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PRESIDENT’S REPORT

On the same day in February 1809, two individuals were born, who, by virtue of their intellect and the course of
events, would greatly influence contemporary thinking and establish principles that would be debated long after
they were gone. Abraham Lincoln, through skillful political leadership and with sound moral compass, saved the
union of the United States and set in motion what would be a longer than expected struggle for equality in
America. Charles Darwin expanded on ideas about evolution that emerged in the early part of the 19th century
to articulate a revolutionary approach to thinking about how species arise and evolve. In 2009, Cold Spring
Harbor Laboratory will take special pride in celebrating the achievements of Charles Darwin, recognizing that our
work is connected to his in a direct line of descent, for the very beginnings of the Laboratory can be traced to
the scientific urge “to investigate experimentally the origin of species.”

Those words were used in a proposal for the construction of a permanent Station for Experimental Evolution
at our current location in the early years of the 20th century. The goal was to apply Darwin’s theory and test
Mendel’s laws in animal and plant breeding experiments. When such a Station opened its doors in 1904, thanks
to a grant from the Carnegie Institution of Washington, the idea that gave rise to Cold Spring Harbor Laboratory
was already 14 years old. At an old fish hatchery on the edge of an intertidal zone, a field station of the Brooklyn
Institute of Arts and Sciences had been established in 1890 to study how life, per Darwin’s theory, had adapted
to fill a diversity of ecological niches.

The Laboratory has itself evolved since its days of affiliation with the Brooklyn Institute and the Carnegie
Institution. Although evolution in the natural world is selected from a wide variety of nondirected mutations, in
the case of our institution, change has been deeply purposeful. From its beginnings in the observation-based
study of evolution, to its focus on genetics under Charles Davenport beginning in 1904, to its historic role in the
1940s and 1950s in incubating molecular genetics and molecular biology under the leadership of the geneticist
Milislav Demerec, Cold Spring Harbor Laboratory has taken the lead in setting the agenda for the advancement
of biological science.

Progress in science depends on a variety of factors: intellectual and conceptual breakthroughs, technological
leaps, firm financial backing, and lots of hard work by scientists who have a passion for what they do. Advances
cannot be predicted, and sometimes serendipity is a real factor in our movement forward. But the experience of
more than a century demonstrates that the process of discovery is continuous and that it exerts an inexorable force
on institutions such as ours to adapt or risk falling away from the leading edge in generating knowledge.

The current phase in our evolution is being given palpable, physical expression in the six new interconnect-
ed laboratory buildings that comprise our Hillside Research Complex, now nearly finished. These beautifully con-
ceived and executed structures underlie the future evolution of research at the Laboratory. They announce, first,
our intention to build on our expertise in cancer research, an area in which we have earned great respect since
1968, thanks to the vision of James D. Watson. Among the new structures is one that will be home to the CSHL
Cancer Center and house important research that investigates the relationship between cancer genetics and
therapeutic strategies. An adjacent building will focus on tumor microenvironment and metastasis, both areas
that are key to developing new therapeutic strategies.

There are two other messages that these new buildings send regarding CSHL’s evolution. One is about how
we are adapting to changes in the way science is performed; the other is about how biological science advances
along an endless frontier, to use a phrase made famous by Vannevar Bush, the father of modern American pub-
lic science policy.

No one involved in biological research needs to be reminded of the impact that advances in information technol-
ogy have had on the pace and nature of the work. Science moves ahead much more rapidly today than it ever has,
and in our fields of biology, much of the research is now performed by groups larger than ever before, comprised of
members representing a diverse range of fields and disciplines. Multidisciplinary team science has come to dominate
the research landscape and CSHL has adapted well to its advent. Our Meetings and Courses and Banbury programs
facilitate such an approach to team-based science because CSHL continues to be the crossroads for life scientists
across many disciplines, a place of intellectual ferment and vigor at the very center of the action.

The author lists on many of the hundreds of research papers published by our faculty this past year offer evi-
dence of the multidisciplinary richness of the science that we do. CSHL is a place where collegiality thrives, a



fact that many Laboratory visitors comment upon each year. One can see it at the in-house lectures given every
week on our campus, and perhaps most vividly at the Friday noontime lectures, which more often than not
attract overflow audiences of faculty and postdocs listening intently to results obtained by their neighbors, on
topics entirely outside of their own fields of expertise. Regular exposure to the ideas of others is a condition of
successful team science at CSHL, and | believe it is at the core of great discoveries.

Carefully planned strategic investments in our research program also aid in realizing potential synergies and
in taking advantage of new opportunities, many of them interdisciplinary. Perhaps the most important of our
investments this past year involved two new areas of research, in neuroscience and quantitative biology. The
neuroscience program is a case study of how disciplines once regarded as distinct from one another yield
insights that constitute new sources of institutional strength. For instance, a wholly independent line of work cen-
tering on the human genetics of cognitive dysfunction has emerged in our neuroscience effort and is now merg-
ing with separate studies on brain anatomy, neuronal development, and behavioral analysis of normal cognition.

Our genetics research, which is already shedding new light on the complex genetic causation of illnesses
such as autism, schizophrenia, and bipolar depression, emerged from techniques developed at CSHL to study
the genetics of cancer and adds a new dimension to the neuroscience effort at CSHL to understand long-term
memory and cognitive processes such as attention, decision making, and working memory. That effort, which
will expand into new buildings at the Hillside Research Complex, seeks to understand the structure and func-
tion of neural circuits whose activity makes possible complex behaviors and the cellular biology underlying these
circuits. It also explores how the brain as an ensemble of circuits responds to external stimuli and how the pro-
cessing of these stimuli serves as the basis of cognition. What is now particularly pleasing is that the genetics of
psychiatric diseases in humans is starting to merge with basic studies on rodent cognition and neuronal devel-
opment, a program that has been built up over the past five or so years. The genes implicated in autism, schiz-
ophrenia, and depression are becoming focal points for understanding what they do in the normal brain and how
alterations in these genes affect complex cognitive behaviors.

The latter thrust, in systems neuroscience, is one area in which mathematical and statistical insights are cer-
tain to help drive research forward. We are reminded of “the endless frontier’—the startlingly new approaches to
science that the human mind continues to generate that exert a kind of positive adaptive pressure. Such adapta-
tion is no more apparent than in the requirement in all our research programs for sophisticated, quantitative analy-
sis of large data sets.

Events in 2008 realized a major step forward with the hiring of the first members of what will be a distinctive
feature of the research program at the Laboratory—our new Center for Quantitative Biology. A brainchild of
Michael Wigler, it was made possible by forward-looking and sizable grants from the Simons and Starr founda-
tions. The Center will become the home base for outstanding scientists who are primarily focused on mathemat-
ical and computational approaches to biology, applying their insights in the formulation of research hypotheses
pertinent to all of the areas in which the Laboratory specializes: cancer, neuroscience, and plant biology. One par-
ticularly interesting aspect of this area of research that has already emerged from the studies of the center’s first
new faculty member, Gurinder (“Mickey”) Atwal, is the quantitative analysis of mutations in the human population,
informing us in new ways about the processes of evolution and natural selection.

The Laboratory, then, is succeeding in its missions as it continues to adapt, both proactively and in response
to external events. One of the major external events that has already altered our behavior during the last year
has been the global crisis in the financial system that clearly will impact our work over the near term. Our signif-
icant reliance on fund-raising to support the cutting-edge research of our very productive faculty, including many
in the earliest stages of their independent careers, will be a constant challenge.

Ironically, this crisis is occurring at a moment when a new president has been elected, fulfilling the dreams of
Abraham Lincoln and all too many who have followed. It is a time of major crisis that rivals some of the most seri-
ous in the nation’s history. Fortunately, the new administration has renewed this nation’s commitment to including
science in its policy making, while recognizing that science is not the only arbitrator of a vibrant political system.

On a more practical note, the public sector’s commitment to funding scientific research will in part reverse the
significant cuts in funding that we have endured during the past seven years. Because it is not possible to predict
the course of macroeconomic events any more than discoveries in science, we have already taken strong mea-
sures at the Laboratory to trim, save, and conserve wherever possible. But confidence in the future is not out of
place with a new federal administration in place, our supporters continuing to recognize the importance of our sci-
ence, and our scientists continuing to be among the most productive and innovative in their fields of endeavor.



HIGHLIGHTS OF THE YEAR

Research

Research at Cold Spring Harbor Laboratory continues to flourish. This will surprise no one in
the community of scientists, within which our reputation ranks among those of the very best
life science research institutions worldwide. This fact was reflected once again in an annual
survey by Thompson Scientific’s Essential Science Indicators, which reported in 2008 that
CSHL is in the top 1% of institutions most cited in published research and that our faculty is
ranked by peers among the top three in terms of its influence in shaping the fields of mole-
cular biology and genetics. Much of this is due to the sound guidance of our research admin-
istration, which consists of a very effective team headed by Director of Research David L.
Spector and includes Research Executive Committee members Greg Hannon, Scott Lowe,
and Tony Zador, who receive outstanding administrative assistance from Sydney Gary and
Walter Goldschmidts.

The Laboratory’s achievements in 2008 are particularly noteworthy when considered in the
context of the current funding environment. Against a backdrop of limited resources and a
contraction in federal grant funding, scientists in all of the areas in which CSHL concen-
trates—cancer, neuroscience, and plant biology—reported a steady stream of significant
research results throughout the year. Although these are comprehensively described on our
website, it is useful to briefly review a few among the many to illustrate the richness of our sci-
entists’ cumulative achievements in 2008 and the continuing overall success of our research
program.

Compensating for a Missing Gene in SMA

The neuromuscular disease called spinal muscular atrophy (SMA) can lead to death in chil-
dren before the age of two. It is traced to a protein deficiency caused by mutations in the
gene SMN1, which in turn leads to serious damage in growing nerve cells and the muscles
that these cells control. This past year, Adrian Krainer and colleagues at CSHL and Isis
Pharmaceuticals induced cells to replenish the deficient protein by activating a poorly
expressed relative of SMINT called SMNZ2 that resides in the human genome. This was done
by inducing alternative splicing of a second copy of the SMN2 gene so that it now included
a missing piece that makes it more active and able to prevent disease progression. Adrian
and his team sought to change the splicing by introducing synthetic molecules called anti-
sense oligonucleotides (ASOs). The team injected their most potent ASOs into
mice that had an added, human version of SMN2. As they had hoped, the
gene produced much more of the RNA for the critical protein, including the
section that is usually omitted in SMNZ2, in tissues where the ASOs accumu-
late. They now seek to determine whether the ASOs really benefit growing ani-
mals with SMA and how and when they should be administered to affect the
nervous system. This research follows a decade or more of fundamental
research by Adrian and his colleagues regarding the understanding of control
mechanisms of RNA splicing. Without this knowledge, the advances in thera-
peutic strategies would not be possible.

A. Krainer



Causal Link between a Tumor-suppressor Gene and Liver Cancer

== In a project that attests to the spirit of cooperation among our laboratories, no
= fewer than five CSHL teams joined forces in 2008 to confirm that a gene called
- DLCT is a tumor suppressor. In an effort spearheaded by Scott Lowe, they
-~ demonstrated in living mice that deletion, loss, or inactivation of the gene precip-
itates events culminating in an aggressive type of liver cancer closely related to
common human epithelial cancers of the liver. Tumor suppressor genes have a
vital role in intracellular signaling networks that protect against uncontrolled cell
growth and proliferation. Such genes can be rendered inactive by a variety of DNA
alterations. DLCT, a gene whose acronym reflects prior suspicions that it was
“deleted in liver cancer,” was known to be located in a region of chromosome 8
that has been observed to be missing in past studies of mammalian liver cancer
cells. Importantly, the team’s success in tracing the pathway by which DLC7 func-
tions in both healthy and pathological states suggests a highly specific new target for future
anticancer drugs. Using a mechanism called RNA interference (RNAI) to control the expres-
sion of specific genes, the team effectively turned off the DLC1 “switch” in living mice cells
and, in so doing, was able to isolate one particular signaling intermediary whose presence
was both necessary and sufficient to set the cell on an uncontrolled growth path. This essen-
tial molecular intermediary, a potential drug target, is called RhoA.

S. Lowe

Role of Rare Gene Mutations in Schizophrenia

b!:- 2 4f In 2008, Jonathan Sebat and colleagues from the University of Washington and
the National Institute of Mental Health contributed an important finding to our
rapidly growing knowledge about the genetics of schizophrenia. They identified
multiple, individually rare gene mutations in individuals with this devastating illness
that may help to explain its causation in at least a subset of cases. Jonathan and
the team screened the genomes of patients and healthy controls for gene copy-
number variations (CNVs)—a type of structural variation in the genome charac-
L terized by the presence of either too many or too few copies of particular genes.
They found that deletions, disruptions, and duplications of normal genes were
three to four times more frequent in patients compared with controls. The study
J. Sebat suggested that rare mutations not only are common in schizophrenia, but are also
often quite powerful. In a preliminary effort to discover the role of these rare muta-
tions in disease etiology, the team found, intriguingly, that more than half of the disrupted
genes were involved in pathways involved in neuronal development and regulation.

Rethinking the Neural Code

Anthony Zador, a neuroscientist who is interested in how neural cir- :_--.
cuitry in our brains gives rise to astonishing system properties such §

as consciousness and perception, performed a simple yet powerful :' '
experiment this past year that produced a surprising and important
result. Tony wanted to determine the shortest possible time interval
between neuronal signals or “spike trains” that an animal’s cortex
could distinguish and use to make a decision. The remarkable
answer, observed in the auditory cortex of living rats, proved to be A. Zador



three one-thousandths of a second (3 ms). These data provide support for an alternative the-
ory of how information is processed in the brain, sometimes called the “neural code.” The
prevailing theory is based on the observation that neurons spike more quickly when they are
transmitting information. This supports a “rate code” model, which stipulates that informa-
tion is contained within the spiking rate of the neuron. However, Tony's experiment lends cre-
dence to a “timing code” model, wherein information is encoded within the precise pattern
of spiking, which can be deduced by examining how spikes are distributed over time.

How the Brain Decides What to Believe

The laboratory of Adam Kepecs is also making important and original contributions
to the study of the brain’s system properties. Adam and his colleagues point out that
even the simplest decisions involve the integration of sensory and memory infor-
mation with emotional and motivational attributes, requiring the concerted action of
millions of neurons across brain regions. Their current work seeks to elucidate the
neurocomputational principles of decision making and attempts to capture elusive
attributes such as emotion, motivation, or confidence. This past year, Adam, with
Zachary Mainen and colleagues at CSHL, discovered neural signals for confidence
in decision making in the rat prefrontal cortex. Their study suggests that confidence
estimation is a fundamental information-processing mechanism in the brain, not a
complex function specific to humans but a core component of decision making. A. Kepecs
They speculate that it is found throughout the animal kingdom, shared widely across species,

and not strictly confined to those, such as humans, that are self-aware.

Epigenetic “Reprogramming” of Plant Cells

Transposons are bits of DNA that can jump around in the genome and disrupt normal gene
function and regulation. Under normal conditions, genomic chaos, found to occur in cancer
and other diseases, is prevented in various ways, among which are a series of mechanisms
that scientists call epigenetic. These mechanisms modify the expression of genes without
altering their DNA sequence. Among the pioneers in the study of epigenetics is Robert Mar-
tienssen, a worthy successor to the late Barbara McClintock, the Nobel Laureate who, in dis-
covering “controlling elements,” vividly demonstrated at CSHL what we could learn about
genetics by studying plant systems. This past year, Rob’s team continued their ambitious
project to map the changing epigenetic landscape of “immortalized” or continuously dividing
plant cells. They succeeded in describing epigenetic alterations that allow trans-

posons to escape normal regulatory controls. Transposons in plant genomes are |
normally rendered inactive via RNAI, which is orchestrated by small interfering
RNAs (siRNAs) that target heterochromatin (densely packed, genetically inactive .
regions of DNA). In immortalized plant cells, Rob’s team found that epigenetic
changes resulting in a loss of heterochromatin and transposon “reactivation” are
not due to a loss of proteins regulating heterochromatin. They found instead that i
they were due to a change in the population of siRNAs produced in the continu-
ously dividing cells. This suggests that siRNA-driven heterochromatin restructur-
ing may lead to the formation of “epialleles”—epigenetic variations in gene expres-
sion patterns that stem from the creation of particular states in the chromosomes
of cells, thereby changing the patterns of gene expression in related cells. R. Martienssen




Small RNAs Involved in Transmission of Epigenetic Information: Genome Defense

One way in which epigenetic information is known to be passed from parent
to offspring is through the pattern of chemical “caps” added onto certain “let-
ters” of the DNA sequence, ensuring that the sequence is “silenced.” In some
cases, enzymes that add these caps are guided to DNA by small RNA mole-
cules. Gregory Hannon, a leader in the study of small RNAs, discovered (in
part, with Leemor Joshua-Tor at CSHL) the cellular machinery that “dices”
and “slices” double-stranded RNAs into gene-regulating single-stranded mi-
and si-BRNAs. Greg’s team has now discovered that a class of small RNAs
. carries epigenetic information and has demonstrated how, in one instance,
they pass on the trait of fertility from mother to offspring in fruit flies. This was
only one of several discoveries made by Greg’s team this year, most involving
- small RNAs, which, he has observed, are far more diverse as a class than ini-
tially suspected and act in more ways than anyone imagined when they were
first described about a decade ago. In 2008, the Hannon team described a new class of
small RNAs that partner with the protein Argonaute 2. Using advanced sequencing technol-
ogy, they found that these small RNA partners modify gene activity and suppress transpos-
able elements, thus serving as a genome defense mechanism in cells that are destined to
become the germ line for the next generation. These studies have helped to explain old and
intriguing observations that when certain strains of animals are mated, their offspring are not
fertile, a process called hybrid dysgenesis.

G. Hannon

New Perspectives on “Noncoding” Portions of the Genome

Discovering where and how functional information is stored in
genomes represents a frontier of research that underlies all life
sciences and clinical research. Without this information, the bio-
logical and clinical effects of disease-causing mutations in
humans and other organisms can only be partially understood.
Recently, detailed analyses regarding which genomic segments
are transcribed into RNA and the functional roles of these RNAs
have revealed the fact that our current models of how genomes
are organized and regulated remain rudimentary. As one of the
leaders of the National Institutes of Health’s project ENCODE
(ENCyclopedia Of DNA Elements), Thomas Gingeras—who
rejoined our faculty in 2008—has determined that almost all of
the human genome can be transcribed into RNA and that most
of these RNA products are not made to be translated into pro-
teins. Rather, non-protein-coding RNAs are used in a variety of functions ranging from regu-
lation of expression of protein-coding genes to acting as scaffolds upon which large protein
complexes are assembled. As reported in a front-page feature in the Science Times section
of The New York Times on November 11, Tom’s research is helping scientists to significant-
ly revise long-standing notions about such basic questions as what constitutes a gene.

T. Gingeras

Histone Modifications with “Personality”

Michael Zhang's group has developed a series of computational tools that make use of sta-
tistical pattern-recognition techniques to identify exons, promoters, and posttranslational



modification signals in large genomic DNA sequences. They also study alternative
splicing of exons and collaborate with other labs to characterize splicing
enhancers and silencers. This past year, Michael’s group was part of a team that
published a comprehensive analysis of modification patterns in histones. Using a
new technology called ChIP-Seq, they identified 39 histone modifications, includ-
ing a “core set” of 17 modifications that tended to occur together and were asso-
ciated with genes observed to be active. The various modifications showed dis-
tinctive “personalities,” each preferentially associating with particular regulatory
regions of genes. They developed a better promoter prediction algorithm by tak-
ing into account such epigenetic information. They also worked with Professors Li
at the University of Chicago and Krainer at CSHL to discover that one of the steps M. Zhang
in turning genetic information into proteins leaves genetic fingerprints, even on

regions of the DNA that are not involved in coding for the final protein. They estimated that

such fingerprints affect at least a third of the genome and suggested that although most DNA

does not code for proteins, much of it is nonetheless biologically important enough to have
persisted during evolution. In addition, with Adrian Krainer, Michael's team succeeded in
defining the regulatory networks of two related tissue-specific (brain and muscle) splicing fac-

tors, Fox-1 and Fox-2.

Three CSHL Studies Appear in Cell—in a Single Issue

Three separate research teams each led by our faculty reported results in the November 26
issue of the journal Cell—a reflection of the caliber and relevance of the work that is routine-
ly performed at the Laboratory. It is unusual for multiple, unrelated studies emanating from
the same institution to appear in a single issue of this prestigious journal, and it is truly re-
markable for three teams to report on different projects in the pages of a single issue, given
the relatively small size of our faculty, now at 47. A team consisting of Scott Powers, Gregory
Hannon, W. Richard McCombie, Michael Wigler, and corresponding author Scott Lowe
reported 13 new tumor-suppressor genes in liver cancer, which they revealed using a pow-
erful new approach to validate linkages between suspect genes and their functional contri-
butions to cancer. A second CSHL study in the same issue of Cell by Senthil Muthuswamy
and colleagues demonstrated that normal function of the protein Scribble allows breast
epithelial cells to form duct-like structures and resist cancer formation. They were also able
to show that when Scribble stops functioning, the tissue loses its shape and the earliest
stages of cancers ensue. The results constitute first steps toward identifying a new class of
molecules and pathways that can be targeted by anticancer therapies to prevent precan-
cerous lesions from turning into malignant tumors. In the third CSHL paper, a team in David
Spector’s lab shed light on possible functions of noncoding RNA molecules, announcing the
discovery of a previously unknown mechanism in the nucleus that sends different parts of the
noncoding RNA molecule MALAT1 to different cellular destinations.

Cold Spring Harbor Laboratory Board of Trustees

The Board of Trustees welcomed five new members: Leo A. Guthart, founder and manager
of Topspin Partners, a venture and private equity firm based on Long Island; Thomas Lehr-
man, president and founder of Boliven, LLC, an internet start-up focusing on innovation,
consulting, and venture investing in technology businesses; Marilyn Simons, Ph.D., president
of the Simons Foundation, which funds basic research and education programs in mathe-



matics and physical and life sciences; and Paul Taubman, managing director of Morgan
Stanley. Charles L. Sawyers, M.D., Howard Hughes Medical Investigator and head of the
Human Oncology and Pathogenesis Program at Memorial Sloan-Kettering Cancer Center,
was elected a Scientific Trustee. In addition, the ranks of our honorary trustees grew with the
addition of Norris Darrell, Senior Counsel, Sullivan & Cromwell LLP and CSHL Chancellor
Emeritus James D. Watson, Ph.D.

On behalf of CSHL and the Board of Trustees, | thank departing Scientific Trustee Robert
E. Wittes, M.D., for his service. Dr. Wittes was elected to the Board of Trustees as a Scientific
Trustee in February 2004 and served on the Tenure and Appointments Committee from 2004
to 2008 and the Research Committee from 2004 to 2008. He stepped down in November
2008.

We are grateful to members of the Cold Spring Harbor Laboratory Association (CSHLA),
who came together often in 2008, cultivating new friends and raising funds to support the
research of scientists who are at the early and most innovative stages of their careers in
research at CSHL. Despite the difficult economy, CSHLA members raised more than $1.1
million for the annual fund.

Highlights from the CSHLA this past year included dancing to the latest Latin rhythms, an
evening of education about skin stem cells, and a special thank you to major donors. The
April The Lab Goes Latin dinner and dance event was a lively change from our traditional
spring jazz benefit. We applaud co-chairs Lisa and Tim Broadbent and Kate and John Fried-
man for the tremendous energy and creativity that they put into this successful event. In early
June, many of our new association members hosted dinner parties in their homes for visit-
ing and CSHL scientists as part of the annual CSHL Symposium’s Dorcas Cummings pub-
lic lecture. Researchers and guests from the local community enjoyed the presentation on
skin stem cells given by Elaine Fuchs, Ph.D., head of the Laboratory of Mammalian Cell
Biology and Development at The Rockefeller University.

The rain did not dampen attendance by a record number of Association members and
major donors at a lovely reception held in their honor at the home of CSHL Trustee Stephen
Lessing and his wife Sandra in nearby Lloyd Harbor, New York.

| thank Pien Bosch, who served with exceptional dedication and success as President of
the CSHL Association in 2007 and 2008. | look forward to the continued involvement of Pien
and her husband Hans at CSHL and welcome all of the new friends that the Association
directors and members introduce to the CSHL community.

Research and Education Management

We are proud of our continuing commitment to strategic and fiscal management of our
research and education programs, which must evolve constantly to meet the challenges of
contemporary science and society. This year, we established an independent Scientific
Advisory Council (SAC) that is comprised of scientific leaders from top research universities
and institutes. SAC will advise this institution on important issues related to research and
education that will be necessary to maintain CSHL as a world leader. The nine-member SAC
is chaired by Frederick W. Alt, a Howard Hughes Medical Investigator, member of the Nation-
al Academy of Sciences, Professor of Pediatrics at Children’s Hospital Boston, and Profes-
sor of Genetics and Scientific Director of the Immune Disease Institute at Harvard Medical
School. Fred taught the influential molecular cloning course at CSHL in the 1980s. Other
SAC members include Cornelia Bargmann, The Rockefeller University; David Botstein,



Princeton University; Joanne Chory, Salk Institute for Biological Studies; Carol Greider, Johns
Hopkins School of Medicine; Leonid Kruglyak, Princeton University; Markus Meister, Harvard
University; Tony Pawson, Samuel Lunenfeld Research Institute; and Max Wicha, University
of Michigan.

CSHL hosted the inaugural conference of the iPlant Collaborative, a National Science
Foundation—funded $50 million project to create a virtual center in cyberspace for plant sci-
ences, researchers, and students. The kickoff conference, entitled “Bringing Plant and
Computing Scientists Together to Solve Plant Biology’s Grand Challenges,” took place April
7-9, 2008. In addition to CSHL, institutions in the iPlant Collaborative include the University
of Arizona, Arizona State University, the University of North Carolina at Wilmington, and
Purdue University.

CSHL Education Programs Expand

This year, through the skillful leadership of David Stewart, Executive Director of the Meetings
and Courses program, we established a wholly owned subsidiary called Cold Spring Harbor
Conferences Asia, to develop and operate an annual program of scientific conferences mod-
eled after the CSHL meeting format. Our own in-house legal counsel John Maroney and his
staff have been instrumental in this initiative.

Located on a 25-acre campus beside Dushu Lake in the eastern part of the city of Suzhou,
which is in the Golden Triangle region of Shanghai on the lower reaches of the Yangtze River, the
600,000-square-foot ultramodern conference center and hotel currently under construction is
funded by the Suzhou Industrial Park.
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Cold Spring Harbor Conferences Asia appointed a distinguished Scientific Advisory Board
of 20 academic scientists from Asia, Europe, Canada, and the United States, which held its
inaugural meeting in Suzhou in October 2008. Cold Spring Harbor Asia plans to begin a pro-
gram of international scientific conferences at the Suzhou Dushu Lake site in 2010.

Our foray into Asia recognizes the global nature of advanced science and builds on exist-
ing strengths of the CSHL Meetings and Courses program, which currently attracts more
than 8000 scientists to our campus each year for exceptional scientific exchange and dis-
cussion, free of commercial or regional/national bias. We have a successful record of inter-
national educational partnerships and collaborations in Europe that include programs with
the European Molecular Biology Organization in Germany and the Wellcome Trust in England.

The year 2008 was an inaugural one for the CSHL Personal Genomes meeting, whose
time had finally come, thanks to advances in technology that are now making economical
and efficient sequencing a reality. Our Chancellor Emeritus James D. Watson was one of only
four whose individual genome had been sequenced and assembled at the time of the meet-
ing. He and J. Craig Venter were honored at CSHL’s third annual Double Helix Medals Dinner
on November 6 for making their personal genome sequences available to the public. As more
genomes are sequenced and analyzed, the CSHL Personal Genomes meeting will surely
become an increasingly important venue for discussion linking personal genome data of hu-
mans and the genomes of many other species, as well as the societal issues associated with
the accumulation of such personal data.

In September 2008, together with New York City Department of Education Chancellor Joel
l. Klein, we officially opened an important extension of our DNA Learning Center, called the
Harlem DNA Lab, at the John S. Roberts Education Complex in East Harlem. The Harlem
DNA Lab is CSHLs first New York City—based education facility. It is amazing to think that it
was only 20 years ago this year that we opened the Dolan DNA Learning Center facility in
the village of Cold Spring Harbor. Since then, CSHL has provided hands-on educational
experiences in genetics to more than 325,000 children and teachers on Long Island. During
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Chancellor Joel Klein was a featured speaker at the Harlem DNA Lab opening in September.



the last two decades, Dolan DNA Learning Center Executive Director David
Micklos and his team have profoundly influenced the way in which biology and
genetics are taught in schools, not only in New York, but around this country and
around the globe.

The Harlem DNA Lab is now bringing the latest knowledge and cutting-edge
tools and techniques of modern biology to New York City’s middle and high
school students and teachers. With generous funding from the Howard Hughes
Medical Institute (HHMI) and initial support from the Dana Foundation, Jerome L.
Greene Foundation, The Goldman Sachs Foundation, and William Townsend
Porter Foundation, New York City’s 8th and 9th grade science teachers will
receive professional development in genetics and biotechnology in order to boost '
student performance in science. Students get hands-on

In this anniversary year for the DNALC we also cut the ribbon on the Laurie L. ﬁ;‘:;?;"g‘l\l'; gLiget'cs atthe
Landeau Multimedia Studio to support the next phase in the development of the
DNALC’s Biomedia Group as a world leader in biology education. The studio contains the
latest equipment for high-quality video production and is designed with separate sets for
interviews, news reporting, and lab demonstrations. Many thanks to CSHL Trustee,

Education Committee chairperson, and long-time friend Laurie J. Landeau, V.M.D., for mak-
ing this possible.

The year 2008 was a multiple anniversary year for our Chancellor Emeritus James D.
Watson, who not only celebrated his 80th birthday and 40-year wedding anniversary with Liz
Watson, but also marked 40 years of dedicated contributions to the Laboratory. His imprint
on CSHL spans every aspect of the Laboratory’s life, ranging from financial stability, to beau-
tiful landscapes, an expanded research program, the growth of professional education pro-
grams, and the establishment of the Watson School of Biological Sciences and the Dolan
DNA Learning Center.

Liz Watson marked the year with the release of her new book Grounds for Knowledge,
published by CSHL Press, which, under the leadership of John Inglis, continues in its com-
mitment to publishing excellence. The publication coincided with the designation by the
Public Gardens Association of America of the CSHL Bungtown Road campus as a botani-
cal garden. Liz's book, filled with beautiful prose and the stunning photography of CSHL
Director of Facilities Peter Stahl, showcases the landscapes of our shoreline location. As a
campus community, we celebrated and joined with friends in the international scientific com-
munity to reminisce with Jim and Liz on several occasions this year, including an employee
picnic honoring the Watsons in August 2008. Groundbreaking on the Hillside Campus ex-
pansion project began in 2005, but this year, we witnessed the most dramatic progress yet
in this monumental capital project that will increase our research capacity in cancer, neuro-
science, and bioinformatics by nearly 40%. At the beginning of the year, only the foundations
for the six-building research complex were in place. By year’s end, all of the internal piping
and wiring were installed; the concrete superstructure was complete, exterior block walls
were erected, and the roof structure and sheathing were in place, enclosing the buildings
and ensuring that interior work continued through the winter months.

All the work on building structures could readily be seen at a glance as it progressed. Much
less obvious was the enormous amount of work taking place inside the structures. Electricians
and steamfitters worked hard, installing electrical and mechanical systems, including the two
high-pressure boilers that will ultimately heat the six-building complex. These two areas were
by far the most complex components of the project, and the impressive progress made in
these areas is essential to the timely completion of the Hillside Campus.
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The final touches were also put on the new chiller plant, and much of the underlying infra-
structure—drainage systems, electrical conduit and wiring, water and sewer piping—was
installed underground.

The Nassau County Chapter of the New York State Society of Professional Engineers pre-
sented CSHL with the Project of the Year Award for the engineering and innovative environ-
mental design of the storm water management system for the Hillside Campus. CSHL was
recognized for achieving a balance between development and the environment. The unique
and functional storm water management system not only is effective at protecting the sur-
rounding ecosystems, but also provides a visually pleasing backdrop for the Laboratory.

We thank Vice President and Chief Facilities Officer Art Brings and the Facilities
Department for all of these great results and the minimal disruption to our daily operations
and quality of life on campus as the work has proceeded.

Awards and Honors

CSHL professor and Dean of the Watson School of Biological Sciences Leemor
Joshua-Tor was one of 56 newly named HHMI Investigators in 2008. She joins approx-
imately 300 HHMI Investigators in the Institute’s flagship program, who lead HHMI lab-
oratories at 64 institutions. In addition to Leemor, HHMI Investigators at CSHL include
" Gregory J. Hannon, Ph.D. and Scott Lowe, Ph.D.

For leadership in computational approaches and leveraging emerging sequence
technology to link candidate genes and their function with agricultural traits and
germplasm improvement, CSHL adjunct assistant professor Doreen Ware received the
2008 Scientist of the Year Award for the North Atlantic Area from the United States
Department of Agriculture.

CSHL postdoctoral fellow Alexei Aravin was a 2008 finalist in the second annual
New York Academy of Sciences Blavatnik Awards for Young Scientists. Sixteen young
scientists from the New York tristate area were selected for their outstanding work as
postdoctoral fellows and young faculty members. Five winners were chosen after three
rounds of review of the 16 finalists, who represented a wide scientific and institutional
spectrum in engineering, physics, and biology at nine different institutions in New York,
New Jersey, and Connecticut.

Thompson Scientific’s Essential Science Indicators ranked the research conducted
at CSHL among the most cited in the world. The analysis, reported in the
January/February issues of Science Watch, placed CSHL in the top 1% of institutions
most cited and identified our research as having significant impact on molecular biolo-
gy and genetics research from 2002 to 2006. This follows the previous ranking of
D. Ware CSHL by Science Watch as the top institution in the world in molecular biology and

genetics during the decade from 1993 to 2002, based on citation impact.

| was honored to be elected this year to the American Academy of Arts and Sciences, joining
other inductees who included CSHL friend and science philanthropist James H. Simons.

At the 2008 Watson School of Biological Sciences Commencement Convocation on April 13, we
conferred the degree of Doctor of Philosophy to Hiroki Asari, Rebecca Bish, Frangois Bolduc,
Monica Dus, Angélique Girard, Christopher Harvey, and Wei Wei. Claire Biot and Adrienne Jones
received the Master of Science degree. The Watson School also bestowed honorary degrees on
three distinguished recipients. The first is one of the world’s most successful entrepreneurs, who
established the Allen Brain Institute that has mapped the gene architecture of the brain—Microsoft
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Watson School Commencement Convocation

cofounder Paul G. Allen. The remaining two include the Nobel Prize-winning neuroscientist Dr. Eric
Kandel and a clinician whose ability to translate the complexities of the brain’s biology into house-
hold concepts has made him a cultural icon: Dr. Oliver Sacks.

The 2008 incoming class is the 10th of the Watson School and represents a record number of
students—a total of 15—who come to Long Island from Australia, France, Germany, Italy, South
Korea, Russia, and Turkey, in addition to the United States. This year, we also established the
Gonzalo Rio Arronte Fellowship, to be held by a qualified Mexican graduate student. Candidates
for the fellowship will be preselected by the Universidad Nacional Auténoma de México and the
Fundacion Gonzalo Rio Arronte and presented to the Watson School Admissions Committee,
which will make the final decision on admission. The fellow will be expected to have a role in the
development of genomic sciences in Mexico upon completion of his or her graduate and post-
doctoral training.

For the seventh consecutive year, CSHL received the highest possible rating from Charity
Navigator for its financial organizational efficiency and capacity.

As a private nonprofit research and education institution, we are proud to be recognized for
achieving the highest standards of financial responsibility. These standards distinguish CSHL as an
institution prepared to meet the expectations of public and private donors, who demand account-
ability, transparency, and quantifiable results from their contributions to nonprofit organizations.
Thank you to CSHL Chief Operating Officer Dill Ayres and Comptroller Lari Russo for their commit-
ment to ensuring the highest standards for CSHL.

Development

With the hard work of the Development department, led by Charlie Prizzi, Cold Spring Harbor
Laboratory's fund-raising efforts saw much success in 2008. The $200 million goal for the
Hillside Campus Campaign was surpassed and more than $41 million was raised in unre-
stricted and program support. Generous philanthropic gifts resulted in the establishment of
the Center for Quantitative Biology at Cold Spring Harbor Laboratory, which will be based in
the newly constructed David H. Koch Laboratory.
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The Simons Foundation and The Stanley Medical Research Institute have continued to
fund programs aimed at uncovering the genetics behind autism, schizophrenia, and bipolar
disorder. Additionally, a generous commitment was made by HHMI to help expand the labo-
ratory space for the CSHL Meetings and Courses program so that more scientists will have
the opportunity to participate in our world-renowned educational programs.

On behalf of CSHL, our Board of Trustees, and our Development department, | would like to
acknowledge all those who helped us to achieve our goals. Please refer to the back of this Annual
Report for a complete list of our generous supporters.

The Robertson Research Fund

The Robertson Research Fund continues to serve as a vital internal resource of support for our sci-
entists. In 2008, it supported research in the labs of Grigori Enikolopov, Josh Huang, Leemor
Joshua-Tor, Rob Martienssen, Senthil Muthuswamy, Bill Tansey, Anthony Zador, and Yi Zhong.
Start-up research support was also provided by the Fund to four new investigators: Hiroyasu
Furukawa, Raffaella Sordella, Lioyd Trotman, and Glenn Turner. In addition, the Robertson Research
Fund continues to support the annual CSHL In-House Symposium and our programs for post-
doctoral fellows and graduate students, the laboratory seminar program, and faculty recruitment.

Library and Archives

History of Biotechnology Meeting

While renovations progressed on schedule to the Carnegie Building, the home of the CSHL
Library and Archives, there was also much progress in the expanded mission of this vital
CSHL resource. Under the aegis of The Genentech Center for the History of Molecular
Biology and Biotechnology at CSHL, Library and Archives, in cooperation with the Banbury
meetings program that is run by Jan Witkowski, hosted a milestone meeting entitled
“Biotechnology: Past, Present, and Future.” From September 21 to 23, scientists, entrepre-
neurs, and venture capitalists discussed the academic discoveries that gave rise to our mod-
ern biotechnology industry, and along with distinguished sociologists, economists, and his-
torians, they discussed the importance of gathering and preserving primary documentary
source materials that will enable historians of today and tomorrow to study the emergence of
a field that has transformed the life sciences, business, and health care since its advent in the
1970s. | am pleased to note that our own Library and Archives department, under Ludmila
Pollock, has already established a valuable repository for materials of lasting historical value,
including an extensive and growing oral history archive.

Building Projects
Hillside Research Laboratory Campus

Progress on the construction of the six new research buildings of the Hillside Research
Complex has been excellent. The Nancy and Frederick DeMatteis, David H. Koch, and
Wiliam L. and Marjorie A. Matheson Laboratory buildings have progressed substantially
toward their anticipated completion by the spring of 2009. The Donald E. Axinn, Leslie and
Jean Quick, and Wendt Family Laboratory buildings are expected to be ready for occupan-
cy by mid-2009. The landscaping surrounding the complex was significantly enhanced this
year, and much-needed parking facilities have already been put to use.



The Hillside Research Laboratory Complex (top)

Access to the new complex is now possible via a roadway connecting to the Grace park-
ing lot. As part of this project, we made the decision to reconfigure the lot for improved traf-
fic flow and safety. Despite adding an additional traffic lane to better accommodate bus and
van traffic associated with the Meetings and Courses program, we were able to increase
green space in the area by more than 5000 square feet.

Renovation was also begun on teaching facilities in the Delbruck Laboratory. Structural
problems necessitated reconstruction of the building’s circa-1927 center section, requiring
the entire top floor and roof section to be completely removed and rebuilt. Generous fund-
ing from HHMI allowed CSHL to completely modernize the entire historic teaching suite that
is used for courses to train scientists on the latest technologies and techniques. These ren-
ovations and improvements are expected to be complete by the spring of 2009.

As noted above, we have made significant progress on the Carnegie Building renovation.
Although we had originally hoped to complete the project by the end of 2008, design alter-
ations and the challenges of working within an existing, historic structure made that impos-
sible. The project is expected to be completed and ready for occupation in 2009.

We also undertook renovation and improvement of the circa-1937 Robertson House, locat-
ed on the Banbury estate and primarily serving participants invited to high-level meetings at the
Banbury Conference Center. Principal among the planned renovations was the replacement of
the house’s original electrical system in preparation for the installation of central air conditioning.
The torrid weather of recent summers has made the house all but uninhabitable during the
hottest part of the year. When completed in 2009, the house will have been completely fresh-
ened with new washrooms, refurnished, air-conditioned, and equipped with telephones and
internet connections in each room. | thank Art Brings and Peter Stahl and all who worked on this
difficult project to maintain Robertson House as a grand residence and doing so under budget.

CSHL has also continued its long-standing program of general campus improvements.
The four-year project to upgrade and replace the building management system is now half
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complete. The Jones Laboratory was renovated for course use during the Delbruck
Laboratory renovations. Updates and changes were also made to various office areas to bet-
ter suit the needs of the Laboratory’s staff.

Special Events
National DNA Day

We celebrated the sixth annual congressionally designated National DNA Day on April 25, with
walking tours of CSHL and festive signs on campus and throughout the village of Cold Spring
Harbor. We thank the Cold Spring Harbor Library and Environmental Center and the Cold
Spring Harbor Main Street Association for their participation.

Emerson String Quartet Concert

Cold Spring Harbor Laboratory, Stony Brook University, and Brookhaven National Laboratory
hosted an evening of “Perfect Harmony” on April 1 to celebrate music, partnerships, and
possibilities for increased research collaboration among the three scientific institutions on
Long Island. Guests listened to the Emerson String Quartet and were treated to an appear-
ance by pianist Gilbert Kalish.

Gavin Borden Visiting Fellows

The 14th Annual Gavin Borden Visiting Fellow Lecture, in memory of the publisher of
Molecular Biology of the Cell, was held on April 14. The lecture was presented by Tania
Baker, who in addition to being an alumna of the CSHL Undergraduate Research Program
is the Edwin C. Whitehead Professor of Biology at the Massachusetts Institute of Technology
and an HHMI Investigator.

The Lab Goes Latin

This year’s The Lab Goes Latin event marked the 10th
anniversary of the Cold Spring Harbor Laboratory
Association’s spring benefit. Held on May 10 at the Nature
Conservancy in Cold Spring Harbor, it featured a packed
dance floor with music by the urban salsa band Yerba Buena. g
The event raised more than $200,000 for CSHL's cancer and
neuroscience research programs.

The urban salsa band Yerba Buena
entertains at The Lab Goes Latin.

Symposium

The 73rd Symposium, on “Control and Regulation of Stem Cells,” brought more then 300
researchers from around the world together at CSHL to discuss the latest findings in stem
cell biology.

During the Symposium, the traditional Dorcas Cummings Memorial Lecture for scientists
and guests from the community was delivered by Elaine Fuchs, Rebecca C. Lancefield
Professor and head of the Laboratory of Mammalian Cell Biology and Development at The
Rockefeller University.



Women'’s Partnership for Science

This year’s event attracted 150 women from the surrounding community, New York City, and
Connecticut to the home of Mr. and Mrs. Daniel P. Davison on June 22. They gathered to
promote and support women pursuing careers in biomedical research. Guests participated
in their own tabletop experiments on organic and genetically modified foods. The instructors
were young educators from Cold Spring Harbor Laboratory’s Dolan DNA Learning Center
(DNALC); Erin McKechnie, a plant and soil specialist; and Elna Gottlieb, an earth science
specialist.

Topping Ceremony

On July 22, CSHL celebrated the topping of the highest structure in the soon-
to-be-opened Hillside Research Complex. Distinguished guests, elected offi-
cials, colleagues, friends, and members of Long Island’s talented construction
trades gathered to commemorate the occasion. They proudly observed as a
10-foot-6-inch square by 13-foot-high 5000-pound stainless steel pyramid
was lifted by crane and secured to its new home atop an 85-foot tower that
is called the Laurie and Leo Guthart Discovery Tower. In addition to the pyra-
mid, a steel beam autographed by hundreds of CSHL staff and visitors is part
of the foundation for the crown.

The Laurie and Leo Guthart
Discovery Tower at the Hillside

Paul Liam Harrison Exhibit Research Complex

Paul Liam Harrison exhibited his artwork at CSHL during the Dynamic Organization of
Nuclear Function meeting on September 16. For several years, his practice has become in-
creasingly collaborative and has engaged with developments in and around the biosciences
and, in particular, cell and gene research. The exhibit was a collection of works entitled
“Designs for Life.”

Harlem DNA Lab Opening

On September 23, New Yorkers celebrated the opening of the Harlem DNA Lab, a state-of-
the-art education facility located in the John S. Roberts Educational Complex in East Harlem,
New York. Joel I. Klein, New York City Department of Education Chancellor, and Peter Bruns,
Vice President for Grants and Special Programs at HHMI, joined school principal Maria
Aviles, DNALC Executive Director David Micklos, myself, and local leaders in opening
remarks followed by a community tour of the teaching lab.

DNALC 20th Anniversary

On November 1, The Dolan DNA Learning Center celebrated the accomplishments of
Executive Director David Micklos and his staff in transforming science education during the
last two decades. The event included the dedication of the Laurie J. Landeau Multimedia
Studio.
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CSHL's Double Helix Medal
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The Double Helix Medals Dinner

The Double Helix Medals Dinner was held on November 6 at the Mandarin Oriental,
New York. Medals were presented to Drs. Marilyn and James Simons for corporate
leadership, Sherry Lansing for humanitarianism, and James D. Watson, Ph.D. and
J. Craig Venter, Ph.D. for scientific research. A total of $3.6 million was raised at the
gala, which was cochaired by the Hon. and Mrs. Alan J. Blinken, Mr. and Mrs. Alan

C. Greenberg, Dr. Arthur D. Levinson, Mr. and Mrs. David M. Rubenstein, Mr. and

CSHL Public Lectures

January 21

Mrs. Herbert J. Siegel, and Mr. and Mrs. Erwin P. Staller.

Bruce Stillman, CSHL President: The Future of Molecular Medicine at The Secret Science
Club public science and art lecture series in Brooklyn, New York.

August 4

Scott Lowe, Professor and HHMI Investigator: The Latest from the Frontlines of Cancer Research
at The Secret Science Club public science and art lecture series in Brooklyn, New York.

October 21

WLIW-TV “Healthy Minds” host Dr. Jeffrey
Borenstein; Josh Huang, CSHL Professor;
Jonathan Sebat, CSHL Assistant Professor;
Linda Van Aelst, CSHL Professor; and Anthony
Zador, CSHL Professor: Autism: The Latest

Genetic and Neuroscience Research and What |

it Means for Patients and Families.

October 28

Jonathan Sebat, CSHL Assistant Professor
and Anil K. Malhotra, Director, Psychiatry Re-
search, Zucker Hillside Hospital and Associate
Professor of Psychiatry, Albert Einstein College
of Medicine: Bipolar Disorder: Cracking the
Code.

November 11

CSHL trustee and poet Don Axinn: Travel in My
Borrowed Lives.

CSHL Public Concerts

April 12
Jennifer and Angela Chun with Nelson Padgett,
violins and piano

May 3
Soukhovetski and Vassily Primakov, piano duo
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May 17
Anastasia Khitruk and Elizaveta Kopelman, violin and piano

August 30
Martin and Kristina Kasik, piano duo

September 20
Alexander Fiterstein and Steven Beck, clarinet and piano

September 27
Soyeon Lee, piano

October 4
Krista River and Judith Gordon, soprano and piano

Laboratory Employees

New Staff

Thanks to a superb recruiting effort led by CSHL Director of Research David L. Spector, we
were pleased to introduce the following new faculty into the CSHL community this year.

Tom Gingeras, Ph.D., CSHL professor, is an established leader in the field of functional
genomics who has developed high-throughput microarray technologies and powerful com-
putation approaches to understand how genomes are organized and regulated. Before join-
ing CSHL, Tom was Vice President for Biological Research at Affymetrix, Inc., California.

Assistant Professor Gurinder “Mickey” Atwal, Ph.D., is the first faculty appointment for the
new Center for Quantitative Biology at CSHL. He will integrate computational, analytical, and
experimentally derived data to approach several questions concerning the evolution and
diversity of genomes. His projects include identifying changes in the genome that modify risk
in cancer and autism; developing statistical tools for the analysis of interactions among
genetic polymorphisms identified in large-scale genetic and epidemiological studies; and
developing computational methods to detect networks of genes that have responded to
evolutionary selection pressures.

Assistant Professor Bo Li, Ph.D., who completed his postdoctoral training at CSHL and
at U.C. San Diego with Robert Malinow, studies neural synapses, specifically focusing on
how synaptic dysfunction contributes to psychiatric disorders such as schizophrenia and
depression. He uses a number of methodologies, including electrophysiology, genetics, and
behavioral analyses, with a long-term goal of developing methods that allow for the manip-
ulation of activity in specific brain circuits to correct disease-related behaviors.

Assistant Professor Zachary Lippman, Ph.D., studies the molecular mechanisms control-
ling reproductive fitness in plants. He uses genomic approaches to determine what controls
flower, fruit, and seed production in tomato and Arabidopsis. His research will not only pro-
vide insights into plant evolution and domestication, but will also develop new tools for plant
breeding. Zach joins us from the Faculty of Agriculture at Hebrew University of Jerusalem and
is a Watson School graduate.

Associate Professor Pavel Olsten is both an M.D. and a Ph.D., whose research will pro-
vide a critical bridge connecting CSHL's genetics and neuroscience programs. He has devel-
oped a high-throughput approach involving cutting-edge imaging technology to monitor
brain function at the level of synaptic circuits. He is studying how specific genetic mutations
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and variations affect neural circuits in mouse models of schizophrenia and autism. Pavel was
previously an Assistant Professor at Northwestern University.

Associate Professor Darryl Pappin, Ph.D., comes to CSHL to head the proteomics core
facility on our campus. Proteomics is the large-scale study of proteins, and Darryl brings an
impressive record of developing new methods for identifying and analyzing proteins in com-
plex biological samples. Before joining us, he was a Scientific Fellow at Applied Biosystems,
Applera Corporation.

Florin Albeanu, Ph.D., is a CSHL Fellow who received his doctorate from Harvard Medical
School. Florin is an expert in imaging neuronal circuits in awake behaving rodents. Working
in the olfactory system, he plans on using fiber-optic imaging and electrophysiological
recordings to understand how neuronal circuits code information from the environment and
how these circuits are shaped by sensory experience.

Ivan lossifov, Ph.D., is a CSHL Fellow in Quantitative Biology from Columbia University.
Ivan has devised computational methods to reliably extract knowledge about molecular inter-
actions from the biomedical literature and combine this data with results from high-through-
put biological experiments. In this way, he has built a framework to predict pathways or net-
works of interacting genes that contribute to common hereditary disorders. He is interested
in applying his methods to improve conventional genetic analyses to detect correlations
between specific mutations and common complex hereditary disorders such as schizophre-
nia, bipolar disorder, and autism.

CSHL Fellow Christopher Vakoc, M.D., Ph.D., is interested in how changes to the struc-
ture and organization of chromatin are related to cancer progression. He uses biochemical
approaches to study specific modifications associated with leukemia and colon carcinoma.
He did his doctoral training at Children’s Hospital of Philadelphia.

Joining the administrative leadership of CSHL this year was Hans-Erik Aronson, Director
of Information Technology. Hans-Erik was previously at the Center for Computational Biology
and Bioinformatics at Columbia University. His own training in biochemistry and molecular
biophysics, combined with his experience in design, implementation, and delivery of emerg-
ing technologies, will be critical to the success of individual scientific research projects as well
as to the operations of the entire Laboratory, which increasingly depends on the strength of
our information technology infrastructure and dedicated staff.

Promotions

Congratulations to Zhenyu Xuan, Ph.D., who was promoted this year to
Assistant Research Professor and to Jim Hicks, Ph.D., who is now a CSHL
Research Professor.

Departures

During the course of the year, several faculty members took on new chal-
lenges at other institutions. Hollis T. Cline holds the position of Professor in
both the Department of Cell Biology and Chemical Physiology at the Scripps Research
Institute. Roberto Malinow is a Professor, Section of Neurobiology, and Professor, Neuro-
sciences at UC San Diego. Zachary Mainen is Principal Investigator at the Champalimaud
Foundation. Vivek Mittal is currently Associate Professor, Cardiothoracic Surgery, and
Director, Lehman Brothers Lung Cancer Laboratory at Weill Cornell Medical Center.

J. Hicks



Community Outreach

CSHL employees continue to actively participate in local and national community service
events, including lab-wide blood drives in February, August, and December and the
American Cancer Society’s Daffodil Days in the spring. This year, CSHL employees donated
400 pounds of food to the Long Island Cares Harry Chapin Food Bank. Our campus also
participated in the national campaign to donate used cell phones for conversion to 911
emergency-use cell phones that will be distributed to those in need by the Secure the Call
Foundation. These efforts are organized by our dedicated Human Resources Department
ably led by Katie Raftery. In addition to participating in local Long Island school activities,
every year CSHL is proud to sponsor Cold Spring Harbor Library and Environmental Center
kickoff festivities for the children’s summer reading program.

CSHL campus walking tours were open to the public most Saturdays from March through
November. Our specially trained team of tour guides, which includes CSHL graduate stu-
dents and postdoctoral fellows, provides guests with scientific insights and personal per-
spectives that enrich the public’s understanding of CSHL.

Looking Forward

The year 2008 was notable for the many accomplishments that | have highlighted here. The
year was perhaps even more notable for the ability of this institution to manage its research
and education programs in the face of significant external economic uncertainty. | credit the
Laboratory’s Principal Investigators, who are committed not only to scientific excellence but to
the responsible management of their laboratory budgets and staff. The research administra-
tion team that we have built has succeeded in establishing a new standard for meshing the
creativity required in scientific pursuit with the realities of fiscal and regulatory requirements.

CSHLU’s education programs have never been as strong and broad, reaching from middle
and high school ages to undergraduates, graduates, postdoctoral students, and profes-
sional development for accomplished scientists. None of this would be feasible if not for the
operational efficiencies and accomplishments of the Laboratory’s administrative departments
and their staff who provide critical support to our scientists and educators. In addition to
those departments already mentioned, let me thank the entire Facilities Department, the
Office of Sponored Programs, the Office of Technology Transfer, the Public Affairs
Department, and the Purchasing Department for their great work. Despite a tough external
environment, CSHL thrived as an institution and a community in 2008.

Thank you to our Trustees, faculty, staff, and many supporters for your hard work. As |
look to the future, | remain confident that scientific research and education are a source of
strength for the troubled national economy—a source that has yet to be tapped to its fullest
potential. CSHL stands ready to push biomedical research forward to reach its fullest poten-
tial. With a sharp focus on our core mission, CSHL is poised to do even more for the future
of science and society than we have in the many years of our very fruitful past.

Bruce Stillman, Ph.D., F.R.S.
President
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CHIEF OPERATING OFFICER’S REPORT

We will forever rememiber 2008 as the year the bubble burst—driving the economy and the financial
markets into chaos while leaving nonprofit institutions and universities around the world to cope with
unprecedented depreciation of endowment funds. | am reminded of the somewhat tasteless joke,
“Other than that, Mrs. Lincoln, how did you enjoy the show?” The analogy stems from the fact that
2008 was, in many respects, a very good year for Cold Spring Harbor Laboratory.

Construction of the Hillside Campus laboratory complex was near completion at year’s end. The
exteriors of the handsome 100,000 square foot, six-building research facility are finished, with final
touches being applied to the interior spaces. The landscaping is nearly complete as well, with more
than 500 new trees having been planted around the site. It is pleasing to be able to report that the
project will come in within budget. Timing is everything, and we are fortunate that the project was in
its final stages before the economic storm reached its full fury, allowing us to avoid the dilemma fac-
ing many universities with half-completed construction projects.

In 2006, we announced the ambitious plan to raise $200 million in support of the construction,
faculty recruitment, start-up, and additional endowment. Again, we were fortunate to reach and sur-
pass our goal before the massive loss of wealth in the public equity markets occurred late in the year.
We are particularly grateful to our Trustees and the scores of friends who supported this campaign
SO generously, making it possible to reach this impressive milestone.

As you can see from the “President’s Report,” the Laboratory programs progressed in 2008 with
unabated excellence. We saw high-profile research results and publications, well-attended meetings
and courses, and the opening of a DNA Learning Center in Harlem. The Watson School continues
to attract the best and brightest Ph.D. students to our campus and the Laboratory Press raises our
institutional profile in the scientific community with its excellent list of journals, books, and online
research protocols. The Carnegie Building, currently undergoing renovation, will be home to our
expanding Library and Archives.

For the fiscal year ended 12/31/08, the Laboratory operating budget reached $123.5 million—an
8% increase over the prior year. Our objective each year is to balance the operating budget after full
depreciation expense ($7 million in 2008) or, at a minimum, to be cash neutral after netting depreci-
ation expense against cash expenditures on capital improvements. Fortunately, we were able to
achieve this goal again this year. The primary contributing factors were (1) the success in unrestrict-
ed fund-raising via the Annual Fund, President’s Council, and the Double Helix Medals dinner in New
York City, (2) greater than expected private research grant income, and (3) vigorous efforts to man-
age overhead, administrative, and operating expenses. Much progress has been made during the
last several years in the management of the grant process, research budgets, and general expens-
es, all to the benefit of the Laboratory’s financial health.

Despite the progress and the fortunate timing on construction and fund-raising, we now face
unprecedented financial and operating challenges as a direct result of the decline in the capital mar-
kets. In June of 2008, while our endowment had declined a relatively modest 3% year to date, we
experienced a bump in the road that was an omen of things to come. The “auction rate securities”
market, a $400 bilion market for institutional paper, seized up and ultimately disappeared. The
impact on the Laboratory was very real, because our 2006 $55 million bond issue consisted of this
type of security. For a brief period of time, until we were able to convert the bonds to a different mode,
the Laboratory was forced to pay extraordinarily high rates of interest in order to entice investors to
buy our paper. This was ironic in view of the fact that the Laboratory’s credit rating had recently been
upgraded to a very healthy AA- status. The failure of the auction rate market was a precursor to the
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general crisis in the credit markets, the extreme stress on the banking system, the precipitous decline
in stock values, and the economic slowdown, all of which accelerated at an alarming rate during the
second half of the year.

There was nowhere to hide for institutional endowments. The Laboratory endowment investment
return was a negative 24% for our calendar fiscal year. Although certainly discouraging, it was not as
bad as many, given a substantial allocation to fixed-income investments that held their value. Also on
the positive side, we have maintained a very liquid investment portfolio and hold no “frozen” assets
or private equity investments. Nevertheless, when we account for the spending on the fund, the mar-
ket value has declined to approximately $220 million, down from its high of nearly $315 million only
one and a half years ago. We also are party to an “interest rate swap” agreement that was entered
into in 2006 to provide long-term protection against high interest rates on the Laboratory’s variable-
rate long-term debt. As rates have dropped to historic lows, the “mark-to-market” valuation of this
contract represents a liability to the Laboratory and has required us to post cash collateral with the
bank counterparty until such time as rates move up and the liability decreases in value.

The dilemma now facing all institutions that rely on endowment funds is the budgetary impact
these declines will have in the coming years. Like most universities, the Laboratory annually spends
a percentage of the average market value of the endowment funds calculated over the most recent
12 calendar quarters. When we average in a year such as 2008 and confront the prospect of anoth-
er down year ahead, we very quickly face big holes in the operating budget that are difficult to fill.
Spending from the endowment represents about 12% of the Laboratory’s annual operating budget,
much lower than most universities. On the other hand, private philanthropy represents approximate-
ly 25% of the budget and is a revenue stream that will certainly be under pressure given the state of
the economy.

As we look ahead to 2009, Management will be forced to take prudent and tough measures. At
the very least, administrative hiring will be curtailed and expenses, already having been substantially
cut, will need to be further reduced. At a time when a great deal has been asked of a dedicated staff,
we will undoubtedly be asking more. Austerity is not a pleasant prospect, but it is what the times
demand.

Dill Ayres
Chief Operating Officer




LONG-TERM SERVICE

(Back row) Arne Stenlund, David J. Stewart, David Spector, James Watson, Bruce Stillman. (Middle row) Salvador
Henriquez, Joan Ebert, Beatrice Toliver, Michael H. Wigler, Nancy Dawkins-Pisani, Christopher Mc Evoy, Louis
Jagoda, Grigori N. Enikolopov. (Seated) Kim Gronachan, Patricia Maroney, Daniel Jusino, Margaret Falkowski,
Ronnie Packer, Maryliz M. Dickerson.

The following employees celebrated milestone anniversaries in 2008:

40 years
30 years
25 years

20 years

15 years

James Watson

Patricia Maroney, Christopher Mc Evoy, Beatrice Toliver, Michael H. Wigler
Joan Ebert, Margaret Falkowski, Daniel Jusino

Margot Bennett, Francis T. Bowdren, Nancy Dawkins-Pisani, Maryliz M.
Dickerson, Grigori N. Enikolopov, Jeffrey Goldblum, Kim Gronachan, Salvador

Henriquez, Louis Jagoda, Ronnie Packer, Margaret Stellabotte, Arne Stenlund

Pamela Lancellotti, Wayne Pav, David J. Stewart
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See previous page for photos of the following scientific staff:

Row 1:

Row 2:

Row 3:

Row 4:

Row 5:

T. Hige (Turner Lab); I. Hakker (Zhong Lab); B. Czech (Hannon Lab);

E. Ghiban (McCombie Lab)

S. Wu (Huang Lab); R. Zhao (Spector Lab); M. Monaco (Stein Lab);
J.J. Han (Martienssen Lab)

Y. Hua (Krainer Lab); G. Collins (Tansey Lab); K. Cook (Wigler Lab);

A. Bhandari (Sebat Lab)

A. Husbands (Timmermans Lab); S.D. Akshinthala (Muthuswamy Lab);
M. Gierszewska, K. Hrecka (Skowronski Lab); Y.J. Yang (Hannon Lab)
M. Feigin, V.A. Calleja (Muthuswamy Lab); V. Krizhanovsky (Lowe Lab);
A. Reid (Zador Lab); A. Kepecs, D. Kvitsiani (Kepecs Lab)




CANCER: GENETICS

Cancer Genetics focuses on understanding the genetic basis of cancer, cancer progression, and devel-
opment of resistance to chemotherapy.

Gregory Hannon is a pioneer in the study of RNA interference (RNAI) in mammalian systems. In RNAI,
double-stranded RNA molecules induce gene silencing. Hannon is credited with the discovery of two
enzymes, called Dicer and Slicer, critical in the RNAi machinery. (The work on Slicer was performed with
Leemor Joshua-Tor.) His team has led the way in using RNAI to study cancer biology and genetics. They
have generated a library of short-hairpin RNAs that researchers at CSHL and elsewhere apply broadly in
gene-silencing studies. This year, the lab made a host of discoveries, including that of a new class of small
RNAs, which was found in fruit flies to modify gene activity and suppress mobile genomic elements, thus
serving as a defense mechanism. They also discovered 180 previously unrecognized microRNAs spe-
cific to monotremes in work stemming from a collaborative effort to sequence the platypus genome. The
lab also explained a new way in which epigenetic information is inherited, discovering in fruit flies a class
of small RNAs maternally inherited that determines an offspring’s fertility trait.

Scott Lowe’s laboratory studies cancer gene networks and determines how genetic lesions affecting
these networks contribute to tumor development and resistance to therapy. This year, they continued to
study cellular senescence, a potentially powerful mechanism for suppressing tumors, showing that it
helps to limit wound-healing responses, a finding which suggests that it might act outside cancer to
maintain tissue homeostasis following damage. Lowe also has adapted RNAI technology to produce
animal models in which genes can be switched on and off in a spatial, temporal, and reversible manner
and used this to identify and characterize new genes that modulate tumor cell responses to chemother-
apy. He spearheaded an effort with other CSHL investigators to integrate genomic studies on human liver
cancers with RNAi-based screening in a mouse model to identify 13 new tumor suppressor genes. These
studies suggest a means of functionally annotating cancer genes and holds promise of producing new
insights into the genetic basis of tumor diversity that can ultimately be exploited to tailor treatments to
individual patients.

Robert Lucito, collaborating with Michael Wigler, has had an important role in developing innovative
technologies, including representational difference analysis (RDA), representational oligonucleotide
microarray analysis (ROMA), and comparative genome hybridization (CGH), that have proven to be valu-
able to cancer researchers worldwide. Also an experimentalist, Lucito has conducted studies using these
techniques to detect copy-number changes in large sets of human ovarian and pancreatic cancer tissue
samples. The lab also has turned its attention to epigenetics, specifically to the study of methylation
throughout the genome. When methyl groups in sufficient numbers attach to cytosine bases in DNA, the
packing of DNA into the chromosomes can be altered, reducing the levels at which the methylated genes
are expressed. Under circumstances that Lucito is now exploring, this may be a means by which nor-
mally protective tumor suppressor genes are turned off, rendering cells tumorigenic.

Alea Mills is studying genetic pathways important in cancer and aging, identifying the genetic players
and determining how aberrations in their functions culminate in human disease. Recently, through inno-
vative use of a technique called “chromosome engineering,” the Mills group identified a tumor suppres-
sor gene that had eluded investigators for three decades. The tumor-suppressing gene, called Chd5, was
shown by Mills to regulate an extensive cancer-preventing network. The epigenetic role of Chd5 in devel-
opment, cancer, and stem cell maintenance is currently being investigated. The Mills lab is also studying
the pB3 protein, which regulates development, tumorigenesis, cellular senescence, and aging, in vivo.
Their progress during the last year indicates that cellular senescence has tumor-suppressing effects, a
finding that indicates potentially important new avenues for anticancer therapies.

The discovery that stem-like cells involved in developmental decisions such as cell-fate determination
can give rise to certain types of cancer has provided a new theme for cancer research. The identification
of cancer stem cells with vital roles in tumor progression, maintenance, and recurrence has suggested
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that at least some cancers arise from malfunctioning developmental programs. The research of CSHL fel-
low Patrick Paddison, which seeks to discover more about how molecular pathways promote or contain
“stemness,” may therefore provide insight into cancer biology and point to new therapeutic strategies.
Using in vivo functional-genetics approaches, Paddison is attempting to identify genes required for self-
renewal and lineage specification in embryonic and adult stem cells in humans and rodents. He seeks to
determine if these genes are involved in stem-cell-driven cancers. His lab is also studying how to apply
RNAI technologies to create cell types that one day might be used in cell replacement therapies.
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RNA INTERFERENCE MECHANISMS AND APPLICATIONS

G. Hannon A Aravin B. Czech P. Guzzardo . Ibarra A. Molaro N. Shostak
J. Brennecke C. Dos Santos  A.D. Haase F. Karginov  F. Rollins V. Sotirova
R. Burgess Y. Erlich X. He M. Kudla M. Rooks O. Tam
A. Canela M. Evgenev N. Hiramatsu ~ C. Malone  N. Rozhkov V. Vagin
K. Chang K. Fejes Toth |. Hotta K. Marran E. Rozhkova E. Zelentsova
S. Cheloufi A. Gordon

The Hannon lab continues to investigate the biology of
small RNA and to apply small RNAs as tools to under-
stand cancer. Through collaborations with the McCombie
and Gingeras labs here at CSHL and other labs, we have
expanded our efforts in genomics, particularly working
to devise increasingly powerful ways to probe the cancer
genome and to understand the diversity of small non-
coding RNAs. These studies have required increasingly
complex computational strategies, pushing efforts of the
group toward the development of new tools for harness-
ing the power of next-generation sequencing.

The last year has seen many changes in the makeup
of the lab. Julius Brennecke departed to assume a posi-
tion as a group leader at the IMBA in Vienna, and Liz
Murchison joined Jenny Graves and the Sanger Center
as a postdoctoral fellow. Jose Silva joined the faculty of
Columbia University. Monica Dus, Angélique Girard,
and Despina Siolas each received their Ph.D.s. Monica
left for a postdoctoral position with Greg Suh at New
York University, and Despina returned to complete the
medical school component of her M.D./Ph.D. program.
Hannah Bender, a longtime visitor working on the Tas-
manian Devil project, returned to Jenny Graves’ lab.

We were joined by several new postdoctoral fellows.
Andres Canela, who will continue to pursue his interests
in cancer genome structure, came to us from the CNIO.
Camila Dos Santos came from Mitch Weiss’ lab, bring-
ing her experience in hematopoiesis but changing her
focus to mammary stem cell biology. Vasily Vagin
joined us from Phil Zamore’s lab where he had done
fundamental work on small RNA pathways in the germ
line. Nobu Hiramatsu came as a fellow from Japan to
work on drug resistance mechanisms in lung cancer.
Several graduate students joined the lab this year,
namely, Paloma Guzzardo, Antoine Molaro, Ralph
Burgess, Marek Kudla, and Ben Czech. Nik Rozhkov
joined the fly group as a visiting student. Finally, Assaf
Gordon joined our computational group, and he has
worked tirelessly to make powerful informatics tools
more accessible to the lab overall.

This year has seen many interesting stories emerge or
initiate, and they are described in more detail below.

THE BIOLOGY OF SMALL RNAS

The Biology of Argonaute Proteins
S. Cheloufi

The genetic knockouts of Argonaute family members
Ago2, Agol, Ago3, and Ago4 demonstrate that Ago2 is
the only Argonaute protein required for embryonic
development. Ago2’s unique role during embryogenesis
could be explained by its specific association with small
RNAs, its expression level and profile, or its specific
catalytic activity. A set of independent point mutant alle-
les of Ago2 demonstrates that the catalytic activity of
Ago?2 is dispensable for embryonic development but is
essential after birth. Preliminary evidence demonstrates
that Ago2 does not associate with specific microRNAs
(miRNAs) and that the expression pattern of Ago2 in
the embryo is likely to be the key to its unique function
during embryonic development. Inactivation of Ago2
catalytic activity rescues the early lethality of Ago2 past
the organogenesis stage of embryonic development but
is lethal a few hours after birth. The requirement of the
catalytic activity of Ago2 at birth is still a mystery. We
are currently investigating the requirement of Ago2
catalysis in lung development at birth. Preliminary data
demonstrate that the point mutant lungs are immature
and result in respiratory distress and cyanosis. This
mouse model provides an essential tool for investigating
cleaving small RNAs and their targets.

Small RNA-mediated Epigenetic
Inheritance

C. Malone, J. Brennecke

Small RNA-directed silencing processes or RNA inter-
ference (RNAI) pathways participate vitally in chro-
matin regulation, repression of gene expression, viral
defense, and silencing of selfish genetic elements.

At the core of each pathway acts an Argonaute pro-
tein, which in its active form is loaded with a single-
stranded 21-30-nucleotide small RNA, guiding the
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Argonaute protein complex to RNA targets with com-
plementary nucleotide signatures. A variety of small-
RNA-generating pathways act upstream of distinct
Argonautes, resulting in the specialization of Argonaute
effector complexes for the identity of their targets. We
are interested in the in vivo functions of Argonaute pro-
teins in Drosophila, especially those acting to protect
the genome against selfish genetic elements such as
transposons.

We have gained recent insight into the Piwi path-
way, which seems to have specifically evolved to fight
transposable elements, by investigating a remarkable
phenomenon termed “hybrid dysgenesis.” Here,
crosses between two strains of Drosophila melano-
gaster produce sterile progeny. The reason for this is
that one strain has gained control over a single trans-
poson, whereas the other strain has not. We have now
determined that Drosophila mothers epigenetically
deposit Piwi protein complexes to offspring, imparting
the ability to the progeny to effectively silence active
transposable elements. Therefore, we have discovered
that Piwi proteins and their bound small RNAs are the
molecular basis underlying the phenomenon of hybrid
dysgenesis.

A New Action of Penelope

N. Rozhkov, A. Aravin, R. Sachidanandam, E. Rozhkova,
E. Zelentsova, N. Shostak, M. Evgenev

Three independent systems of hybrid dysgenesis are
known in D. melanogaster; they are the P-M, I-R, and
H-E systems. A fourth system is known in Drosophila
virilis, where an unusual transposon, Penelope, has a
key role and appears to be responsible for mobilization
of the other five transposable elements. These elements
belong to different transposon classes and unrelated
families.

We have shown that Penelope in D. virilis is processed
mainly into small interfering RNAs (siRNAs) (21
nucleotides) in contrast with other transposons that are tar-
geted both by siRNA and Piwi-interacting RNA (piRNA)
(23-29 nucleotides) pathways. It was therefore interest-
ing to investigate how Penelope behaves in distant species
such as D. melanogaster. These two species diverged from
each other 40—60 million years ago. Penelope, injected in
D. melanogaster, contributes only to the 21-nucleotide
siRNA fraction. Thus, we suggest that D. melanogaster
exposed to Penelope as a novel element can be used as a
model system to study how the RNAi machinery adapts to
invasion of new transposons or viruses.
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Mechanisms of piRNA Biogenesis

A. Haase

We characterized two predicted nucleases involved in
piRNA silencing. In addition to the Piwi proteins them-
selves, two putative nucleases have been linked to the
piRNA pathway through genetic analyses. Zucchini
(Zuc) encodes a protein with similarity to phospholipase
D/nucleases (Koonin, Trends Biochem. Sci. 21: 242
[1996]; Ponting and Kerr, Protein Sci. 5: 914 [1996]),
and Squash (Squ) shows limited similarity to RNase HII
(Itaya, Proc. Natl. Acad. Sci. 87: 8587 [1990]). Mutants
in these genes were initially isolated in a screen for
female sterility. Recent studies have indicated that flies
lacking either protein individually have some defects in
piRNA-mediated transposon suppression (Schupbach
and Wieschaus, Genetics 129: 1119 [1991]; Pane et al.,
Dev. Cell 12: 851 [2007]). We are evaluating Squ and
Zuc as candidate piRNA-processing enzymes. First, we
are characterizing small RNA populations in mutants by
deep sequencing. (Heterozygote flies serve as control.)
Char- acterization of small RNAs by deep sequencing
has proven to be a powerful phenotyping tool for piRNA
pathway mutants and has allowed assignment of many
pathway components to germ-line versus somatic path-
ways and to the feed-forward piRNA amplification loop
(C. Malone et al., submitted). Second, we are investi-
gating the enzymatic activities of Zucchini and Squash
using recombinant proteins in vitro. Third, flies express-
ing tagged transgenes are used to identify the respective
ribonucleoproteins (RNPs) in the female and male germ
line. Taken together, in vivo and in vitro analyses aim to
elucidate the functions of these two predicted nucleases
in piRNA biogenesis and to characterize their molecu-
lar mechanisms of action.

Common themes and differences exist in piRNA
silencing in germ-line stem cells (GSCs) and their
somatic niche. The expression of Aub and Ago3 is
restricted to the GSC, where they are engaged in a feed-
forward amplification loop of an initial piRNA signal,
whereas in the male and female germ line, Piwi acts in
GSCs and the surrounding somatic cells of the female
germ cell niche and solely in somatic cells of the male
germ line in Drosophila. We want to elucidate Piwi-only
piRNA pathways in the somatic germ cell niche and
investigate the relationship of Piwi to Aub and Ago3 in
GSCs. To investigate Piwi pathways in GSCs and
somatic cells of the GSC niche differentially, we have
generated transgenic flies expressing a tagged Piwi pro-
tein under the control of the Gal4-UASp system, which
allows tissue-specific expression of the transgene using
different Gal4 drivers. (Alternatively, specific cell types



from germ-line tissues can be purified using biochemi-
cal fractionations.)

Overall, we aim to gain new insights into the molec-
ular mechanism of transposon control and germ cell
maintenance, as well as a deeper understanding of the
functions and mechanisms of small RNA silencing path-
ways.

Proteomic Approaches to the
piRNA Pathway

V. Vagin, A. Aravin

To better understand the mechanism of the production
and function of piRNAs, we take advantage of trans-
genic animals expressing the FLAG-HA-tagged version
of PIWIs. We purified all PIWI complexes from the fly
and mouse germ lines. Very conservative proteins were
identified in the mouse and fly PIWI complexes. Muta-
tions in components of PIWI complexes lead to mouse
and fly sterility, similar to mutations in PIWI genes.

Currently, we are analyzing the role of Tudor proteins
in piRNA biogenesis in the mouse, using mutants for
corresponding genes (in collaboration with Dr. Chuma,
Kyoto University, and Dr. Wang, University of Pennsyl-
vania). In parallel, we are studying the phenotype of the
mutation in the Tudor gene in flies.

Genetic Approaches to Small
RNA Pathways in Flies

|. Hotta

To identify components of the three Argonaute-dependent
small RNA (siRNA, miRNA, and endogenous siRNA
[endo-siRNA]) pathways in Drosophila S2 cells, we have
undertaken a comparative and comprehensive genome-
wide RNAI screen. Among candidates emerging from the
screens, we identified subsets that act positively or nega-
tively on siRNA, endo-siRNA, and miRNA pathways.

Endogenous siRNAs in Drosophila

B. Czech [in collaboration with R. Zhou, Harvard Medical
School]

Small RNA pathways perform crucial functions in gene
regulation, defense against viruses, transposon silencing,
and formation of heterochromatin. The core effector com-
plex of each small RNA pathway comprises an Argonaute
protein associated with a single-stranded 19-30-

nucleotide small RNA that guides the Argonaute protein
to target transcripts sharing sequence complementarity.
These small RNAs are categorized according to their
mechanisms of biogenesis and the Argonaute protein to
which they bind. Thus far, two classes of endogenous
small RNAs have been identified in D. melanogaster:
miRNAs, which associate with AGO1 and are required
for proper development, and piRNAs, which act in con-
cert with the Piwi clade proteins Piwi, Aub, and AGO3 to
suppress mobile genetic elements. However, the endoge-
nous binding partners of AGO2 have remained enigmatic.

Using biochemistry and deep sequencing of AGO2
immunoprecipitates, we showed that Drosophila gener-
ates a third endogenous small RNA class: endo-siRNAs.
endo-siRNAs arise both from convergent transcription
units and from structured genomic loci in a tissue-specific
fashion and have the capacity to target virus transcripts,
transposons, and protein-coding genes. We furthermore
identified the double-stranded RNA (dsRNA)-binding
protein Loquacious (Logs)—thus far only known as an
miRNA biogenesis factor—as being required for the bio-
genesis of endo-siRNAs derived from structured loci. Fol-
lowing up on our systematic analysis, we found that a
specific isoform of Logs, that is distinct from the one
shown to facilitate processing or pre-miRNAs, is respon-
sible for endo-siRNA processing. Deep-sequencing data
and northern blots indicate that this specific isoform is
also required for the production of endo-siRNAs derived
from sources other than structured loci (e.g., endo-
siRNAs targeting repeat sequences).

pPiRNA Clusters in Mammals
A. Aravin, A. Molaro

We investigated the biogenesis and function of piRNA in
the mouse germ line. piRNAs are derived from extended
genomic regions referred to as piRNA clusters. Using a
recombineering approach, we inserted an artificial
sequence (green fluorescent protein [GFP]) in two piRNA
clusters. Modified piRNA clusters were introduced in the
mouse genome as transgenes by pronuclei injection (in
collaboration with Dr. Sang Yong Kim, Cold Spring Har-
bor Laboratory). Transgenic animals will be used to gain
further insight into the mechanisms of piRNA biogenesis.
We also investigated the function of piRNA in the estab-
lishment of de novo DNA methylation using piRNA
reporter constructs where sequences complementary to
abundant endogenous piRNAs were inserted in the pro-
moter region of the gene expressed in the germ line. To
test the association of the protein partner of piRNA,
MIWI2 protein, with chromatin, we performed chromatin
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immunoprecipitation (ChIP) analysis on sorted germ cells.
Using small RNA cloning and high-throughput sequenc-
ing, we investigated the dynamics of piRNA populations
during prenatal mouse development when de novo methy-
lation patterns are established.

New Classes of Small RNAs

K. Fejes-Toth, V. Sotirova, A. Gordon [in collaboration with
T. Gingeras, Cold Spring Harbor Laboratory]

The transcriptomes of eukaryotic cells are very complex.
Noncoding RNAs dwarf the number of protein-coding
genes and include classes that are well understood and
classes whose nature, extent, and functional roles are
obscure. We aimed to characterize the small RNA (<200
nucleotides) transcriptome of human cell lines. Deep
sequencing of small RNAs from HeLa and HepG2 cells
revealed a remarkable breadth of species that arose both
from within annotated genes and from unannotated inter-
genic regions. Overall, small RNAs tended to align with
CAGE tags that mark the 5" ends of capped, long RNA
transcripts. We have developed complex cloning strate-
gies to characterize the biochemical properties of small
RNAs and preferentially include or exclude species bear-
ing different 5" ends. These experiments revealed that
many small RNAs, including the previously described
promoter-associated small RNAs (PASRs), appeared to
possess cap structures. An extensive class of both small
RNAs and CAGE tags are distributed across internal
exons of annotated protein-coding and -noncoding genes,
sometimes crossing exon—exon junctions. These data indi-
cate that processing of mature mRNAs through an as yet
unknown mechanism may generate complex populations
of both long and short RNAs whose apparently capped 5’
ends coincide.

Supplying synthetic PASRs corresponding to the c-
myc transcriptional start site reduced myc mRNA abun-
dance. Although some functional analyses indicate that
at least PASRs do regulate the expression of the under-
lying coding genes, the possible regulatory function of
these small RNAs needs further analysis.

SMALL RNAS AND CANCER

The miR-34 Family in Cancer
X. He

miR-34a lies in the p53 pathway and has been proposed
to be a mediator of its tumor suppressive effects. We
have generated constitutive knockout alleles of mir-34a
34

in which the primary miRNA transcript is replaced by
lacZ (the gene encoding B-galactosidase). The genotyp-
ing of targeted C57/BL6 embryonic stem (ES) cells has
been accomplished by southern blot and polymerase
chain reaction (PCR). Correct targeted ES cell clones
were microinjected into the albino C57/BL6-derived
blastocysts by the animal facility here at CSHL. The
chimeric mice have been born and bred for germ-line
transmission. Knockout mice have been recovered from
the offspring, and the phenotypes of mir-34a-null mouse
embryonic fibroblasts (MEFs) have been character-
ized. We have also targeted BL6/129 hybrid ES cells
with the same constitutive knockout construct, and we
are generating mice using the tetraploid—ES cell com-
plementation method. In this approach, correct targeted
ES cells were injected into 4n blastocysts, the ES cells
gave rise to the epiblast, and the 4n host cells gave rise
only to the placenta. This method allows us to study the
consequences of mir-34a loss at an accelerated pace
without the need for a chimeric intermediate. The cor-
rectly targeted ES cell clones were recovered at a rate
of 30%, injected into 4n blastocysts by the animal facil-
ity, and the mir-34a-null mice have been identified. We
are now studying the impact of miR-34a loss on p53
network function and tumorigenesis.

Roles of Argonaute and mRNA-binding
Proteins in mRNA Control

F. Karginov, M. Kudla

Argonautes, the main components of the RNA-induced
silencing complex (RISC), perform posttranscriptional
regulation of most messenger RNA (mRNA). Guided
by the imperfect complementarity of specific bound
miRNAs to mRNAs, Agos cause translational repres-
sion or mRNA decay in a spatially and temporally
defined manner, thus participating in many biological
processes, such as differentiation, development, and dis-
ease. Although the core principles of Ago—-miRNA-—
mRNA interactions have been established, many
fundamental questions remain: What are the detailed
rules of miRNA-mRNA interactions? How are these
interactions regulated by other mRNA-binding proteins
in various cellular processes, including stress response?
What are the individual roles of the four mammalian
Agos, particularly the catalytic activity of Ago2?

We are addressing these questions by a combination of
biochemical and genomic techniques. In the past, we have
developed a biochemical method to identify miRNA tar-
gets, and Ago-interacting mRNAs in general, by
immunoprecipitation. Currently, we are using the method



to shed light on the role of Argonaute in translational reg-
ulation during the stress response. Furthermore, we are
studying the role of the endonuclease activity of Ago by
genome-wide 5" RACE (rapid amplification of cDNA
ends) approaches. In addition, we are constructing a tran-
scriptome-wide library of 3' UTRs (untranslated regions)
to functionally interrogate their interactions with Arg-
onautes and other mRNA-binding proteins. This tool will
allow us to not only identify mRNAs that respond to par-
ticular miRNAs or mRNA-binding proteins, but also
investigate their interactions on the mRNA.

Genetic Vulnerabilities of
Human Cancers

K. Chang, K. Marran

We have shown that large-scale loss-of-function pooled
screens using shRNA libraries can identify genes essen-
tial for survival or proliferation of human breast epithe-
lial cells. Extending this approach during the past year,
we have demonstrated the feasibility of using our
shRNA libraries to perform genome-wide synthetic-
lethal analysis for modifiers of drug (rapamycin) sensi-
tivity in cancer cells. This analysis has enabled us to
identify potentially new drug combinations with rapa-
mycin by targeting new pathways that regulate phos-
phoinositol-3 kinase/mammalian target of rapamycin
(PI3K/mTOR) signaling.

Furthering our screening capabilities, we have initi-
ated a multi-institutional (CSHL; University of Califor-
nia, Los Angeles; Harvard Medical School; Baylor
College of Medicine; Cancer Research UK; Fox Chase
Cancer Institute; and the University of Michigan Com-
prehensive Cancer Center) collaborative effort to target
breast cancer molecular subtypes using an integrative
approach with the goal of yielding clinical impacts for
improving the effectiveness of targeted breast cancer
therapies. Our contribution to this cause is to perform
genome-wide synthetic-lethal analysis for identifying
critical targetable pathways in the three therapeutic cat-
egories: ER-positive, Her2-positive, and triple-negative
disease. Our hope is to develop more rationally designed
combination therapies that will eventually lead to new
trials in the clinic implemented by translational mem-
bers of our team.

Another area of application of RNAI screens is in the
understanding of the molecular and pathological basis
of pancreatic cancer. We and other laboratories here at
CSHL are initiating a new collaborative program with
the goal of developing new targeted therapies for this
lethal disease.

Mechanisms of Tarceva Resistance
F. Rollins

This work has been in two major areas, both making use
of the RNAI expertise of the Hannon lab. The first proj-
ect is an RNAI1 screen using the Hannon-Elledge RNA1
library to investigate modifiers of cellular response to
targeted therapeutics. The current focus is on Tarceva
(erlotinib; OSI Pharmaceuticals/Genentech), an FDA-
approved agent for treatment of non-small-cell lung can-
cer and pancreatic cancer. The goal is to identify the
genetic reasons underlying sensitivity to Tarceva and to
make it a more powerful therapeutic. The second area
of my research is to identify compounds for delivering
RNAIi molecules in vivo, which focuses on the use of
different compounds to induce RNAI silencing of spe-
cific target genes, as well as carrier compounds used to
deliver RNA molecules to cells in mice.

miRNAs and Breast Cancer

I. Ibarra, C. Dos Santos

Studies profiling miRNA expression in a heterogeneous
murine mammary progenitor cell line (Comma-Df3
cells) by our group demonstrated that several miRNAs
are differentially expressed in a self-renewing popula-
tion (cells expressing ALDH-1), as compared to a more
differentiated population. These findings led to the
hypothesis that miRNA signatures provide a convenient
strategy to classify and localize rare cell populations
within a heterogeneous population and also suggested
that manipulation of miRNA expression patterns might
be useful for expanding or depleting stem cell and can-
cer stem cell populations, perhaps with therapeutic ben-
efits. The classification of stem cells according to
miRNA expression might demonstrate several advan-
tages over traditional surface marker methods. Their
ability to control the level of hundreds of different tar-
gets according to their presence, absence, or concentra-
tion represents a functional strategy to classify and mark
cells according to their specification.

The stem-like mammary progenitor miRNA profile
identified not only depletes miRNAs particular to this
population, but also specific abundant miRNAs. These
miRNAs could have an important role in the regulation of
self-renewing properties, cell-stage maintenance, and dif-
ferentiation. Therefore, manipulating the levels of abun-
dant miRNAs present in mammary stem cells would also
lead to a better understanding of the relationship between
miRNAs and stem cells. Recently, cholesterol-conjugated
single-stranded RNA complementary to miRNAs,
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referred to as antagomirs, have being applied to silenced
miRNAs. However, studies analyzing in vivo delivery of
cholesterol-conjugated molecules suggested that signifi-
cant amounts of cholesterol-conjugated antagomirs failed
to immediately associate with lipoproteins and therefore
cannot be transported to cells, suggesting that delivery of
lipophilic conjugated molecules is efficient but not flaw-
less. Attempting to find new approaches for an efficient
antagomir delivery, we initiated a collaboration with San-
taris Pharma, which developed a new generation of syn-
thetic nonconjugated antago mirs, smaller than
conventional antagomirs (~7 nucleotides). Theoretically,
such small molecules should easily go through the cell
membrane. Our preliminary results from in vitro and in
vivo studies strongly suggest that a 7-mer antagomir is
functional and demonstrates a potential role as a thera-
peutic agent.

NEXT-GENERATION SEQUENCING
APPROACHES TO CANCER,
DEVELOPMENT, AND EVOLUTION

Structural Variation in Human Cancer

A. Canela

The goal is to create an adeno-associated virus (AAV)
vector for our shRNA library that will allow the use of
shRNA and shRNA screenings in neuroscience. In col-
laboration with the Wigler lab here at CSHL, I am also
evaluating the importance in breast cancer of genes
involved in CNV (copy-number variations, character-
ized by the Wigler lab) by shRNA screenings and
sequencing-by-synthesis technology.

We are characterizing structural variation in breast
cancer genomes focusing on regions containing chromo-
somal rearrangements identified by comparative genomic
hybridization (CGH) analysis (in collaboration with the
Wigler lab). These regions are recovered from tumor
genomes by array capture, and the precise structure of the
genomic rearrangement is deciphered at single-base res-
olution by next-generation sequencing. These studies will
provide the first deeply detailed picture of chromosomal
alterations in breast cancers.

Analysis of DNA Methylation States
during Development and Differentiation

A. Molaro, O. Tam, M. Rooks, E. Hodges

DNA methylation is an important marker of transcrip-
tional regulation in the cell, and its presence correlates
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strongly with a repression of associated genes. This
methylation pattern is dynamic, and it can be altered dra-
matically during the development and differentiation of
the cell. Profiling of DNA methylation at various stages
of development and differentiation could provide great
insight into the cellular changes underlying these events.

The Hannon lab has recently developed techniques to
analyze DNA methylation patterns throughout the genome,
using a combination of microarray-based DNA enrichment
and high-throughput deep sequencing. To enhance the
capability of this technology, we investigated the possibil-
ity of working with lower amounts of DNA (as low as 1
ng), therefore allowing the study of low-abundance mate-
rial (such as germ cells and developing embryos).

We have successfully generated bisulfite-converted
DNA libraries from 2000 cells and are in the process of
reducing the amount by tenfold. We have also designed
microarrays that will enrich for genes and regions that
have been implicated in stem cell maintenance, lineage
specification, and repetitive element silencing, allowing
us to analyze the methylation states at these loci. Our ulti-
mate goal is to apply the technology to the study of DNA
methylation patterns in preimplantation embryos, germ
cell development, and hematopoietic differentiation.

Alta-Cyclic: A Self-optimizing Base Caller
for Next-generation Sequencing

Y. Erlich [in collaboration with P. Mitra and D. McCombie,
Cold Spring Harbor Laboratory]

Next-generation sequencers are revolutionizing biologi-
cal research—they impact many aspects of genomics.
Nevertheless, these sequencers are error-prone and suffer
from shorter reading lengths as compared to conventional
sequencers. We sought to improve the base-calling pro-
cedure for [llumina Genome Analyzers to obtain more
accurate and longer sequence reads. Such an improve-
ment would boost overall output per run, increase
genomic coverage, and improve the ability to detect
sequence variants. Longer reads also increase mapping
precision and may even enable de novo genome assembly.

Inspired by ideas from communication theory, we
analyzed the sequencing platform’s nonstationary dis-
tortion factors, because these accumulate throughout the
run and reduce accuracy in later sequencing cycles. On
the basis of our analyses, a model that describes two
main signal distortions was created. The first distortion
is due to chemical imperfections, dubbed as “phasing,”
that induce heterogeneity in the nascent strand lengths
across the DNA cluster. The heterogeneity reduces the
purity of the signal from the interrogated position and



increases every cycle. The second distortion is an
observed change in the spectral overlap between fluo-
rophores as a function of cycle that induces a substan-
tial bias toward certain base calls in later cycles.

We developed a novel base caller named Alta-Cyclic
that is designed to specifically address these distortions.
Alta-Cyclic works in two stages: the training stage and
the base-calling stage. During the training stage, Alta-
Cyclic learns run-specific noise patterns according to our
model and finds an optimized solution that reduces the
effect of these noise sources. The optimization is mainly
achieved by supervised learning using a rich DNA library
with a known reference genome. Alta-Cyclic then enters
the base-calling stage and reports all of the sequences
from the run with optimized parameters.

Benchmarking Alta-Cyclic with respect to the Illu-
mina base caller after a long run of 78 cycles revealed a
substantial increase in the number of correct base calls.
For instance, in the case of a Phi-X library, Alta-Cyclic
reported more than fourfold, 78-nucleotide-long, fully
correct reads that comprised 22% of the total sequences.
For comparison, the Illumina base caller reported only
5% of the total sequences without any misdetection.

Alta-Cyclic follows the open source philosophy for the
benefit of the whole genomics community. The source
code, installation, and usage instructions are available on
our website: http://hannonlab.cshl.edu/Alta-Cyclic/main.
html. The code is compatible with the current [llumina
input and output formats and supports cluster computing
using the Sun Grid Engine. The details of the mathemati-
cal modeling and the supervised learning algorithm are
hidden from the users, allowing them to focus on the bio-
logical meaning of their data. In terms of development
perspective, a great effort was made to write the base caller
in a modular and scalable approach to allow future devel-
opment by us or other users. In addition, every Alta-Cyclic
installation constantly collects data regarding successful
optimization parameters. The collected information is
reported back to a central repository and will be used to
enhance the training phase in later versions.

SUDOKU MULTIPLEXING: MASSIVE
PARALLEL GENOTYPING WITH
NEXT-GENERATION SEQUENCERS

DNA Sudoku: Indexed Applications of
Next-generation Sequencing

Y. Erlich, K. Chang, M. Rooks

Next-generation sequencers have the potential to geno-
type in parallel DNA libraries that are composed of

many different specimens—a practice known as multi-
plexing. A major requirement of a multiplexing scheme
is the ability to associate each sequenced genotype with
its original specimen. Current schemes rely on labeling
each specimen uniquely using a short DNA tag, a
process dubbed DNA bar coding. Unfortunately, unique
bar coding of each specimen is expensive and labor-
intensive; therefore, it is only practical for small-scale
multiplexing experiments.

During the past year, we have developed a novel
strategy called Sudoku Multiplexing. This strategy dra-
matically reduces the bar-coding procedures and
expands the practical limits on multiplexing, realizing
the sequencers’ full potential. The power of Sudoku
Multiplexing stems from encoding pools of specimens
instead by assigning unique bar codes. To maintain the
identity of the specimens, which may be lost in the pool-
ing, the pools are constructed in a combinatorial way;
each specimen is pooled several times, but each time, it
is pooled with a different subset of specimens. We used
a simple yet powerful theorem in number theory, called
the Chinese Reminder Theorem, to create this combi-
natorial pooling design. The simplicity of the theorem
allows for a straightforward translation of the encoding
scheme to movements of a liquid-handling robot that
carries the pooling procedure.

In the decoder side, the output of a multiplexed
sequencing experiment is a set of combinatorial con-
straints, each of which corresponds to a different pool. A
constraint can be thought of something such as “speci-
mens #1, #6, #11, #16 can have sequences of type I, IV,
V, VIL.” Indeed, a single constraint is not enough to deci-
pher which sequence was derived from each specimen.
However, an additional constraint such as “specimens #1,
#7, #13, #19 can have sequences of type II, III, V, VI”
automatically means that specimen #1 is associated with
the sequence of type V. In addition, it reduces the uncer-
tainty regarding the other specimen-sequence assign-
ments. Thus, by combining constraints, one can eliminate
the uncertainties and associate each specimen with its
derived sequence. This situation is quite similar to the
popular game Sudoku, where numbers are assigned to a
grid using a set of constraints. However, both Sudoku and
decoding the multiplexed sequences fall into the class of
hard combinatorial optimization problems, where a
tractable algorithm for any given input is unknown. We
are currently developing a decoder that is based on a mes-
sage-passing algorithm that has had substantial success
in solving such optimization problems, even for quite dif-
ficult inputs. This algorithm combines the constraints in
a soft way and gradually converges into the correct
assignment combination (or close to it).
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We demonstrated the power of our method by geno-
typing 40,000 bacterial colonies that comprise an
shRNA library of 16,000 different fragments. The geno-
typing was carried by a single Solexa run and used only
384 bar codes and less than 2000 PCRs. Our method
also has extensive implications for medical genetics,
organ donor banks, prenatal screens, and population
genetics studies.
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TUMOR-SUPPRESSOR NETWORKS

S. Lowe C. Bialucha L. Dow L. Lintault P. Premsrirut M. Spector
A. Chicas S. Ebbesen B. Ma A. Rappaport M. Taylor
Y. Chien C. Fellmann K. Mcdunkin M. Saborowski ~ W. Xue
N. Dawkins-Pisani  C. He C. Miething C. Scuoppo Z. Zhao
K. Diggins-Lehet V. Krizhanovsky  T. Pardee J. Simon J. Zuber

Cancer arises through an evolutionary process whereby
normal cells acquire mutations that erode growth con-
trols, leading to the inappropriate expansion of aberrantly
proliferating cells. Such mutations can involve activation
of oncogenes or inactivation of tumor-suppressor genes,
each contributing one or more new capabilities to the
developing cancer cell. However, cancer is not an
inevitable consequence of oncogenic mutations; instead,
cells acquiring such mutations can be eliminated or kept
in check by innate tumor-suppressor programs that can
be activated in these damaged cells. Our laboratory stud-
ies tumor-suppressor networks controlling apoptosis and
senescence and how their disruption influences malig-
nant behavior. We previously showed that apoptosis and
cellular senescence are potent barriers to oncogene-driven
tumorigenesis and that each contributes to the antitumor
action of many chemotherapeutic drugs. Thus, not only
do mutations that disrupt apoptosis and senescence pro-
mote tumor progression, but, depending on the particular
lesion, they can also reduce the efficacy of cancer therapy.
To facilitate our research, we are combining
advanced genetic and genomic tools that enable us to
explore various aspects of cancer biology in a compre-
hensive way. For example, we have recently developed
new mouse cancer models based on the genetic manip-
ulation of stem and progenitor cells ex vivo followed by
transplantation of the altered cells into the appropriate
organ of syngeneic recipient mice. This approach allows
us to rapidly study the impact of many genes and gene
combinations on tumorigenesis in a “mosaic” setting
where tumor-initiating cells are embedded in normal tis-
sues. Furthermore, we have developed powerful meth-
ods for using RNA interference (RNAi) to suppress
gene function in vivo in either a stable or reversible
manner. Current efforts in the laboratory strive to inte-
grate mosaic mouse models, RNAi, and cancer
genomics to identify new components of tumor-sup-
pressor gene networks and characterize their impact on
tumorigenesis and treatment response. In addition, we
are developing new RNAi methods to explore the role of
tumor-suppressor genes in tumor maintenance and the
cell death mechanisms involved in tumor regression.

Control of Cell Survival

C. Bialucha, K. Diggins-Lehet, C. Miething, C. Scuoppo,

J. Simon [in collaboration with G. Hannon and A Krainer, Cold
Spring Harbor Laboratory; J. Pelletier, McGill University; and
former laboratory members H. Wendel, Memorial
Sloan-Kettering Cancer Center, and A. Bric]

Normal cells possess intrinsic tumor-suppressor mecha-
nisms that limit the consequences of aberrant proliferation.
For example, deregulated expression of c-Myc or disrup-
tion of the retinoblastoma (Rb) pathway in normal cells
can force aberrant S-phase entry and predispose cells to
apoptotic cell death. Conversely, many oncogenic pathways
promote cell survival by countering apoptosis. We have
previously shown that oncogenes can engage the ARF-p53
tumor-suppressor pathway to promote apoptosis and that
disruption of this pathway through loss of tumor suppres-
sors or enforced expression of prosurvival genes cooper-
ates with oncogenes to transform normal cells in vitro and
promote tumorigenesis in vivo. We are currently interested
in identifying additional components of these programs
and understanding how they function in a tumor-suppres-
sor network (see, e.g., Tworkowski et al. 2008).

Much of our current work on apoptosis and survival
signaling exploits the Ep-myc transgenic mouse model.
This model is a model of B-cell lymphoma, where dis-
ruption of the ARF-p53 pathway, or overexpression of the
prosurvival gene Bcl-2, cooperates to dramatically accel-
erate lymphomagenesis. More recently, we have used the
Eu-myc model to demonstrate that prosurvival signaling
through the phosphoinositol-3 kinase (PI3K)/Akt path-
way can substitute for Bcl-2 in accelerating lymphoma-
genesis. During the past several years, we have been
identifying components of this signaling network and
studying whether they would serve as useful targets for
therapeutic intervention. For example, we collaborated
with Jerry Pelletier to identify a crucial role for the
tuberosclerosis gene 7SC2 in suppressing Myc-induced
lymphomagenesis (Mills et al. 2008). Moreover, we col-
laborated with former laboratory member H. Guido Wen-
del to implicate the TSC complex regulator Rheb as a
potent human oncogene (Mavrakis et al. 2008) and also
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with Adrian Krainer at CSHL to study how alterative
splice factors modulate mammalian target of rapamycin
(mTOR) activity (Karni et al. 2008).

Many of the downstream effects of the PI3K/Akt path-
way appear to affect translation initiation. Indeed, we pre-
viously showed that the translation initiation factor e/F4E
is a potent oncogene in vivo and can promote resistance
to certain cancer therapies and later showed that its onco-
genic activity correlates with its ability to activate trans-
lation and become phosphorylated on Ser-209. These
results suggest that translational control of cell survival
might be a therapeutic target and, indeed, our collabora-
tor Jerry Pelletier used these model systems to test new
inhibitors of translation initiation to show that they have
antitumor activity in the Ell-myc system (Bordeleau et al.
2008). Dr. Pelletier has recently joined the laboratory on
a sabbatical, and future efforts will thus continue to exam-
ine the role of translation in survival signaling, in onco-
genesis, and as a therapeutic target.

In a different approach, we have performed an RNAi-
based screen (see below) to identify new tumor suppressors
whose loss accelerates Myc-induced lymphomagenesis.
One gene we identified as a potent tumor suppressor was
RADI7, which acts to mediate DNA-damage responses to
replicative stress. We showed that short hairpin RNAs
(shRNAs) suppressing RAD17 attenuate Myc-induced
apoptosis and enable Myc-expressing cells to more rapidly
proliferate. Further characterization of the mechanism by
which RAD17 suppression contributes to tumorigenesis is
under way. We anticipate that other genes identified in this
screen may also mediate apoptosis in response to Myc.

Roles and Regulation of
Cellular Senescence

A. Chicas, Y. Chien, M.V. Krizhanovsky, J. Simon, W. Xue [in
collaboration with Z. Yuan and M. Zhang, Cold Spring Harbor
Laboratory; E. Hernando, New York University; and former lab-
oratory members M. Narita, CRUK-Cambridge; L. Zender,
Helmholtz-Gemeinschaft; and M. McCurrach]

Cellular senescence was originally described as a process
that accompanies replicative exhaustion in cultured human
fibroblasts and is characterized by a series of poorly
understood markers. Senescent cells remain metabolically
active, but they are unable to proliferate and display
changes in gene expression that could alter tissue physi-
ology. As such, they are genetically “dead” and cannot
contribute to tumor development. Although “replicative”
senescence is triggered by telomere attrition and can be
prevented by telomerase, an identical end point can be pro-
duced acutely in response to activated oncogenes, DNA
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damage, oxidative stress, or suboptimal cell culture con-
ditions. These observations have led us to propose that
senescence acts in parallel to apoptosis as a cellular
response to stress and acts in a similar way to suppress
tumorigenesis and mediate responses to chemotherapy.

Our laboratory was the first to demonstrate that dereg-
ulated mitogenic oncogenes could drive cells into a senes-
cent state thereby preventing transformation and that
senescence could contribute to the outcome of chemother-
apy in vivo. On the basis of the hypothesis that senescence
is an important tumor-suppressive mechanism in vivo, we
continue to study the roles and regulation of senescence.
On the one hand, we have continued to explore how the
p53 tumor-suppressor pathway activates a gene expres-
sion program to trigger senescence; on the other hand, we
are interested in how the Rb tumor suppressor represses
gene expression in senescent cells. Interestingly, regarding
the latter, we are performing large-scale gene expression
profiling experiments to identify Rb-regulated genes that
are unique to the senescent state. These studies imply that
Rb acts, primarily, to suppress genes involved in DNA
replication, particularly in cells undergoing cell cycle exit
into senescence. We believe that this may be crucial to its
tumor-suppressive role and continue to work on the mech-
anism of this effect.

We also continue to be interested in the biology of
senescence and its potential roles beyond cancer. Although
senescent cells have been observed in some aged and
damaged tissues, their functional contribution to non-
cancer pathologies has not been examined. This year, we
showed that senescent cells accumulate in murine livers
treated to produce fibrosis, a precursor pathology to cir-
rhosis (Krizhanovsky et al. 2008; Krizhanovsky, in press).
The senescent cells are derived primarily from activated
hepatic stellate cells that initially proliferate in response
to liver damage and produce much of the extracellular
matrix deposited in the fibrotic scar. In mice lacking p53,
a key senescence regulator, stellate cells continue to pro-
liferate, leading to excessive liver fibrosis. Furthermore,
senescent-activated stellate cells exhibit a gene expression
profile consistent with cell cycle exit, reduced secretion
of extracellular matrix components, enhanced secretion of
extracellular matrix—degrading enzymes, and enhanced
immune surveillance. Accordingly, natural killer cells, a
major component of the innate immune system, preferen-
tially kill senescent-activated stellate cells in vitro and are
required to efficiently eliminate these cells in vivo, thereby
facilitating the resolution of fibrosis.

The results described above suggest that the senescence
program acts physiologically to limit the fibrogenic
response to acute tissue damage and raise the possibility
that it acts in other wound-healing responses as well. We



are also following up on work from 2007 showing that p53-
deficient liver carcinoma cells could undergo senescence
following p53 reactivation in vivo and that this program
triggers an immune response that attacks the senescent
tumor cells (Krizhanovsky, in press). Thus, we are contin-
uing to explore the interplay between senescence and the
immune system in the immune surveillance of developing
tumor cells as well as in influencing tissue biology.

Mouse Models of Human Cancer

C. Bialucha, K. Diggins-Lehet, L. Dow, S. Ebbesen, L. Lintault,
C. Miething, A. Rappaport, M. Saborowski, C. Scuoppo, J.
Simon, M. Taylor, Z. Zhao, and J. Zuber [in collaboration with
S. Kogan, University of California, San Francisco; C. Cordon-
Cardo, Columbia University; and former laboratory member

L. Zender, Helmholtz-Gemeinschaft]

Cancer is a heterogeneous disease that involves the accu-
mulation of oncogenic mutations that each confers an
advantage to the developing cancer cell. Moreover, it is
now apparent that malignant tumors are not merely a col-
lection of genetically identical cancer cells, but an organ
that incorporates and is influenced by cellular and molec-
ular components derived from normal tissue. As a conse-
quence, the tissue microenvironment can have a dramatic
effect on the tumor progression. Such issues place con-
straints on the utility of in vitro models to study all aspects
of cancer development relevant to disease progression in
patients. Therefore, to address these complexities, we have
relied extensively on the generation and analysis of mouse
models of human cancer.

Most mouse cancer models involve the generation of
mouse strains that constitutively or conditionally harbor
a cancer-promoting lesion in the germ line. The produc-
tion of animals prone to the development of complex can-
cers typically involves the intercrossing of multiple
cancer-prone strains that, although effective, can be time
consuming and expensive. To address this issue, we have
incorporated an additional approach that relies on the iso-
lation of stem and progenitor cells from various murine
tissues, their genetic manipulation in vitro using retro-
virus-mediated transduction, followed by their retrans-
plantation into syngeneic (immunocompetent) recipients.
This approach is both flexible and rapid, because many
combinations of cancer-predisposing lesions can be used
to produce cancers in mice in a physiologic tissue com-
partment, without the time and expense of intercrossing
many germ-line strains. Moreover, the resulting animals
are “mosaics” in that the developing tumor cells are sur-
rounded by a normal tissue microenvironment, much as
would occur in human cancer progression.

Our initial use of “mosaic” mouse models involved
modifications of the Eu-myc lymphoma system
described above, where hematopoietic stem and pro-
genitor cells are isolated from bone marrow of fetal liv-
ers, manipulated in vitro, and then transplanted into
lethally irradiated recipient mice. Indeed, we first used
this system to characterize p53 effector functions rele-
vant in lymphomagenesis and to document the utility of
stable RNAI to mimic tumor-suppressor gene loss in
vivo. More recently, we developed a mosaic model of
hepatocellular carcinoma. Here, liver progenitor cells
(hepatoblasts) are isolated, genetically modified in vitro,
and transplanted into the livers of recipient animals. This
system enabled us to explore the role of tumor suppres-
sor gene loss in the maintenance of malignant progres-
sion and, in doing so, to identify a new form of
immunosurveillance relevant to carcinoma biology. This
year, we used these models in a number of important
collaborations (Bordeleau et al. 2008; Gyrd-Hansen et
al. 2008; Mills et al. 2008; Keng et al., in press; Laska
et al., in press; Xu et al., in press; Ma et al., in press].

On the basis of the success of the mosaic approach,
we have begun to develop additional mosaic mouse mod-
els to explore new aspects of cancer biology. For exam-
ple, using procedures that parallel the Ep-myc system
described above, we have developed a series of mouse
models of acute myeloid leukemia that harbor combina-
tions of genetic alterations that occur in human patients.
Interestingly, these models show general pathology and
treatment responses as the corresponding human cancers
(Zuber et al., in press), giving us confidence that these
models can teach us about elements of cancer relevant
to human patients. In addition, we are developing a
mosaic model of breast cancer based on the isolation of
mammary stem and progenitor cells and retransplantion
of altered cells into cleared fat pads of recipient animals.
As discussed below, we are using these models as tools
for cancer gene discovery as well as for drug target iden-
tification and validation.

Integrated Approaches to
Cancer Gene Discovery

C. Bialucha, K. Diggins-Lehet, S. Ebbesen, L. Lintault, B. Ma,
C. Miething, A. Rappaport, M. Saborowski, C. Scuoppo, J.
Simon, W. Xue, and J. Zuber [in collaboration with A. Kraznitz,
M. Wigler, J. Hicks, L. Van Aelst, R. Sordella, G. Hannon, and
S. Powers, Cold Spring Harbor Laboratory; J. Luk, Hong Kong
University; and C. Cordon-Cardo, Columbia University]

Because of its simplicity and ease of use, the mosaic
mouse-modeling approach lends itself to rapid charac-
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terization of cancer genes. We presume that most genes
that modulate cancer in humans will do so in mice, and
thus we have developed procedures that integrate
genomic information from human tumors with mouse
mosaic models to identify and characterize functionally
relevant cancer genes. This effort was initiated in 2006,
when we developed a system to rapidly clone and
express functional shRNAs in mosaic mouse models. In
the last year, we began to incorporate RNAi technology
into our efforts to identify new cancer genes. Owing to
its ability to suppress gene expression, we previously
showed that RNAI serves as a rapid approach to mimic
the consequences of tumor-suppressor gene loss.

In our first attempts to use RNAi for tumor-suppres-
sor gene discovery, we used our mosaic model of hepa-
tocellular carcinoma (HCC) to validate a tumor-sup-
pressor gene on human chromosome 8p. Deletions on
chromosome 8p are common in human tumors, sug-
gesting that one or more tumor-suppressor genes reside
in this region. One of these genes is deleted in liver can-
cer 1 (DLCI), which encodes a Rho-GTPase-activating
protein. We showed that DLC! knockdown cooperates
with Myc to promote HCC in mice and that reintroduc-
tion of wild-type DLC! into hepatoma cells with low
DLCI levels suppresses tumor growth in situ (Xue et
al. 2008). Cells with reduced DLC! protein contain
increased GTP-bound RhoA, and enforced expression
of a constitutively activated RhoA allele mimics DLC1
loss in promoting hepatocellular carcinogenesis. Con-
versely, down-regulation of RhoA selectively inhibits
tumor growth of hepatoma cells with disabled DLC].
Our data validate DLC/ as a potent tumor-suppressor
gene and suggest that its loss creates a dependence on
the RhoA pathway that may be targeted therapeutically.
They also illustrate the utility of stable RNA1 to reveal
new tumor-suppressor genes.

In addition to probing tumor-suppressor genes in
vivo in a one-by-one manner, our laboratory (together
with Drs. Hannon, Kraznitz, Hicks, Wigler, and Powers
at CSHL) also performed in vivo screens to multiplex
the analysis of candidate tumor-suppressor genes. In one
example, we compiled pools of shRNAs targeting the
mouse orthologs of genes recurrently deleted in a series
of human HCCs and tested their ability to promote
tumorigenesis in a mosaic mouse model (Zender et al.
2008). In contrast to randomly selected shRNA pools,
many deletion-specific pools accelerated hepatocar-
cinogenesis in mice. Through further analysis, we iden-
tified and validated 13 tumor-suppressor genes, 12 of
which had not been linked to cancer previously. One
gene, XPO4, encodes a nuclear export protein whose
substrate, EIF5A2, is amplified in human tumors,
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required for proliferation of XPO4-deficient tumor cells,
and promotes HCC in mice. These results establish the
feasibility of in vivo RNAI screens and illustrate how
combining cancer genomics, RNAi, and mosaic mouse
models can facilitate the functional annotation of the
cancer genome.

In another example of this general approach, we per-
formed an RNAI screen for new tumor-suppressor genes
in the Ep-myc mouse model described above. Pools of
shRNAs targeting a focused set of cancer-relevant genes
were introduced into hematopoietic progenitor cells
derived from Eu-myc transgenic mice and screened for
their ability to promote lymphomagenesis following
engraftment into syngeneic recipients. More than 20
candidate tumor-promoting shRNAs were isolated,
including those targeting established tumor suppressors.
Among the novel tumor suppressors were Rad17 (see
above), whose reduced expression or loss is associated
with lymphoma development and poor prognosis and
therapy response in human patients. Some of these new
tumor suppressors may have pro-oncogenic activities in
other contexts, and a surprising number encode secreted
proteins. The results of this screen are currently being
finalized, and we have initiated a second-generation
screen to extend our analyses.

Our results establish the feasibility of in vivo RNAi
screens and illustrate how combining cancer genomics,
RNAI, and mosaic mouse models can facilitate the func-
tional annotation of the cancer genome. Most current
efforts to catalog cancer genes rely solely on genomic
approaches. Although they are powerful, genomic
approaches can be expensive and yield candidates based
only on statistical criteria. Virtually all candidates must
be functionally validated in various in vitro or in vivo
models, which is slow and likewise expensive. Through
incorporation of our screening approach, it is possible to
rapidly filter genomic information for genes that impact
cancer development in vivo and thus focus follow-up
studies on those that might be most clinically useful.
Although our studies to date used mouse models of
HCC and lymphoma and focused only on focal dele-
tions, this relatively high-throughput approach could be
expanded to other mouse models or include shRNA
pools targeting genes affected by larger deletions, pro-
moter methylation, or point mutations. Moreover,
through exploitation of the emerging libraries of full-
length cDNA:, it should be possible to perform parallel
screens for oncogenes involved in genomic amplifica-
tions. Indeed, such efforts are currently under way. We
believe that such integrative approaches will provide a
cost-effective strategy for functional annotation of the
cancer genome.



Molecular Genetics of Drug
Sensitivity and Resistance

C. He, C. Miething, T. Pardee, A. Rappaport, J. Simon,

M. Spector, M. Taylor, Z. Zhao, and J. Zuber [in
collaboration with S. Kogan, University of California,

San Francisco; E. Dolan, University of Chicago; and former
laboratory members D. Burgess and Michael Hemann,
Massachusetts Institute of Technology]

Our laboratory has a long-standing interest in under-
standing genetic determinants that influence the cellular
response to conventional chemotherapy, with the goal
of identifying mechanisms of drug resistance and devel-
oping new drug targets. These efforts involve a combi-
nation of experiments using RNAI to characterize drug
sensitivity and resistance genes, genomic approaches
designed to identify genes that are linked to poor treat-
ment responses in patients, and animal-modeling stud-
ies to test new drugs and drug combinations that might
circumvent drug resistance.

Acute myeloid leukemia (AML) is an aggressive
form of leukemia that displays a heterogeneous response
to front-line chemotherapy, and many patients eventu-
ally acquire drug resistance. Owing to the tractability of
AML models and the importance of the disease, we
have had a long-standing interest in modeling the
pathology and treatment sensitivity of this disease. To
this end, we produced mosaic AML models that harbor
common AML genotypes, established an induction
chemotherapy protocol for mice, and integrated sensi-
tive imaging methods to monitor leukemia response in
vivo. We then used these tools to characterize genotype-
response relationships in AML and to explore the under-
lying molecular basis for these effects. We see that a
subtype of leukemia linked to poor treatment response
in the clinic (harboring genetic translocations of the
MLL gene) responds poorly to chemotherapy in mice
and that this results, surprisingly, from an attenuated p53
response. Our studies provide insights into the differen-
tial response patterns of human leukemia, suggest
strategies for improving the use of conventional
chemotherapy, and produce tractable preclinical systems
for testing new therapeutic strategies. Indeed, develop-
ing rational strategies to target these otherwise refrac-
tory leukemias is a major goal of current research.

To complement our mouse-modeling efforts, we have
also initiated genomic studies to characterize genetic
alterations associated with refractory or relapse AML.
These studies are based on interactions with clinical col-
leagues at St. Jude Children’s Hospital and the Univer-
sity of Chicago, as well as recently established
interactions with Dr. Steven Allen at North Shore Uni-

versity Hospital on Long Island. We are using compar-
ative genomic hybridization methods as well as next-
generation sequencing technology to analyze leukemia
specimens from patients that show poor responses to
chemotherapy, and we intend to verify their ability to
promote drug resistance to chemotherapy in mice. We
hope to use this information to better inform the use of
chemotherapy in the clinic and, eventually, to develop
strategies to circumvent drug resistance.

Finally, we are integrating RNAi technology into our
mouse-modeling efforts to identify and study factors
that modulate sensitivity to cancer therapy. As a first
step in this analysis, we performed a focused RNAI
screen using the Ey-myc lymphoma model to explore
the genetic basis for heterogeneous responses to topoi-
somerase poisons (common chemotherapeutic agents
used in the clinic). These experiments identified Top2 A
expression levels as a major determinant of the response
to the topoisomerase 2 poison doxorubicin and showed
that suppression of Top2A produces resistance to dox-
orubicin in vitro and in vivo. In addition, suppression
of Topl produces resistance to the topoisomerase 1 poi-
son camptothecin, again leading to drug resistance in
vivo. Unexpectedly, Topl knockdown enhanced sensi-
tivity to doxorubicin, leading to improved survival of
tumor-bearing mice. These results highlight the poten-
tial utility of combining RNAi with mouse models to
identify determinants of therapeutic outcome in vivo
and form a blueprint for additional studies to uncover
mechanisms of drug sensitivity and resistance.

Modulation of Gene Expression
In Vivo Using RNAI

N. Dawkins-Pisani, L. Dow, C. Fellmann, B. Ma, K. McJunkin,
C. Miething, P. Premsrirut, and J. Zuber [in collaboration with
G. Hannon, Cold Spring Harbor Laboratory; E. Hernando, New
York University; and C. Cordon-Cardo, Columbia University]

Together with Gregory Hannon at CSHL, we continue
to develop improvements in RNAI technology with a
specific interest in using this approach to probe various
aspects of cancer biology. We previously showed that
pol II promoters expressing rationally designed primary
microRNA (pri-miRNA)-based shRNAs (shRNA™M)
produce potent, stable, and regulatable gene knockdown
in cultured cells and in animals, even when present at a
single copy in the genome. As indicated above, we have
used these tools to characterize tumor-suppressor genes,
as well as to study the role of particular genes in the
maintenance of malignant progression. During the past
year, we continued to develop new methods for improv-
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ing RNAI technology, particularly for applications in
vivo. For example, we continue to develop improved
vectors for expressing miRNA-based shRNAs in stable
and conditional systems, thereby facilitating their use in
genetic screens, and to study the role of particular genes
in the maintenance of malignant progression. In addi-
tion, we have initiated studies with the Hannon group
to develop shRNAs with optimal potency. These efforts,
if successful, have the potential to revolutionize RNAi
technology by enabling the production of genome-wide
shRNA libraries with validated gene knockdown.

One of our most aggressive efforts of technology
development is in the area of transgenic mice. We pre-
viously showed that it was possible to produce trans-
genic mice based on pronuclear injection of a linear
fragment encoding an miR30-based shRNA down-
stream from the tet-responsive element (TRE). We ini-
tially developed transgenic mice based on a tet-
responsive miR30-based p53 shRNA, crossed them to a
variety of tet-frans-activator transgenic strains, and then
showed that the presence or absence of doxycycline (a
tetracycline analog) could reversibly knock down p53
expression in a tissue-specific manner. Now, we have
produced a second generation of transgenic technology
that rapidly generates fully transgenic founders with a
defined genomic integration. In this generation of mice,
the miR-shRNA is separated from the TRE by a green
fluorescent protein (GFP) cDNA, conferring better
shRNA processing as well as a simple marker for spa-
tial and temporal induction of the TRE cassette. This
improved system also obviates the need for any screen-
ing of different founder mice because the integration
site is constant; together, these advances have drastically
improved consistency, cost, and speed of generating
inducible RNAI transgenic mice. We are currently
developing a number of transgenic lines that condition-
ally express shRNAs capable of silencing tumor sup-
pressors or potential drug targets. With improved
tet-trans-activator lines, also under construction, we
believe that this system can be used to spatially and tem-
porally control the expression of any endogenous gene.
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