell adhesion in sponges. 
Confirmation of this hypothesis is difficult, 
Nichols says, because the molecular tools 
required to study gene expression and regu-
lation have not been established for sponges 
as they have for other organisms.

 Both sipkema’s and Nichols’s research 
point to a fundamental limitation in sponge 
research: the lack of a model organism. Cur-
rently, there is no species of sponge that is 
readily available, easy to grow and work with, 
and to which modern techniques in biology 
can be applied. To date, most researchers 

have chosen to study sponge species based 
on whatever was most abundant in the wild, 
since they could not grow sponges in the 
lab. But both sipkema and Nichols believe 
that, with enough researchers and time, it 
should be possible to culture sponge cells 
and their associated bacteria. a model sponge 
might give us a better understanding of how 
multicellular life began to develop in the past 
and at the same time provide us with the life-
saving medications of the future.

martin colaco is a graduate student in 
chemical engineering.

Want to know more?
Check out Nichols, S. et al. (2006) PNas 
103(33): 12451-6

The sponge Haliclona in its natural habitat. In the lab, postdoctoral fellow Detmer Sipkema studies Haliclona and 
its associated bacterial species to determine how best to culture sponge tissue.
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“When Galileo looked through his 
telescope to discover the moons of 
Jupiter, that was an N of one.”
— Vilayanur Ramachandran, on the 
small sample size (a single patient) in his 
study of phantom limb pain 

“I got beaten to the punch, so I knew it 
was important, since two other 
groups did it first.”
— Buford Price, on other groups’ 
studies of methane in ice cores

(overheard on campus)
Quanta
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A Star is 
Dead
Astronomers discover the 
largest supernova ever 
observed

 every clear night of the year, a robotic 
telescope named KaIT (the Katzman auto-
matic Imaging Telescope) opens its dome and 
sets about imaging a long list of galaxies. For 
the most part, the galaxies look exactly the 
same from night to night. But occasionally, 
when comparing an old image of a galaxy to 
a new one, there is a new point of light—a 
supernova. supernovae are extremely ener-
getic stellar explosions that mark the end of 
a massive star’s life. In the process, they can 
temporarily outshine an entire galaxy.

KaIT, located on Mount Hamilton east 
of san Jose, is a dedicated supernova-hunting 
telescope. Its nightly routine of imaging 
galaxies is tailored specifically to find new 
explosions. Using this little workhorse of a 
telescope, the Lick Observatory supernova 
search (LOss) team, led by Professor alex 
Filippenko and Dr. Weidong Li of the UC 
Berkeley Department of astronomy, has dis-
covered around 650 supernovae, representing 
about half of all bright supernovae detected 
in the last 10 years worldwide. supernovae 
are relatively rare events, so KaIT’s regular 
monitoring of many galaxies is the key to its 
success. But it was one supernova in particu-
lar, sN 2006gy, that recently made headlines 
for the LOss team.

Once KaIT detects a supernova, it 
returns to image the host galaxy for the next 
few months, tracking the variations in the 
supernova’s brightness—what the observers 
call its “light curve”. Team members then use 
the shane telescope, also at Lick Observatory, 

to observe the spectrum of the supernova. 
astronomers study the spectrum of electro-
magnetic radiation (from radio waves through 
visual light all the way to x-rays) emitted by 
a supernova to determine its chemical com-
position and the properties of the explosion. 
The LOss team uses the optical spectrum to 
classify a supernova as one of two basic types: 
the collapse of a massive star after it has run 
out of fuel and can no longer sustain fusion 
in its core, or the thermonuclear explosion of 
a white dwarf, a type of star characterized by 
its high density and small size. Particularly 
interesting or faint supernova can also be 
followed up using the Keck Telescope on 
Mauna Kea in Hawaii. The LOss team has 
observed hundreds of supernovae with this 
techniques, so when they saw the spectrum 
and light curve of sN 2006gy late last year, 
it was immediately clear that this was not a 
typical supernova.

although observers at the University of 
Texas were the first to notice it, observations 
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(left) A visible light image of supermassive 
supernova Eta Carinae taken by the 
Hubble Space Telescope. This image shows 
expanding clouds of gas that were blown off 
of the star during an outburst. The spectrum 
of SN 2006gy shows evidence for a similar 
eruption before it exploded.
(above) The Katzman Automatic Imaging 
Telescope (KAIT) at Lick Observatory on Mt. 
Hamilton.
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by KaIT showed just how extraordinary sN 
2006gy was. In addition to being the most 
luminous supernova ever observed, sN 
2006gy had a very unusual light curve. a 
typical supernova reaches its peak brightness 
within a few weeks of the star’s explosion 
and fades over the following few months. sN 
2006gy continued to brighten for 70 days 
and decayed very slowly; even eight months 
after the explosion, it had only faded to the 
peak brightness of a typical supernova. This 
was a supernova the likes of which the LOss 
team had never seen, and they had seen a lot 
of supernovae.

around the time sN 2006gy was dis-
covered, Dr. Nathan smith was beginning 
a postdoctoral fellowship at UC Berkeley. 
smith is an expert on extremely massive 
stars, particularly eta Carinae, one of the 
most massive stars known. More than one 
hundred times as massive as the sun, eta 
Carinae leads an unpredictable and violent 
life, occasionally undergoing powerful out-
bursts that blow off its outer layers, creating 
dense, expanding shells of gas. smith has 
studied the outbursts of eta Carinae in depth, 
observing it with many different telescopes to 
build an understanding of the star’s complex 
behavior. In accord with their violent lives, 

extremely massive stars like eta Carinae are 
expected to die in spectacular explosions. 
However, exactly what this explosion would 
look like remained something of a mystery as 
smith began his work at Berkeley.

Meanwhile, the members of the LOss 
team were mulling over their observations 
of sN 2006gy. In the spectrum they obtained 
with the Keck Telescope, they saw signatures 
of a massive shell of gas expanding away 
from the supernova at over 450,000 miles 
per hour. In most supernovae, fast out-
flowing gas originates in the explosion, and 
this gas shows unique signatures of having 
experienced the shock wave created by the 
supernova. a crucial observation in the case 
of sN 2006gy was that the out-flowing gas 
had not been shocked by the supernova’s blast 
wave, meaning the gas must have been blown 
off the star before the explosion. Fortunately 

smith had studied dense, expanding shells of 
gas blown off massive, dying stars for years. 
It didn’t take long for him and the LOss team 
to get together, and, according to Filipenko, 
“he said this is exactly what the explosion of 
a very massive star like eta Carinae should 
look like.”

The very first stars that formed in our 
universe are thought to have been extremely 
massive—even more massive than eta 
Carinae. Understanding how these stars lived 
and, more importantly, how they died is a 
crucial part of our knowledge of the evolu-
tion of the universe. eta Carinae has provided 
us a glimpse into the violent lives of massive 
stars; now sN 2006gy provides the first look 
at how they die. 

Karin SandStrom is a graduate student in 
astronomy. 

Want to know more? 
Check out the KAIT homepage: 
astro.berkeley.edu/~bait/kait.html

This was a supernova the likes 
of which the LOSS team had 

never seen, and they had seen 
a lot of supernovae. b
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ODed on 
ADHD?
Interpreting the increase in 
diagnosis and medication

The United states Drug enforcement 
administration puts ritalin and morphine in 
the same category of controlled substances. 
Both are in the second most restricted class 
(“schedule II”): They have accepted medical 
uses, but they also have a high abuse and 
dependency risk. This classification isn’t 
surprising for morphine. ritalin, on the other 
hand, is a stimulant used to treat attention 
deficit hyperactivity disorder (aDHD) in 
school-aged children. 

Is aDHD a serious enough disorder to 
warrant such medication? aren’t kids natu-
rally hyperactive and deficient in attention? 
The answer to both questions is yes, and that’s 
why aDHD is such a challenge for health care 
professionals and parents. Properly diagnos-
ing aDHD is tricky, says psychology professor 
stephen Hinshaw, let alone deciding whether 
or not to treat it with a drug that comes with 
pages of warning labels. Hinshaw’s latest 
work focuses on aDHD diagnosis and treat-
ment, and reveals that a child’s background 
and family environment can significantly 
alter the efficacy of treatments.

Left untreated, aDHD can be danger-
ous. Preschoolers with aDHD are five 
times more likely to be injured than pre-
schoolers without aDHD; automobile 
drivers with aDHD are five times more 
likely to be in an accident. Those who 
suffer from aDHD are more likely to 
fail in school and work, spend time in 
juvenile hall, and abuse drugs.

“This is serious business,” says 
Hinshaw. “It’s a mistake to think that 
because aDHD is behavioral it isn’t 
real. It is real and causes serious impair-
ments in those who have it.” Yet there 
is no biological marker for aDHD. No 
known blood test, brain scan, or other 
laboratory exam can reliably diagnose 
aDHD individuals, says Dr. Peter 
Levine, a pediatrician who specializes in 
aDHD and works closely with Hinshaw. 
“I hope that over time we may have 
some biological tests to help us.”

Currently, the closest thing the 

United states has to standardized criteria for 
diagnosing aDHD appears in the Diagnostic 
and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV). The DSM-IV asks 
health care professionals to subjectively 
evaluate the child’s inattention, hyperactiv-
ity, and impulsivity. But even if the detailed 
evaluation is completed as accurately as 
possible, there are no data that clearly tell a 
clinician how to interpret a patient’s evalua-
tion. This deficiency puts parents and health 
care professionals in a difficult position, Hin-
shaw says: To improperly diagnose aDHD 
and medicate means a “normal” child is on 
stimulants, but to miss a diagnosis means a 
very dangerous condition goes untreated. 

Hinshaw says the key to properly di-
agnosing aDHD is time—it cannot be done 
in one office visit. Instead, a patient must be 
evaluated over multiple visits, under differ-
ent conditions, with attention to detail from 
parents and teachers and a complete medical 
history. Ultimately, the aDHD-like behavior 
must be specific, chronic, and maladaptive. 
Unsurprisingly, Dr. Levine wishes he had 
more time to diagnose aDHD in his patients. 

Once aDHD is diagnosed, medication 
isn’t the 

only treatment, though it is a common one. 
a recent study by Hinshaw in the Journal of 
Pediatric Psychology explored the relative suc-
cess of four different treatments: medication 
alone, behavioral therapy alone, medica-
tion and behavioral therapy together, and 
“treatment-as-usual”, where children were 
referred to community providers who made 
their own treatment decisions. The results 
of the study were varied. Children who also 
suffered from anxiety disorders were most re-
sponsive to behavioral intervention. Children 
of low-income families, however, showed 
the most improvement given the combina-
tion treatment. Their social skills and peer 
relationships improved, whereas when given 
medication alone, there was an observable 
decrease in parent-child closeness. ethnicity 
also influenced a child’s response to therapy. 
african-american children showed a better 
response to combination treatment than 
Caucasian children. 

The study also indicated that the 
outcome of a child’s aDHD treatment often 
depends on parental characteristics. Children 
whose parents showed signs of depression 
reacted less positively to both combination 
therapy and medication alone compared to 
children with mentally stable parents. In 
the medication-only group, children whose 
parents consistently brought them to regular 
doctor’s appointments showed far greater 
treatment response than those who often 
missed appointments. For patients in the 
combination therapy, reductions in nega-
tive or ineffective discipline (like promising 
rewards but not giving them) significantly 
improved behavior. 

as a whole, Hinshaw’s work shows that 
characterizing patients and their families is 
critical for successful aDHD treatment, as is 
the way in which treatment is carried out. If 
an individual is fortunate enough to obtain a 
correct diagnosis of aDHD, then health care 
providers and parents should consider fac-
tors ranging from income to parenting style 
to anxiety disorders when deciding the most 
effective treatment. Once treatment begins, 
parents can affect their children’s outcome—
for example, by modifying the way in which 
they discipline their children. an aDHD 
child may or may not need ritalin, but he or 
she does need time and careful consideration 
from parents and doctors.

aliSa GraY is a recent graduate of nutritional 
science and toxicology.
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Chasing 
Cars
Traffic researchers work 
to replace “stop and go” 
with “go with the flow”

remember the opening scene of the 
movie Office Space? stopped in traffic on the 
highway as he commutes to work, Peter sees 
the lane next to him moving. He finds a gap 
and quickly changes lanes into it—only to 
have that lane stop dead and his original lane 
start moving again.

The movie is a comedy, but this scene 
shows very real traffic phenomena. Why do 
traffic jams form? Why does stop-and-go traf-
fic occur? Most importantly, what can we do 
about it? answering these questions is impor-
tant because traffic congestion wastes drivers’ 
time, puts extra wear and tear on vehicles, 
burns fuel, and creates pollution. We can 
alleviate traffic by building new roads, but 
that is costly, takes time, and has a negative 
impact on the environment.

To understand and make better use of 
the roads we have, Professor Carlos Daganzo 
in civil and environmental engineering and 
other researchers at UC Berkeley’s Institute 
for Transportation studies (ITs) study traffic 
flow. They use measurements of traffic and 
mathematical models to devise strategies to 

reduce congestion and improve the capacity 
of freeways.

It’s a field close to everyday experi-
ence. “In a traffic jam, most people get mad, 
but I don’t, because I’m in the lab,” says 
Daganzo. But while traffic jams may be an 
easily accessible subject, describing them 
mathematically can be difficult. “since it’s a 
human system, not a physical system, its laws 
are not perfectly reproducible,” he explains. 
Nevertheless, when observations of traffic are 
averaged over enough time or space, quanti-
tative models can describe them fairly well.

The simplest model for traffic moving 
on a road is a continuous fluid, like water 
flowing through a pipe. The cars and their 
drivers’ individual actions are averaged out, 
and considered as a uniform density of so 
many cars per kilometer, moving at an aver-
age velocity. a phase diagram of water shows 
how it moves from solid to liquid to gas as 
a function of temperature (which clearly 
has a dramatic effect on the flow in a pipe!). 
similarly, the “fundamental diagram of traf-
fic flow” shows how traffic moves from free 
flow to congestion as a function of vehicle 
density.

The diagram plots the traffic flux (cars 
per hour) versus the density. at low densities, 
the traffic is in the free-flow phase, in which 
each car has empty space in front of and be-
hind it, and flux increases proportionally with 
density. However, when the density reaches 
a critical value—the jam density—the flux 
falls sharply as the traffic becomes bumper-
to-bumper and drivers have to slow down 

for safety. When a road is congested, drivers 
impede and thus influence each other. If one 
driver brakes, the next driver must immedi-
ately brake to avoid a collision, and so a wave 
propagates backward—like a sound wave in 
water—creating the stop-and-go traffic that 
so infuriated Peter.

a shortcoming of the simple fluid mod-
els developed over the last 50 years is that 
they only represent a single lane of traffic. 
To maximize traffic flow on a highway and 
avoid congestion, the density must remain 
below the jam density; this is most important 
at bottlenecks, where the density increases as 
the number of lanes is reduced. Therefore, 
for a model to effectively address congestion, 
it must include multiple lanes of traffic and 
allow cars to change lanes, which standard 
traffic models do not do.

Daganzo and colleagues tackled this 
problem by developing a more sophisticated 
mathematical model in which cars are treated 
separately, more like grains of sand than 
water, and can change lanes. Time is divided 
into discrete intervals and at each time step, 
each driver decides his speed for the next 
step based on his current speed and position 
and those of other cars nearby. “although in 
reality drivers are idiosyncratic and strategic, 
the model assumes for simplicity that they are 
aggressive, rational, consistent, and myopic,” 

(above) Daganzo and colleagues use data from I-80 traffic to develop and refine their models, which are then 
used to find traffic control strategies that will best optimize flow and reduce congestion.

(right) A camera placed by the UC Berkeley Institute for Transportation Studies monitors traffic along I-80 between 
Powell and Gilman Streets in Emeryville and Berkeley.
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writes Daganzo’s graduate student Monica 
Menendez in an ITs research report (manag-
ing to make their mathematical assumptions 
sound like the product of road rage).

The model has been validated by data 
from the Berkeley Highway Lab, a collection 
of vehicle detectors and cameras that monitor 
traffic along I-80 between Powell and Gilman 
streets in emeryville and Berkeley. run in 
association with the California Department 
of Transportation, the lab tracks vehicles 
passing through its stretch of highway with 
an accuracy of 1/60th of a second, giving a 
uniquely detailed picture of traffic flow in 
this busy corridor.

armed with their lane-changing model, 
Daganzo and colleagues then modeled the 
impact of various strategies for controlling 
congestion. a strategy familiar in California is 
reserving lanes for high-occupancy vehicles 
(HOV lanes), which can make people decide 
to carpool and thus decrease the number of 
vehicles on the road. Daganzo’s models de-
scribe how HOV lanes preferentially reduce 
congestion for vehicles with more passen-
gers, hence decreasing the total person-hours 
of delay. additionally, by analyzing flow at 
bottlenecks, Daganzo found that under cer-
tain conditions, reserving a lane for HOV use 
will not reduce the non-HOV traffic flow.

While it may seem that HOV lanes 
can only be helpful if they are being used, 
the study found a paradoxical result. When 
a lane is taken away from general use and 
restricted to HOVs, its presence can increase 
the total flow at a bottleneck even if no HOVs 
use that lane, by reducing the number of 
lane changes. Usually, when traffic reaches 
a bottleneck, drivers try to change lanes to 
find one that goes faster; but every time a car 
changes lanes from a slower lane to a faster 
one, it forms a moving bottleneck that com-
pels the cars behind it to slow down until the 
lane-changer accelerates to the new speed. 
Cars farther behind see this lane slowing 
down and may change lanes too, setting off a 
chain of disruptive lane changes. Ultimately, 
the lane changes create voids in the traffic 
that reduce the density and thus the flow. 
removing lane changes into and out of the 
HOV lane reduces the opportunities for dis-
ruptive lane changes and increases the flow. 
Working with ITs director Professor Michael 
Cassidy, Daganzo verified this phenomenon 
in the field, and is discussing with Caltrans 
the implementation of lane-change bans at 
critical bottlenecks; these could be turned on 
and off dynamically based on traffic flow.

Mighty 
Moss
Tracking the cultural 
conservation of traditional 
medicine

at first glance, eric Harris’s bookshelf 
looks like that of any other integrative biol-
ogy graduate student. There are all the usual 
textbooks: Campbell’s Biology, Zar’s Biostatis-
tical Analysis, Futuyma’s Evolutionary Biology. 
But then come all the books in Chinese.

Harris, who received his PhD in 
Integrative Biology from UC Berkeley in 
2006, works in the area of ethnobotany, the 
study of the interaction between people and 

plants. More specifically, Harris studies the 
traditional Chinese medicinal use of moss. 
His goal is to learn how both Chinese cul-
ture and the biological activity of the moss 
influences its use by humans. as a PhD 
student, Harris made several trips to China 
to study medicinal mosses and to speak with 
traditional herbalists. On these trips, he 
found that the continuation of China’s long 
tradition of herbal medicine requires sustain-
able populations of herbs and the ongoing 
communication of herbal knowledge, both of 
which are threatened by China’s rapid growth 
and modernization.

Harris’ research focuses on the moss 
Rhodobryum giganteum, which is used to treat 
arrhythmia (irregular heartbeat) and heart 
palpitations. He chose this particular moss 
because it is the only species of moss that is 
frequently used for medicinal purposes in 
modern China. as Harris traveled throughout 
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another strategy for controlling conges-
tion is ramp metering, in which a traffic light 
at an on-ramp controls flow onto a highway 
during busy times to prevent the flow reach-
ing the jam density (you can see this in action 
at most I-880 on-ramps from the Mcafee 
Coliseum to san Jose). Daganzo has proposed 
monitoring traffic and controlling access to 
roads across the whole city to improve urban 
mobility and reduce gridlock. simulations 
of traffic in downtown san Francisco have 
generated a reproducible “macroscopic 
fundamental diagram” describing flux and 
density over this large area rather than in just 
a single lane. The density could be controlled 
to maintain maximal flow, like on a highway. 
Moreover, he is now studying how to predict 
this diagram from the street network of a city 
to understand how to increase the flow for 
a given density. The results can be applied 
to planning the infrastructure in a large and 

congested developing city such as Nairobi, 
Kenya.

Daganzo’s work in understanding traffic 
flow and mitigating gridlock may be used 
in designing future roads. But for now, the 
next time you’re stuck in traffic and trying to 
change lanes to go a little faster, remember: 
you may just be making the traffic more 
congested and irregular for everyone. 

david StruBBE is a graduate student in physics. 

Want to know more?
Check out Carlos Daganzo’s webpage: 
ce.berkeley.edu/~daganzo

Berkeley Highway Lab website:
bhl.its.berkeley.edu:9006/bhl/

traffic/current.html
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the Yunnan province of southwest China, he 
found that the moss was always used in the 
same way—it is either mixed with the jujube 
fruit and steeped as a tea, or ground into a 
powder and packed into the veins of a pig’s 
heart, which is then boiled and eaten—and 
is always used to treat heart problems. Fur-
thermore, research in China has shown that 
the moss increases blood flow in the aorta of 
dogs, rabbits, and rats. However, the identi-
ties of the medicinally active chemicals in the 
moss are still unknown, and it is not clear 
which biochemical pathways are involved in 
the moss’s physiological effects.

Because of its popularity, Harris was not 
surprised to see this moss sold in markets. 
However, he was shocked to see such enor-
mous quantities of moss on display—in fact, 
Rhodobryum giganteum has become a popular 
souvenir. “Yunnan is famous for being the 
kingdom of plants,” he says, “and it is a 
popular destination for the increasing 
number of tourists from Beijing.” 
Many people want to return home 
with the specialty herbs of the region, 
so they pick up a pre-packaged bag of 
moss at the market.

In light of this brisk trade, Harris 
began to wonder about the sustain-
ability of harvesting medicinal herbs. 
“There are these massive sacks of 
moss,” he says. “so much is being col-
lected, which makes you wonder how 
much is out there. and how long does 
it take to grow back? In general, moss 
takes a long time.” Harris went on 
collecting trips with herbalists, who shared 
his concern. “They said, ‘We can’t collect it 
in the same spots anymore—it’s gone.’ Many 
herbalists had a sense of wanting to keep the 
moss there, if for nothing else than being able 
to collect it next year.”

For herbalists, the sustainability of herb 
populations is necessary to sustain their own 
livelihoods. But overharvesting isn’t the only 
threat faced by herb populations: China is 
undergoing rapid land use change and ur-

banization, both of which threaten to destroy 
herb habitats. In addition, overharvesting 
may become a more pressing problem in the 
future, as Western medicine is taking an in-
creasing interest in herbs used in traditional 
medicine. “Pharmaceutical companies are 
conducting high-throughput trials, targeting 
the medicinal herbs used in many cultures, 
particularly Chinese herbal medicine and 
ayurveda, in order to determine their efficacy 
as Western pharmaceuticals,” Harris explains. 
successful trials could increase harvesting 
pressure on wild populations.

In the near future, Harris plans to 

research the extent to which overharvesting 
is impacting moss populations. The first step 
will be to determine where the herbs sold in 
markets and stores came from. each regional 
population of moss has a particular genetic 
signature, or “DNa fingerprint”, which 
makes it distinct from all other populations. 
Harris will sample and sequence the DNa of 
moss found in stores, markets, and the wild, 
and compare their DNa fingerprints. This 
analysis will allow him to map the patterns 

of herbal trade and identify moss populations 
that are in danger of being overharvested.

The loss of knowledge is another threat 
to the practice of herbal medicine. China 
has a long history of medicinal herb use, as 
Harris’s bookshelf attests: One of his books, 
a Chinese herbal compendium, was written 
in the late 1500s. Next to it is a set of “little 
herb books” published in the 1970s, when 
Mao Tse-tung commissioned the military 
to write herb guides for each region of the 
country in an attempt to unify the practice of 
herbal medicine. Much of the knowledge of 
herbal medicine is recorded in these books, 
but information about many rare herbs is 
still passed down orally. This knowledge is 
in danger of being lost amidst China’s rapid 
economic development. Young would-be 
herbalists are foregoing traditional careers 
in favor of jobs in China’s expanding cities. 
With the loss of knowledgeable herbalists, 
says Harris, “some of the specificity of herb 
use is being lost. Many people now just use 
the books.”

Perhaps today’s pharmaceutical research 
will put new books about herbal medicine 
on Harris’s shelf. But to bring the tradition 
of Chinese medicine into the 21st century, 
there is a growing need to conserve both the 
knowledge of traditional herbal medicine, 
and the herbs themselves.

JEnnifEr SKEnE is a graduate student in 
integrative biology.

Want to know more?
Check out Harris’s website: ericsjharris.com

The Tree of Life site: tolweb.org/Bryophyta

(right) A Chinese herbalist at a local village market..

(below) Rhodobryum giganteum is a medicinal herb 
that is steeped as a tea and mixed with the juice of the 
jujube fruit, or ground into a powder and packed into the 

veins of a pig’s heart, which is then boiled and eaten..

(facing page) Produce at a local Chinese market includes 
jujube, also known as Chinese date, and the medicinal 

moss, Rhodobryum giganteum. A prescription of moss is 
measured into the newspaper. 
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“Three groups of readers will enjoy this book: mathematicians, especially 
those with any connection to Berkeley, historians of mathematics, and 
Professors eager to promote their departments. There is much to learn.”

—Mathematical Reviews

“Moore . . . knows all the details and writes elegantly of how a disparate 
group of people vetted a struggling department in a struggling university to 
become one of the premier mathematics institutions in the world. Moore 
does not flinch, a skill that must have been useful in his tenure, and he is 
a skilled commentator on turbulence.”

—Sci-Tech Book News
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Chemistry 
Behind 
Bars
UC Berkeley graduate 
students teach science at 
San Quentin

Past three checkpoints, behind 30-foot 
walls looped with razor wire, in a brown 
trailer surrrounded by fencing 20 feet tall, 13 
men sit rapt, listening to a four-hour lecture 
on the chemical properties of acid rain. These 
chemistry students will never light a Bunsen 
burner, never clean a test tube, and never 
touch a laboratory chemical, because they 
are currently incarcerated in san Quentin 
state Prison, California’s first and oldest 
penal complex. Yet in many ways they are 
typical students: They greet their teachers 
politely. some joke about the morning chill 
and grumble about the 9 a.m. lecture. a 
few procrastinators scramble to finish their 
problem sets.

since the inception of the san Quentin 
College Program in 1996, many apprentice 
researchers have discovered their talent and 
affection for teaching at this unlikely acad-
emy. The san Quentin chemistry instructors, 
all UC Berkeley graduate students, hail from 
several departments—Charles Crawford 

(Chemistry), erik Douglas (Bioengineer-
ing), alex Fabrikant (Computer science), 
and Mike rousseas (Physics). Working in 
rotating teams, one pair lectures every Friday 
morning and the other pair provides office 
hours on Tuesday evenings. Fabrikant, who 
previously taught geometry at san Quentin, 
says, “I enjoy teaching here. There’s a handful 
of moments when a person [is] completely 
frustrated, but after a couple of hours you 
see the light bulb go [on].” George Lowe, an 
inmate who is auditing the class, already has 
a graduate degree and tutors his san Quentin 
peers in statistics. He praises the group’s 
teaching, noting that “the instructors are very 

good, because [san Quentin’s population] 
doesn’t have the math background to begin 
with, and the older you are, [the more] you 
come in with preconceived notions.”

The College Program at san Quentin, 
the only one in the California penal system, 
is a collaboration between the nonprofit 
Prison University Project, which recruits, 
trains, and supports the volunteer faculty, 
and Patten University, which registers stu-
dents and awards an associates’ degree to the 
program’s graduates. This year UC Berkeley 
alumna Jody Lewen (PhD, rhetoric ’02) won 
the Peter Haas Public service award for her 
work in establishing the Prison University 

San Quentin College Program student Yu Chen corrects his chemistry homework..
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Project. Completing the degree requires at 
least one science course, and Berkeley gradu-
ate students have offered courses in biology, 
geology, and astronomy, and have adapted 
the popular “Physics for Future Presidents” 
(Phys10). This summer the College Program 
offered chemistry for the first time.

Launching the chemistry class proved 
challenging. The course took more than six 
months to organize and receive approval 
from the san Quentin administration. The 
planning hit another snag when McGraw-
Hill, the publisher of Chemistry in Context, 
declined the Prison University Project’s 
request for textbook donations. However, 
the american Chemical society, for whom 
McGraw-Hill produces the textbook, inter-
vened and donated the books itself. student 
emil Kedahal said he appreciated the gener-
osity. “The textbook is amazing because you 
learn about how concepts in chemistry work 
in the world.”

another challenge was to design a chem-
istry class in which experiments must be few 
and far between. some “kitchen chemistry” 
experiments, such as mixing baking soda 
and vinegar to produce carbon dioxide, were 
cleared by the prison’s administration, and 
the class instructors recorded more compli-
cated demonstrations (or experiments that 
use more dangerous chemicals) onto DVDs 
for classroom viewing. although divorcing 
the scientific method from the laboratory set-
ting may seem antithetical to the fundamen-
tals of a science education, co-instructor erik 
Douglas says that for the san Quentin class, 
it is most important to discuss chemistry 
concepts that relate to daily life. “The class 
helps them be better consumers of scientific 
information in daily life and hones their skills 
as skeptical scientists,” Douglas says. For 
example, student Mike Villanueva recalls, “I 
learned about wavelengths in class. I used to 
think microwaves were dangerous to stand 

next to but they don’t cause cancer—[they 
don’t] break molecular bonds.”

encouraging a general appreciation of 
science is exactly what lead instructor Charles 
Crawford had planned. “I want them to come 
away with an idea of how chemistry works 
in general. The class is not on the path for 
a science-based degree, because we feature 
breadth and not depth of the field,” Crawford 
says. Thus, the curriculum favors critical 
and analytical activities, such as evaluating 
science claims in the media, over memoriz-
ing molecular formulas. Crawford trains 
the students to ask, “‘How do these systems 
relate to the world around us?’…Critical 
thinking skills are when you read something 
in a newspaper, analyzing that and figuring 
out the right questions to ask.”

The san Quentin chemistry class 
changed instructors and students alike. 
“Chemistry was something I never took, never 
felt I needed to cover,” says student Willard 
Weeks. “Now I’ll have the basics of chemistry 
after this semester, and then I could go and 
do a lab chemistry course when I go to a four-

year college.” Classmate Tuan Tran concurs. 
“Chemistry, I thought, was all molecules. 
That’s why I didn’t like it. But chemistry af-
fects the world you live in. We learned about 
the issues of today’s world, the ozone layer, 
nuclear fusion—chemistry and society,” Tran 
says. similarly, co-instructor Mike rousseas 
found that teaching at san Quentin “certainly 
demystified the place in my mind. Though 
of course, I still have no idea what it’s really 
like to be incarcerated there. I do know that 
there is a very enthusiastic and bright group 
of guys there who like learning about science, 
and I take great pleasure in helping them.”

mEliSSa faBroS is a graduate student in English.

Want to know more?
Check out the Prison University Project page: 
prisonuniversityproject.org

ACS homepage: chemistry.org
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A tattooed San Quentin chemistry student completing a problem set. (below) Students take in a chemistry lecture.

Sa
n 

Q
ue

nt
in

 tu
to

rs
b

R
iE

f
S



22

ph
o

t
o

s 
c

o
u

rt
es

y 
o

f 
n

Ic
o

la
s 

g
o

m
pe

l,
 b

en
Ja

m
In

 p
r

u
d
’h

o
m

m
e 

a
n

d
 r

. f
ea

r
In

g

Robot 

Ro
bo

t i
ns

ec
ts

f
E

a
T

u
R

E

inspiration—minute miracles of engineering whose physi-
cal capabilities outstrip anything we humans have accom-
plished. Before getting intimate with your windshield, for 
example, that fly could take off backwards, land upside 
down, or turn at right angles in the blink of an eye—feats 
your average aeronautical engineer would kill to achieve. 
similarly impressive, a flea will routinely jump 150 times 
its own body length, in the process generating g-forces 
that would kill a human.

How do they do it? Biologists are probing the 
mechanisms of movement that allow plump bugs to 
traverse highways and lumbering bumblebees to maraud 
passers-by. engineers, in turn, are looking over biologists’ 
shoulders, translating newly elucidated principles of 
insect locomotion into mechanized modules. In doing 
so, they have spawned a veritable menagerie of tiny 
robotic creatures. Though still in their technological 
infancy, many of these mobile robots are taking their first 
halting steps, hops, and wingbeats in labs across the UC 
Berkeley campus.

Flight, in C# Major 
On the computer screen, a single, disembodied wing 

anchored to a slab of plastic flaps frantically, its frenzied 
beating visible only in slow motion. Though the sheer 
mass of the plastic renders the wing’s exertions futile—
that slab isn’t going anywhere, let alone flying off toward 
the ceiling—the flapping nonetheless generates a tiny 
amount of lift. according to the jeweler’s scale the plastic 
rests upon, the slab’s weight lessens very slightly as the 
wing labors to haul it into the air.

experimenting with dismembered wings may sound 
like the province of scientific sociopaths, but in fact, no 
insects were harmed during the making of this motion 
picture. rather, the video chronicles the test of a robotic 
wing pioneered by researchers in Professor ron Fearing’s 
laboratory in the Department of electrical engineering. 
The wing was ultimately able to generate up to 1400 

By the time it has exploded into a rorschach smear 
on the windshield, you’re more likely to turn on the 

wiper fluid than ponder the marvelous engineering that 
propelled a fly there in the first place. similarly, anyone 
dancing a spastic limbo to avoid an oncoming bee is un-
likely to notice, let alone admire, the sheer aerodynamic 
improbability of its onslaught. To most of us, these buzz-
ing, careening little motes of life are disgusting, threaten-
ing, or simply beneath notice. 

In contrast, a handful of researchers have come to 
see bees, fleas, flies, and their creeping, crawling kin as 
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tion between Fearing’s research group and 
Michael Dickinson, a Macarthur award 
recipient and erstwhile UC Berkeley profes-
sor (since relocated to CalTech). Dickinson’s 
inventions, which include roboFly, Bride of 
roboFly, and Fly-o-rama, helped illuminate 
important aspects of insect flight mechanics 
and navigation. Taking inspiration from 
these insights, a long succession of Fearing’s 
graduate students and postdocs have since 
attempted to translate theory into practice, 
working to design and launch a robot insect.

after almost a decade, the culmination 
of their efforts is an airy black lattice of car-
bon-fiber beams sporting a tiny, translucent 
wing at either end; at 25 millimeters from 
wingtip to wingtip, the whole contraption is 
about the width of a quarter. “People always 
ask, ‘Why are the wings so small?’” says erik 
steltz, a graduate student who works on the 
project. He speaks with the determined good 
nature of someone repeatedly told that the 
miracle of cutting-edge engineering to which 
he has devoted four and a half years of work 
is, well…a little puny-looking. “They’re not 
too small! They may look small relative to the 
body of the robot, but because the body is 
mostly air, the wings are the right size to lift 
what the robot weighs.” 

steltz’s indignation is understandable; 
while the wings may look ineffectual, the 
engineering behind them is unquestionably 
powerful. Together, the two wings produce 
nearly three times more lift than necessary 
to get a 100 milligram robot off the ground. 
The researchers obtained such high forces by 
mimicking the stroke of a bee’s wing, flapping 
it at an amazing 275 wingbeats per second. 
(In musical terms, this frequency produces 

gluing the two-dimensional scaffold into 
its final, three-dimensional form. “It’s like 
carbon-fiber origami,” he explains.

Though steltz has not yet progressed 
beyond testing the robot’s individual flight 
components, Harvard professor robert 
Wood, a collaborator and former graduate 
student of Fearing’s, has been more suc-
cessful. In an exciting development, he re-
cently published a paper detailing his robot’s 
maiden flight. (video footage can be found at 
technologyreview.com/Infotech/19068.) 
Wood’s robot sported a streamlined design, 
requiring only a quarter as many joints and 
a single actuator, rather than two per wing. 
With fewer parts to malfunction, the robot 
managed to hoist itself a few vertical centi-
meters along a pair of vertical guideposts. 
However, a more complicated structure will 
eventually be required for controlled, direc-
tional flight.

In the short term, steltz hopes to soon 
launch his own, more intricate prototype. 
Longer-term goals for the project include 
replacing the wires with a lightweight on-
board battery and, eventually, removing the 
guideposts currently required to hold the 
fluttering robot steady. “Only if the two wings 
are absolutely, perfectly matched will it go 
straight upwards,” he explains. “For a hand-
assembled prototype, this just isn’t going to 
happen.” More precise assembly techniques 
may address this issue, but the underlying 
problem of controlled flight, as opposed to a 
simple guided launch, is more complicated. 

after all, flies may be very stupid, but 
they have an incredibly sophisticated navi-
gational system hardwired directly into their 
meager little brains (see sidebar, p. 26), and 

Flea Circus

panel of carbon fiber sandwiched between 
two pieces of piezoelectric (PZT) material. 
according to steltz, “The molecules in a PZT 
material scrunch up together when you apply 
a voltage across them—all the material gets 
a little shorter. Then, when you remove the 
voltage, they go back to their regular, relaxed 
position.” When you apply a charge to one 
of the actuator’s PZT layers, its contraction 
bends the whole sandwiched structure toward 
it. If you then switch the voltage to the other 
PZT layer, the structure bends back in the 
other direction. Thus, by alternately applying 
charge to opposite sides of the actuator, you 
cause it to flap back and forth. 

although the range of motion generated 
by the actuator itself isn’t large (each only 
moves about 0.5 millimeters at the tip), the 
motion is amplified by tiny carbon fiber bars 
that translate the initial mechanical stimulus 
into a larger sweep at the end of the wing. 
By attaching two actuators to each wing and 
operating them in sequence, the researchers 
are attempting to recreate the powerful, 
figure-eight motion of an insect wing.

The robot’s structural components are 
generated using techniques pioneered by 
the Fearing lab. First, the two-dimensional 

Berkeley engineers build bionic bugs

Flies may be 
stupid, but 
they have a 

sophisticated 
navigational 

system.

micro-Newtons of lift—which, while it won’t 
elevate a wallet-sized chunk of plastic, should 
provide ample force to propel a robot lighter 
than a paperclip into the air. To engineers 
working on the micromechanical flying insect 
(MFI) project, this was a significant advance.

MFI began in 1998 as a collabora-

something close to a C#.) When activated, “It 
actually sounds like a fly that buzzes by your 
ear,” says steltz. 

The key to their robot’s flapping prowess 
is the motor, or actuator, an ingenious little 
device that sweeps the wings up and down. 
Only one centimeter long, it consists of a thin 

shape is cut with a laser out of a thin slab 
of carbon fiber—a very strong, lightweight 
material also used in snowboards and high-
end bicycle frames. Two pieces of this carbon 
fiber are layered around a thin film of strong, 
flexible plastic that acts as a joint, and steltz 
then assembles the robot by folding and 
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are lined with ranks of small plastic drawers, 
each one rattling with resistors, capacitors, 
and other mechanical viscera that, when 
assembled, sustain some of the lab’s larger 
robots. Bergbreiter, a student in the lab, has 
spent the last several years here amongst the 
electronic bric-a-brac, working to develop a 
tiny robot (about one-sixth the size of a post-
age stamp) capable of hopping around under 
its own power.

Like the MFI project, her work fits into a 
larger theme in modern robotics: mobile sen-
sor networks, which aim to deploy swarms 
of tiny, sensor-carrying robots into hostile 
or unfamiliar environments. Between the 
discreet stature of the robots and the Depart-
ment of Defense’s early sponsorship of the 
field, mobile sensor networks inevitably 
conjure up images of espionage—flocks of 
creeping automatons sidling up to eavesdrop 
on enemy strongholds. But beyond these 
predictable clandestine scenarios, researchers 
also envision applications in search-and-
rescue efforts and environmental monitor-
ing. equipped with sensors for humidity, 
temperature, or toxic compounds, robots 
could scuttle about monitoring weather and 
pollutant levels across a geographical range, 
or flit through a burning building to assess its 
safety for firefighters. 

With an eye to enabling this sort of rov-
ing sensor network, Bergbreiter has devoted 
years to developing various mobile robots. 
after encountering a 2003 Nature article 
that described the jumping prowess of the 
spittlebug, she determined that hopping 
could be a particularly useful form of move-
ment. Based on the article’s measurements of 
physical forces produced by the insects while 
jumping, she explains, “It didn’t seem too far 

off from what we could accomplish from an 
engineering standpoint.”

Furthermore, the ability to jump was 
actually quite relevant to one of the main 
challenges in small-scale robot mobility. “If 
you’re talking about shrinking a robot down 
to millimeter size, being able to move is really 
a challenge because everything else around 
you proportionally starts to seem a lot larger,” 
says Bergbreiter. “You have a lot of obstacles 
to deal with, and if you can deal with them 
mechanically, by jumping over them, it makes 
your life a lot easier.” she therefore set out to 
use insect jumping as a model for this sort of 
obstacle-avoidance system.

Bergbreiter knew that the components 
necessary to faithfully recreate an insect’s 
jumping mechanism would be particu-
larly difficult to fabricate on a small scale (see 
sidebar, this page). Besides, while nature has 
produced some astonishing mechanisms for 
movement, a spittlebug’s spring-loaded leg 
among them, she suggests that scientists and 
engineers should not feel compelled to pre-
cisely emulate natural systems. steltz echoes 
this sentiment. “This is something we fight 
about, when people ask why we don’t do it 
the exact same way as the insect…they are 
kind of missing the point,” he says. “a chee-
tah is fast, but cars can go faster. Why didn’t 
nature put wheels on a cheetah? Nature can 
only use biologically compatible materials 
and processes; with an engineering solution, 
we are not constrained by those same limita-
tions.” In this spirit of ingenuity, Bergbreiter 
improvised a novel strategy to launch her 
robots, one that exploits tension.

To understand the mechanism, imagine 
a middle-school miscreant shooting a garden-
variety rubber band: He loops the band over 

Insect Jumping: 
Locked & Loaded

Fleas, froghoppers, and many other 
insects jump using a special system of 
compression in their hind legs. With 
a muscular curl worthy of a carnival 
strongman, the insect pulls its back legs 
in toward its body, squishing a flexible 
pad sandwiched in the leg joint. Made 
out of an extraordinarily elastic protein 
called resilin, this pad stores energy 
when compressed, at which point a 
locking mechanism on the exoskeleton 
is engaged, holding the leg cocked 
against the pressure of the elastic pad. 
Like a loaded mousetrap, in which the 
thrusting energy of a compressed spring 
is held in check by a trigger mechanism, 
the insect is poised to jump, the energy 
of its compressed pad restrained only by 
its locked leg. When the locking mecha-
nism is released, the pad decompresses 
explosively, flinging the leg back like a 
snapping mousetrap and thrusting the 
insect into the air. 

any robot that’s going to do more than trundle 
up and down guideposts on a lab bench had 
better have the same. To this end, Fearing’s 
lab has begun to develop small-scale sensors 
that could be deployed on an airborne robot 
to help control its flight. simple photodiodes 
aimed at different angles, for instance, can 
mimic the fly’s ability to distinguish up from 
down. an early prototype for a robot gyro-
scope, developed by Wood during his time in 
the Fearing lab, may one day be refined into 
a navigational aid. 

Though it may be tempting to pile bat-
teries, gyroscopes, and all manner of flight-
enhancing gadgetry onto the MFI, the added 
mass of any extra hardware must be offset by 
increased lift generated by the wing—clearly, 
engineering on such a small scale has its 
challenges. But while steltz’s robot may seem 
diminutive at 100 milligrams, some research-
ers have been even more ambitious in their 
quest for miniaturization. Using a very differ-
ent approach, steltz’s fellow graduate student 
sarah Bergbreiter has managed to develop a 
jumping robot that is four times smaller and 
ten times lighter.

Honey, I shrunk the robot
Just down the hall from the Fearing lab, 

the walls of Professor Kris Pister’s laboratory 
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The jump of a real flea (facing page) is powered by compressible pads in its rear legs. Sarah Bergbreiter’s microbot 
will instead be powered by a rubber band stretched by a tiny hook (above right), which is driven by a linear array of 
electrostatic motors (above left).

a finger to anchor it, and stretches it back 
(taking aim at a suitably helpless target). as 
it extends, stored energy builds along the 
length of the orange rubber. Once the band is 
released, this stored energy launches it toward 
the aiming fingertip, speeding it inexorably 
toward its victim. 

Bergbreiter’s jumping microbot will 
operate on a similar, though less malignant, 
principle. a tiny, figure-eight-shaped strip of 
rubber is looped at either end around two 
tiny hooks, each about the width of a human 
hair. One hook is held stationary (like the fin-
ger aiming the rubber band) and pointed at 
whatever surface the robot is sitting on. The 
other hook, which is attached to a stiff leg, 
is winched slowly backward to stretch the 
band. To jump, the mobile hook is released. 
The relapsing band yanks the hook and at-
tached leg rapidly down, slamming the leg 
against the surface and propelling the robot 
into the air. (Wheee!)

Though simple in principle, fabricat-
ing this mechanism on such a small scale 
proved difficult. First, each hair-thin rubber 
band had to be individually made by hand. 
Though initially done by cutting bands out of 
a thin sheet of rubber with a hand-held laser 
pointer, the resulting uneven, scalloped edges 
weakened the bands, causing them to snap 
when stretched. Pouring liquid rubber into 
a band-shaped mold and allowing it to cool 
into the proper form eventually produced 
bands that could stretch without snapping. 

even more challenging was the design 
and fabrication of a motor capable of apply-
ing enough force, on a small enough scale, to 
stretch the rubber band to twice its original 
length—far enough to propel the robot 
20 centimeters (about 30 times the robot’s 

length) into the air. 
The difficulty of this task was due largely 

to scale. Because of their extremely small size, 
microelectromechanical systems (MeMs) like 
the jumping microbot are subject to strong 
physical forces that make their components 
stick together, a difficulty that must be circum-
vented in the design process. Furthermore, 
in order to achieve such mechanical intricacy 
on a scale of mere millimeters, these systems 
must be made via a complicated process in 
which silicon wafers are subjected to harsh 
chemical baths, bombarded with charged 

particles, and baked in ovens at temperatures 
up to 850°C (1,562°F). 

In Bergbreiter’s case, the mechanism 
resulting from this process was called—
appropriately enough for an insect-inspired 
project—an inchworm actuator. It takes 
advantage of electrostatic force, in which an 
electrical charge applied across two conduc-
tive plates generates an attraction between 
them. If one plate is held in place and the 
other allowed to slide, the mobile plate will 
scoot across a small gap toward its stationary 
partner. essentially, the inchworm actuator 
is like a tiny, electrostatic bucket brigade: a 
series of electrostatic attractions drags the 
hook from one plate to the next along a linear 
array, ratcheting the attached rubber band to 

greater and greater lengths. 
even with the fabricated bands and 

actuators in hand, Bergbreiter still had to as-
semble each device. This involved hunkering 
down over a stereo microscope, tweezers in 
hand, threading a whisker-thin rubber band 
around two equally diminutive hooks—no 
simple task. “It turns out it’s a lot like playing 
the game ‘Operation’, which I was terrible at 
as a kid,” she quips. Caffeine was a definite 
no-no: “I had a Diet Coke at lunch one day, 
and then I tried assembling some rubber 
bands; it was a complete disaster. You can 
shear off the hooks if your hands shake.”

Persistence, practice, and abstention 
from caffeine eventually led to a collection 
of properly threaded jumping mechanisms. 
By stretching the rubber band with a force 
meter, Bergbreiter has shown that the mecha-
nism can produce enough energy to propel 
her robot into a jump. she has also demon-
strated that a small solar cell can power the 
inchworm motor and its control mechanism. 
Unfortunately, amidst all the solar cells, rico-
cheting bands, and ratcheting inchworms, 
one crucial task has yet to be done: Put it 
all together. as she moves on to an assistant 
professorship at the University of Maryland, 
Bergbreiter seems eager to finally assemble all 
these robotic bug bits into a functional unit, 
laughing, “I envision 50 little robots jumping 
around happily on my desk.”

But getting a little wafer of silicon 
to hop itself off the ground is only half of 
the problem. What about landing? It is 
discouraging to envision thousands of dol-
lars’ worth of experimental robot jumping 
once and splattering at the end of a single, 
20-centimeter bounce. This is no trivial 
consideration. silicon is notoriously brittle, 

300 µm

20 µm

“A cheetah is fast, 
but cars can go 

faster. Why didn’t 
nature put wheels 

on a cheetah?”

Im
a

g
es

 b
y 

sa
r

a
h
 b

er
g

br
eI

t
er

Ro
bo

t i
ns

ec
ts

f
E

a
T

u
R

E



26

and the froghopper that inspired Bergbreiter’s 
work experiences as much as 400 times the 
force of gravity (gs) while jumping. (Human 
fighter pilots, even swaddled in pressure suits 
to help withstand the force of high-velocity 
flight, struggle to remain conscious after only 
a few seconds at 7-10 gs; 15 gs or more can be 
lethal.) Bergbreiter estimates that her robots, 
which should accelerate to a speed of 1–2 
meters per second over mere milliseconds, 
will only experience tens of gs, but this is still 
a considerable strain.

“right now, I’m not even worrying 
about the whole landing thing, or subse-
quent jumps, but that’s obviously the next 
challenge,” acknowledges Bergbreiter. Hav-
ing pioneered the combination of a rubber 
component (the jumping band) with hard 
robotic elements, she speculates that further 
use of rubber could help cushion the brittle 
silicon components of her microbot, enabling 
a softer landing.

But must a microbot that goes up neces-
sarily come down? as Bergbreiter points out, 
her jumping mechanism would be a great 
launch strategy for flight, perhaps helping 
a robot like Fearing’s get airborne. Jumping 
could also be combined with other forms of 
mobility—for instance, allowing a crawling 
robot to leap over an obstacle before scut-
tling on its way. Given the variety of mobil-
ity research conducted at UC Berkeley, such 
combinations may be just around the corner.

The coming robot army
The fly and the froghopper may already 

have robotic knockoffs, but many strategies 
of biological motility studied on campus have 
yet to be mined for inspiration. Professor 
robert Full, for instance, runs the Depart-
ment of Integrative Biology’s PolyPeDaL lab, 
aptly named for the many forms of movement 
studied by its members. From cockroaches 
and centipedes to lobsters and geckos, Full 
investigates the many tactics biological organ-
isms use to get from point a to point B. (One 
of their research organisms, a stomatopod, 
even travels by somersaulting!) 

as Full’s group sheds light on these 
biological mechanisms, engineers are eagerly 
moving in to reinterpret them in silicon and 
carbon-fiber. a small, fiberglass model of a 
robot cockroach in the Fearing lab—skin-
crawlingly apt in its sprawling, six-legged 

posture—represents one nascent collabora-
tion between the two groups. 

Could bionic bees, fleas, and centipedes 
one day rub elbows with their biological 
brethren? Will sensor-laden robot cockroaches 
soon be scuttling through war zones, burn-
ing buildings, and the environment at large? 
Fearing’s and Pister’s small-scale robots may 
be just the leading edge of a future swarm of 
mechanized bugs, and as Bergbreiter points 
out, “Whether it’s crawling critters, or jump-
ing critters, or flying critters, this is where a 
lot of this microbot research is happening.” It 
may be time to hunker down and invest in a 
good fly swatter, as campus researchers come 
closer to realizing their vision of a miniature, 
mechanized insect world.

tracY PoWEll is a graduate student in plant and 
microbial biology.

Want to Know More?
Check out the Micromechanical Flying Insect: 
robotics.eecs.berkeley.edu/~ronf/

MFI

Jumping Microbots: 
www-bsac.eecs.berkeley.

edu/~sbergbre/microrobots

POLY-PEDAL lab: 
polypedal.berkeley.edu/twiki/bin/

view/PolyPEDAL/WebHome

Smooth Sailing
To fly properly, airplanes and helicopters require elaborate sensors that 

constantly monitor and adjust the angle, speed, and direction of the craft. Fly-
ing insects, it turns out, have similar navigational requirements, and they’ve 
adapted several sensory organs to fulfill them. 

The ocelli—light-sensitive receptors on the head—determine basic vertical 
orientation by distinguishing between light (up) and dark (down). The insect’s 
eyes are also adapted to translate general patterns of motion into directional 
information. For instance, if everything in its field of vision is moving to the 
right, then the fly is moving to its left. On top of these visual cues, flies also 
mine physical stimuli for information. The antennae and body hairs, for example, 
monitor flight speed by measuring the velocity of air moving past them. 

Perhaps most impressively, flies are equipped with an honest-to-goodness 
biological gyroscope—the same gadget that keeps aircraft upright and allows 
Segways to segue. Essentially, evolution pulled off an aeronautical hat-trick, 
converting what was once a second pair of wings into knobby, deceptively 
useless-looking stumps (called halteres) that monitor the speed at which a 
fly changes its angle of orientation. This sensitive, instant feedback about the 
fly’s rotation around all three axes in space helps it adjust its flight muscles to 
compensate, enabling its extravagant acrobatics.

It’s discouraging 
to envision 

thousands of 
dollars’ worth of 
robot splattering 

at the end of a 
single bounce.

Thanks to its lightweight, carbon-fiber frame, the Fearing lab’s 
micromechanical flying insect (MFI) weighs less than a paperclip. 
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WebGIS puts 
science on the map

by Tim De Chant

Location

Location

Location

Maggi Kelly, Associate Professor of Environmental Sci-
ence, Policy, and Management (ESPM) at UC Berke-

ley, was sitting at her desk staring at the coast live oak just 
outside her window. Reports had been pouring in from 
Marin County of a mysterious new disease that was 
attacking these icons of the California countryside. 
At first one by one, but then by the hillside, this 
disease had been draining the coast live oaks 
of their deep and luscious greens, their leaves 
rapidly giving way to yellows and browns as 
the plants died. The disease, called Sudden 
Oak Death (SOD), was threatening to turn 
California’s oak woodlands into relics of a 
distant era. Kelly knew she had to get the 
word out about this potential environ-
mental catastrophe. More importantly, 
she knew she had to get the word in.g
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Getting the word into webGIS
Kelly’s brainstorm resulted in an 

early and innovative application of internet-
enabled geographic information systems 
(GIs), also known as webGIs, which are 
being increasingly utilized by research-
ers across the UC Berkeley campus and 
elsewhere. With sOD moving rapidly, Kelly 
needed a way to quickly disseminate new, 
spatially explicit scientific information about 
the disease to get the word out, as well as to 
gather information from the public about the 
locations of new infections—to get the word 
in. Her solution was a webGIs called Oak-
Mapper (oakmapper.org). California’s oak 
woodlands occupy 10 percent of the state, 
making traditional scientific monitoring dif-
ficult at best. OakMapper allows concerned 
members of both the scientific community 
and the public at large to help monitor the 
spread of sOD by logging on and input-
ting the locations of diseased trees. Like 
the first telephone call across the atlantic, 
OakMapper has helped to bridge the com-
munication divide between environmental 
scientists and the public, vastly improving 
the speed and efficacy of those relations. 

a type of software widely used in the 
environmental sciences, geographic informa-
tion systems allow geographically referenced 
digital data to be stored, displayed, and 
analyzed; what Ken-ichi Ueda describes as 
“computerized maps, but better!” The “web” 
in webGIs simply means the “GIs” is going to 
be hosted on the Internet. Ueda, a graduate 
student in the school of Information and vet-
eran GIs and webGIs practitioner, explains: 
“If you had a [digital] map of the Bay area 
with layers of water features, streams of the 
bay, and topographic information, GIs would 

allow you to generate hydrological models 
and say, ‘If we get X amount of rain this 
year, we’ll see these kinds of runoff effects in 
different parts of the Bay.’ That’s the kind of 
interesting quantitative analysis that you can’t 
do with traditional maps... Or you could, but 
it would be a lot slower.”

The great thing about webGIs, Kelly 
says, “is that the client, the person using 
the computer, doesn’t have to have special, 
expensive software on their computer—they 
just have to have an internet browser.” The 
benefits of this distributed framework are 
three-fold: Most webGIs applications are 
free, relatively easy to use, and broadly ac-
cessible. since its inception in the 1980s, GIs 
has been an expert-driven establishment. By 
simplifying the user interface for the web, 

webGIs designers have opened up the field 
of GIs to the untrained layperson. as Kelly 
puts it, “WebGIs says, ‘Hey, we need informa-
tion from you.’” and that’s exactly the model 
Kelly followed when she and esPM graduate 
student Karin Tuxen developed OakMapper. 

OakMapper is a prime example of the 
how webGIs can facilitate extensive and 
distributed data collection. “The audience 
is really diverse,” says Kelly. “everyone from 
scientists to government officials to the public 
at large has used OakMapper in some capac-
ity. I think it’s woven into the management 

community for the disease. That’s really excit-
ing,” she adds. But the real impact of public 
monitoring has been to guide researchers to 
some areas where sOD was not previously 
known to exist. a goal of the OakMapper 
project, according to Tuxen, is “to harness the 
manpower of the general public to be more 
eyes and ears for the researchers.” Those eyes 
and ears have aided scientists by scouting 
locations for further testing, fostering a better 
understanding of sudden Oak Death. 

Viva las Google Maps
since 2000, when OakMapper was 

released, webGIs has positively exploded, 
thanks in no small part to the successes of 
Google Maps and Google earth. Google’s 
pervasiveness in the field has led some to 

oversimplify the definition of webGIs as 
“Google Maps.” More product than defini-
tion, Google Maps is also more web map-
ping than it is true webGIs. True webGIs 
(which is not a brand of software but sim-
ply a genre of applications) enables users 
to ask open-ended questions, like Ueda’s 
runoff example. That is not, however, 
meant to slight either of Google’s offerings. 

“I can’t overestimate how much Google earth 
and Google Maps have raised the visibility 
of mapping and webGIs in particular,” says 
Kelly. Google earth, according to Tuxen, has 
“enough of the cool factor and the utility 
factor so that millions of people around the 
world have downloaded it.” 

Part of the appeal of Google’s mapping 
applications is the vast amount of data they 
make both readily available and interpretable. 
“There’s all sorts of interesting geographic 
information floating around on the Internet, 
in people’s databases, in government stor-

“Everyone from scientists to 
government officials to the public 
at large has used OakMapper in 

some capacity.”

(left) Maggi Kelly created OakMapper to help scientists and laypeople track the movement of Sudden Oak Death across the California landscape. (right) 
OakMapper has three different interfaces, including one that uses Google Maps, to facilitate access for users with all levels of expertise.
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age facilities,” says Jess Lee, product manager 
for Google Maps. “What we’re trying to do 
at Google is make it so that all that content 
is universally accessible to anyone and orga-
nized so it can be searched easily.” 

Google Maps has done far more than 
simply raise the visibility of the entire field—
it has enabled developers to create even more 
sophisticated webGIs applications. From his 
home base on a 320-acre farm in the scenic 
Oregon countryside, John Deck, programmer 
analyst and webGIs guru for the UC Berkeley 
Museum of Invertebrate Zoology, administers 
and develops the BerkeleyMapper applica-
tion (berkeleymapper.berkeley.edu). 
Hosted by the Berkeley Natural History 
Museum, BerkeleyMapper was originally cre-
ated to map the locations of origin of natural 
history specimens. “It started simply,” Deck 
says. “I think the first version of Berkeley-
Mapper was a tool to highlight the county a 
specimen was located in.” 

Now the program integrates multiple 
sources of data, allowing users to ask more 
complex and spatially explicit questions. 
For example, a user can search the Natural 
History Museum’s records for bald eagle 
specimens collected in California, and output 
those results to a digitized map; this map can 
then be panned, queried, and even overlaid 
with ecological boundaries. This expansion 
of BerkeleyMapper’s capabilities is due in 
part to Google Maps. “When Google Maps 
came out,” Deck recalls, “I immediately saw 
that it was basically an unlimited resource 
for geographic information.” Google Maps 

handled the basic satellite imagery, road 
maps, and geopolitical boundaries—those 
same layers that Deck had previously worked 
to supply himself—so well that he has been 
able to use his time to expand the scope of 
BerkeleyMapper, allowing for more complex 
analyses. The extensibility of BerkeleyMapper 
has inspired 11 museums and organizations 
to use it as the foundation for exhibiting their 
specimens in a geographic context.

iNaturalist and the future of 
museums

spatially-aware, web savvy museum 
collections are an obvious first step toward 
bringing natural history to the masses. The 
visitors to such online museums would no 
longer be passive observers, but instead 
become active contributors and de facto 
researchers. However, museum collections 
do have their limits. Imagine the chaos that 
would ensue if visitors to a museum brought 
along a lizard from their backyard or a list 
of birds they saw over the weekend. Now 
imagine if they brought 50 such specimens. 
Or one hundred. The museum would cease 
to be a museum and instead be transformed 
into an anarchic hullabaloo of mammoth 
proportions. Nevertheless, while museums 
must constrain their collections to fit within 
four walls, these accumulated observations of 
nature could be extremely useful for research-
ers if collected in a webGIs.

“Bird watchers have a legendary reputa-
tion for being huge nerds,” jokes Ueda. (a 
self-described nature geek, he believes it 

takes one to know one.) His pet project, 
iNaturalist.org, “will be a place where 
people interested in nature can record their 
data online and share it with others,” he 
explains. He knows that many bird watch-
ers keep lists of every bird they have ever 
witnessed, with some lists stretching into the 
thousands. “The life list,” says Ueda, “that’s 
great; that’s really cool. But that data could 
be really useful if it was in the hands of 
everybody else.” 

There are hosts of scientists out there 

WebGIS and Web 2.0

The democratization of data in 
webGIS applications is a very “Web 
2.0” conviction. A term coined by 
open-source software advocate Tim 
O’Reilly, Web 2.0 is neither a specific 
program or application, nor is it a 
new version of the Internet (in fact, 
its exact definition is still widely 
debated). Instead, it represents a 
nebulous transition from an Internet 
dominated by passively consumed 
static websites to one of dynamism 
and interactivity. In essence, it 
changes how the user interacts with 
information on the Internet. A quick 
analogy can clarify this definition: 
Encyclopedia Britannica Online is 
to Web 1.0 as Wikipedia is to Web 
2.0. While the online version of the 
Encyclopedia Britannica consists of 
experts contributing and distribut-
ing the information, Wikipedia is 
both created and consumed by the 
general public. WebGIS fits into 
the Web 2.0 framework almost by 
definition. These maps are designed 
to be zoomed, panned, and queried; 
dynamism is their central feature. But 
how do newer webGIS applications 
like iNaturalist further differentiate 
themselves from more simplistic web 
mapping? By stepping up the levels 
of interactivity, like so many other 
Web 2.0 applications. That interac-
tion is a two way street with projects 
like iNaturalist. While traditional web 
mapping represents an initial foray 
into a more dynamic Internet, ad-
vanced webGIS applications anchor 
themselves in both the distribution 
and collection of data.

Coyotes in urban areas are an important issue as cities’ development footprints continue to expand. Coyote 
Bytes helps planners and residents alike identify and manage urban coyotes.
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“who may want to tap that huge population 
of monitors who are out there making obser-
vations at a spatial and temporal density that 
no research project could ever achieve,” says 
Ueda. iNaturalist’s users could provide orni-
thologists with incredibly detailed records of 
bird migrations, or herpetologists with the 
spatial distribution and temporal habits of 
rare and endangered reptiles.

Coyote Bytes
With the success of OakMapper under 

their belts, Kelly and Tuxen, along with 
new collaborators robert Timm of the UC 
Hopland research and extension Center, 
Craig Coolahan of the U.s. Fish and Wildlife 
service, and ray smith of the Los angeles 
County Department of agriculture, are 
targeting another high-profile environmental 
concern: human-coyote encounters. 
Hot on the heels of the recent coyote at-
tacks in Golden Gate Park in san Francisco, 
their new webGIs, dubbed Coyote Bytes 
(coyotebytes.org), could not be more 
timely. “It’s just been released in beta form.” 
Kelly explains. “It’s a pilot site for southern 
California for participants to tell us where 
they’re either seeing coyotes or have experi-
enced a coyote attack on one of their pets.” 
With the continual expansion of urban areas 
into natural landscapes, such encounters are 
increasingly inevitable. “That example in 
Golden Gate Park is what we’re trying to cap-
ture,” says Kelly. “Not in an anecdotal way, 
but in a very organized and systematic way 
so that we can understand what’s actually 
happening in these wildland-urban interface 
zones.” 

Mapping of the masses, by the masses, 
and for the masses is not without its issues. 

One major problem is colloquially known as 
“garbage in, garbage out”. “Letting the masses 
map the world presents this problem of hav-
ing that many people submitting to it,” Tuxen 
points out. “You might get a lot of garbage.” 
The payoff, however, is so great that most 
people are willing to risk that. “Whenever you 
get information from the public,” she says, 
“you may get some bad data, but hopefully 
you’re going to have a lot more good data.” 

Mapping the future, minding the 
detours

With such a broad audience available 
to any webGIs application, it is also easy to 
forget that the global internet-using popula-
tion fails to match the world’s population as 
a whole. “Part of it is the digital divide,” says 
Kelly of webGIs’s other challenge, referenc-
ing the gap between the haves and have-nots 
in the game of technology. The consequences 
of digital divide with respect to webGIs are 
particularly important: Imagine that a large 
corporation wishes to site a metal smelting 
plant in a particular location. Those with 
access to webGIs technologies could easily 
study the effects of this plant on air quality in 
their neighborhood, allowing them to adeptly 
argue against its placement. Those without 
access to webGIs may not have ready access 
to such information and analyses, hindering 
their arguments against the plant’s construc-
tion in their neighborhood. Furthermore, the 
larger webGIs community also suffers from a 
paucity of data in regions lacking internet ac-
cess. Frog diversity, for example, is likely to be 
well-documented in Central Park, but rather 
lacking in Chiapas, Mexico. These hurdles 
are indeed difficult, but not intractable. 

as technology becomes more pervasive, 

so too will webGIs. The key, then, is to 
eliminate the remaining boundaries. “One of 
the things we try to do in our work,” Kelly 
explains, “is reach communities in all their 
diversity.”

WebGIs will continue to shape the way 
we understand our world, regardless of the 
challenges it faces. Issues of privacy have 
begun to crop up, especially with the advent 
of Google’s new “street View” that not only 
shows storefronts and front yards, but also 
people exiting the shops and mowing their 
lawns. While the near future of webGIs may 
be overshadowed by privacy-related lawsuits, 
the pervasiveness and abundance of spatial 
data all but ensure its long term survival. 
WebGIs-related technologies have already 
expanded their reach beyond the desktop and 
onto millions of phones and “smart” devices 
like the iPhone. Future advances may even 
merge sunglasses with feature recognition 
software to create an “augmented reality,” 
providing hands-free, real-time information 
about your geographic location. Whatever 
the case, it is sure to greatly impact how we 
view and interact with the world. such leaps 
in information access have occurred twice in 
the past century, when the radio brought us 
a world of sound and the television brought 
us a world in motion. In the next century, 
webGIs will bring us a world in context. 

tim dE Chant is a graduate student in 
environmental science, policy, and management, 
and a member of the Kelly lab.

(left) iNaturalist.org places a new spin on natural history collections, enabling contributors and visitors to share and explore the specimens along with meaningful 
location information. (right) Ken-ichi Ueda, mastermind of iNaturalist.org, is working to bring this revolutionary approach to natural history to the public.
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Times are dire for many farmers who depend on the european hon-
eybee to pollinate their crops. an estimated $18 billion worth of 

Us fruits and vegetables, including kiwi, avocado, cucumber, almonds, 
blueberries, cherries, watermelon, and even chocolate depends on 
honeybees for pollination, which is required for robust fruit develop-
ment. Until recently, farmers have been able to rent hives of these 
social insects for $50–150 apiece, unleashing 
one to five hives, or up to 250,000 bees, per 
acre. Unfortunately—you may have read the 
headlines—these managed colonies of honey-
bees have been dying off in record numbers. 
This mysterious “colony collapse disorder” has 
cast Us agriculture’s dependence on a single 
delicate species for its pollinating needs into 
sharp relief, causing many to ask whether a 
new approach might be necessary.

environmental science, policy, and 
management professor Claire Kremen has 
advocated a new approach for some time. 
since 1998, her group has studied the habits 
of native bees, which evolved in the americas 
and carried out the majority of pollination on 
local farms long before the practice of renting 
hives of european honeybees (introduced to 
this country in the 1600s) became widespread. 
The group has been especially interested in 
the impact of modern farming practices on the 
health and activity of native pollinators.

Industrial farming has not been kind to 
native bees. The transformation of wilderness 
into farmland has drastically limited nesting 
space, while the trend toward monoculture 
(growth of a single crop over a large area) 
means that the land only provides nutrition 
for a small fraction of the bees’ active foraging 
season. Most native bee species actively collect 
pollen and nectar for three months or more, but the average crop is only 
in bloom for a few weeks to a month. Managed honeybee colonies also 

suffer from a lack of diverse food sources; in fact, some researchers have 
suggested that malnutrition could render them particularly susceptible 
to the virus that seems to cause colony collapse. Meanwhile, the overall 
increase in crop production means that more bees are needed to pol-
linate ever larger areas of farmed land. The rise of industrial farming 
has created two problems, Kremen says; “it has demanded a source of 

pollinator[s] and eliminated the ones that 
were there.”

Habitat for Humani-bee
as an assistant professor at Princeton 

in 2002, Kremen found that for crops with 
heavy pollination requirements (they stud-
ied watermelon as an example), only organic 
farms with significant natural habitat nearby 
had native bee communities large enough 
to service the entire crop. all other farms 
studied—including large industrial farms 
and organic farms without natural habitat 
nearby—supported far less bee diversity 
and abundance, both of which are key to 
maintaining healthy and productive farms. 
(Kremen won a 2007 Macarthur “genius” 
award for this work and her conservation 
research in Madagascar).

Bee diversity is like an insurance policy 
for crop yield. “If we have more species, 
we definitely have more stability,” Kremen 
explains, “because different species peak in 
abundance in different years.” When crops 
are pollinated by many different types of 
bee, species that are in an upswing make 
up for species that aren’t doing as well, 
allowing production to remain relatively 
consistent from year to year. In contrast, 
when a single species is responsible for all 

pollination, crop yield is exquisitely sensitive to fluctuations in that 
species’ health. Unfortunately, “most bees are responding to agricultural 

Hive Minds
Researchers uncover reasons to care about California’s native bees

(above) A bumblebee (genus Bombus) collects pollen from 
a California poppy. The bright orange spots on her legs are 
the full pollen sacs. (below) Pollination is important for the 
development of many fruits. For example, self-pollinated 
strawberries (left and middle) are nowhere near as robust 
as strawberries that have been pollinated by insects (right).

by Jacqueline Chretien
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intensification in the same way. They’re all de-
clining,” Kremen says. This has led farms to rely 
on rented honeybees, and, it is feared, will lead 
to more inconsistent harvests in the future.

Currently, Kremen and her group at UC 
Berkeley are exploring ways to reverse this trend. 
In collaboration with the Xerces society, audu-
bon society of California, the Farm on Putah 
Creek, and the Center for Land-Based Learning, 
they are working to encourage farmers to restore 
native pollinators to their farms. In some cases, 
patches of farmland will be allowed to return to 
their wild state, while other farms are introduc-
ing blocks of land filled with bee-friendly plants 
and nesting materials. The next step will be to 
quantify these restoration efforts by measuring 
whether the changes enhance the abundance and 
diversity of the bee community. The group also 
hopes to assess changes in crop yield, though this 
is trickier to measure. The common practice of 
moving crops to different plots in each growing 
season makes it difficult to separate the effects of 
increased bee diversity from the effects of a new 
crop position (e.g. better sunlight, better drain-
age, better soil, or proximity to other crops). 
Instead, the group will chart the health of potted 
plants that will remain in the same location over 
the course of several growing seasons.

Though Kremen’s research suggests that res-
toration of native habitats on or near farms will 
be the most effective way to enhance populations 
of native pollinators, there are less complicated 
ways for farmers to boost their local bee species. 
Most of the suggested measures focus on provid-
ing nutrition for bees over a longer portion of 
their flight season. One simple fix is for farm-
ers to be less zealous about the eradication of 
weeds. When weeds on the borders of plots are 
allowed to flower, they can provide sustenance 
for pollinators when farm crops aren’t in season. 
similarly, allowing cover crops (non-edible crops 
planted to prevent soil erosion) to bloom before 
plowing them under could attract and support a 
larger number of bees. “The culture now is clean 
farming, fencerow to fencerow, and in a sense 
what we need is to go back to an earlier model,” 
Kremen says.

as a bonus, she adds, “things we do to help 
native [bees] would also help honeybees.” The 
introduction of more wild food sources would 
help keep honeybees healthy. But the mere pres-
ence of native bees can also help honeybees, at 
least indirectly. In a paper published in 2006 in 
the Proceedings of the National Academies of Sci-
ences, Kremen found that interactions between 
native bees and honeybees caused a five-fold 
increase in the honeybees’ pollination efficiency, 
as bumblebees searching for mates drove hon-

eybees to vacate flowers—and therefore 
visit new ones—faster than they would 
have on their own. 

Country bee, city bee
The value of bee diversity on the 

farm is apparent, but what about bee 
diversity in the city? according to Profes-
sor Gordon Frankie, also of the Depart-
ment of environmental science, Policy 
and Management, “they’re part of the 
heritage of the land... they remind us that 
relationships have developed over the 
years between all of the fabulous plants 
that we have in California and the bees 
that pollinate them. There’s a historic 
evolutionary value in knowing that.” The 
benefits of city bees go well beyond the 
historic. a healthy population of native 
bees can increase the bounty from fruit trees 
and vegetable gardens, boost the seed yield of 
ornamental plants, and even induce flowers to 
bloom more plentifully.

as on the farm, development in the city has 
seriously reduced the available habitat for native 
bees. Only about 250 of California’s 1600 spe-
cies of native bees have been observed in urban 
environments. But it’s likely that more could 
survive in city parks and gardens, as long as 
those parks and gardens contain the plants that 
bees enjoy the most. “[In] urban environments 
you can [even] get specialists (bees that feed on 
only one or two flowers), if you have the right 
plants,” Frankie says. 

a major tenet of Frankie’s research has 
been identifying the “right” plants to lure native 
bees to city gardens. By counting the number of 
bees that land in a particular flower patch in the 
space of three minutes, his group has come up 
with a list of plants that are most attractive, at 
least from a bee’s-eye view. Frankie’s group has 
found that while native bees are attracted to both 
native and exotic (non-native) plants, they are 
extremely picky about the exotics they choose to 
visit. Only nine percent of all exotic plants tested 
attracted California native bees, compared to 
almost 80 percent of native plants tested. Within 
plant families, bees seem to prefer plant varieties 
that occur naturally in California over similar 
plants that hail from other areas. 

Of 1,000 total plant varieties tested by the 
group, only 129—39 of 50 native plants, and 
90 of 950 exotic plants—attracted a significant 
number of native bees. Fortunately for botanical 
aesthetes, many of these plants are attractive to 
humans as well. California poppies, borage, sun-
flowers and gold marie are all on the list of top 
bee attractors. Furthermore, many plants that 

This California native, probably a leafcutter bee, drinks 
nectar upside down.
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bees like to land on are also enticing to more 
conventionally pretty insects (e.g. butterflies), 
as well as hummingbirds. 

The type of plant isn’t the only impor-
tant factor in bee preference, either. Just like 
humans looking for prime real estate, bees 
searching for a patch of plants are all about 
location, location, location: The group found 
the most bee diversity and abundance in 
gardens with many different bee-attracting 
flowers in bloom, and found that more native 
bees are likely to make their nests in gardens 
that had high plant diversity overall. 

“If you plant it, they will come”
The group began putting their findings 

to the test in 2003 by planting a bee-attracting 
garden in the Oxford tract just northwest of 
the main Berkeley campus. after planting 
clusters of the most highly attractive plants, 
graduate students Jennifer Hernandez and 
Vicky Wojcik found that it didn’t take long 
for native bees to arrive. Within just one 
month of planting, they found holes in their 
rose leaves, a tell-tale sign that native leaf 
cutter bees (Megachilidae) had built nests 
nearby. Many other bees followed. “In the 
[entire] city of Berkeley we had already re-
corded 82 species of bees, and in that garden 
alone…we’ve had 40 species since we set it 
up,” Frankie says. The bees identified in the 
Oxford garden included four species that had 
not been found elsewhere in Berkeley, and 
more new species are expected as the project 
becomes better established.

another key to attracting native bees is 
to plant a large enough patch of their pre-
ferred flowers. “We like a meter square, even 

two meters is better, if you have that kind of 
space,” Frankie says. “Then you can see [the 
bees] at work; they seem less likely to be 
disturbed, and you can get up fairly close to 
them. It’s when you have little tiny patches of 
plants that they don’t stay very long and tend 
to move around very quickly. But if you have 
these bigger patches, they stay there.” It’s also 
necessary to choose flowers that will bloom 
at different times—most urban bees feed 
on the nectar and pollen of several different 
plants and need diverse sources of food to 
cover their entire active season.

Nesting sites are another consideration. 
a giant hive buzzing with thousands of insects 
may be the first thing to come to mind when 
you think of a “bee’s nest”, but most bees that 
are native to California are solitary, and only 
need burrows large enough to lay 10-20 eggs. 
However, their preference for underground 
nests makes good sites hard to find. Few 
gardeners are tolerant of the bare patches 
of dirt and uneven slopes that California’s 
native digger bees find most hospitable, and 
Frankie cites the resulting “mulch madness” 
as a major threat to urban bee habitats. Gar-
bage bag-like weed barriers laid just under 
the topsoil are another scourge, creatively 
referred to as “BPI”—short for “Black Plastic 
Insanity”.

Perhaps the most important step toward 
restoring native bee habitats in the city is 
outreach and public education. “Our job 
really is to make these things as cool as we 
can,” Frankie says. “It’s a matter of getting in-
formation out there so people can use it.” To 
that end, he and his group have summarized 
their research and, naturally, posted it on the 

Internet. Their Urban Bee Gardens website 
(nature.berkeley.edu/urbanbeegardens), 
authored largely by former Berkeley un-
dergraduate Mary schindler, discusses the 
importance of native bees, offers tips for 
creating bee-friendly gardens, and is easily 
accessible to the average California gardener. 

Frankie says he believes that the website 
has played a huge role in increasing the vis-
ibility of his research, which seems to have 
hit critical mass: “We can’t keep up with the 
invitations we’re getting, from garden clubs, 
from museums, botanical gardens, school 
garden efforts, it goes on and on...we’ve had 
three or four TV stations want to do things 
with us. We had options to go on the [Mac-
Neil-]Lehrer News Hour, Martha stewart. But 
I didn’t want to do that,” he laughs. Despite 
declining Martha’s invitation—politely, one 
imagines—the group has expanded their 
public efforts considerably over the last few 
years. In addition to the research garden on 
Oxford street, Frankie has helped develop 
bee gardens at the Middle Creek Middle 
school in Marin (with teacher sue Holland), 
at the randall Museum in san Francisco, and 
most recently, at emerson Park Garden in 
downtown san Luis Obispo.

The return of the natives?
Despite the challenges faced by native 

bees, both Kremen and Frankie seem opti-
mistic. In fact, with increased awareness of 
the important roles native pollinators play 
both on the farm and in the city, a new era 
of bee-friendly conservation may be arriving. 
“The more you tell people about it, the more 
they get interested, to the point where some 

(left) Native bees prefer a variety of flower colors. Bright pinks, 
oranges and yellows are especially popular. (below) The Oxford 
Bee Garden was started in 2003 by Gordon Frankie’s group 
to test their predictions about what kinds of plants are most 
attractive to native bees.
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of them want to become citizen-scientists,” 
Frankie says (which is why the Urban Bee 
Gardens website offers instructions on how 
to put the group’s bee count protocol into 
practice in a home garden). and, he notes, 
many human practices that threaten native 
bees can be combated simply by telling people 
about the impact they are having. “I just got 
an e-mail from [the head horticulturist] at 
Descanso Gardens [a large botanical garden in 
Flintridge Ca],” Frankie says. “He was telling 
me, ‘by the way, we’re not going to mulch 
as heavily as we did before. We’re actually 
clearing dirt in places where we had a lot of 
mulch before, to help the bees.’ and I said, 
‘well that’s good, then—it’s working.’”

Change is happening beyond the in-
dividual level, too. In part due to the effects 
of colony collapse disorder, Kremen and her 
group have had the opportunity to interact 
with state and federal governments to suggest 
policy changes based on their research. In 
particular, she has offered advice on how to 
include pollinator research in the 2007 Farm 
Bill. “It’s compatible with existing programs; 
the Farm Bill conservation programs just need 
to be tweaked,” Kremen says. “We’re actively 
seeking for pollinators to be recognized in 
the Farm Bill for research and habitat con-
servation...In general, there needs to be more 
funding for the conservation provisions of the 

When beekeepers across the country first 
noticed their honeybee hives collapsing, nobody 
was quite sure what was causing it. Typical agents 
of honeybee death, such as the varroa mite, cause 
adult bees to die in their hives and kill off the 
population gradually. In contrast, colony collapse 
disorder (CCD) leaves few signs of dead or dying 
bees; the adults simply disappear, and the colony 
dies off rapidly. The few dead bees that are found 
seem to be infected with a multitude of parasites 
and pathogens, making it difficult to determine 
the cause of death.

a recent paper from the journal Science 
[Foster et al., 2007] used a “metagenomic” ap-
proach to find a common thread in bee colo-
nies affected by CCD. researchers isolated DNa 
and rNa from CCD-positive and CCD-negative 

Farm Bill, and we need more outreach.” Cali-
fornia senator Barbara Boxer introduced one major piece of Farm 
Bill legislation, the Pollinator Protection act, which will allocate 
89 million dollars over five years for UsDa research on bees and 
other native pollinators. (The provision made it into the Farm Bill 
passed by the Us House of representatives this spring, but has yet 
to be approved by the senate or President Bush.)

“It’s interesting to know how we depend on nature for things 
we take for granted,” Kremen says. The attention that has been 
paid to colony collapse disorder in the government and in the 
media suggests that we’re no longer taking pollinators for granted. 
and, thanks to the efforts of researchers like Kremen and Frankie, 
we may soon be better able to understand our complicated rela-
tionship with native bees.

JacquElinE chrEtiEn is a graduate student in molecular and cell 
biology. 

Want to know more?:

Check out the Frankie lab outreach page: 
nature.berkeley.edu/urbanbeegardens

Xerces Society:xerces.org/home.htm

Center for Land-Based Learning and Farm on Putah Creek: 
landbasedlearning.org
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to Native Bees
Peponapis pruinosa squash bee( )

Why it’s cool: Peponapis is a specialist bee, only col-
lecting pollen from flowers of the squash family. These 
bees also illustrate the “plant it and they will come” 
hypothesis—once considered exclusive to the western 
United States, squash bees have been spotted scouting 
zucchini flowers in New York City rooftop gardens.

Favorite flowers: Zucchini, pumpkin or other squashes

Mini-Guide

Why it’s cool: This halictid bee (sometimes called the 
“sweat bee” because it’s attracted to the salt in human 
sweat) is one of the most abundant native bees in 
Berkeley, and it’s also one of the prettiest. Halictids are 
tiny, at only 11 millimeters long, but many have bril-
liant, iridescent abdomens.

Favorite flowers: California poppy, many ornamental plants

Why it’s cool: Coelioxids are parasitic bees, sometimes called 
cuckoo bees, that invade the nests of other bee species. They 
lay their eggs near the eggs and food in nests built by their 
more industrious neighbors (often Megachilidae, or leaf-
cutter bees). When the Coelioxid larvae hatch, they eat the 
pollen and nectar meant for the other species’ eggs—and 
then eat the eggs, too. Nature can be so cruel.

Coelioxis cuckoo bee( )

bees, including DNa and rNa from any organ-
ism that might be infecting them. They then se-
quenced it all, hoping to find some DNa or rNa 
fragment—and therefore, some pathogen—pres-
ent exclusively in the CCD-positive bees. 

The group identified Israeli acute paralysis 
virus (IaPV) in 25 of 30 CCD-positive colonies, 
but in only one of 21 CCD-negative colonies 
tested. The link between IaPV and CCD is there-
fore strong, but not necessarily causal; in other 
words, IaPV is likely to be involved in CCD, but 
it can’t be the only factor. What are the other pos-
sibilities? a combination of infections (bacterial, 
viral, and/or parasitic) may make the bees more 
susceptible to collapse, and other stressors, such 
as malnutrition or exposure to certain types of 
pesticides, may also play a role. 

 Metagenomics and the  Case of 
         the Dis appearing Honeybees 

Agapostemon texanus sweat bee)(

Introducing a larger 
number of bee-friendly 
plants can help maintain 
bee diversity both on 
the farm and in urban 
environments.

ph
o

t
o

s 
by

 r
o

ll
In

 c
o

v
Il

le



36

A
Human

Project

AGGTGGTTTGTTAAGT 
AGGTGGTTCGTTAAGT

g
r

a
ph

Ic
 b

y 
c

h
r

Is
 d

a
sc

h
er

 p
h
d

/c
d
a
s
c
h
e
r
.
c
o
m

Genome



37

Human

Project
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even before the first full human genome was completely sequenced, 
debate raged about how to mix genomics and medicine. The scientific 
community’s access to such a vast amount of genetic information could 
have staggering consequences. Imagine this: your doctor takes a blood 
test, and two weeks later hands over your entire genome sequence on a 
single DVD. You know that 13 generations separate you from your next-
door neighbor. When you’re ill, your doctor prescribes you a “miracle 
drug” effective for 10 percent of the population but lethal for the rest, 
comfortably assured that you will not experience unfortunate side effects 
due to your genetic makeup. From birth, your kids are prescribed addi-
tional medical checkups for those illnesses they have a higher probability 
of contracting. It will be an era of personalized and preventive medicine, 
but it won’t necessarily be easy. 

although the process of geneticizing medicine has already started, 
the scenarios above haven’t quite arrived because they require the full 
sequence of your DNa—and the know-how to interpret it. a strand of 
DNa resembles a twisted ladder, with rungs that consist of four mol-
ecules known as DNa bases: adenine, thymine, guanine, and cytosine, 
often shortened to a, G, T, and C for simplicity. The ordering of these 
DNa bases creates a genetic code that carries the recipe for all tissues and 
instructions for the dynamic processes that make up a human being. But 
before interpreting the code, finding the secret to life, and radicalizing 
the medical establishment, the full sequence of DNa bases needs to be 
determined (“sequenced”) in a large number of people, and that is not a 
simple task.

Currently, sequencing is too slow and expensive for wide-scale use, 
but this is changing rapidly. The first human genome was sequenced in 

by Natasha Keith

2003 by the Human Genome Project, after 13 years of work and an esti-
mated three billion dollars. By standing on the shoulders of this original 
genome project, the full genome of Nobel Laureate James Watson was 
recently solved. The majority of the work was completed in two months, 
and for just under a million dollars. The scientific community figures 
that when the cost of sequencing a genome falls to $10,000, it will be 
worth widely sequencing the genomes of patients as a general practice.

But while it is known that genetic variations can lead to different 
susceptibilities to disease, the work that defines which genetic variations 
cause susceptibility is still in its early phases. Correlating an individual’s 
genetic sequence with a particular disease is only useful if the relation-
ship is well-characterized in a large, diverse group of people. 

such large-scale questions reach into many different fields, as is ex-
emplified at UC Berkeley and its affiliated institutions, where researchers 
from computer science, mathematics, computational biology, genomics, 
public health, and sociology are involved. There’s something here for ev-
eryone, but they all have one thing in common—they need an extensive, 
high-quality dataset.

Enter the HapMap
In spite of the intimidating size of the human genome and the 

limitations of full sequencing technologies, there are some simplifying 
features in human genetics that make it possible to compare portions of 
human chromosomes without full sequencing. First, in 99.5 percent of 
our genomes, all humans are identical. This leaves only 0.5 percent to 
account for genetically-determined differences in appearance, behavior, 
and health. Many of these differences in the sequence of our DNa come 
in the form of single deviant a’s, G’s, T’s and C’s, called single-Nucleotide 
Polymorphisms (or sNPs, pronounced “snips”), which occur about once 
every 1,200 DNa bases when comparing two individuals. Fortunately 
for scientists, these varying bases of DNa are not random, but rather 
tend to occur together in “blocks”, known as haplotypes. These blocks 
enable researchers to look at just a few significant “marker” sNPs in a 
person’s genome, guess the identity of hundreds of hidden sNPs, and de-
termine the haplotype—similar to the way a reader can guess the identity 
of words that are mssng vwls. as a consequence, researchers need much 
less sequencing data to determine the haplotype, making the process 
faster and financially feasible; the number of marker sNPs is estimated at 
300,000–600,000, compared to the total 10 million common sNPs. 

a second simplifying feature is that the number of common haplo-
types is small—for a given gene there are often two or three predominant 
haplotypes that describe about 80 percent of the population. as a result, 
if one could categorically sequence the marker sNPs across the human 
population, it would render a “map” of common haplotypes in humans 
that can be analyzed for disease links and compared across the globe.

The interest in making such a database drove the formation of 
the International HapMap (“Haplotype Mapping”) project in 2002 (see 
sidebar). This multinational sNP dataset is made publicly available to 
the scientific community, which can then do computational, biological, 
or medical research using the data. By the end of the project’s first phase, 
the number of known sNPs in scientific databases had increased by a 
factor of 10. access to such a database provides a new opportunity for 
scientists to ask more quantitative questions about the genetics behind 
common diseases.

Why HapMap 
is only half 

the story

Genome
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Finding the connections: mapping 
haplotypes to disease

Len Pennacchio, head of the Genetic 
analysis Program of the Joint Genome Insti-
tute (JGI) in Walnut Creek and an LBL senior 
research scientist, uses direct sequencing 
to try to understand relationships between 
haplotypes and disease. In collaboration with 
medical centers in Copenhagen, Ottawa, 
Texas, and Minnesota, he published a paper 
in the June 8 issue of Science describing the 
correlation between a certain haplotype and 
heart disease. The researchers utilized data 
from HapMap to detect these exciting as-
sociations, but this approach is unusual for 
Pennacchio, who usually relies on his own 
sequencing technologies to fine tune the sNP 
dataset to his needs. 

“There are two camps, really,” Pennac-
chio explains, “those that are satisfied with 
knowing an association between a gene and 
a disease exists, and those that also want to 
find all the details about why the association 
exists [at the biochemical level]. I’ve heard 
extreme and persuasive arguments on both 
sides.” Pennacchio falls into the second camp 
of researchers. His work tends to delve into 
the more subtle details of biochemical signal-
ing and transcription and relies less on asso-

ciation studies. But he points out that his and 
other recent papers owe their success to the 
fact that association studies give researchers a 
“foothold” on the genetics: Now that they’ve 
found an association between a set of sNPs 
and heart disease, they can start to ask more 
detailed questions about the biochemistry 
underlying the association. and since their 
approach did not bias the search for markers 

toward previously suggested heart disease 
genes, it has the potential to open up new 
relationships for exploration. 

For the majority of Pennacchio’s work, 
HapMap hasn’t been specific enough, or had 
enough uncommon sNPs, to really probe 
biochemical questions at the molecular 
level. He looks forward to the wide scale 
sequencing era, which would provide the 
ideal database for such detailed work; for 
detail-oriented researchers, HapMap is just a 
stepping stone. “It was the most logical thing 
to do at the time,” Pennacchio says, “and what 

we’ve learned about haplotype structure from 
HapMap will be useful in the next generation 
of sequencing.” 

But the most lasting result of the Hap-
Map project, which is just starting to come to 
light now, will be substantial support for the 
grand hypothesis: Common differences in ge-
netics do not appear to explain the incidence 
of the majority of common diseases. Pen-
nacchio says that the resulting associations 
between genetics and disease may be a little 
too subtle and too complex to be conclusive. 
although a few diseases have found success-
ful “hits” in the HapMap database (such as 
macular degeneration, where individuals 
with the risk-producing sequence are about 
seven times more likely to carry the disease), 
present research shows that the majority of 
common diseases don’t appear to associ-
ate strongly to a single haplotype. Instead, 
diseases are more likely to be associated with 
a large number of haplotypes, making their 
individual effects small. “We have a lot of 
little hitters,” Pennacchio says, “but we want 
the big hitters. and a lot of that may be in the 
uncommon sNPs and other unusual features 
of the human genome. We’ll see those when 
full sequencing becomes cheaper and faster, 
and that will be sooner than we think.”

Shown is a short stretch of DNA from the same chromosome region in four different people. Most of the DNA sequence is identical between 
individuals, but three bases (highlighted) where Single Nucleotide Polymorphisms (SNPs) occur. These three SNPs, along with 11 others that extend 
across 6,000 bases of DNA, make up the example haplotype (only the variable bases are shown). For this region, the four individuals can be grouped 
into one of three haplotypes. Genotyping just the two identifier SNPs out of the 14 SNPs is sufficient to distinguish between these haplotypes. For 
example, if an you were genotyped as a “C-A” at these identifier SNPs, you would be classified as Haplotype 2.

“We need extremely accurate 
methodology ... False 

correlations hurt everyone      
in the field.”
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The computational side of HapMap
The intensive data analysis done by re-

searchers like Pennacchio requires advanced 
computational resources. researchers at the 
International Computer science Institute 
(ICsI), a non-profit research institute affiliated 
with UC Berkeley, write programs to identify 
haplotypes within the human genome, cata-
log genome rearrangements, and characterize 
marker sNPs. 

Dr. eran Halperin, a senior researcher 
at ICsI, writes computational algorithms to 
enhance the ability to identify marker sNPs 
accurately and sensitively. The ability to use 
sequenced marker sNPs to predict a given 
unsequenced haplotype makes the HapMap 
project possible and financially feasible, 
but connecting markers to their derivative 
haplotypes is not a simple process. “With 
a dataset so large,” Halperin explains, “we 
need extremely accurate methodology to 
determine the correct haplotypes. False cor-
relations hurt everyone in the field.” 

To prevent such errors, Halperin’s 
research deals with “multimarker methods”, 
methods that use a collection of sNPs, instead 
of single sNPs, to characterize a haplotype. 
His paper in the april issue of American Jour-
nal of Human Genetics describes a new mul-
timarker method called WHaP (“weighted 
sum of haplotype frequency differences”), 
which evaluates large numbers of sNPs and 
determines which sets of sNPs correlate to a 
given haplotype. It’s rather like a library: It is 
easier to find a book in a library by searching 
the titles of the books (marker sNPs), than by 
searching the chapter titles of the full library 
(all sNPs). But two books with the same title 
may not reliably contain the same chapters. 
If one searches for the author, publisher, and 
the title simultaneously, however, the prob-
ability of finding a unique book is increased. 
In other words, by using multiple marker 
sNPs to identify a particular haplotype, false 
identifications are avoided.

The WHaP method has been shown to 
improve the accuracy of finding marker sNPs 
in all the HapMap populations sampled, with 
datasets from both the competing sequenc-
ing technologies. To measure the success of 
marker methods, they report the percentage 
of sNPs that are known or whose identity can 
be guessed at via markers. For a hypothetical 
dataset in which all sNPs are characterized, 
the coverage would be 100 percent. In one 
of the datasets, WHaP is able to raise the 
correct identification of sNPs from an aver-
age of 75 percent to 83 percent in european 

and asian populations, and from 61 percent 
to 74 percent in the Yoruba population. The 
Yoruba population is harder to cover because 
african populations have a greater genetic 
diversity, meaning that more markers are 
needed to address a more complex set of 
possible haplotypes. This curious detail is 

evidence of evolutionary history: Humans 
originated in africa, where small offshoots 
of the population left the continent, starting 
new populations of less diverse gene pools in 
europe and asia. We still carry the genetic 
footprints of this winnowing process.

Integrative biology graduate student 
Hua Chen studies population genetics, and 
how genes get positively selected and dis-
tributed among a population. He is working 
on characterizing the “hitchhiking effect”, in 
which a section of DNa is host to a gene that 
is favored by natural selection. Because this 
“positively selected” gene is so beneficial, it 
sweeps through the population. Other genes 
in the vicinity, whether beneficial or not, get 
dragged along, effectively “hitchhiking” along 
with their VIP neighbor. Many hitchhiking 
genes have a particular sNP signature that can 
be identified with computational algorithms, 
and their histories traced back generations. In 
addition, the identification of sections of the 
genome that bear the signature of hitchhiking 
can help researchers pinpoint the positively 

selected genes themselves. One example of 
this phenomenon can be seen in the region 
of DNa that surrounds the Duffy red cell 
antigen gene. The hitchhiking DNa, which 
is present at high frequency in africans, is 
thought to have been inherited along with a 
mutant copy of the Duffy gene that confers 
resistance to malaria.

Chen recognizes that HapMap, as a 
dataset, has some disadvantages. “although 
the HapMap project has already succeeded 
in making a new generation of markers for 
genome-wide association studies of human 
diseases...unfortunately, the data is generated 
in a way [that] is not ideal for population 
genetic studies,” he says. However, Chen 
also notes that HapMap has provided “the 
largest polymorphism dataset from multiple 
populations up to now [and is] encouraging 
further population genetic studies and the 
production of more large-scale population 
genetic data.”

The ever-evolving questions of 
genetics and race

The idea of tracking genetic patterns in 
living populations naturally brings up the 
genetics of race. Troy Duster, a UC Berkeley 
professor emeritus of sociology, is directly 
involved in the HapMap database discussion 
of the use of race in research science. From 
the start, the HapMap project actively incor-
porated bioethicists and sociologists to help 
deal will the social side of what some people 
worry will be a system of genetic determin-
ism. “It’s a hard problem,” Duster says. “We’ve 
been stuck with thinking of things in terms 
of race since the 18th century…and that’s not 
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things in terms of race since the 
18th century...that’s not only bad 
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only bad for ethics, it’s bad for science.” 
Duster argues that when data are struc-

tured based on race, researchers have a natural 
tendency to interpret the data with skewed 
assumptions. a number of scientific excuses 
for racist attitudes have been documented 
through history, from the association of cra-
nium shape with intelligence to the doctrines 
of Nazism, and the scientific community gen-
erally sees these studies as fraudulent relics of 
the past. But Duster warns that racial, social, 
and genetic issues will never be completely 
separable, especially in a project like Hap-
Map, for which the populations were selected 
based on political considerations, and genetic 
population comparisons are a natural goal of 
the project. He also sympathetically points 
out that the choice of populations was based 
on political and financial concerns that were 
unavoidable. “If you were to sample popula-
tions at equally spaced points across the 
globe, it would be a scientific selection, but 
that would take funding we didn’t have and 
politics we couldn’t control,” he explains.

Duster has studied the issues sur-
rounding genetics and race throughout his 
career; he also served on the advisory board 
overseeing legal, ethical, and social issues for 
the Human Genome Project. He describes 
how the committee was faced with a constant 
stream of issues that developed after the first 

human genome was published. For example, 
when numerous research groups found a link 
between the BrCa1 and BrCa2 genes and 
breast cancer, the theory arose that women of 
Jewish decent would be more susceptible to 
the disease. The very suggestion of a racially-
determined higher risk made waves in the 
community: Jewish women didn’t want to 
volunteer for the research, believing that 
they would be forced to pay higher health 
insurance rates and experience differential 
treatment in the medical establishment. 
and if genetic correlations were found to 
correspond to less quantifiable traits like 
intelligence or athleticism, the politics of the 
correlations may overwhelm the science. 

“Why don’t these issues go away? 
Because ethical issues are emergent,” Duster 
says. “They don’t get solved once and for all. 
I believe that in the next 10–15 years, the 
more we know about the genetic differences 
between groups, the more social issues will 
emerge.”

A new era?
Whether HapMap was worth the 

expense is a subject that is hotly debated, 
especially because its utility may decline as 
personalized sequencing becomes more af-
fordable. But many agree that the project has 
enabled the scientific community to be more 

involved in disease correlations, and has built 
infrastructure that will be useful in the next 
stage of full genomic databases. “This kind of 
work is not about individual breakthroughs 
any more,” says Halperin. “It’s about a large 
community, all pushing for the same result, 
from different angles, and with different tech-
niques.” But Pennacchio disagrees. “How do 
you deal with and interpret millions of com-
mon and rare variants in thousands of people 
and figure out which does what? What is the 
genetic basis of each disease? There’s plenty 
of space for breakthroughs!” 

From advancing computational algo-
rithms, to understanding the structure of 
haplotype blocks, to preparation for the 
social implications of the era of personalized 
medicine, HapMap has caused bafflement, 
interest, passion, and progress in a wide, 
diverse scientific community. and until the 
new sequencing era arrives, we can probably 
use all the social and scientific practice we 
can get.

nataSha KEith is a graduate student in 
chemistry.

Want to know more?
Check out: hapmap.org

Global genomes
The HapMap project is a collaboration between 

28 laboratories in Canada, Nigeria, China, 
Japan, the UK, and the United 
states that analyze sNPs in 
genomes chosen to represent 
asian, african, and european 
populations. The analysis 
includes 30 Yoruba parent-
child trios from Ibadan, Nigeria; 
30 parent-child trios of Western 
european descent from the United states; 45 
unrelated individuals from Tokyo, Japan; and 
45 unrelated individuals from Beijing, China. 
The first phase, in which one common sNP was 
sequenced per 5,000 bases, sequenced over one million 
sNPs and was completed in 2005. 

The second phase, now nearing completion, will sequence 
about three times as many markers as the first phase. The 
data are compiled from two different competing sequencing 
technologies, providing slightly different datasets that enable 
more subtle computational comparisons. 
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2005 with a five-year, $7.5 
million grant from these three 
founding companies, whose 
financing supports the research 
and pays graduate stipends. In 
2006, the raD Lab secured addi-
tional funding of up to $170,000 per 
year from five additional technology 
companies, including Hewlett-Packard, 
IBM, and Oracle.

Twenty years ago, it would have been 
rare for companies to fund university research 
on a scale as large as in the raD Lab. But as 
public universities like UC Berkeley struggle 
to fund ambitious research programs with 
shrinking state budgets, they are increas-
ingly turning to partnerships with private 
industry to support scientific advancement. 
While recent negotiations over a deal with BP 
(formerly British Petroleum) have consumed 
the lion’s share of media attention, other 
models of public-private partnership are also 
being pioneered on campus—including the 
raD Lab and the Berkeley sensor and ac-
tuator Center (BsaC). Like the BP deal, these 
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time, but 
historically, 

industry grants 
were relatively small 
and typically went 

to individual 
researchers. How-

ever, from 1985 to 
2005, industry funding of 

university research increased 250 
percent, from $950 million to $2.4 billion, 
according to the american association for the 
advancement of science. 

a study by the association of University 
Technology Managers found that seven per-
cent of all university research budgets—about 
$3 billion total—came from industry sources 
in 2005, the most ever given by industry for 
university research. Much of the money went 
to university medical schools for clinical trials, 
but industry partnerships made a significant 
contribution even at top universities without 
medical schools. The Massachusetts Institute 
of Technology and rensselaer Polytechnic 
Institute, the greatest beneficiaries of private-
sector money, received 12 percent and 16 
percent of their respective research budgets 
from industry sources in 2006. 

This increase in industry support for 
university research comes at a time when 
federal money is decreasing. at 56 percent of 
the 2007 research budget, taxpayer-funded 
federal grants still comprise the majority of 
funding at Berkeley, but this is the smallest 
percentage on record (see chart on page 
43). excluding the $94 million that Nasa 
awarded to the UC space science Laboratory 
in 2004, federal grants to the university have 
been essentially flat since 1999. 

During that same time, the costs of re-
cruiting top talent to the Bay area have risen. 
The average salary of a UC Berkeley assistant 
professor has increased by 22 percent since 
2000, according to the american associa-
tion of University Professors. Moreover, UC 
Berkeley is in the unenviable position of 
competing for talent with deep-pocketed 
private universities such as stanford and 
Harvard, which generally pay their faculty 
10–20 percent more. 

shrinking federal support for research, 
coupled with the drive to compete with top 
private universities, has forced UC Berkeley 
to look at new models for funding. In a July 
commentary in Nature Materials, Chancellor 
robert Birgeneau lauded the good that UC 

experiments in research funding explore 
different ways to ease the inherent tension 
in any public-private partnership, trying to 
balance the very distinct needs and agendas 
of for-profit companies and public research 
universities.

Hey, Big Spender
Collaborations have existed between 

universities and private enterprise for a long 

UC Berkeley, also without a medical 
school, received six percent of its 2007 grants 
from industry, $32 million of $504 million 
total. This was the highest amount by both 
dollar total and percentage for any year 
since 1999, when Novartis gave $25 million 
for plant biology research. (The 2007 total 
does not include the BP grant, which will be 
administered only once the final contract is 
signed.)

Corporate funding of 
university research

George Porter earns part of his salary 
from Google, Microsoft, and sun Micro-

systems. He is not an IT consultant in silicon 
Valley or seattle, but a graduate student in 
electrical engineering and computer sci-
ence at UC Berkeley, where he works in the 
reliable, adaptive, and Distributed systems 
Laboratory (raD Lab). This computer science 
facility opened in soda Hall in December 
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Berkeley does for the people of California 
as a public university, while lamenting the 
relative poverty of the school compared to 
private institutions. His sobering conclusion 
was that, for the university to fulfill its mis-
sion to the public, additional funding was 
necessary. “We are in the ironic position that 
to guarantee our public character, we need 
to increase substantially our private support,” 
he wrote. Haas school of Business Professor 
David Vogel echoed the sentiment. “Uni-
versities will continue to rely on corporate 
research funding,” he said. “I think it’s likely 
to increase in the future.”

Selling out, or buying in?
These recent shifts in scientific fund-

ing fit into a larger economic context. Over 
the past few decades, industrial research 
has moved away from basic science toward 
applied research. as a result, much of the 
innovation behind breakthrough discoveries 
comes from universities. at the same time, 

universities have been granted rights to pat-
ent their discoveries, and licensing fees from 
those patents have become a significant source 
of income. These two factors have combined 
to create a co-dependence between universi-
ties, which need partners for their marketable 
research, and industries that need a source of 
innovation.

There was a time when american 
companies worked on “blue-sky” research, 
work that might take years to commercialize. 
Today, however, intense competition has 
increasingly led companies to focus on near-
term research that can be brought quickly 
to market. “In industry, most research is 
for next year, a little is for three years out, 
and five years out they don’t know much,” 
says Bernhard Boser, a professor in electrical 
engineering and computer science. 

This shift is exemplified by Bell Labs, 
a research center developed by aT&T in 
the 1920s. Throughout the 20th century, 
Bell Labs was a dominant force in Us sci-

ence. Its researchers invented the laser, 
photovoltaic cell, transistor, and the UNIX 
operating system, earning six Nobel Prizes 
in Physics (including the 1997 Prize to cur-
rent Lawrence Berkeley National Labs (LBL) 
Director steven Chu). The lab was able to 
conduct such advanced research because 
aT&T made enormous profits. In the 1980s, 
however, the aT&T monopoly was broken 
up and profits decreased. suddenly short on 
cash, aT&T spun off Bell Labs into Lucent 
Technologies, a company primarily focused 
on telecommunications. When the dot-com 
bubble burst, Lucent was hit hard. Facing 
possible bankruptcy, it laid off two-thirds of 
its researchers and shifted its research focus 
toward applied science.

This story is not unique to Bell Labs. 
Other large Us companies such as HP, Xerox, 
and IBM also had corporate research parks 
richly funded by the profits that the compa-
nies enjoyed up to the 1980s. But competi-
tion, first from Japan and later from China, 

(upper left) Corporate 
sponsorships often come 
with corporate swag. 
These commemorative 
buttons were passed out in 
celebration of the Energy 
Biosciences Institute (EBI) 
deal announcement. 

(right) Alex Bouchard 
works out a problem on an 
extra-large whiteboard at 
the RAD Lab, a computer 
science facility partially 
financed through corporate 
donations. 

(lower left) The prospect of 
funding university resources 
from corporate sponsorships 
struck an emotional chord 
in the community, prompting 
the formation of groups 
aimed at preventing the 
public-private partnership. 
This poster was created by 
the Stop BP-Berkeley group 
to protest the deal.
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ate into the companies’ market share. The Us 
percentage of global high-technology exports 
decreased from 23 percent to 16 percent from 
1990 to 2003. With less room to maneuver, 
labs got smaller and research focus shifted 
from long term experimental projects to near 
term product upgrades. according to the 
2006 National science Foundation “science 
and engineering Indicators” report, the per-
centage of industrial science devoted to basic 

research declined from 25 percent in 1995 to 
16 percent in 2004.

“Things have really changed in the last 
10 years,” says chemical engineering profes-
sor alex Bell, who has worked with BP and 
is currently working on a research project 
with Chevron. “Industry is funding less 
fundamental research in-house and doing 
more outsourcing. The costs of maintaining a 
large workforce for experimental research no 
longer make economic sense.”

another factor that plays into this change 
of focus is that companies must continually 
refine and improve existing technology to 
keep up with competitors; this leaves fewer 
resources to devote to new innovations, which 
may or may not prove commercially success-
ful. The effect of this shift is that universities, 
which do not have to answer to shareholders 
and are not competing for customers, have 

become the primary sites for experimental, 
long term research projects that lead to 
important discoveries. “It’s a good time for 
universities,” says Boser. “They almost have a 
monopoly on fundamental research.”

Just as universities have increasingly be-
come hotbeds of scientific and technological 
innovation, changes in intellectual property 
law have positioned them to financially ben-
efit from their discoveries. Perhaps no single 

event has changed university 
science more than the passage 
of the Bayh-Dole act in 1980, 
which granted universities the right to retain 
the intellectual property of government-
funded university research. Universities could 
file patents on their work and make money 
by licensing the patents to outside parties. 

In the years following the act, such 
licensing has become an important source 
of revenue for universities and transformed 
them into a major source of patents , leading 
to a shift in industry strategy. In many cases, 
companies prefer to lock down patenting 
rights by directly funding research that could 
result in patents, rather than waiting until 
the patent is filed and jostling with other 
companies to obtain the rights. 

But this trend of direct industry spon-
sorship makes many people uneasy, and 

has sparked much debate over the role of 
the university in society. Critics fear that a 
codependent relationship between academia 
and industry could hurt the historic mission 
of universities to serve the public. They 
worry that industry’s fundamental drive for 
profit could sully the purity of academic 
research, which should be conducted for the 
purpose of fostering knowledge. Ultimately, 
critics claim, universities cannot meet the 
conflicting interests of both the public and a 
corporation. 

Goliath goes to school
UC Berkeley has been at the epicenter of 

the debate about the intermingling of corpo-
rate money and university research. The issue 
was prominent on campus in the late 1990s 
after the university accepted a five-year, $25 
million grant from the swiss biotechnol-
ogy company Novartis for research in plant 
biology. The controversy flared up again this 
spring following the announcement by energy 
giant BP of a 10-year, $500 million grant to 
Berkeley for research on biofuels. 

The grant, which will be shared with 
LBL and the University of Illinois at Urbana-
Champaign, is the largest ever given by a 
company for university research. It more than 
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“We are in the ironic position that to guarantee our 

public character, we need to increase substantially 

our private support.”
Chancellor Robert Birgeneau

Funding by source for UC Berkeley
To

ta
l g

ra
nt

 m
on

ie
s, 

m
ill

io
n 

do
lla

rs

Fiscal Year

so
u

r
c

e:
 u

c
 b

er
k

el
ey

 s
po

n
so

r
r

ed
 p

r
o

Je
c

t
s 

o
ff

Ic
e

Though the total funding for the university has increased 
slowly but steadily over the past several years (except for 
a spike in 2004 due to NASA’s award to the UC Space 
Science Laboratory), the fraction of cash coming from federal 
sources has experienced a notable decline: from 68 percent 
in 1999 to 56 percent in 2007.
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doubles the 10-year, $225 million award 
given to stanford in 2002 by a consortium 
led by exxonMobil, also for research into 
alternative energy. The BP money will fund 
research at the energy Biosciences Institute 
(eBI), which will be located in a new build-
ing on the UC Berkeley campus and will 
house university and BP researchers working 
to develop clean and sustainable fuels from 
grasses.

Both of these historic agreements hinged 
largely on the acquisition of patenting rights 
by the sponsoring company. The patent 
holder has exlusive rights to the intellectual 
property, so UC Berkeley, like other universi-
ties, has been pressing to control patents 
on its technology. Novartis gained licensing 
rights to all patentable work in the Depart-
ment of Plant and Microbial Biology, even 
if the patent-producing research was not 
funded by the Novartis grant. In contrast, the 
BP proposal gives the company royalty-
free, non-exclusive rights to 
intellectual property, 
and the right of first 
negotiation to 
acquire exclusive 
rights to pat-
ents. This way, 
in the event of a 
breakthrough, 
UC Berkeley 
could still force 
BP to pay heavily 
for exclusive rights. 
all work performed 
by university and LBL 
researchers will not be confi-
dential and will be publishable. The goal of 
the partnership is to bring together the basic 
research expertise of UC Berkeley scientists 
with the commercialization capabilities of BP. 
according to the eBI website, the collabora-
tion will “accelerate the translation of basic 
science and engineering research to improved 
products and processes for meeting the 
world’s energy needs in the 21st century.” 

While most faculty members and science 
graduate students support the agreement, 
it has also drawn vociferous opposition. a 
group called “stop BP-Berkeley” has dem-
onstrated at sproul Plaza and is circulating 
petitions in the hopes of derailing the deal. 
One of the group’s concerns is that the size 
of the deal could skew research priorities. By 
accepting the BP money, they argue, Berkeley 
is giving a stamp of approval to biofuels at 
the expense of other approaches to alterna-

forestall such conflicts, the Berkeley Gradu-
ate assembly drafted a resolution calling on 
the administration to review several aspects 
of the deal. The resolution warned that “the 
University’s mission to serve the public inter-
est potentially differs from BP’s profit seeking 
interests and shareholder accountability.” 

supporters of the deal point to BP’s com-
mitment to alternative energy; it was the first 
oil company to acknowledge global warming 
and has invested billions of dollars in solar 
and wind energy. They dismiss claims that 
the motives of a corporation are antithetical 
to the mission of a university. “Of course BP 
is a private company with an obligation to its 
shareholders to try to profit from investing in 
the biofuels research, but that doesn’t mean 
we should avoid working with them,” says 
Vice Chancellor for research Beth Burnside. 
“Working with BP is a way that our research 
on biofuels can actually be commercialized in 
a way that makes the outcome accessible to 
the benefit of society. You can’t do much for 

tive energy. a particular source of 
concern to many opponents is the 

use of genetic engineering (called “syn-
thetic biology” in the proposal) to develop 
improved feedstock crops and fermentation 
processes. “signing the contract with [BP] 
would yoke the university to a flawed and 
potentially very dangerous route for at least 
the next decade,” says Ignacio Chapela, as-
sociate Professor of environmental science 
and Policy Management.

another critique is based on a general 
distrust of corporations. Through advertise-
ments, exxonMobil sought to enhance its 
image by highlighting its association with 
stanford and lofty alternative energy goals. 
at the same time, the company was com-
mitting $100 billion to oil exploration and 
was leading the fight against ratification of 
the Kyoto protocols on global warming. The 
San Jose Mercury News reported that film pro-
ducer steven Bing withdrew a $2.5 million 
donation to stanford as a result of the ads. To 

How much do you know about your funding sources?

I was personally involved in securing 
grants or negotiating contracts.

I know exactly, but I’m not 
responsible for procuring it.

I have a rough sense.

I know nothing or almost nothing.

Which best describes your feelings about your funding?

I would refuse money from sources I deem objectionable, even if 
it meant not being paid or working hard to find alternatives.

I would prefer not to take money from sources I deem objectionable, 
but this does not affect my selection of research projects.

I don’t care where my funding comes from.

I’m not sure.

As part of an effort to gauge graduate student attitudes toward the BP-Berkeley 
deal, as well as industry funding for university research in general, the BSR 

distributed an online survey. The distribution was not random—the respondents 
are a self-selected group. Over 200 students from many different disciplines 

responded. Some of the results are shown here.

Graduate Student Attitudes on Corporate Funding
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making biofuels a viable alternative to fossil 
fuels without partnering with someone who 
can get it to the pump.”

supporters maintain that if such deals 
are structured well, they can be beneficial to 
the public while still protecting the academic 
mission of the university. “There is no inher-
ent problem in dealing with industry if the 
relationship is well managed,” says Vogel. He 
believes that the Berkeley administration did 
an “extraordinary” job of protecting the in-
terests of the university. “They have ensured 
that knowledge will be widely disseminated 
and that the partnership will benefit the 
university, BP, and the world.”

It remains to be seen how exactly the BP 
grant will influence UC Berkeley, and whether 
the work will make significant inroads into 
solving america’s energy problems. But while 
the partnership between BP and UC Berkeley 
is an important milestone in the growing 
alliance between United states  universities 
and corporations, it is not the only example 
of corporate sponsorship on campus. True to 
the university’s tradition of innovation, other 
researchers are exploring different strategies 
to harness the financial resources of the 
private sector.

RADical funding
The raD Lab is one such manifestation 

of privately funded university science. at 
one point, most of the research in computer 
science at UC Berkeley was funded by the 
federal government. That changed in the 
1990s, according to Porter, a senior graduate 
student. “starting in around 2000 there was 
a sharp decrease in funding for university 
research, with more going to companies,” he 
says. “The government was less interested in 
basic research than in applied research.”

Facing a funding shortfall, computer 
scientists at Berkeley turned to industry. The 
raD Lab was the brainchild of UC Berkeley 
professor and computer network pioneer 
David Patterson. He asked Google, Microsoft, 
and sun Microsystems to fund a lab that 
would research statistical machine learning, 
in part to develop tools to enable computer 
systems to adapt to the information they 
receive. Companies with high-traffic internet 
sites receive massive amounts of user data 
each day. steps toward optimizing networks 
to respond to usage changes automatically 
would dramatically improve productivity. 
The three companies—fierce competitors in 
many areas—saw the benefits of teaming up 

to improve their networks while establishing 
a closer relationship with the Department of 
Computer science (which provides many 
students with summer internships), and 
signed on as co-sponsors. 

The industry funding revitalized the 
computer science department. This fall, 30 
graduate students are expected to do research 
in the raD Lab, compared with 15 in 2005. 
The lab space has been renovated to foster 
a sense of shared purpose. The workspace is 
open, so that students sit side-by-side and 
interact as they work. The conference area at 
the front of the lab is exposed on one side to 
allow anyone to listen to the presentations. 
even the faculty is part of the group, hav-
ing given up their offices to work alongside 
graduate students in the open areas.

The openness in the physical lab space 
reflects the openness of the research. all of 
the code produced by the lab is open-source 
and available to the public; the sponsoring 
companies impose no restrictions on publi-
cation and have no patenting rights. There 
are no strings attached to the funding, and 
faculty choose their research projects at their 
own discretion and pursue other funding 
sources. according to Porter, the interactions 
with the companies have been positive. “The 
sponsors give us a lot of freedom. There’s no 
direct day-to-day interaction, but they make 
themselves available and have been very 
helpful.”

Corporations pay their dues
The raD Lab and eBI are funded either 

by a few sponsors or a single sponsor—
arrangements that work because the projects 
conducted in those labs fit the needs of the 
companies. In many cases, however, compa-
nies want access to research but are not will-

ing to back a single, large project. 
a different model has been 

developed to address 
this situation. The 

Berkeley sensor 
and actuator 
Center (BsaC) 
is a collection 
of labs work-
ing on highly 
i n n o v a t i v e 
e n g i n e e r i n g 

research. For ac-
cess to this work, 

companies pay a 
yearly membership fee 

that gives them rights to 

How do you feel about the BP deal?

I support it completely.

I mostly support it but I 
have reservations.

I don’t support it.

I’m not sure.

What are your feelings on scientific openness*?
It is acceptable to receive industry money so 

long as scientific openness is not limited at all.

It is acceptable for universities to receive industry money even if 
there are MAJOR limitations imposed on scientific openness.

It is acceptable for universities to receive industry money even if 
there are MINOR limitations imposed on scientific openness.

It is not acceptable to receive industry money. 

Not sure.*defined as “the right to publish freely, talk 

about data, share reagents, code, etc.”
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learn about research before it becomes public 
knowledge. In doing this, companies have an 
early opportunity to license patented tech-
nologies and commercialize research from 
the university. The setup provides funding for 
UC Berkeley scientists to conduct research, 
and also provides a pipeline of new technolo-
gies for companies. 

This model works in part because the 
Center’s research often results in technolo-
gies with immediate commercial potential. 
BsaC builds on advances in semiconductor 
technology to develop microscopic devices 
that regulate processes in larger systems. In 
one project, Dorian Leipmann’s bioengineer-
ing lab is working on a synthetic circuit for 
stroke victims, whose damaged nerves can 
impair the ability to move facial muscles 
or even blink normally. By integrating two 
microchips into the brain, one to sense in-
coming nerve signals and the other to send 
out responses, they hope to restore patients’ 

ability to recognize and transmit biological 
impulses.

In another project, albert Pisano’s me-
chanical engineering lab is developing a novel 
oxygen sensor on a microchip. The chip is 
placed inside an internal combustion engine 
(such as in an automobile), where it senses 
the precise level of oxygen and provides a 
real time signal to the fuel injector to regulate 
intake. The chip allows engines to use only 
the fuel they need at a given time, resulting in 
better fuel efficiency and lower emissions. 

should these projects lead to patented 
technology, they would likely be profitable in 
the marketplace. Moving innovations from 
the lab into commercial applications is at the 
heart of BsaC’s funding model. The industry 
sponsors pay an annual $50,000 membership 
fee that gives them access to new technol-
ogy before their competitors. There are cur-
rently two government-affiliated members 
(Lawrence Livermore and sandia National 
Labs) and 46 corporate members, including 
multinational corporations Canon, Glaxo-
smithKline, IBM, Panasonic, and Toyota.

Members get other benefits besides 
patents. a visiting fellows program allows 
researchers to work at UC Berkeley to learn 
techniques that they can bring back to their 

home labs. There are two yearly conferences 
open only to members, in which sponsors can 
build relationships with Berkeley researchers 
and discuss ongoing projects. Finally, and 
most importantly to many companies, mem-
bers have access to the minds of UC Berkeley 
graduate students. In a field as technologi-
cally advanced as microsystems, recruiting 
top talent is essential for future success.

BsaC has formed a strong relationship 
between the university and member compa-
nies. a third partner is also invested in the 
collaboration: the government. BsaC was 
established in 1986 as an NsF-sponsored 
Industry/University Cooperative research 
Center (I/UCrC). The NsF provides modest 
funding to start a project, after which the uni-
versity is expected to find industry sponsors 
to further the research. BsaC was one of the 
first I/UCrCs in the country and is currently 
the largest, with 10 research directors, 120 
graduate students, and over 100 ongoing 

projects. another aspect of the group’s man-
date is to form multi-university centers, and 
in 1998 UC Davis joined UC Berkeley as a 
BsaC campus.

One of the key concepts of BsaC’s fund-
ing model is leverage—that is, using a variety 
of funding sources to guarantee significant 
gains for all. Government support to initiate 
a project is leveraged by additional industry 
support, either through membership fees 
or direct funding. The industry support is 
further leveraged in two ways: First, though 
only 15 percent of BsaC’s budget comes from 
member fees (most funding is from govern-
ment or nonprofits), sponsors have full ac-
cess to every research project. second, with 
48 sponsors of BsaC contributing a total of 
$2.4 million, each member’s $50,000 yearly 
fee funds a considerable amount of research. 
The BsaC model is designed to yield even 
greater benefits as more sponsors enroll. 
More money allows more research projects, 
attracting more companies, leading to more 
research, and so forth. 

The I/UCrC model has been described a 
“win-win-win” for all of the players. Universi-

ties gain research money, industry gets access 
to techniques and patents, and the govern-
ment leverages their funding to better pro-
mote innovation. Perhaps the greatest benefit 
is that the arrangement plays to the strengths 
of each contributor: The government is best 
at funding, universities are best at research, 
and corporations are best at commercializing 
inventions.

Setting a precedent
While supporters acknowledge past 

abuses when industry money has funded 
academic research, they ultimately think 
it is possible to protect the mission of the 
university and serve the public. They point 
out the many benefits to society from such 
partnerships: translation of basic research 
into products, contributions to important 
problems facing society, exposure of graduate 
students to industries, and helping the United 
states maintain its edge in science. BsaC, the 

eBI, and the raD Lab each ex-
plore different means to realize 
this optimistic vision.

 This trio of creative financial collabora-
tions also emphasizes the fact that UC Berke-
ley is uniquely positioned to set a precedent 
for university-industry collaborations. It is 
the top public university in the country and a 
leader in scientific research. It also has a rich 
tradition of protest and an ingrained mistrust 
of corporations. These elements could work 
together to generate a new model for 21st cen-
tury american science, one that protects the 
public mission of a university while helping 
deliver important innovations to society. 

adam SchindlEr is a graduate student in 
molecular and cell biology.

Want to know more?
Check out the RAD Lab: 
radlab.cs.berkeley.edu 

Energy Biosciences Institute: ebiweb.org

Full BSR survey data:
sciencereview.berkeley.edu/cfsurvey

“Industry is funding less fundamental research in-house 

and doing more outsourcing. The costs of maintaining a large workforce for 

research no longer make economic sense.”
Professor Alex Bell, Chemical Engineering
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ehud Isacoff, Professor of Neurobiology, knows how to tell a good story. “so there we were, 
just minding our own business...” he jokes, launching into the tale of how he, fellow 
neurobiology professor richard Kramer, and chemistry professor Dirk Trauner were struck 

by the idea to develop light-activated ion channels. This project, a collaboration from its start 
in 2003, has seen numerous successes. Most recently, the group used pulses of light to remotely 
turn off and on a zebrafish’s response to touch, enabling and disabling key sensory neurons 
with the flip of a switch. These findings, published in the May 24 issue of the journal Neuron, 
highlight a technique currently used to unravel the brain’s secrets of behavior and that may one 
day restore sight to the blind. 

THE LIGHT AT
THE END OF THE
cHANNEL

as fun as it sounds, the remote con-
trolled zebrafish is not a toy. Tinkering with 
the fish’s sensitivity to touch could provide 
valuable information about how neural 
circuits are wired. Many of the big topics in 
neuroscience—behavior, learning, memory, 
development, healing—involve an intricate 
and dynamic web of thousands of neurons 
that connect to one another at millions of 
different points. Yet it is notoriously difficult 
to pinpoint how each neuron (or neural con-
nection) functions. Like toggling a mysteri-
ous light switch in the basement to see what 
it controls, researchers want to manipulate 
specific neurons to understand their role in 
the whole picture. 

signals in the complex network of the 
nervous system are orchestrated by both posi-
tive and negative means, through a mixture 
of excitation, amplification, reduction, and 
inhibition that (usually) gets the right signal 
to the right place at the right time. Dissecting 
the function of particular neurons in a larger 
circuit requires precision in both space and 
time: Not only are the neurons tiny, with 
responses triggered by proteins that are even 
smaller, but electrical signals in neurons last 
for only a few thousandths of a second and 
often involve complex sequences of pulses. 
Current techniques allow recording of the 
electrical voltage in a cell on that time scale, 
but determining the origin of the information 

the cell receives can be tricky. One approach 
is to send the brain an artificial signal with an 
electrode, but it is very difficult to activate a 
single neuron without damaging neighboring 
cells using this technique. another common 
approach involves adding a neurotransmitter 
chemical to the fluid in which the neurons 
live. This technique does away with the 
invasive electrodes but doesn’t guarantee that 
the signal will be received by a single neuron 
or type of neuron. 

researchers have known for decades 
that light is a good tool for examining neural 
circuits—a tiny, focused beam can probe an 
area much smaller than the size of a whole 
neuron. However, until recently, light has 

Synthesizing Light-Switchable Neurons

by Wendy Hansen
A single neuron marked with green fluorescent 
protein (GFP). GFP is used to label the neurons 
that have been engineered to contain light-
sensitive ion channels.
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mostly been used to image neurons, not to 
control them directly. 

The crux of the UC Berkeley group’s 
discovery lies in their ability to use light to 
precisely control the gating of ion channels. 
Ion channel proteins, which pepper the mem-
branes of every cell in every living creature, 
regulate the balance of ions such as sodium, 
potassium, and calcium in the cell. One thing 
that distinguishes cells from the outside 
environment—indeed, a hallmark of life—is 
a difference in concentrations of key ions. Ion 
pumps shuttle these charged particles into or 
out of the cell, throwing off the equilibrium 
between the cell and its surroundings. This 
establishes a “gradient” down which ions will 
flow, through the gated channels, much like 
water flowing downhill. The cell can harness 
this flow to do work, and timed releases or 
influxes of sequestered ions provide a way to 
communicate with other cells. 

Because ions are charged, ion flow gener-
ates an electrical current, and it is this current 
that flows through the nervous system. Cur-
rents are propagated when a sufficiently large 
stimulus generates an “action potential” in a 
neuron that results in the stimulation of the 
next neuron in line. researchers have long 
studied neurons by manipulating the electri-
cal signals they receive and the gates—ion 
channels—that control the signals. The UC 
Berkeley group was able to open and close 
these gates using light. “The signal runs across 
the neuron and that’s gated by [the chemical] 
glutamate,” explains Matt Volgraf, a gradu-
ate student in the Trauner lab. “Glutamate 
[triggers ion flow] across the cell membrane 
[that] can activate the next cell. That’s how 
the electrical signal is conducted, and what 

we want to do is control that with light.”
Unlike previous methods of controlling 

neurons, “the light-gated proteins allow you to 
look at one cell within a sea of cells,” explains 
Doris Fortin, a postdoctoral researcher in the 
Kramer lab. The neurons to be controlled are 
genetically engineered to respond to light, 
and then “the light gives you this very, very 
fine precision tool to either activate or silence 
a cell and you can do it very precisely, much 
moreso than if you wash on some chemical 
or if you take an electrode and stimulate a 
bundle of nerves.”

First a SPARK…
Isacoff and Kramer study ion chan-

nels. In particular, they study the control 
of a potassium channel called “shaker”—so 
named because mutations to it give fruit flies 
trembling, shaky legs. Fast, precise electrical 
signaling in neurons is made possible in part 
by shaker channel activity. When a neuron is 
activated, positive ions move quickly into the 
cell, signaling the shaker channel to open. 
When opened, the channel releases a stream 
of potassium ions back out of the cell, return-
ing the neuron to its resting state.

The Isacoff, Kramer, and Trauner labs 
began their light-gated ion channel project 
on the potassium channel they knew well, 
but which was also fortuitously simple in 
design. It has a wide, flat surface with the 
channel pore in the middle and “turrets” at 
the outer corners, which “stand up like ped-
estals above the surface of the outer mouth of 
the pore,” says Isacoff. Normally, potassium 
channels are intermittently blocked by a 
ball-and-chain that dangles from the edge of 
the channel protein, and randomly pops in 
and out of the pore. The researchers decided 
to fashion a controllable blocker with a stiff, 
light-sensitive arm in place of the chain. In 
one state, the straight arm holds the blocker 
away from the pore, but upon illumination, 
the arm bends in the middle, placing the 
blocker into the pore and closing the channel. 
By tethering their channel blocker to one of 
the turrets, they reasoned, they would have a 
straight shot down into the pore. 

Trauner’s lab brought the chemistry 
expertise needed for the synthesis of the new 
photoswitch. The group hit on a three-part 
design: a channel blocker, a light-sensitive 
switch to move the blocker into and out of 

The SPARK channel: When the SPARK channel is open, ions can flow through, returning the neuron to its 

resting state. When light hits the channel, the arm (red) bends, bringing the cnannel blocker to the mouth of 

the pore and effectively closing the channel.

SPARK OPEN SPARK BLOCKED

A possible therapy for blinding diseases such as 
retinitis pigmentosa and macular degeneration is 
to use light-gated ion channels to make retinal 
cells in diseased eyes light-sensitive. Such a 
therapy could be particularly beneficial at late 
stages of photoreceptor degeneration. Images 
show LiGluR expressed in rodent retinal ganglion 
cells.
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the pore, and an anchor to attach it all to the 
turret. They used a known blocker, Qa (qua-
ternary ammonium), and for the switch, they 
chose azobenzene, a chemical well studied 
as a commercial dye and known to kink in 
response to light. Finally, they picked ma-
leimide to tether everything to specific sites 
(cysteines) that were genetically engineered 
into the channel protein. They named the 
photoswitch molecule MaQ, for maleimide-
azobenzene-quaternary ammonium, and it 
worked on the first try. “sometimes, when 
something is really obvious, it’s obvious 
for a good reason—because it works,” says 
Isacoff with a grin. Kramer christened the 
photoswitch-channel complex sParK, for 
synthetic photoisomerizable azobenzene-
regulated K+ (potassium) channel, and the 
group’s work was reported in the December 
2004 issue of Nature Neuroscience (see “Bold 
Vision”, BSR Issue 8).

The yin and the yang
Channels like shaker are inhibitory, 

“silencing” neurons by putting the brakes on 
electrical signals instead of triggering them. 
Therein lies a key criticism of the original 
sParK study: Because the researchers only 
used the engineered channel to switch off a 
neuron in a circuit, they couldn’t quite prove 
that their technique wasn’t paralyzing the cell 
by gumming up the channels in some unex-
plained way. although they knew they had 
created a useful tool for silencing neurons, 
the researchers wanted to prove their point 
and extend the technology by activating 
neurons using a different ion channel. Isacoff 
explains, “Here was a way of being able to 
turn on and off an inhibitory channel, so the 
question was, can that be extended to control 
an excitatory channel? Because if you could 
do both the yin and the yang, then you’d be 
able to have very important control of the 
nervous system.”

For the yang, the group selected a 
channel called iGlur (ionotropic glutamate 
receptor), an excitatory channel gated by 
one of the nervous system’s chief signal 
transmitters. The pores in these channels, 
normally closed, are unlocked by glutamate, 
allowing an influx of sodium and potassium 
ions. Instead of aiming their photoswitch to 
directly block the ion pore, as in sParK, they 
would be casting the tethered glutamate into 
the clamshell-shaped binding domain, which 
would then activate the channel. This design 
required the photoswitch molecule to make 
a turn to reach its goal—a significantly less 
simple route than the straight line taken to 
block the sParK channel. 

excited by the challenge, the team got 
to work. “We figured, you know what, this is 
great,” says Isacoff. “There are so many chal-
lenges here. You have to turn a corner, you 
can’t make your string too fat, and you have 
to go through kind of a tortuous pathway. If 

Ligand Binding
Example: Ionotropic glutamate receptor (iGluR)

Many ion channels open or close in the presence of a specific 
chemical, called a ligand. Ligands are the keys that unlock ion channel 
gates, often by triggering a shape change that opens the channel to 
allow ions such as potassium or sodium to pass through.

Mechanosensitive
Example: Hair cell channels in ear

Certain channels can be opened by brute force—that is, simply pulling on 
them will open them to ion flow.  A classic example of a mechanosensitive chan-
nel is found in hair cells present in the inner ear. These hairs vibrate in response 
to sound, and as they bend, small trapdoor-like gates are pulled open. This allows 
ion flow that is eventually interpreted as sound of a specific frequency. 

Voltage Gated
Example: Shaker potassium channel

Voltage-gated ion channels hide their lock within 
the ion channel protein, in the form of electrical charges 
on certain portions of the protein. As charged ions build 
up near the membrane of the cell where the channel is 
located, the extra charges can repel or attract the charges 
in the protein, causing it to change shape in a way that 
opens or closes the channel gate.

CLOSED OPEN

Cells manage a multitude of signals with ion channels, in part by using channels controlled in different 
ways.  These “gating mechanisms” are generally variations on a common theme:  A stimulus causes a shape 
change in the ion channel protein that opens the channel pore to conduct ion flow or closes to block it. 

OPEN, SESAME!

Light-Gated
Example: Channelrhodopsin from algae

Naturally light-gated ion channels, found chiefly in 
microorganisms, make use of a light-sensitive molecule 
embedded into the channel protein. This molecule 
changes shape in response to light, which causes the 
channel protein to morph and allows the pore to open. 
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we can manage to get this to work here—first 
of all it would be a great tool for neuroscience, 
but secondly I think we will have proved the 
point that we can turn things on and we can 
probably do it in different kinds of proteins.”

The first step was the difficult design of 
the photoswitch, which the chemists tackled 
with a trial-and-error approach. says Volgraf, 
“We wanted to build in a fair amount of flex-
ibility synthetically in case we encountered 
some problems, and also we didn’t know 
which molecule would work, so we wanted 
to be able to make several different length 
molecules.” They called the final product 
MaG, for maleimide-azobenzene-glutamate.

Next, the researchers had to decide how 
to incorporate the synthesized switch into the 
channel protein. Isacoff was initially skeptical 
about the placement and orientation of the 
photoswitch molecule proposed by graduate 
students and postdoctoral researchers on the 
project. Describing the channel protein as a 
face, they felt that the switch should be at-

tached to a spot corresponding to the nose, 
and then it would bend to go into the mouth 
of the binding site. “I said, ‘You guys, you’re 
dreaming. That sounds very nice but in 
reality nothing ever works that way,’” recalls 
Isacoff. “In fact, they were completely right. 
The first position they selected turned out to 
be the best we’ve ever discovered.”

The light-sensitive glutamate receptor 
channel, or LiGlur, was not just a chemical 
success but also a biological one, turning on 
channels in isolated rat neurons and estab-
lished cell culture lines, as well as numbing 
the escape response in living zebrafish. This 
degree of thoroughness required a total of 16 
researchers from the Trauner, Kramer, and 
Isacoff labs, as well John Flannery’s lab at UC 
Berkeley and Herwig Baier’s lab at UC san 
Francisco. (Full disclosure: BSR editor Kate 
Kolstad is a member of the Flannery lab and 
was an author on the Neuron paper.)

To turn off the escape response in 
zebrafish, Claire Wyart and Filo del Bene 

(postdoctoral researchers from the Isacoff 
and Baier labs, respectively) engineered light-
activated channels into zebrafish sensory 
neurons and then tested the fish’s behavior. 
Normal zebrafish, when touched lightly on 
one side, sensibly escape in the opposite 
direction. The engineered fish do this, too, 
until they are flashed with a pulse of light, 
at which point the fish can no longer swim 
away when touched. The effect is reversible: 
Fish escape once more when the azobenzene 
straightens up and the receptor is no longer 
being artificially activated. When asked if she 
was surprised that the experiments worked, 
stephanie szobota, a graduate student in 
the Isacoff lab and lead author on the Neu-
ron study, said, “I thought, of all things, in 
zebrafish it will work, because they’re clear, 
and swallowing the water, which will have 
the chemical photoswitch in it.”

A cause for (neural) excitement
While all these researchers stress that 

this is not the only technique for controlling 
ion channels with light (see sidebar on page 
51), they also acknowledge that their method 
is full of possibilities. “The big deal about the 
approach is that it’s very modular,” says For-
tin. “In theory you could apply this approach 
to anything that you had a ligand for.” 

One benefit of this modular design is 
that while the individual module might not 
be able to find the proper target on its own, 
once assembled, the switches are incredibly 
selective, functioning only on the intended 
type of neuron. says Isacoff, “We’ve taken 
[either] glutamate, which binds to many dif-

The LiGluR channel: When the ligand (orange) is outside of its binding site, the channel is closed. But 
when hit by light, the linker (red) bends, bringing the ligand to its binding site and opening up the pore so 
that ions may flow through.

LiGluR closed
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A REVERSIBLE PHOTOSWITcH
1  Normally, zebrafish 

will swim in the opposite 
direction when touched 
from the side. 

2  A pulse of ultraviolet 
light artificially activates 
the ion channels in touch-
sensitive neurons. 

3  As a result, the fish 
is paralyzed and cannot 
swim away.

4  A pulse of green light 
restores the ion channels 
to their normal state.

5  The fish is able to 
swim away again when 
touched.

LiGluR open
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Ion channels that are naturally controlled by light are rare 
in multicellular organisms—after all, you wouldn’t want to arrive 
at a sunny beach to find that your neurons had been turned off. 
However, they are important to certain single-celled organisms such as 
the green algae Chlamydomonas, which uses a light-sensitive ion channel 
called channelrhodopsin-2 to sense the presence of light. Stanford University 
researchers, led by Karl Deisseroth, genetically incorporated this channel into nematode worm 
neurons, making them light-controllable. Illumination shuts down muscle neurons involved in 
swimming, paralyzing the worms mid-swim until the neurons recover. 

In a similar fashion, researchers from the Miesenböck lab at Yale have created light-controlled 
fruit flies by genetically encoding a type of ion channel into fruit fly neurons. This channel is not 
normally present in flies, so when they use light to release a caged signal transmitter in the fly, 
only the foreign ion channels respond to the signal. While the uncaging method isn’t reversible, 
it is undeniably cool.

These groups, along with the UC Berkeley researchers, are all aiming toward the common 
goals of understanding neuronal circuitry and curing neurological diseases. Each technique has 
its own set of strengths; among the three, progress is sure to be made.

ferent receptors of the cell, or quaternary am-
monium ions, which bind to every potassium 
channel ever invented, and cysteine residues, 
which are not that rare. You’re taking two 
things that are not very specific, but you get 
incredible specificity.” although the maleim-
ide in MaG might bind to random cysteines 
in any protein, only those engineered into 
the LiGlur channels are properly oriented 
to bind to and make the photoswitch useful. 
The azobenzene will still flex in response 
to light, but if it’s not near a binding site, 
its efforts are reduced to, in Isacoff’s words, 
“non-productive calisthenics.” 

azobenzene can flex countless times, 
and is extraordinarily stable in both the flexed 
and straight state. This “bistability,” a prop-
erty of both the LiGlur and sParK channels, 
means that whichever direction the switch 
goes, from on (bent) to off (straight) or vice 
versa, it will stay there for a long time unless 
it is hit with another pulse of light. a differ-
ent wavelength of light is used for switching 
in each direction: ultraviolet pulses open 
the channels and green pulses close them. 
Because of its stability, the molecule will stay 
in the set orientation after a brief light pulse. 
explains szobota, “This is good because you 
don’t want to expose your neurons unneces-
sarily to more illumination, and also for the 
animal studies it’s pretty important because 
the fish react to bright light.”

Bistability also makes the switch revers-
ible, and this is one area in which LiGlur 
outshines other light-based techniques for 
controlling ion channels. One older light-
based technique, called “uncaging”, uses 
a light-breakable “cage” molecule that can 
release a neurotransmitter right near the neu-
ron of interest when pulsed with light. But 
like a piggy bank, once broken, the cage can-
not be reformed. similarly, techniques using 
natural light-gated channels from algae have 
great potential but suffer from the tendency 
of the channels to spontaneously close after 
extended periods of illumination. 

The specificity and flexibility of the 
light-gated ion channels mean that scientists 
will be able to turn on or off any component 
of any neural network, provided they can 
incorporate the switch and reach it with light. 
This technique will not only help researchers 
tease apart the function of individual cells in 
a neural circuit, but also learn how circuits 
can re-wire themselves in response to stress 
and changes in input. such questions, falling 
under the broad category of “plasticity,” arise 
in studies of memory, learning, development, 

and healing. “If you have neuron a talking to 
B talking to C talking to D, what happens if I 
silence B within the circuit?” asks Fortin. 

Neuronal circuits have been found to be 
much more plastic than previously thought, 
but with limitations. When it comes to dis-
ease and injury, pinpointing these limits may 
be critical. Fortin says, “If you have a spinal 
cord injury, for instance, obviously the nerve 
impulse is no longer transmitted but there’s 
a lot of interest out there for reconnecting. 
But you might wonder, how much time do 
I have to reconnect before there are changes 
downstream that might completely change 
the circuit?”

Radiating outward
Not surprisingly, light control of ion 

channels is gaining popularity among scien-
tists and the powers-that-be who fund their 
research. The National Institutes of Health, 
under their “roadmap Initiative,” recently 
created eight nanomedicine centers, one of 
which is focused on light-based techniques 
for manipulating ion channels and more. 
The Center for Optical Control of Biological 
Function, established in 2006, includes the 
Isacoff, Trauner, Kramer, and Flannery labs, 
as well as nine other labs at institutions 
throughout California. The center promises 
interdisciplinary investigation of light control 
techniques as well as methods for delivering 
light to the places where it can be most use-
ful, such as deep within the brain. 

at the core of the center’s mission are 
medical applications, for example impart-
ing light sensitivity to the remaining cells 
in the retina of patients losing their sight to 
blinding diseases like macular degeneration 

and retinitis pigmentosa. Treatments are a 
distant goal, but the scientists remain hope-
ful. “We’ve been hearing [about] nanoscience 
successes over the last few years,” points out 
Isacoff. “If you could only make these materi-
als compatible with biology. Making [them]
compatible enough that [they] could be used 
in medicine is even a bigger challenge, but it’s 
a good one.” 

Whether or not the medical applications 
pan out, the group has created a powerful tool 
for basic neuroscience research and continues 
to explore its possibilities. In the future, they 
hope to create a non-tethered version of the 
switch that could be delivered like a regular 
pharmaceutical drug, no genetic engineering 
required. Further, they are collaborating with 
Xiang Zheng’s mechanical engineering group 
to shine beams of light on multiple neurons 
simultaneously. 

Now that their technique is proven, 
the group is continuing their work but also 
sharing the photoswitch with others, hoping 
that, aside from possible future medical ap-
plications, it will become a popular tool to 
study fundamental neuroscience questions. 
says Volgraf, “We’ve made this tool, and now 
there [are] people who can answer questions 
that I can’t. They’re answering these systems 
questions, and they want to use our tool...so 
that to me is like—that’s the coolest thing.”

WEndY hanSEn is a graduate student in 
biophysics. 

Want to know more? 
Check out the Zebrafish paper: Szobota, S et al. 
(2007) Neuron 54:535-545.
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“You’re not counting correctly, elliot—
you are a beat late,” the woman to my 

right declares with some vehemence. “I’m 
sure I am,” he retorts wearily. It is late, and 
the four of us are worn out from two hours 
of solid exertion over a difficult movement 
of a string quartet. We have come together 
as scientists with a serious interest in music 
to rehearse for an upcoming performance 
at Lick Observatory, which will be followed 
by a lecture on astrophysics. The lecturer is 
the lady on my right, Dr. Chung-Pei Ma, a 
professor of astrophysics at UC Berkeley and 
an exceptional violinist. We met soon after 
discovering we had studied with the same 
violin teacher at the New england Conserva-
tory in Boston. (I am now a graduate student 
in molecular and cell biology at UC Berke-
ley.) I am often struck by her extraordinary 
achievement of rising to the highest ranks 
in a demanding academic field, while at the 
same time continuing to pursue her lifelong 
passion for music.

When I ask how it was possible to study 
at a prestigious conservatory while pursuing 
graduate studies at MIT, she replies that she 
simply “learned to be efficient.” she explains, 
“when I needed a break from physics, I played 
music. I practiced less than the conservatory 
students, a maximum of two hours at a time. 
Doing music helps physics in an indirect way. 
It’s good not to be monotonic.”

as she speaks, her passion for music 
is evident in her animated expression. This 
prompts me to ask how she ended up in a 
completely different field. “When I was 
young I had dreamt about it, but knowing 

professional musicians and how hard it is, 
well, there are so many great players out 
there. attending the conservatory was an 
eye-opener—I saw how conservatory stu-
dents didn’t seem to enjoy music as much as 
I did as an amateur. I was afraid to lose that if 
music became my living.”

Ma came to the United states from Taipei, 
Taiwan when she was 16, but she had known 
that she wanted to be an astrophysicist since 
the age of 12, when she was first exposed to 
the subject in school. Was it atypical there, as 
here, for a woman to want to enter into such 
a male-dominated field? How did her parents 
feel about this sudden resolution? 

she explains that the situation is much 
the same in Taipei as here, and women are 
faced with similar difficulties and challenges. 
However, she says, she was fortunate to have 
parents who supported her from the first. Her 
mother was a career woman herself, a senator 
of some stature. “she was the boss of many 
powerful men, she had to learn to deal with 

“When I needed a break 
from physics, I played music... 
Doing music helps physics in 
an indirect way. It’s good not 

to be monotonic.”

Faculty portrait

A Celestial Symphony: An interview with
 astrophysics professor Chung-Pei Ma
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these issues, and I heard about it all the time. 
That has helped me to manage obstacles in 
research or in dealing with people, to have 
confidence and not let the fact that I am a 
woman get in the way of my aspirations.” 
Her mother’s support was evident when 
Ma wanted to see her first lunar eclipse: “I 
remember it was at 3 a.m. and I told my mom 
to wake me up. We went up to the roof, and 
we brought a star chart with us. she stayed 
up with me for an hour or two looking at it 
even though the night sky in Taipei is hor-
ribly bright, and there’s always bad weather. 
We could barely see anything!”

as a graduate student myself, I often 
think of what I will do after I finish my PhD 
with a mixture of anticipation and dread, 
but for Ma, the path was clear. “I naturally 
assumed I would be a professor because my 
dad was a professor. I was interested in pure 
knowledge and so academia was the natural 
choice. I never made a conscious decision, I 
could never imagine working for a boss. I’ve 
always wanted to be independent, wanted to 
have freedom to study what I love. Nothing is 
better for that than being a professor.”

so how does a determined young woman 
overcome the obstacles of being in such a male 
dominated field? “Young men have learned 
not to verbalize it, but the discrimination still 
exists. The discrimination is no longer bla-
tant, so it’s harder to track down. sometimes 
your colleagues are dismissive, or you’re not 
even mentioned for the work that you’ve 
accomplished. Networking among women 
scientists is extremely important. Informal 
networking can often lead to collaborations, 
which in turn lead to papers. It can be hard to 
break into the boys’ network and there aren’t 
many women, so it’s important for women to 
help each other.”

The fateful day of our concert arrives, 
and we take the long and winding drive up 
Mount Hamilton to the Lick Observatory. 

Pioneer in her field though she may be, Dr. 
Ma cannot conquer car sickness. While she 
recovers from a headache at the top, she 
reviews the lecture on dark matter that she 
will give following our performance. she 
explains that she is trying to understand 
what the universe is made of—what the basic 
materials are, how much of each is present, 
and how they interact with one another. 

“I’m trying to understand the nature 
of dark matter and dark energy. Mounting 
evidence points toward the existence of dark 
matter and dark energy, but neither has been 
detected directly. Theorists can make assump-

tions about the proportion of dark matter in 
the universe, and then do calculations using 
both analytical theories and numerical simu-
lations to predict the evolution of structures 
[such as galaxies] in the universe for a given 
dark matter model. I have worked on help-
ing to constrain the models. For example, I 
have examined what properties of neutrinos 
[a type of fundamental particle] we can 
constrain based on cosmological observation. 
You can then compare the theoretical predic-
tions statistically with the observed clustering 
of galaxies. From there you can tweak the 
model.

“We also study the formation and evo-
lution of galaxies. We believe most galaxies 
form by merging with each other, and we are 
trying to understand the role of merging in 
building up galaxies. Current observation 

suggests that most galaxies have supermassive 
black holes at their centers. When galaxies 
merge, the central black holes come together 
to form a binary black hole, and eventually 
they lose energy and thus merge together. 
We’re trying to understand these processes. 
They’re important and interesting because 
galaxies like to gain weight, that’s how they 
grow. The black holes are interesting because 
at the final stage of the merger, we believe 
that gravitational waves are emitted. We 
infer this because spacetime gets significantly 
distorted. The gravity waves are predicted by 
einstein’s general relativity but have never 
been detected. There are ongoing experi-
ments attempting to detect them, so having 
more precise theoretical predictions will help 
guide the experimentalists.” 

so how, practically, does one study 
things that have never been detected experi-
mentally? “Numerical simulations are very 
powerful. I’ve used them a lot in my work, 
but I also enjoy using analytical methods to 
help understand numerical simulation results. 
Otherwise it’s like a black box. any result that 
comes out of a numerical simulation, I like 
to ask why. It often requires some kind of 
modeling, and pen and paper estimates help 
to understand the outcomes of the numerical 
results.”

speaking of results, it is time for us to 
begin the performance. Our performance 
goes well, the audience is attentive and 
enthusiastic. Dr. Ma gives her usual flawless 
performance, by turns contemplative and 
furious. afterwards, while she proceeds to 
deliver a humorous, down to earth, and ar-
ticulate lecture on the nature of dark matter, I 
sink, exhausted, into a chair. 

danaE Schulz is a graduate student in 
molecular and cell biology.

An artist’s rendition of the creation of NGC 6240—a galaxy that was formed by the merging of two parent galaxies with supermassive black holes at their centers.

“We believe most galaxies 
form by merging with each 

other, and we are trying 
to understand the role of 
merging in building up 

galaxies.”
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Mathematics at Berkeley: A History
By Calvin C. Moore
A K Peters, Ltd.: 2007
327 pp., $39.00

To the ambitious undergraduate or high-
schooler steeped in College Confidential-

style academic gossip and online rankings, 
the “top-tier” label for schools seems an im-
posing and permanent status, granted long 
ago to a select few institutions. as a result, 
the path to elite status is often neglected. In 
Mathematics at Berkeley: A History, Calvin 
Moore, Professor emeritus of Mathematics 
at UC Berkeley after over 40 years in the de-
partment, chronicles the ups and downs of a 
department that is now one of the best in the 
country—but once was nowhere close.

From UC Berkeley’s founding as a 
small, relatively undistinguished school in 
the 1860s to its development into a leading 
research institution over a century later, 
Moore has assembled an intriguing story of 
the personalities, political and social develop-
ments, and windfalls that have brought UC 
Berkeley’s mathematics department to the top 
of its field. By interweaving individual biogra-
phies with institutional records and excerpts 
from personal correspondence, Moore paints 
a vivid picture of the events and personalities 
involved in the department’s rocky ascent.

The most colorful segments, such as 
the infamous mural episode of 1971, reveal 
something of the culture of the mathematics 
department. With the construction of evans 
Hall, the department was eager to move 
from its previously cramped quarters in 
Dwinelle and Campbell Halls to a centralized 
and more spacious home. The faculty was 
disappointed, however, with the institutional 
architecture of the new building. In the fall of 
1971, Professors John rhodes, Moe Hirsch, 
and stephen smale organized a “Colloquium 
on social Problems and Mathematics.” after 
a colloquium talk titled “architecture and 
Insensitivity in academia,” Professor rhodes 
passed out paint cans and brushes to all those 
in attendance, and the first of the wall paint-
ings were drying later that day.

The resulting murals were soon white-
washed by the administration; in protest, 

the graduate students undertook a guerilla 
mural-painting campaign, sometimes sneak-
ing into the building at 3 a.m. to do their 
work. Many of these paintings were signed 
“Zorro” to disperse blame, so the administra-
tion sent a bill to the department chair for the 
cleanup costs: a total of $1,128.28 that has 
gone unpaid to this day. according to Moore, 
several of these murals still survive and can 
be seen on the seventh, eighth, and ninth 
floors of evans Hall.

For the more historically inclined, Moore 
also covers in great detail the institutional 
environment that shaped the department’s 
growth through the years. Three major events 
defined the general trajectory. The first came 
in 1881–1882, when the UC regents sum-
marily fired William Welcker, the first head 
of the mathematics department, to replace 
him with Irving stringham, a graduate from 
Harvard and Johns Hopkins with first-rate 
credentials. stringham modernized Welcker’s 
outdated academic curriculum, and presided 
over the department until his death in 1909. 

The second big change was in 1933, this 
time driven by a coalition of other depart-
ments at UC Berkeley. By this point, most 
of the physical sciences had already attained 

national recognition, but mathematics was 
lagging behind. Professors from the other 
quantitative sciences recruited Griffith ev-
ans, a respected mathematician whom UC 
Berkeley had attempted—but failed—to 
recruit from rice University five years ear-
lier. evans led a wave of new faculty hires 
that helped the department gain respect as a 
research institution. 

The third shift came around 1957–
1958, when the department successfully 
petitioned UC Berkeley for an infusion of 
funds to initiate a sweeping round of stra-
tegic faculty hires, bringing itself suddenly 
to the forefront of mathematical research in 
many different disciplines.

Though the volume of information 
in Moore’s book is daunting, he makes an 
effort to balance the extensive academic 
biographies of professors and department 
chairs with personal details and anecdotes 
that help carry the narrative forward. The 
drama of the 1949 academic oath contro-
versy (in which a number of faculty resigned 

or were dismissed after refusing to sign an 
oath disavowing Communist affiliations) and 
the social ferment of the 1960s at Berkeley 
take on a new, more personal vitality in the 
context of life in the math department.

Mathematics at Berkeley: A History 
provides a detailed view of the hidden past 
of a major academic powerhouse, revealing 
the kinds of resources, leadership, and good 
luck it took to create this top-ranked research 
institution.

JESSE dill is a graduate student in biophysics.
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We take a slight departure from the 
usual format of this column to ex-

plore something uniquely san Franciscan: 
sourdough bread. It is a quintessential icon 
of the city by the Bay, inescapable as you 
walk down Fisherman’s Wharf. We all know 
about it, we’ve all eaten it, but how many of 
us really know why san Francisco sourdough 
is so special? 

Most people are probably familiar with 
the main ingredients in bread: flour, water, 
salt, and yeast. The yeast metabolizes sugars, 
broken down from starch via naturally oc-
curring enzymes, producing carbon dioxide 
(among other byproducts). This allows the 
dough to rise and bake into the fluffy goodness 
we know and love as bread. Most commercial 
(and homemade) breads use baker’s yeast, a 
special strain of yeast that is fast-acting and 
can produce oven-ready bread dough in 
exceptionally short times. 

sourdough bread has one other major 
ingredient: lactobacteria. These bacteria 
feed on some of the yeast byproducts, and 
in turn produce lactic acid. The acidic 
nature of this mixture protects the yeast 
by inhibiting the growth of foreign, hostile 
bacteria,  and also provides a sour, tangy 
taste. 

In medieval europe, bread was made 
by leaving flour and water outside, which 
allowed natural yeasts and lactobacteria 
from the flour and air to settle in the mix-
ture (called a starter). Yeast accumulating 
in this natural process took a long time 
to metabolize sugars, and flour and water 
were periodically added (or “fed”) to the 
starter to keep it alive. Individual loaves of 
bread could be made by adding flour and 
water to small portions of this starter. Thus, 
breads from places like medieval France 
and Italy were, in essence, sourdoughs. 
Differences in taste between breads made 
in different places were due to different 
strains of local lactobacteria that found 
their way into the starters. 

sourdough made in the Bay area still 
uses this very method, with its longer rise 
time and natural, local lactobacteria. The 
punchline: The indigenous strain of lacto-
bacteria produces the specific byproducts 

that give the bread its characteristic san 
Franciscan taste. Naturally, once this species 
was discovered and identified, it was given 
the name Lactobacillus sanfranciscensis.

Traditionally, starters were maintained 
for long periods of time, and only small por-
tions of them (along with extra flour and wa-
ter) were used to make bread on a daily basis. 
These “established” (or stable) starters would 
become more flavorful with age, and because 
of their acidic nature, were highly resistant 
to spoiling. some bakeries in san Francisco 
today claim to have starters originating from 
the Gold rush era! 

Of course, some bakeries cheat a little 
by mixing in baker’s yeast or other additives 
to boost the sour flavor while keeping rise 
times short. at the same time, there has 
been a rise in the popularity of “artisanal” 

european breads made with the traditional 
method. In the Bay area, however, it’s hard to 
escape the fact that local French and Italian 
artisan breads still taste a little like typically 
san Franciscan sourdough, since Lactobacil-
lus sanfranciscensis is everywhere! as such, 
you can try your luck at creating your own 
homemade sourdough starter. all you need 
is flour, water, patience…and a home in the 
Bay area helps.

louiS-BEnoit dESrochES is a graduate student in 
astronomy.

Want to know more? 
Check out: exploratorium.edu/
cooking/bread/recipe-sourdough.
html
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Secrets of S.F. Sourdough

(above) Sourdough bread from Della Fattoria, an 
artisan bakery in Petaluma, CA. 

(left) Della Fattoria head baker Aaron Weber 
loads three-pound loaves of French country 
sourdough into a wood-fired brick oven.
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