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SPOTLIGHT ON CELL BIOLOGY

Edit your future with a career in CRISPR

Some early-career scientists found themselves surfing the wave of CRISPR

just as it hit the shore.
By Nic Fleming

SHORTLY AFTER moving to
America to start her PhD, Luhan
Yang faced a dilemma that will
resonate with many scientists.

The walls of her lab were adorned
with posters on pioneering next-
generation sequencing work carried
out by colleagues. She could play it
safe by following in their footsteps,
or risk going into the new field of
genome editing.

Yang, who moved from Beijing,
China, to begin her research
doctorate at Harvard Medical
School in Boston, Massachusetts, in
2009, chose the road less travelled.
“It would have been easier to get
published on next-generation
genetic sequencing at that time, but
I thought genome editing offered
better long-term potential.”

The decision paid off. In 2013,
Yang was co-first author of a
key paper demonstrating that
CRISPR-Cas9 can be used to edit
the genomes of mammalian cells.
Today, as co-founder of the biotech
company eGenesis, along with
her academic supervisor, George
Church, she is playing a leading
role in efforts to produce gene-
edited pig organs that can safely be
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transplanted into human patients.

The CRISPR system was
discovered, rather than developed.
After a bacterium (or archaeon)
defeats a hostile virus, a portion
of the viral DNA sequence is
stored between sections of the
microorganism’s own DNA called
CRISPRs (clustered regularly
interspaced short palindromic
repeats). When the same virus
threatens again, the saved DNA is
used as a reference library to make
guide RNA, which in turn directs
a protein (CRISPR-associated
protein; Cas) to snip viral DNA
in two.

Due to its ability to identify
and target individual strands of
DNA, this natural immune defence
mechanism has become a powerful,
cheap and easy-to-use gene editing
tool in the lab.

Over the last four years, the
technology has been hailed
by those in the field as one of
the most significant research
breakthroughs of the biotech age.
“From a technological point of
view, it’s as big as any advance in
the last 50 years,” says Jonathan
Weissman, a systems biologist

at the University of California,
San Francisco, who has used
CRISPR to develop advanced
genome screening techniques.

Outside the lab the technology
is still young, but CRISPR-Cas9
and related tools are seen as
having huge potential for a long
list of applications, including new
treatments for a wide range of
discases, editing genes in human
embryos, wiping out pathogens and
boosting agricultural production.

Structural biologist Martin
Jinek was there at the very start of
the CRISPR breakthrough. He
joined Jennifer Doudna’s lab at the
University of California, Berkeley
(UC Berkeley), as a postdoc in
2007 — the same year the first
paper outlining CRISPR’s role
in the adaptive immune system
of bacteria was published. After
becoming involved in the lab’s
intensifying efforts on CRISPR,
Jinek was co-first author of a key
paper in 2012 that showed Cas9 can
be programmed to target specific
sequences of DNA using only short
strands of RNA. The following
year he demonstrated that this
technology could be used to edit
genes in human cells.

Jinek now runs his own lab
investigating the basic molecular
mechanisms of CRISPR at the
University of Zurich in Switzerland.
He warns that scientists will lose
out if they don’t make time to stay
abreast of new developments in
their own and related fields. “It’s
important to keep your eyes open
because unexpected developments
can come out of nowhere,” he
says. “It can lead you to great
discoveries, and propel your career
in unexpected directions.”

Back in Boston, Yang believes the
rapid emergence of CRISPR-Cas9
and other tools is helping to build
bridges between research sectors.
“In genomics we have accumulated
so much knowledge and so many
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tools that academia is not the only
route for cutting-edge research.

It might be possible to have more
societal impact by working in
industry;” she says.

It’s a sentiment shared by Rachel
Haurwitz, who joined Doudna’s
lab to work on CRISPR shortly
after she started as a graduate
at UC Berkeley in 2007. With
the technology’s commercial
potential becoming increasingly
obvious, Haurwitz became CEO
of Caribou Biosciences, which she
launched with Doudna, Jinek and
James Berger, then a UC Berkeley
professor, in 2011. The company
has raised more than $40 million
in venture capital and has exclusive
licenses to the Doudna lab’s
intellectual property.

“I loved the basic research
1did in the Doudna lab, but
it seemed so many steps away
from anything that would ever
help society, says Haurwitz. In
2014, Caribou launched Intellia
Therapeutics, a separate business
based in Cambridge, Massachusetts,
to develop treatments based
on CRISPR, and has formed
partnerships with other companies
to work on CRISPR applications
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in fields including agriculture and
industrial biosciences.

Two other CRISPR research
pioneers have launched companies
to commercialize their discoveries.
CRISPR Therapeutics, based in
Basel, Switzerland, was founded in
2014 by Emmanuelle Charpentier,
now a director at the Max Planck
Institute for Infection Biology in
Berlin, who carried out early work
in the field before collaborating
with Doudna. Editas Medicine, also
in Cambridge, Massachusetts, was
co-founded by Feng Zhang, whose
team at the nearby Broad Institute
of MIT and Harvard published
akey paper in 2013 showing
CRISPR-Cas9 could be used to edit
mouse and human cells.

And in August 2016, CRISPR
Therapeutics joined forces
with Bayer to launch Casebia
Therapeutics, once again based
in Cambridge, to develop new
therapies for blood disorders,
blindness and congenital heart
disease. The outcome of a
patent dispute in the US over
CRISPR-Cas9 (see the billion-
dollar biotech bust-up) will
have major impacts on all of
these companies’ prospects.

In the meantime, labs worldwide
have been enthusiastically
experimenting with the CRISPR
system. Data from Addgene — a
Cambridge-based non-profit that
facilitates the sharing of genetic
material for research — gives an
idea of the extent of adoption.

It has seen demand for genome-
editing kits rise from fewer than
400 in 2010 (before the availability
of CRISPR-Cas9), to 24,300 in
2015 — of which 95% is for use in
CRISPR work.

Joanne Kamens, executive
director of Addgene, believes the
emergence of genome editing
offers important career lessons
for scientists. “Having experience
of CRISPR on your resume is no
longer a big deal because it’s so
widely used, but those who got
in early gained an advantage,
says Kamens. “CRISPR offers a
reminder to scientists, especially
those in training, of the importance
of reading the literature, keeping
on top of new techniques, and
developing technical skills.”

Knowledge of more advanced
CRISPR applications, though,

could still be an asset for a budding
molecular biologist. “If researchers
have used one of the higher end
applications of CRISPR, and are in
a position to make a thoughtful and
well-designed genome screen and
do the follow-up biology, I think
that’s a terrific position to be in
job-wise,” says Weissman. “There are
a relatively small number of people
developing cutting-edge CRISPR
technology, and that’s certainly a
competitive and attractive area.”

The experiences of pioneers
like Yang, Jinck and Haurwitz
certainly offer lessons for scientists
thinking about how to shape their
careers. However, some of those
catapulted into the headlines say
that while their hard work has been
important, the luck of the draw also
played its part.

“We were interested in some
pretty fundamental and, frankly,
rather esoteric questions about
how bacteria and archaea fight
off infections, not looking for the
next big translational technology,”
says Haurwitz. “So much of my
own personal path was just being
in the right place at the right
time, paired with colleagues who
were willing to trust me with
this tremendous opportunity.”

Emmanuelle Charpentier and Jennifer Doudna

Having become CEO of a high-
profile biotech company at the age
of 26, people often ask Haurwitz for
advice in how to get into business
or engineer their career in another
direction. “I typically just stare at
them; I have no idea,” she admits.
“Rather than trying to map things
out for the next ten years, people
should do what they’re passionate
about. I think that will take them to
more interesting places.”

The billion-dollar biotech bust up

The Naturejobs Spotlight on Catalonia (Nature
539, Naturejobs; 2016) described Josep
Tabernero as the director of the Vall d'Hebron
University Hospital. He is, in fact, director

of the Vall d'Hebron Institute of Oncology
(VHIO) and head of the Medical Oncology
Department at the Vall d'Hebron University
Hospital. This has been corrected online.

This content was commissioned and

edited by the Naturejobs editor

Fortunes — and citations in the science history
books — will be won and lost when the US Patent
and Trademark Office (USPTO) decides who owns
the intellectual property of CRISPR-Cas9 as a
genome editing tool.

“Everyone is trying to work out how much these
applicationsare goingto be worth,” Jacob Sherkow, an
associate professor at the New York Law School and
an ex researcher, told Fortune in January. “Numbers
have been bandied about, but we’re talking billions.”

The dispute dates back to an application in
March 2013 to patent CRISPR-Cas9-based genome
editing, filed by Jennifer Doudna of the University
of California, Berkeley, and colleagues. In 2014 a
number of patents were granted for the technique’s
use in eukaryotes — including humans — to a group
led by Feng Zhang of the Broad Institute of MIT and
Harvard in Cambridge, Massachusetts.

Following objections from Doudna’s team, in
January 2016, the USPTO began a review of some
of the key patents granted to Zhang. Oral arguments

are due to be presented to the court on December 6.

Rachel Haurwitz, CEO of Caribou Biosciences,
which she co-founded with Doudna and others, has
a lot riding on the outcome. From this experience,
Haurwitz recommends that young researchers
should learn about intellectual property and how to
keep accurate laboratory notebooks. “Those skills
are really critical and yet infrequently emphasized in
academia,” she says.

Sherkow says the dispute is a good reminder to
academics that they can still be sued for infringing
patents when they are doing basic research.

Perhaps surprisingly, he doesn’t think early-stage
scientists should be constantly consulting lawyers
and thinking about protecting their work. “Do the
absolute best collaborative work you possibly can and
the fruits of that endeavour will generally come to
you,” he says.

And if that fails, the law might offer a lucrative
alternative. “If you are a research scientist and things
are not working out for you, being an intellectual
property lawyer with a deep science background is an
enormously fun and profitable field,” says Sherkow.
“No matter what happens with the CRISPR case, the
lawyers always win.”
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The Cluster of Excellence CellNetworks at Heidelberg University is a world-
renowned interdisciplinary research association in the

and unites more than 100 internationally leading scientists from six different
faculties and five non-university research centers in one common objective:
to about the cells’ network structure, dy-
namics and regulation. Founded in 2006 as part of the German Excellence
Initiative, the Cluster brings together experimental life sciences, chemistry
and nanotechnology as well as computer sciences and scientific computing
to lift this field of research to another level.

As of summer 2017, CellNetworks will be offering

to outstanding scientists. Applicants need to define their own topic of re-
search with one or two CellNetworks member labs. Accepted fellows will be
provided a two-year contract including salary and research costs as well as
an annual grant of €10,000 for travelling and special demands.

More information and the online application are available on our website at

Heidelberg Institute for
eoretical Studies
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USC Stem Cell
Keck School of Medicine of USC

Department of Stem Cell Biology
and Regenerative Medicine
Poﬁdogybral Fellows Program 1

/

go to stemcell.usc.
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"] Cleveland Clinic

Lerner Research Institute
Postdoctoral Fellowships

Cleveland Clinic, a top two hospital in the United States by
US News and World Report, is home to the Lerner Research
Institute (LRI), consistently ranked in the top 10 of NIH funded
research institutes in the US. A hallmark of the LRI is a focus
on disease-oriented and high-impact research, representing
collaborative interactions between scientists working in basic
research laboratories and multiple clinical specialties. Major
research areas include cardiovascular disease (Zhu, et al.,
Gut Microbial Metabolite TMAO Enhances Platelet Hyperre-
activity and Thrombosis Risk 2016 Cell 165:111-24; Chen,
et al., PCSK6-Mediated Corin Activation is Essential for Nor-
mal Blood Pressure, 2015 Nat Med.21:1048-53), cancer
(Li, et al., Conversion of Abiraterone to D4A Drives Anti-Tu-
mour Activity in Prostate Cancer, 2015 Nature 523:347-51;
Schonberg, et al., Preferential Iron Trafficking Characterizes
Glioblastoma Stem-like Cells, 2015 Cancer Cell 28:441-55;
Eswarappa, et al., Programmed Translational Readthrough
Generates Antiangiogenic VEGF-Ax, 2014 Cell 157:1605- 8),
and autoimmune and inflammatory disease (Kang Z, et al,
Act1 mediates IL-17-induced EAE pathogenesis selectively
in NG2+ glial cells. Nat Neurosci, 2013 16:1401-8; Martin
BN, IKKalpha negatively regulates ASC-dependent inflam-
masome activation, 2014 Nat Commun 5:4977).

Postdoctoral opportunities are available for highly motivated
individuals in multiple laboratories. Specific fellowship descrip-

tions are available at http://www.lerner.ccf.org/jobs/postdoctoral/
NW277271R

Assistant, Associate or Full

Professor of Cancer Biology

Perelman
School of Medicine

UNIVERSITY 0f PENNSYLVANIA

The Department of Cancer Biology at the
Perelman School of Medicine at the
University of Pennsylvania seeks candi-
dates for an Assistant, Associate, and/or Full
Professor position in the tenure track.

The successful applicant will have experience
in the field of cancer biology, including but not
limited to cancer cell biology, cancer cell
metabolism, cancer genetics and epigenetics,
cancer immunology, tumor microenvironment,
stem cells, and metastasis. Responsibilities
include maintenance of an externally funded
independent research program, as well as
teaching and mentoring of students.

Applicants must have an Ph.D. and/or M.D.
degree and have demonstrated excellent
qualifications in education and research.

We seek candidates who embrace and reflect
diversity in the broadest sense.

The University of Pennsylvania is an EQOE.
Minorities/Women/Individuals with disabilities/
Protected Veterans are encouraged to apply.

To apply:
http:/lwww.med.upenn.edu/apps/faculty_

ad/index.php/g304/d4441
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Think beyond.
Make a difference.

9.3 billion Swiss francs in core research and development
expenditure in 2015 makes Roche one of the most
research focused companies worldwide.

Our 120 year heritage and a stable shareholder structure
ensure a long-term view and a strong and stable
commitment to researching and developing novel
treatments in the areas of oncology, immunology,
infectious diseases, ophthalmology and neuroscience

in order to improve the lives of patients all over the world.

Because it's not just a job.
It's a responsibility.
A big one.

The next step is yours.
careers.roche.ch/research
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® iDiv
German Centre for Integrative
Biodiversity Research (iDiv)

Halle-Jena-Leipzig

iDiv, the German Center for Integrative Biodiversity Research Halle-Jena-Leipzig,
invites applications to several doctoral and post-doctoral positions for candidates
from various backgrounds.

iDiv (German Centre for Integrative Biodiversity Research Halle-Jena-Leipzig) is the
world-leading place for integrative biodiversity research. It has for central mission
to promote theory-driven synthesis and data-driven theory in integrative biodiversity
research. The concept of iDiv encompasses the detection of biodiversity, understanding
its emergence, exploring its consequences for ecosystem functions and services, and
developing strategies to safeguard biodiversity under global change. The iDiv research
centre is established as an institution in Leipzig and is run by Martin Luther University
Halle-Wittenberg (MLU), Friedrich Schiller University Jena (FSU) and Leipzig
University (UL) - and in cooperation with the Helmholtz Centre for Environmental
Research (UFZ). The science consortium is enhanced by the expertise of many
research institutes (Max Planck Society, Leibniz Association, Klaus Tschira Foundation).
The members of the consortium are spread over Europe with higher concentration in
central Germany. The consortium is highly interdisciplinary and offers a unique oppor-
tunity to develop transdisciplinary vision with emphasis on the ubiquity of biodiversity.
As part of an internal initiative to value synergies inside the consortium, iDiv and the
three universities offer

7 PhD fellowships and 8 Postdoc positions

in many fields encompassing evolution of pollinator viruses, global change effects on soil

ecology, education to biodiversity, innovative sequencing and bioinformatic methods for

highly diverse samples, habitat protection and land-use change, and much more.

All positions are detailed on www.idiv.de/the-centre/career.html

Successful candidates will be seated in the lab of their supervisors with encour-

agements to rotate. In parallel, they will be integrated to structured programs (yDiv

for doctoral researchers, sDiv for postdocs and doctoral researchers) to enhance the

scientific and professional values of their stay.

We offer:

- Cutting-edge research projects to be conducted in state-of-the-art facilities

- Working in an integrative research environment offering many networking oppor-
tunities

- Individual supervision by iDiv researchers

- An English-speaking program to approach biodiversity research from multiple
points of view in an international environment

- Competitive funding provided for international and German students

Qualification:

iDiv is an integrative institute and we encourage highly motivated scientists from all

background to apply. German speaking is not a prerequisite but good command of

English is necessary.

Applicants to PhDs must hold a master degree (or equivalent degree) at the start of

their contract. They will graduate from the universities of affiliation of their supervisors.

In parallel, they will enrol in the graduate training group yDiv to develop a unique sets

of skills for academic and professional career. Initial contract is for three years with

potential extension. The salary is in accordance with the German public service salary

scale (TV-L E 13 dependent on personal qualifications, 65 % of a full time employment).

Applicants to Postdoc positions must hold their doctoral degree at the start of their

contract. Positions are funded for 2 years, renewable. The salary is in accordance with

the German public service salary scale (TV-L E 13 dependent on personal qualifications,

full time employment).

Severely disabled persons are encouraged to apply and will be given preference in

the case of equal suitability. All applications are only accepted via our application

portal under apply.idiv.de mentioning the research project number. Applicants can

apply to up to three positions, with tailored motivation letter for each position. The

deadline for application submission is Sunday, January 1%, 2017. Selected candidates

will be invited for an interview in Leipzig in February. For queries on the application

process, please contact ydiv@idiv.de. W284181R

University of Cologne ‘ N il

OF AGEING RESEARCH
The Cologne Graduate School of Ageing Research (CGA) in Germany is a
joint venture of the University of Cologne Excellence Cluster on Stress Responses
in Aging-Associated Diseases (CECAD), the University Hospital Cologne, the
Max Planck Institute for Biology of Ageing, the Max Planck Institute for Metabolism
Research and the Center of Advanced European Studies and Research (caesar).
The Cologne/Bonn area has emerged as a leading global research centre with
a stellar constellation of institutes and scientists dedicated to ageing research.
We offer

12 fully funded Ph.D. positions

in Life Sciences

to highly motivated and talented students. The structured Ph.D. training pro-
gramme within a cutting edge research environment will start between June 15
and October 1, 2017. The initial contract is limited to three years. Payment is
based on the German TV-L E13 scale, 65% if terms and conditions under collective
bargaining law are fulfilled or on an equivalently remunerated Ph.D. support
contract of the Max Planck Society.

We offer

« An outstanding international research environment at one of the most prestigious
ageing research clusters in Europe

Excellent infrastructure for training and research by internationally recognized
scientists in facilities with state-of-the-art technologies

Ph.D. projects that can be carried out in up to 55 participating research
groups of the above mentioned institutes

An interdisciplinary and structured Ph.D. programme in the vibrant city of
Cologne, Germany, completely conducted in English

An individual 3-year career mentoring programme, extensive methods courses
and soft skill workshops

Intensive support and guidance for international students in all administrative
matters

We are looking for

« Highly qualified and motivated students holding a M.Sc. or equivalent degree
in Cell/Molecular Biology, Biochemistry, Genetics, Biophysics, Bioinformatics,
Translational Medicine or a related field

e« A new generation of biomedical scientists who will make fundamental
scientific discoveries in the basic biology of ageing and may translate them
into improvements in health and life for people as they grow older

Further information

« Application deadline: January 15, 2017

« Online application portal: http://www.ageing-grad-school.de
« Contact: cologne-grad-school-age@uni-koeln.de

The associated institutes are committed to diversity, diversity of perspectives and
equal opportunity. Applications from people with a disability and their peers are
especially welcome. People with a disability are preferred if equally qualified.
Applications from women are encouraged. Women will be given preference if
equally qualified, competence and professional performance, unless located in

an individual male candidate predominate reasons. W284085R
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INNOVATION STARTS
WITH YOU

RESEARCH AND INNOVATION ARE OUR CORNERSTONES
At AbbVie we are building on animpressive track record of developing

innovative therapies addressing some of the world’s most serious

and complex diseases.

BE THE NEXT BREAKTHROUGH TALENT

JOIN AHIGHLY DYNAMIC SCIENTIFIC ENVIRONMENT
AbbVie Neuroscience Discovery focuses on neurodegenerative diseases
e.g. Alzheimer’s and Multiple Sclerosis. At Ludwigshafen, Germany, our
internal research areas of biology are : tau biology, neuro-inflammation,
proteostasis and neuro-denegeration/-regeneration.

IF WE SHARE THE SAME PASSION

We are looking forward receiving your application.
Upload your CV and aproven successfultrack record W
in an area of biology we are focused on through \
www.abbvie.de/careers or send an E-Mail to
TalentAcquisition.de@abbvie.com

An equal opportunity employer. AbbVie welcomes and encourages diversity in our workforce.
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