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THE ROBERT A. WELCH FOUNDATION
63RD CONFERENCE ON CHEMICAL RESEARCH
THE CHEMISTRY OF GENOME
EDITING AND IMAGING
October 21-22, 2019

The Welch Foundation is a legacy to the world from Robert Alonzo Welch, a self-made man
with a strong sense of responsibility to humankind, an enthusiastic respect for chemistry
and a deep love for his adopted state of Texas. Mr. Welch came to Houston as a youth and
later made his fortune in oil and minerals. Over the course of his career and life he became
convinced of the importance of chemistry for the betterment of the world. He had a belief
in science and the role it would play in the future. In his will, Mr. Welch stated, “I have long
been impressed with the great possibilities for the betterment of Mankind that lay in the field
of research in the domain of chemistry.” Mr. Welch left a generous portion of his estate to
his employees and their families. The balance began what is now The Welch Foundation.
The Welch Foundation, based in Houston, Texas, is one of the United States’ oldest
and largest private funding sources for basic chemical research. Since its founding in 1954,
the organization has contributed to the advancement of chemistry through research grants,
departmental programs, endowed chairs, and other special projects at educational institutions
in Texas. The Foundation presents the Welch Award in Chemistry for chemical research contributions which have had a significant positive influence on mankind. The Foundation also
bestows the Norman Hackerman Award in Chemical Research, an award that recognizes the
work of young researchers in Texas.
Each year since 1957, The Robert A. Welch Foundation hosts a conference which
draws leading scientists from around the world to explore state-of-the-art research in various
areas of chemistry. The Foundation sponsors these annual conferences in order to support
increased fundamental research in chemistry.
This year's two-day conference will be held on October 21-22, 2019, at the Hilton
Houston North Hotel in Houston. The title of the 62rd annual Welch Conference in Chemical Research is: The Chemistry of Genome Editing and Imaging. Presiding over the conference will be a member of the Welch Scientific Advisory Board, Dr. Jennifer A. Doudna, Li
Ka Shing Chancellor's Chair in Biomedical and Health Sciences and Howard Hughes Medical
Institute Investigator, University of California, Berkeley.
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THE CHEMISTRY OF GENOME EDITING
AND IMAGING
We are in the midst of a revolution
in our ability to query and alter genetic
material. Basic research uncovered CRISPR-Cas9 and related enzymes as tools for
genome editing, paving the way for both
fundamental and applied research and applications. Our first session will examine
genome editing enzymes and the chemistry behind targeted genome manipulation.
As all of life is based upon the
building blocks of DNA, the applications
of this technology are profound and farreaching, including research in microbes,
plants, insects and mammals. Our second
session will focus on translational work
that is adapting and developing genome
editing platforms for use in the clinic, in
fields, and in labs around the world.
Understanding genome function and evolution requires determining
chromosome spatio-temporal organization. Innovations in imaging are yielding
new insights into the where and when of
CRISPR-Cas enzyme binding and cleavage of DNA within the complex 3D
structures inside the nucleus, the focus of
our third session.

Finally, the fourth session is about
future directions of genome engineering,
including innovations such as base editing that make direct chemical changes to
DNA sequences without DNA cleavage.
The chemistry of genome editing and imaging will provide a foundation for future
discovery and technology development in
this exciting field.
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PROGRAM

“THE CHEMISTRY OF GENOME EDITING AND IMAGING”
Monday, October 21, 2019
8:30
8:35

CARIN MARCY BARTH, Chair of the Board of Directors
JENNIFER A. DOUDNA, University of California, Berkeley, Program Chair

SESSION I – MECHANISMS
8:40

SAMUEL H. STERNBBERG, Columbia University, Session Leader

8:50

TAEKJIP HA, Johns Hopkins University
“CRISPR and DNA Repair”

9:30

Discussion

9:40

STEPHEN KOWALCZYKOWSKI, University of California, Davis
“Watching and Understanding DNA Recombination and Replication, One Molecule at a
Time”

10:20

Discussion

10:30

Break

10:45

MARTIN JINEK, University of Zürich
”Structural and Mechanistic Insights into CRISPR-Cas Genome Editors”

11:25

Discussion

11:35

LUNCH

SESSION II – APPLICATIONS
1:00

DAVID TAYLOR, The University of Texas at Austin, Session Leader

1:10

JONATHAN WEISSMAN, University of California, San Francisco
“Manifold Destiny: Exploring Genetic Interactions in High Dimensions Through Massively
Parallel Single Cell RNA-seq”

1:50

Discussion

2:00

JAY SHENDURE, University of Washington
“Multiplex Genome Editing for Variant Interpretation and Developmental Recording”

2:40

Discussion

2:50

Break

3:05

NIREN MURTHY, University of California, Berkeley
“Therapeutic Gene Editing Enabled by New Drug Delivery Vehicles”

3:45

Discussion

3:55

Adjourn
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PROGRAM

“THE CHEMISTRY OF GENOME EDITING AND IMAGING”
Tuesday, October 22, 2019
SESSION III – IMAGING
8:00

KE XU, University of California, Berkeley, Session Leader

8:10

ALICE TING, Stanford University
“Molecular Tools for Probing RNA Localization and Interactions in Living Cells”

8:50

Discussion

9:00

XIAOWEI ZHUANG, Harvard University
“Imaging at the Genomic Scale: From 3D Organization of the Genomic DNA to Cell Atlas of
Complex Tissues”

9:40

Discussion

9:50

Break

10:00

ERNEST LAUE, University of Cambridge
“Single Cell Hi-C and Single Molecule Imaging to Study Nuclear Architecture”

10:40

Discussion

2019 Welch Awardee Lectures
10:50

TBD
“TBD”

11:50

LUNCH

SESSION IV – ALTERNATIVES/FUTURE DIRECTIONS
1:05

ALEXIS KOMOR, University of California, San Diego, Session Leader

1:15

AKIHIKO KONDO, Kobe University
“Genome Editing with Base Editing Systems from Bacteria to Plants”

1:55

Discussion

2:05

DAVID R. LIU, Harvard University
“Base Editing: Chemistry on a Target Nucleotide in the Genome of Living Cells”

2:45

Discussion

2:55

Break

3:05

KIRA MAKAROVA, National Institutes of Health
“Comparative Genomics Perspective on Discovery and Functional Diversity of CRISPR-Cas
Systems”

3:45

Discussion

3:55

Adjourn
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Carin Barth
LB Capital, Inc.
Carin Barth is the co-founder and president of LB Capital, Inc., a private
equity investment firm established in 1988. In addition to serving on The
Welch Foundation board, she also serves on Enterprise Products Partners
L.P. and Black Stone Minerals, L.P. She is Chairman of the Investment
Advisory Committee for the Endowment at Texas Tech University, and a
board member of the Ronald McDonald House of Houston. Previously,
Ms. Barth served on the Housing Commission at the Bipartisan Policy
Center in Washington, DC from 2011-2014 and was a commissioner of the
Texas Department of Public Safety from 2008-2014. In 2004, she was
appointed by President George W. Bush to serve as Chief Financial Officer
of the U.S. Department of Housing and Urban Development until 2005.
She received a Bachelor of Science from the University of Alabama summa
cum laude and an M.B.A. from Vanderbilt University’s Owen Graduate
School of Management.
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Jennifer A. Doudna

University of California, Berkeley
Monday, October 21, 2019; 8:35 AM

Jennifer Doudna studies the “secrets of RNA" and among other
achievements, she co-created the revolutionary RNA-guided
CRISPR-Cas genome engineering technology. Raised in Hawaii,
she received her Ph.D. from Harvard University and did
postdoctoral research at the University of Colorado. Doudna is a
professor of molecular and cell biology and chemistry at UC
Berkeley, where she holds the Li Ka Shing Chancellor’s Chair in
Biomedical and Health Sciences, senior investigator at Gladstone
Institutes, investigator at the Howard Hughes Medical Institute, and
the Executive Director of the Innovative Genomics Institute. She has
received numerous awards including the FNIH Lurie Prize, the Paul Janssen Award for Biomedical
Research, the Breakthrough Prize in Life Sciences, the Gairdner Award, the Nakasone Award,
the Tang Prize, the Heineken Prize, the L’Oreal-UNESCO International Prize for Women in Science,
the Japan Prize, and the Kavli Prize in Nanoscience. She is an elected member of the National
Academy of Sciences, National Academy of Inventors, National Academy of Medicine and the
American Academy of Arts and Sciences, and is a Foreign Member of the Royal Society.
Introduction: The Chemistry of Genome Editing and Imaging

We are in the midst of a revolution in our ability to query and alter genetic material. Basic
research uncovered CRISPR-Cas9 and related enzymes as tools for genome editing, paving the
way for both fundamental and applied research and applications. Our first session will examine
genome editing enzymes and the chemistry behind targeted genome manipulation.
As all of life is based upon the building blocks of DNA, the applications of this technology
are profound and far-reaching, including research in microbes, plants, insects and mammals.
Our second session will focus on translational work that is adapting and developing genome
editing platforms for use in the clinic, in fields, and in labs around the world.
Understanding genome function and evolution requires determining chromosome spatiotemporal organization. Innovations in imaging are yielding new insights into the where and when
of CRISPR-Cas enzyme binding and cleavage of DNA within the complex 3D structures inside the
nucleus, the focus of our third session.
Finally, the fourth session is about future directions of genome engineering, including
innovations such as base editing that make direct chemical changes to DNA sequences without
DNA cleavage. The chemistry of genome editing and imaging will provide a foundation for future
discovery and technology development in this exciting field.
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Samuel H. Sternberg
Columbia University
Monday, October 21, 2019; 8:40 AM

SAMUEL H. STERNBERG, PhD, runs a research laboratory at
Columbia University, where he is an assistant professor in the
Department of Biochemistry and Molecular Biophysics. He received
his B.A. in Biochemistry from Columbia University in 2007,
graduating summa cum laude, and his Ph.D. in Chemistry from the
University of California, Berkeley in 2014. After a brief bookwriting stint, Sam worked as a Scientist and Group Leader at
Caribou Biosciences, a start-up biotechnology company that
develops genome engineering technologies, before beginning his
independent position at Columbia in 2018.
Sam's doctoral research in the laboratory of Howard Hughes Medical Institute Investigator
Dr. Jennifer Doudna focused on the mechanism of DNA targeting by RNA-guided bacterial
immune systems (CRISPR-Cas) and on the development of these systems for genome
engineering. He earned graduate student fellowships from the National Science Foundation and
the Department of Defense, and was awarded the Scaringe Award from the RNA Society and the
Harold Weintraub Graduate Student Award from the Fred Hutchinson Cancer Research Center.
His laboratory is continuing research into the functions of CRISPR–Cas systems, and more
broadly, strives to expand our understanding of the ways in which noncoding RNAs conspire with
effector proteins to manipulate genetic information and maintain genomic integrity.
In addition to publishing his research in leading journals and speaking internationally,
Sam remains actively involved in public outreach and ongoing discussions on the ethical issues
surrounding genome editing. Together with Jennifer Doudna, Sam co-authored a popular science
trade book about the discovery, development, and applications of CRISPR gene editing
technology, which was published in June, 2017. Titled A Crack in Creation: Gene Editing and the
Unthinkable Power to Control Evolution, their book received enthusiastic reviews from The Wall
Street Journal and The Guardian, was a finalist for the Los Angeles Times Book Prize, and The
New York Review of Books called it “required reading for every concerned citizen.”
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Taekjip Ha

Johns Hopkins University
Monday, October 21, 2019; 8:50 AM
Dr. Taekjip Ha is a Bloomberg Distinguished Professor of
Biophysics and Biomedical Engineering at Johns Hopkins
University and an investigator with the Howard Hughes Medical
Institute. He develops and uses single molecule and single cell
measurement tools to study life at high resolution.
Dr. Ha received a bachelor in Physics from Seoul National
University in 1990 and Physics Ph.D from University of California
at Berkeley in 1996. After postdoctoral training at Stanford, he
was a Physics professor at University of Illinois at UrbanaChampaign until 2015.
Dr. Ha serves on Editorial Boards for Science, Cell and eLife. He is a member of the
National Academy of Science and a fellow of the American Academy of Arts and Sciences. He
received the 2011 HoAm Prize in Science.
Abstract: CRISPR and DNA Repair
Double strand breaks (DSB) are frequently generated, and researchers have discovered many
proteins and processes needed to repair the breaks. However, relative timing of sub-stages
of DNA repair or even their ordering has been difficult to determine due to the lack of method
to synchronize the generation of well-defined breaks in living cells. Exposing cells to X-ray
and UV can produce massive DNA damages at a defined time point, but the nature of the
damage is ill-defined, and damages are made randomly. CRISPR-Cas systems allow the
generation of breaks at specifically defined genome locations, but despite many attempts to
develop ligand- or light-inducible CRISPR-Cas systems, the cleavage kinetics remains slow,
leading to unsynchronized repair. We developed a very fast CRISPR-Cas9 can generate a DNA
break at a defined locus at a well-define (within seconds) time point, allowing us to reveal the
mechanisms of break recognition and study DSB repair and other cellular processes with an
unprecedented spatiotemporal control.
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Stephen Kowalczykowski
University of California, Davis
Monday, October 21, 2019; 9:40 AM

Dr. Stephen Kowalczykowski majored in chemistry at Rensselaer
Polytechnic Institute, and subsequently received his Ph.D. in
chemistry and biochemistry with Dr. Jacinto Steinhardt at
Georgetown University. His postdoctoral training was with Dr.
Peter von Hippel at the University of Oregon. Dr. Kowalczykowski
started his independent faculty career in 1981 at Northwestern
University Medical School. In 1991, he relocated to the University
of California at Davis with the rank of Full Professor. He
subsequently served as the Chair of Microbiology and the Director
of the Center for Genetics and Development; currently, he is a
Distinguished Professor of Microbiology & Molecular Genetics, and of Molecular & Cell Biology.
Dr. Kowalczykowski’s honors include election to the National Academy of Sciences (2007),
the American Academy of Arts and Sciences (2005), the American Academy of Microbiology
(2003), and the American Association for the Advancement of Science (2001). Professor
Kowalczykowski’s research focuses on exploring the principles that govern DNA
recombination, and how that process contributes to genomic integrity; he has published over
200 papers in this area. His research programs focus on the biochemical mechanisms of
recombinational DNA repair; the function of homologous recombination in genome
maintenance; the functions of DNA helicases, such as BLM and WRN; single-molecule
biophysical analysis of protein-nucleic acid interactions; and roles of BRCA1, BRCA2, and
RAD51 in the molecular etiology of breast cancer. The single-molecule approaches permit
visualization of enzymes functioning in real-time and provide novel insights into protein
behaviors.
Abstract: Watching and Understanding DNA Recombination and Replication, One
Molecule at a Time
It is now possible to image individual proteins acting on single molecules of DNA. Such
imaging affords unprecedented interrogation of protein-nucleic acid interactions that are
essential for chromosome maintenance. We have watched proteins functioning in the
recombination, replication, repair, and manipulation of DNA.
Visualization is achieved through the application of two complementary procedures. In
one, a single DNA molecule is attached to a polystyrene bead which is captured in an optical
trap. The DNA is extended either by the force of solution flow in a micro-flowcell, or by
capturing the opposite DNA end in a second optical trap. In the second procedure, DNA is
attached by one end to a glass surface. The coiled DNA is elongated either by continuous
solution flow or by subsequently tethering the opposite end to the surface. Proteins and DNA
are visualized via fluorescent reporters. Individual molecules are imaged using either
epifluorescence microscopy or total internal reflection fluorescence (TIRF) microscopy.
Molecules are introduced and supramolecular complexes are built, one component at a time,
using microfluidic flowcells.

Page 11

Martin Jinek

University of Zürich
Monday, October 21, 2019; 10:45 AM

Martin Jinek is Associate Professor in the Department of Biochemistry
at the University of Zurich. His research focuses on two main topics
– (i) CRISPR-Cas systems and their genome editing applications and
(ii) mechanistic studies of RNA processing and modification pathways
in eukaryotic gene expression.
Originally from the Czech Republic, Martin Jinek studied
Natural Sciences at the University of Cambridge (UK). In 2006, he
received his PhD from the European Molecular Biology Laboratory
(EMBL) in Heidelberg (Germany). He then moved to the University of
California in Berkeley (USA) for postdoctoral research with Prof.
Jennifer Doudna, where his pioneering work led to the discovery of the biochemical function of
the RNA-guided endonuclease Cas9 and was pivotal for establishing the CRISPR-Cas9 genome
editing technology.
Since starting his research group at the University of Zurich in 2013, Martin Jinek has
studied the molecular mechanisms of CRISPR-Cas genome editor nucleases in atomic detail,
providing fundamental insights into their molecular mechanism and contributing to their
engineering to drive further development of genome editing technologies.
In recognition of his work, Martin Jinek has received several awards, including an ERC
Starting Grant (2013), the EMBL John Kendrew Young Scientist Award (2014) and the Friedrich
Miescher Award of the Swiss Society for Molecular and Cellular Biosciences (2015). He is an
EMBO Young Investigator, Valle Scholar of the Bert N and L Kuggie Valle Foundation, and in
2017 became an International Research Scholar of the Howard Hughes Medical Institute.
Abstract: Structural and Mechanistic Insights into CRISPR-Cas Genome Editors
In bacteria, the CRISPR-Cas system functions as an adaptive system to provide resistance
against molecular invaders such as viruses and other mobile genetic elements. RNA-guided
effector nucleases associated with CRISPR-Cas systems have been repurposed as powerful tools
for precision genome editing in eukaryotic cells and organisms. Our current work focuses on
studying the molecular mechanisms of Cas9 and other CRISPR-associated nucleases using a
combination of structural, biochemical and biophysical approaches. To this end, we initially
determined the three-dimensional structures of Cas9 in complex to a guide RNA and target DNA,
revealing the atomic interactions underpinning the recognition of a short motif in the substrate
DNA (the protospacer adjacent motif, PAM), which is necessary to facilitate strand separation in
the DNA and guide RNA hybridization. These studies have established a structural framework for
engineering novel Cas9 variants with altered PAM specificities. More recently, we have focused
on Cas12a (Cpf1), another RNA-guided nuclease enzyme that has emerged as a complementary
genome editing tool to Cas9. The crystal structure of Cas12a bound to a guide RNA shows that,
like Cas9, Cas12a structurally preorganizes the seed sequence of the guide RNA to facilitate
target DNA recognition. In turn, structures of Cas12a bound to a guide RNA and a doublestranded DNA target capture nuclease in a pre-cleavage state, revealing the mechanism of Rloop formation. Together with supporting biochemical experiments, the structures show that
Cas12a contains a single nuclease active site that sequentially cleaves both strands of the target
DNA in a defined sequential order. Collectively, our studies provide a mechanistic foundation for
understanding the molecular function of CRISPR-based genome editor nucleases and for the
ongoing development of CRISPR-Cas genetic engineering for biotechnological and therapeutic
applications.
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David Taylor

The University of Texas at Austin
Monday, October 21, 2019; 1:00 PM

David Taylor started as an Assistant Professor in the Department of
Molecular Biosciences at the University of Texas at Austin in 2016.
There, he is the Director of the Sauer Structural Biology Laboratory
and a member the Center for Systems and Synthetic Biology and the
LIVESTRONG Cancer Institutes at Dell Medical School. David
received his B.S. in Biochemistry summa cum laude from Syracuse
University in 2008. He completed his Ph.D. with distinction in
Molecular Biophysics and Biochemistry at Yale University in 2013. In
2014, he joined the laboratories of Jennifer A. Doudna and Eva
Nogales at the University of California, Berkeley as a Post-doctoral
Fellow, where he studied the structures of CRISPR complexes using cryo-electron microscopy.
He has won numerous awards during his short career. He’s been named a Barry M. Goldwater
Scholar, an NSF Pre-doctoral Fellow, an NSF East Asia and Pacific Summer Institute Fellow, a
Damon Runyon Fellow, a CPRIT Scholar, and an Army Young Investigator. He’s received the
Outstanding Teaching Award and the Mary Ellen Jones Dissertation Prize from the Department
of Molecular Biophysics and Biochemistry at Yale University. He also received the 2015
Outstanding Post-doctoral Fellow Award from the Department of Molecular and Cell Biology at
the University of California, Berkeley. David is a recipient of a Welch Foundation Research Grant.
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Jonathan Weissman

University of California, San Francisco
Monday, October 21, 2019; 1:10 PM
Jonathan Weissman, Ph.D., studies how cells ensure that proteins
fold into their correct shape, as well as the role of protein
misfolding in disease and normal physiology. He is also widely
recognized for building innovative tools for broadly exploring
organizational principles of biological systems. These include
ribosome profiling, which globally monitors protein translation,
and CRIPSRi/a for controlling the expression of human genes and
rewiring the epigenome.
Dr. Weissman is a professor at the University of California
San Francisco and an Investigator at the Howard Hughes Medical
Institute. He is a member of the National Academy of Sciences, a member of the Scientific
Advisory Board for Amgen, co-director of the Innovative Genome Initiative of Berkeley and
UCSF, and a member of the President’s Advisory Group for the Chan-Zuckerberg Biohub.
Dr. Weissman has received numerous awards including the Beverly and Raymond
Sackler International Prize in Biophysics (2008), The Keith Porter Award Lecture from the
American Society of Cell Biology (2015) and the National Academy Science Award for
Scientific Discovery (2015).
Abstract: Manifold Destiny: Exploring Genetic Interactions in High Dimensions
Through Massively Parallel Single Cell RNA-seq
A major principle that has emerged from modern genomic and gene expression studies is that
the complexity of cell types in multicellular organisms is driven not by a large increase in gene
number but instead by the combinatorial expression of a surprisingly small number of
components. This is possible because specific combinations of genes exhibit emergent
properties when functioning together, enabling the generation of many diverse cell types and
behaviors. Understanding such genetic interactions has important practical and theoretical
applications. For example, they can reveal synthetic lethal vulnerabilities in tumors, identify
suppressors of inherited and acquired disorders, guide the design of cocktails of genes to
drive trans-differentiation between cell types, inform the search for missing inheritance in
genetic studies of complex traits, and enable systematic approaches to define gene function
in an objective and principled manner. Defining how genes interact is thus a central challenge
of the post-genomic era.
The combinatorial explosion of possible genetic interactions (GIs), however, has
necessitated the use of scalar interaction readouts (e.g. growth) that conflate diverse
outcomes. I will present our work developing an analytical framework for interpreting
manifolds constructed from high-dimensional interaction phenotypes. We applied this
framework to rich phenotypes obtained by Perturb-seq (single-cell RNA-seq pooled CRISPR
screens) profiling of strong GIs mined from a growth-based, gain-of-function GI map.
Exploration of this manifold enabled ordering of regulatory pathways, classification of GIs in
a principled manner (e.g. identifying true suppressors), and mechanistic elucidation of
synthetic lethal GIs, including an unexpected synergy between CBL and CNN1 driving
erythroid differentiation. Finally, we applied recommender system machine learning to predict
interactions, facilitating exploration of vastly larger GI manifolds. We expect the conceptual
and computational frameworks presented here will be broadly applicable to genetic
interactions obtained via other rich phenotyping approaches (e.g. proteomics, imaging) and
methods of perturbation (e.g. knockdown, knockout, mutagenesis).
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Jay Shendure

University of Washington
Monday, October 21, 2019; 2:00 PM

Jay Shendure is an Investigator of the Howard Hughes Medical
Institute, Professor of Genome Sciences at the University of
Washington, Director of the Allen Discovery Center for Cell Lineage
Tracing, and Scientific Director of the Brotman Baty Institute for
Precision Medicine. His 2005 doctoral thesis with George Church
included one of the first successful reductions to practice of next
generation DNA sequencing. Dr. Shendure's research group in Seattle
pioneered exome sequencing and its earliest applications to gene
discovery for Mendelian disorders and autism; cell-free DNA diagnostics
for cancer and reproductive medicine; massively parallel reporter
assays, saturation genome editing; whole organism lineage tracing, and massively parallel
molecular profiling of single cells.
Dr. Shendure is the recipient of the 2012 Curt Stern Award from the American Society of
Human Genetics, the 2013 FEDERAprijs, a 2013 NIH Director's Pioneer Award, the 2014
HudsonAlpha Life Sciences Prize, the 2018 Richard and Carol Hertzberg Prize for Technology
Innovation, and the 2019 Richard Lounsbery Award from the National Academy of Sciences. He
serves or has served as an advisor to the NIH Director, the US Precision Medicine Initiative, the
National Human Genome Research Institute, the Chan-Zuckerberg Initiative and the Allen
Institutes for Cell Science and Immunology. He received his MD and PhD degrees from Harvard
Medical School in 2007.
Abstract: Multiplex Genome Editing for Variant Interpretation and Developmental
Recording
CRISPR/Cas9 genome editing has created new opportunities for "multiplex biology". I will
describe recent work from our lab in two very different areas. First, variants of uncertain
significance fundamentally limit the clinical utility of genetic information. The challenge they pose
is epitomized by BRCA1, a tumour suppressor gene in which germline loss-of-function variants
predispose women to breast and ovarian cancer. Although BRCA1 has been sequenced in millions
of women, the risk associated with most newly observed variants cannot be definitively assigned.
We have used "saturation genome editing" to assay 96.5% of all possible single-nucleotide
variants (SNVs) in 13 exons that encode functionally critical domains of BRCA1.We predict that
these results will be immediately useful for the clinical interpretation of BRCA1 variants, and that
this approach can be extended to overcome the challenge of variants of uncertain significance
in additional clinically actionable genes. Second, multicellular systems develop from single cells
through distinct lineages. However, current lineage-tracing approaches scale poorly to whole,
complex organisms. We have used genome editing to progressively introduce and accumulate
diverse mutations in a DNA barcode over multiple rounds of cell division. The barcode, an array
of clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 target sites, marks
cells and enables the elucidation of lineage relationships via the patterns of mutations shared
between cells. We anticipate that genome editing of synthetic target arrays for lineage tracing
(GESTALT) can be used to generate large-scale maps of cell lineage in multicellular systems for
normal development and disease.
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Niren Murthy

University of California, Berkeley
Monday, October 21, 2019; 3:05 PM

Niren Murthy is a professor in the Department of Bioengineering at
the University of California at Berkeley. Niren received his PhD from
the University of Washington in Seattle in Bioengineering in 2001,
under the guidance of Professors Allan Hoffman and Patrick Stayton,
and did postdoctoral work in the Chemistry department at U.C
Berkeley from 2001-2003 in the laboratory of Professor Jean Frechet.
Niren started his independent career in 2003 at Georgia Tech’s
Biomedical Engineering department, and in 2012 moved back to U.C.
Berkeley. The Murthy laboratory is focused on the molecular design
and synthesis of new materials for drug delivery and molecular imaging.
The Murthy laboratory has developed several new nanoparticulate technologies for drug delivery,
such as the polyketals and CRISPR-Gold, which have been used by numerous laboratories and
companies to enhance the delivery of small molecules and proteins. The Murthy laboratory
developed the hydrocyanines in 2009, which are now a commonly used class of molecules for
imaging reactive oxygen species and commercially available from multiple sources. Three startup companies have spun out from the Murthy laboratory, termed GenEdit, Microbial Medical and
BioAmp Diagnostics. Niren received the NSF CAREER award in 2006, and the 2009 Society for
Biomaterials Young Investigator Award.
Abstract: Therapeutic Gene Editing Enabled by New Drug Delivery Vehicles
Cas9 based therapeutics have the potential to revolutionize the treatment of genetic diseases.
However, safe and effective methods for delivering the Cas9-guide RNA complex (Cas9 RNP)
need to be developed before the clinical potential of Cas9 based therapeutics can be fully
realized. In this presentation, I will describe non-viral delivery strategies developed in our
laboratory for delivering the Cas9 RNP. The first delivery strategy is termed CRISPR-Gold.
CRISPR-Gold is composed of gold nanoparticles assembled with the Cas9/gRNA
ribonucleoprotein (RNP) complex, donor DNA, and an endosomal disruptive polymer. CRISPRGold was able to correct the DNA mutation that causes Duchenne muscular dystrophy (DMD) in
mdx mice via homology directed DNA repair (HDR), with an efficiency of 5.4% after an
intramuscular injection. In addition, CRISPR-Gold was able to edit the brains of adult mice and
rescued mice from the repetitive behaviors caused by autism. In this presentation, I will also
describe other strategies for delivering the Cas9 RNP based on encapsulation in block copolymers
and conjugation with peptides. Collectively, our experience suggests that non-viral strategies
for delivering the Cas9 RNP have great potential for treating DMD and other genetic diseases.
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Ke Xu

University of California, Berkeley
Tuesday, October 22, 2019; 8:00 AM

Ke Xu is an assistant professor in Chemistry and a Chan-Zuckerberg
Biohub Investigator at UC-Berkeley. Ke received his B.S. from
Tsinghua University, did his Ph.D. work with Prof. Jim Heath at
Caltech, and his postdoc work with Prof. Xiaowei Zhuang at Harvard
University. Ke joined the Department of Chemistry at UC-Berkeley in
the summer of 2013. His current research develops new
physicochemical tools to interrogate biological, chemical, and
materials systems at the nanoscale with extraordinary resolution,
sensitivity, and functionality. To this end, his lab takes a
multidimensional approach that integrates advanced microscopy,
spectroscopy, cell biology, and nanotechnology. Ke is a Sloan Research Fellow, a Packard Fellow
for Science and Engineering, a Beckman Young Investigator, and a Pew Biomedical Scholar, and
has received an NSF CAREER Award, an NIH Director's New Innovator Award, and the Talented
12 by C&EN.
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Alice Ting

Stanford University
Tuesday, October 22, 2019; 8:10 AM
Alice Ting is Professor of Genetics, Biology, and Chemistry at
Stanford University. From 2002 to 2016, she was Professor of
Chemistry at MIT. Ting’s undergraduate education was at Harvard
(chemistry), her Ph.D. was at UC Berkeley with Peter Schultz, and
her postdoctoral training was at UCSD with Roger Tsien. Her lab
develops molecular technologies for studying proteins and
signaling pathways in living cells and organisms, and applies
them to neuroscience and mitochondrial biology. Her tools include
APEX and TurboID proximity labeling, fluorophore ligases,
monovalent streptavidin, and the FLARE neuronal activity
integrator. Her work has been recognized by the NIH Pioneer Award, the McKnight
Technological Innovations in Neuroscience Award, and the ACS Arthur Cope Scholar Award,
among other prizes. She is an investigator of the Chan Zuckerberg Biohub.
Abstract: Molecular Tools for Probing RNA Localization and Interactions in Living
Cells
Spatial compartmentation underlies all cellular signaling, but existing methods to study the
subcellular organization of endogenous proteins and RNA - by imaging and fractionation-mass
spec for example - have important limitations. We developed an alternative approach,
enzyme-catalyzed proximity labeling, for the high-resolution spatial mapping of subcellular
proteomes and transcriptomes in living cells. I will describe the development of this approach,
which includes enzyme directed evolution, and its application to uncover some new
mitochondrial biology. I will show some preliminary results combing this approach with
CRISPR-based technologies.
In the second part of the talk, I will describe synthetic protease-based optogenetic
circuits that convert transient molecular events into stable cellular signals. I will give an
example of how these tools can be used to access and study specific neuronal subpopulations
that are activated during particular animal behaviors.
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Xiaowei Zhuang

Harvard University
Tuesday, October 22, 2019; 9:00 AM

Xiaowei Zhuang is the David B. Arnold Professor of Science at
Harvard University and an investigator of Howard Hughes Medical
Institute. Her laboratory has developed single-molecule, superresolution and genomic-scale imaging methods, including STORM
and MERFISH, and has used these methods to discover novel
molecular structures in cells and cell organizations in tissues.
Zhuang received her BS in physics from the University of
Science and Technology of China, her PhD in physics in the lab of
Prof. Y. R. Shen at University of California, Berkeley, and her
postdoctoral training in biophysics in the lab of Prof. Steven Chu at
Stanford University. She joined the faculty of Harvard University in 2001 and became a Howard
Hughes Medical Institute investigator in 2005.
Zhuang is a member of the US National Academy of Sciences and the American Academy
of Arts and Sciences, a foreign member of the Chinese Academy of Sciences and the European
Molecular Biology Organization, a fellow of the American Association of the Advancement of
Science and the American Physical Society. She received honorary doctorate degrees from the
Stockholm University in Sweden and the Delft University of Technology in the Netherlands. She
has received a number of awards, including the Breakthrough Prize in Life Sciences, National
Academy of Sciences Award in Scientific Discovery, Dr. H.P. Heineken Prize for Biochemistry and
Biophysics, National Academy of Sciences Award in Molecular Biology, Raymond and Beverly
Sackler International Prize in Biophysics, Max Delbruck Prize in Biological Physics, American
Chemical Society Pure Chemistry Award, MacArthur Fellowship, etc.
Abstract: Imaging at the Genomic-Scale: From 3D Organization of the Genomic DNA
to Cell Atlas of Complex Tissues
Inside a cell, thousands of different genes function collectively to give rise to cellular behavior.
Understanding the behaviors and function of cells require imaging at the genomic scale, which
promises to transform our understanding in many areas of biology, such as regulation of gene
expression, development of cell fate, and organization of distinct cell types in complex tissues.
We developed a genomic-scale imaging method, multiplexed error-robust fluorescent in situ
hybridization (MERFISH), which allows simultaneous imaging of RNAs from hundreds to
thousands of genes in individual cells and facilitates the delineation of gene regulatory networks,
the mapping of molecular distributions inside cells, and the mapping of distinct cell types in
complex tissues. We have also extended multiplexed FISH approach to image numerous genomic
loci and trace the 3D structure of chromosomes in single cells. I will describe the technology
development of MERFISH and its applications focusing on generating the cell atlas of complex
tissues and mapping the 3D organization of genomic DNA in cells.
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Ernest Laue

University of Cambridge
Tuesday, October 22, 2019; 10:00 AM

Ernest Laue is Professor of Structural Biology at the Department of
Biochemistry, University of Cambridge. His research has focused on
the development of new NMR methods and structural studies of
protein complexes, in particular those involved in the assembly and
control of chromatin structure. His group developed new ways to
record NMR data that utilise pulsed field gradients and they have
been particularly interested in developing new methods to process
multidimensional (3D/4D) NMR spectra. During the course of these
studies they realized that they could exploit new methods for
processing NMR spectra, such as maximum entropy, in order to record
NMR experiments more efficiently using selective (exponential) data sampling. As a result of
their expertise in software development for NMR, his group were asked to set up and establish
the CCPN project (http://www.ccpn.ac.uk) – a highly collaborative open source software
development project, which involved many of the major NMR groups around the world – to
coordinate the provision of a well-connected suite of software for NMR data analysis and
structural studies.
His group currently focuses on biochemical and structural studies of the Nucleosome
Remodelling and Deacetylase (NuRD) complex, which plays a key role in controlling chromatin
structure during the early stages of stem cell differentiation. In addition to carrying out structural
studies, they are attempting to understand how the complex controls chromatin structure in
vivo. Around ten years ago they realized that one could take advantage of two key developments
– single-molecule super-resolution fluorescence microscopy to image proteins at near molecular
resolution in vivo, and high throughput DNA sequencing to determine the DNA sequence of single
cells – to develop an NMR inspired approach to study nuclear architecture and to calculate 3D
structures of chromosomes and intact genomes in single cells.
Abstract: Single Cell Hi-C and Single Molecule Imaging to Study Nuclear Architecture
Using data from this approach we have been able to calculate the first 3D structures of entire
mammalian genomes in haploid embryonic stem cells, at present at a scale of ~25 kb (Stevens
et al., Nature, 2017; Lando et al., Nature Protocols, 2018; Lando et al., Nucleus, 2018). We can
now see that the structures of chromosomes, individual topological-associated domains, loops,
and the way they interact with each other, varies very substantially from cell to cell. Conversely,
A and B compartments, lamina-associated domains, and active enhancers and promoters are
organized in a consistent way on a genome-wide basis in every cell, suggesting that they could
drive chromosome and genome folding. Mapping genome-wide ChIP- and RNA-seq data onto the
single cell structures suggested that genes regulated by pluripotency factors and the NuRD
complex cluster, a hypothesis that we were able to confirm using single molecule super resolution
microscopy.
During this time, single-molecule imaging has also become a powerful method for
tracking proteins and studying their dynamics in living cells. Currently, however, there is no
generally applicable method to distinguish whether a protein is moving as part of one or several
different complexes. We have also developed a novel FRET based approach, where a photostable acceptor dye is placed close proximity to a photo-activatable donor fluorophore. Transfer
of energy via FRET increases the photo-stability of the donor fluorophore, thereby significantly
increasing the length of time those molecules can be tracked in live mammalian cells. By tagging
two different proteins the longer tracks can also be used to distinguish whether a protein is
present in a particular complex, as opposed to being on its own or in other complexes (Basu et
al., Nature Commun., 2018). We anticipate that this approach to directly image and map the
localization of particular protein complexes will be very useful when combined with our approach
for single-cell genome structure determination.
Page 20

Alexis Komor

University of California, San Diego
Tuesday, October 22, 2019; 1:05 PM
Alexis Komor received her B. S. degree in chemistry from the
University of California at Berkeley in December of 2008, after three
and a half years of undergraduate study. While at Berkeley, she
conducted research under the guidance of Professor Christopher J.
Chang on the design of first-row transition metal catalysts of
dioxygen activation and group transfer for three years. She then
joined the lab of Jacqueline K. Barton at the California Institute of
Technology for her doctoral studies. While at Caltech, she worked
as an NSF Graduate Research Fellow on the design, synthesis, and
study of DNA mismatch-binding metal complexes and received her
Ph.D. in 2014. She pursued postdoctoral work as a Ruth L. Kirschstein NIH Postdoctoral
Fellow in the laboratory of David R. Liu, where she developed base editing, a new approach
to genome editing that enables the direct, irreversible chemical conversion of one target
DNA base into another in a programmable manner, without requiring double-stranded DNA
backbone cleavage. Alexis joined the Department of Chemistry and Biochemistry at the
University of California at San Diego in 2017, where her laboratory studies DNA damage and
repair.
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Akihiko Kondo

Kobe University
Tuesday, October 22, 2019; 1:15 PM

Akihiko Kondo received his Ph.D. from Kyoto University in Chemical
Engineering (1988). He was appointed as full professor of Kobe
University in 2003 and also appointed as a team leader of the cell
factory research team at RIKEN Center for Sustainable Resource
Science (Yokohama) in 2012. He was also appointed as a program
officer of Advanced Low Carbon Technology Research and
Development Program by Japan Science and Technology Agency (JST)
in 2011. He became a member of Science Council Japan in 2017.
A. Kondo has developed various platform technologies such as cell
surface display systems, metabolic pathway design tools, metabolic analysis technologies,
genome editing and long chain DNA synthesis technologies. He also has applied these platform
technologies for construction of various microbial cell factories for production of biofuels and
various chemicals from biomass, and cyanobacteria and microalgae for production of starch, oil
and chemicals from CO2. Based on these studies, he founded 4 startup companies such as, Bioenergy (Biofuel company in 2001), BioPalette (Genome editing company in 2018), Synplogen
(Genome synthesis company in 2018) and Algal Nexus (Microalgae company in 2019).
A. Kondo has been appointed as editor or editorial board members of many Journals such
as Journal of Biotechnology, Metabolic Engineering, Biotechnology for Biofuels, Bioresource
Technology, etc. He has published more than 600 peer reviewed international papers.
Abstract: Genome Editing with Base Editing Systems from Bacteria to Plants
In place of nuclease activity of conventional genome editing, DNA base-modifying reactions allow
direct introduction of point mutations (base editing, BE). By tethering the DNA deaminase activity
to nuclease-deficient CRISPR/Cas9 system, we have developed a genome editing tool that
enables targeted point mutagenesis. An AID orthologue PmCDA1 was attached to nucleasedeficient mutant of Cas9 (D10A and H840A) to perform highly efficient and target-specific
nucleotide editing. This base editing system, termed Target-AID, induced cytosine point mutation
in 3-5 bases range at the distal site within target sequence. Use of nickase Cas9 (D10A), which
retains single-strand cleaving activity, greatly increase the efficiency.
The toxicity associated with Cas9 has been greatly diminished, enabling application of
this technique to wider range of organisms including yeast, bacteria, animals and plants. The
tools are now applicable to various organisms with modifications. In mammals and plants, use
of nickase Cas9 (D10A), which retains single-strand cleaving activity, greatly increased the
efficiency, although it also occasionally induced insertion/deletion (indel). Co-expression of
Uracil-DNA glycosylase inhibitor (UGI) further boosted the efficiency and reduced the indel
formation. In E.coli, dCas9 is preferred and the use of UGI allows multiplex editing of up to 41
loci of multicopy elements. Endogenous deaminases in human cells can also be recruited for
base editing and might provide better delivery and safer option. Several modifications and
improvements have been made available for highest efficiency and mitigating unwanted effects,
depending on the applications.
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David R. Liu

Harvard University
Tuesday, October 22, 2019; 2:05 PM
David R. Liu is the Richard Merkin Professor, Director of the Merkin
Institute of Transformative Technologies in Healthcare, and ViceChair of the Faculty at the Broad Institute of Harvard and MIT;
Thomas Dudley Cabot Professor of the Natural Sciences and Professor
of Chemistry and Chemical Biology at Harvard University; and
Howard Hughes Medical Institute Investigator. Liu graduated first in
his class at Harvard in 1994. He performed organic and bioorganic
chemistry research on sterol biosynthesis under Professor E. J. Corey’s
guidance as an undergraduate. During his Ph.D. research with Professor
Peter Schultz at U. C. Berkeley, Liu initiated the first general effort to expand the genetic code
in living cells. He earned his Ph.D. in 1999 and became Assistant Professor of Chemistry and
Chemical Biology at Harvard University in the same year. He was promoted to Associate
Professor in 2003 and to Full Professor in 2005. Liu became a Howard Hughes Medical Institute
Investigator in 2005 and joined the JASONs, academic science advisors to the U.S. government,
in 2009. Liu has earned several university-wide distinctions for teaching at Harvard, including
the Joseph R. Levenson Memorial Teaching Prize, the Roslyn Abramson Award, and a Harvard
College Professorship. Liu has published >175 papers and is the inventor of >65 issued U.S.
patents. His research accomplishments have earned distinctions including the Ronald Breslow
Award for Biomimetic Chemistry, the American Chemical Society Pure Chemistry Award, the
Arthur C. Cope Young Scholar Award, and awards from the Sloan Foundation, Beckman
Foundation, NSF CAREER Program, and Searle Scholars Program. In 2016 he was named one of
the Top 20 Translational Researchers in the world by Nature Biotechnology, and in 2017 was
named to the Nature’s 10 researchers in world and to the Foreign Policy Leading Global Thinkers.
Professor Liu’s research integrates chemistry and evolution to illuminate biology and enable nextgeneration therapeutics. His major research interests include the engineering, evolution, and in
vivo delivery of genome editing proteins such as base editors to study and treat genetic diseases;
the evolution of proteins with novel therapeutic potential using phage-assisted continuous
evolution (PACE); and the discovery of bioactive synthetic small molecules and synthetic
polymers using DNA-templated organic synthesis and DNA-encoded libraries. Base editing
(named one of four 2017 Breakthrough of the Year finalists by Science), PACE, and DNAtemplated synthesis are three examples of technologies pioneered in his laboratory. He is the
scientific founder or co-founder of six biotechnology and therapeutics companies, including
Editas Medicine, Pairwise Plants, Exo Therapeutics, and Beam Therapeutics.
Abstract: Base Editing: Chemistry on a Target Nucleotide in the Genome of Living Cells
Point mutations represent most known pathogenic human genetic variants but are difficult to
correct cleanly and efficiently using standard nuclease-based genome editing methods. For most
point mutations that cause genetic disease, simply cutting the mutated gene is not expected to
offer therapeutic benefit, because the function of the mutated gene needs to be restored, not
further disrupted. In this lecture I will describe the development, application, and evolution of
base editing, a new approach to genome editing that directly converts a target base pair to
another base pair in living cells without requiring double-stranded DNA breaks or donor DNA
templates. Through a combination of protein engineering and protein evolution, we recently
developed two classes of base editors (CBE and ABE) that together enable all four types of
transition mutations (C to T, T to C, A to G, and G to A) to be efficiently and cleanly installed or
corrected at target positions in genomic DNA. The four transition mutations collectively account
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for most known human pathogenic point mutations. Base editing has been widely used by many
laboratories around the world in a wide range of organisms including bacteria, fungi, plants, fish,
mammals, and even human embryos. We have recently expanded the scope of base editing by
enhancing its efficiency, product purity, targeting scope, DNA specificity and in vivo delivery. By
optimizing base editor expression, we developed “max” versions of cytosine and adenine base
editors with greatly increase editing efficiency in mammalian cells. We also show that base
editing can function in vivo in post-mitotic somatic cells that do not support homology-directed
repair. To improve the targeting scope of base editing, we used our phage-assisted continuous
evolution (PACE) system to rapidly evolve both Cas9 and base editor variants with broadened
PAM compatibility, higher DNA specificity, and enhanced editing capabilities. Finally, we
integrated several of these developments, including efficient in vivo delivery of CBEs and ABEs,
to address cell and animal models of human genetic disease. Base editing can be used to correct
pathogenic point mutations, introduce disease-suppressing mutations, and create new models
of genetic diseases.
Five Key References
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“Programmable Editing of a Target Base in Genomic DNA Without Double-Stranded DNA Cleavage”
Komor, A. C.; Kim, Y. B.; Packer, M. S.; Zuris, J. A.; Liu, D. R. Nature 533, 420-424 (2016).
“Programmable Base Editing of A•T to G•C in Genomic DNA Without DNA Cleavage” Gaudelli, N. M.;
Komor, A. C.; Rees, H. A.; Packer, M. S.; Badran, A. H.; Bryson, D. I.; Liu, D. R. Nature 551, 464-471
(2017).
“Evolved Cas9 Variants with Broad PAM Compatibility and High DNA Specificity” Hu, J. H.; Miller, S. M.;
Geurts, M. H.; Tang, W.; Chen, L.; Sun, N.; Zeina, C.; Gao, X.; Rees. H. A.; Lin, Z.; Liu, D. R. Nature 556,
57-63 (2018).
“Base Editing: Precision Chemistry on the Genome and Transcriptome of Living Cells” Rees, H. A. and
Liu, D. R. Nat. Rev. Genet. 19, 770-788 (2018).
“Continuous Evolution of Base Editors with Expanded Target Compatibility and Improved Activity”
Thuronyi, B. W.; Koblan, L. W.; Levy, J. M.; Yeh, W.-H.; Zheng, C.; Newby, G. A.; Wilson, C.; Bhaumik,
M.; Shubina-Oleinik, O.; Holt, J. R.; Liu, D. R. Nat. Biotechnol. in press (2019).
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Kira S. Makarova

National Institutes of Health
Tuesday, October 22, 2019; 3:05 PM

Kira S. Makarova was graduated from Novosibirsk State University,
Department of Natural Sciences in 1991 and received her PhD in
genetics from the Institute of Cytology and Genetics, Novosibirsk,
Russia in 1996. She has been working in the field of Computational
Biology and Comparative Genomics since 1989. Dr. Makarova moved
to the US in 1997, first, as a Visiting Scientist in Pathology
Department at Uniformed Services University of the Health Sciences,
Bethesda, MD and then, since 2001, as a Staff Scientist at the
National Center for Biotechnology Information, National Library of
Medicine, National Institutes of Health, Bethesda, MD. She works in
Computational Biology Branch in Dr. Koonin’s group focusing her research in many areas of
comparative genomics and analysis of structure, function and evolution of protein families. Dr.
Makarova received National Institute of Health Director’s Award for prediction of novel CRISPRCas systems in 2016. She is elected Fellow of the American Academy of Microbiology since 2017.
She is a leading expert in classification and protein sequence analysis of CRISPR-Cas systems
and has been an invited speaker at many meetings related to CRISPR research. Overall Dr.
Makarova has contributed to over 190 scientific papers with over 30,000 citations and an h-index
of 62 (Google Scholar).
Abstract: Comparative Genomics Perspective on Discovery and Functional Diversity of
CRISPR-Cas Systems
Computational biology and comparative genomics play a dominant role in identification of novel
CRISPR-Cas systems. Over the five recent years one new type and twelve new subtypes have
been added to the two types and four subtypes known in 2015 for Class 2 (single protein effector)
CRISPR-cas systems. Furthermore, multiple variants of Class 1 (multi-subunit effector
complexes) systems were found lacking the interference capacity and therefore are predicted to
perform functions, distinct from adaptive immunity in the narrow sense. In the first part of my
talk I will present the timeline of discovery of new CRISPR-Cas systems and tell about
computational biology approaches employed in those studies. The second part of my talk will be
focused on evolutionary classification and origin of the CRISPR-cas systems and on further
perspectives on discovery of new CRISPR-cas systems and their roles in microbial cells.
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