
Waksman Institute
of Microbiology

Annual Report 2018 - 2019



1

ABOUT US

Waksman Institute of Microbiology 
Rutgers, The State University of New Jersey

190 Frelinghuysen Road, Piscataway, NJ, 08854, USA

Phone: 848-445-3425, Fax: 732-445-5735
Email: info@waksman.rutgers.edu

www.waksman.rutgers.edu

The Waksman Institute of Microbiology is an interdisciplinary research institute devoted to excellence in basic re-
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The Institute employs faculty teams that concentrate on certain organisms amenable to genetic analysis such as bacte-
ria and fungi (E. coli and yeast), animal systems (e.g., Drosophila and C. elegans), and plants (Arabidopsis, tobacco, 
and maize). Although the Institute focuses on basic questions in microbial, animal, and plant research, it continues to 
engage in extensive technology transfer of its basic discoveries.

To support the educational mission of Rutgers, Waksman faculty members hold appointments in academic depart-
ments throughout the University. Our researchers train undergraduate students, graduate students, and postdoctoral 
fellows, as well as engage high school students in research through an outreach program.
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The Waksman Institute is supported by Rutgers University, its endowment and research grants, and gifts from private 
foundations and individuals. Gifts provide valuable resources to enhance research initiatives and increase student 
opportunities. Donors may choose to contribute either to the Institute’s operating budget, or to a specific initiative. For 
more information, contact Robert Rossi, Executive Director for Administration and Finance: 848-445-3937, 
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Tribute

A Tribute to our Director and Friend
Joachim Messing (September 10, 1946 - September 13, 2019)

Joachim (Jo) Messing, the Selman A. Waksman Professor 
of Molecular Genetics, University Distinguished Profes-
sor, and long-time director of the Waksman Institute at 
Rutgers University, has died at age 73.  Messing made 
pioneering and foundational contributions that underpin 
the modern fields of genetics, genomics, and evolution-
ary biology.  He invented “shotgun” sequencing of DNA, 
an approach that vastly empowered the advance of the 
genomic era of biology.  The tools he created and dis-
tributed widely without restrictions put the sequencing 
of DNA in everyone’s hands and led to its automation 
and in time its industrialization.  His work fueled both 
fundamental and applied applications that have been 
transformative globally in agriculture, medicine, and the 
basic sciences.

After undergraduate and post-baccalaureate studies in 
Germany, Messing arrived in the US in 1978, just as 
the early science of modern molecular biology and the 
tools of recombinant DNA and cloning were coming 
into full bloom.  He landed as a post-doctoral research 
associate at the University of California-Davis where he 
completed development (started in Germany at the Max 
Planck Institute of Biochemistry) of a complete toolkit, 
providing vectors that made cloning straightforward, 
primers, screening tools, bacterial strains, and compu-
tational methods needed for his innovative approach to 
DNA sequencing.  He then, working with a team led by 
Bob Shepherd in plant pathology at UCDavis provided a 
powerful demonstration of his approach in the complete 

sequencing of an infectious clone of the double-stranded 
DNA of the plant retrovirus, cauliflower mosaic virus.

Messing’s contributions enabled genome sequencing 
from viruses to tumors, from crop plants to humans.  
Industries have been built on the foundations that he laid; 
in the life sciences, every company from seeds to phar-
maceuticals, every university research laboratory, and the 
work of thousands of entrepreneurs attracting billions in 
investment owe their origins, their methods, their prod-
ucts, and their success to the inventive mind, the dogged 
work ethic and the remarkable generosity of Jo Messing.  
He was the most highly cited author in all of the sciences 
in the decade of the 1980s. 

Messing was born in Duisburg, Germany on September 
10th, 1946, to Martha and Heinrich Messing. The eldest 
of three children; his mother was a homemaker and his 
father, a mason, owned a construction company.  Duis-
burg, a major industrial center in the German war effort, 
was severely damaged by Allied bombing.  Life was 
not easy, but he was inquisitive and determined and was 
the first in the family to go to college. This was also a 
time in which his love for travel blossomed; he biked 
through England on his own at 16, and twice traveled 
around the world, reaching the World’s Fair in Osaka in 
1970.  While earning a B.S. in pharmacy (1965-1968), 
he worked at the Deutsche Opera am Rhein developing 
this lifelong passion for Opera. Messing studied Phar-
macology at the Free University of Berlin from 1968-
1971(M.S.). Here he organized the First International 
Pharmacy Conference in Berlin after convincing Sch-
ering AG and independent pharmacies of Germany to 
provide the funding. 

1971 was a pivotal year in Jo Messing’s life; he met the 
love of his life Rita and he began his doctoral studies on 
the replication of DNA plasmids under Feodor Lynen and 
Peter Hofschneider at the Max Planck Institute for Cel-
lular Chemistry in München.  In 1975 he and Rita were 
married and he received his doctorate degree from the 
Ludwig Maximilian University of Munich in Biochem-
istry in 1975. He stayed as a research fellow at the Max 
Planck Institute until 1978, when he moved to UCDavis 
as a research associate. The same year his son   Simon 
was born. He joined the faculty at the University of Min-
nesota-Twin Cities as an assistant professor of biochem-

istry in 1980, and by 1984 was a full professor there.  
He arrived at Rutgers University-New Brunswick in 
1985 as research director of the Waksman Institute and 
in 1988 became its director, the position he held at the 
time of his death on September 13, 2019.  He became a 
US citizen in 1994.

At Rutgers, in addition to his leadership of the Waks-
man Institute, Messing made many important contribu-
tions to the University.  He started and led departments, 
became an influential senior academic leader, and 
participated in innumerable ways that benefited and 
contributed to the university’s growth and stature. 

He led also a highly productive laboratory of his own, 
focused in recent years on plant genetic improvement, 
notably the sequencing of the genomes of several crop 
species (maize, rice, sorghum).  His work contributed 
to improvement in nutrition, pest and disease resistance, 
and agronomic traits. 

In addition to his roles at Rutgers, Messing was the 
recipient of many awards and honors.  He was elected 
a Fellow of the American Association for the Advance-
ment of Science in 2002.  He led the team awarded 
World Technology Award in Biochemistry in 2003 and 
the USDA Secretary’s Honors Award in 2004.  He was 
named a member of the German National Academy 
of Sciences Leopoldina (2007).  He was awarded the 
Wolf Prize in Agriculture (2013) and a member of the 
US National Academy of Sciences (2015).  He was also 
a Fellow of the American Academy of Microbiology 
(2015) and the American Academy of Arts and Sciences 
(2016).

Messing’s life was one of many achievements and a 
few ironies.  Amongst the latter was his attendance, at 
age 23, at summer science conference in Lindau in 
1970.  A treasured remembrance from that conference is 
a now-faded photograph of Jo standing behind Selman 
A. Waksman, the winner of the 1952 Nobel Prize in 
Physiology or Medicine and a long-time Rutgers faculty 
member.  It was with funds from the prize and other 
sources that Waksman built the first building of the 
Institute that bears his name and of which Messing was 
the fourth director.   

Since the sudden death of Jo Messing there has 
been  an outpouring of tributes from colleagues 
and students
I am currently postdoctoral in Dr. Messing's laboratory. Thursday we to-
gether just celebrated his birthday in the lab round-table meeting held every 
two weeks. We fortunately recorded the moment (enclosed the picture) in the 
birthday celebration. During our enjoying his birthday cake, he traditionally 
told us a lot of science stories that he experienced before.  The scene looks 
like a chat between father and son. All his students and staffs truly enjoy 
that moment. Dr. Messing hopes our Chinese students to do somethings for 

China's farmers and agriculture by what we learned from his laboratory. His 
vision inspired us in science, career, and life.

Dr. Messing has such bold and inspiring thoughts. When I came in his lab, 
He told me that our goal is to make the gluten-free bread for celiac-disease 
patients which account for 1% of the world-wide population.  Right now, we 
have achieved the test for a kind of gluten substitute protein in corn. We have 
been submitting the finding into the journal of Plant Biotechnology Journal. 
Dr. Messing gave an inspiring title for this manuscript entitled "Towards 
celiac-safe bread." What an inspiring title!

I knew that he handled too many manuscripts this year. By now five papers 
dealt with him have been accepted by the top-level journals like PNAS and 
Nature Communications etc.  He is a quite diligent and responsible mentor.
Z. Zhang

Jo was an outstanding scientist.  His research contributions helped set the 
stage for the biotechnology revolution.  Jo is a big part of the reason I came 
to Rutgers.  I had been aware of his research on DNA cloning vectors when 
I applied for a faculty position at Rutgers, and the fact that he had joined 
Rutgers was an important factor in my decision to apply to, and then to join, 
Rutgers. - R.H. Ebright

I'm Yin, the research associate who works in Dr.Messing's lab. He was a 
outstanding mentor and supervisor. We had a round table meeting on 3:00 
PM last Thursday (Sep 12th), and he was robust as ever. Particularly, our 
lab meeting is called round table meeting because Dr.Messing would like to 
create a comfortable and inspiring atmosphere for discussing scientific prog-
ress. Our lab also has a tradition that when each lab member has a birthday, 
all the lab celebrate the birthday for him/her with a birthday cake and fruits. 
Dr.Messing had always been the one who sung the "Happy Birthday to You" 
loudest! 
We were actually celebrating the birthdays for Dr.Messing and Jiaqiang 
Dong (another postdoc in the lab) after the Sep-12th roundtable meeting. 
Dr.Messing said "We get one year older. OK! Let's celebrate it!". 

It is just totally shocked to me to believe the news that Dr.Messing passed 
away on Friday night, since we were just celebrating his birthday on 
Thursday. And he was so healthy, so robust and so excited. After his return 
from the trip to China, he was exciting to let us know that in China there are 
totally 7 Distinguished Round Scholars elected by NSF China who works 
on maize genetics (I personally think that's a sort of equivalent to AAAS 
Fellow in US), and three out of the seven were former postdocs trained by 
Dr.Messing. He is satisfied by such an achievement. He always encouraged 
us to work harder as those excellent lab alumni did. - Y. Li

Every year, Dr. Messing shared the same birthday cake with me, since our 
birthdays are so close. Mine is Sep 1st, while his is Sep 10th. This year, we 
just celebrated our birthdays together last Thursday.  And he passed away 
on Friday night, so shocked! 

Every year, he will host a pool party for our lab in July. He barbecued and 
his wife, Rita, cooked all other foods for us. 
 
On average, he travelled to China once every year. He said he made a lot of 
chinese friends who have great influence in China's agricultural scientific 
research field. He said this will help us to find a faculty position in China. 
He always treats us as his first consideration.  I used to ask him when he will 
retire. He answered that he has no plans now, because he has to think about 
the future direction of the institute. Miss him so much! - J. Dong

Dr. Messing is very acute in science especially the genomic tools, the tools I 
learned in Waksman is still cutting edge a few years later in the biotechnol-
ogy industries. 
Dr. Messing never gave us a hard time because our research went slow since 
he knows research takes time.
Dr. Messing supports and understands personal choice, I was bit sad to 
leave academia and about not becoming a professor, he said: not everyone 
needs to be a professor, you just make the best choice for yourself. - W. 
Zhang

 As Dr. Messing's lab technician I have had the privilege of helping him 
deposit the lab strains he derived for his seminal work in shotgun sequenc-
ing and on occasion he would come to the bench to look at culture plates 
and share anecdotes from the past.  For an autobiographical account of 
those days I encourage you to read "Cloning in M13 phage or how to use 
biology at its best*," Gene, 100 (1991) 3-12 where the asterisk leads you to 



Messing with Alan Alda
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the footnote, *Dedicated to Rita and Simon.  When I was newly hired I really 
struggled to recover the wild type M13 plasmid for a distribution request by 
deconstructing an M13 mp mutant that he had saved in a collection of old vials.  
He was so excited when it finally worked and he grinned and said, " It was 
also plate number three when I made mp1!"  He was very concerned that his 
research helped perpetuate and bring honor to  Waksman Institute and Rutgers 
University.  It was obvious to all but he said he still loved his job at Waksman 
and also, "I envy you Jennie, working in the lab."  No one could propel you 
to do more than you thought possible than Dr. Messing.  He was an inspiring 
mentor and most importantly, had great faith in his students. - J. Ayer

My name is Nelson Garcia and I was Dr. Messing's PhD Student (Plant Biol-
ogy, graduated in 2017). I have many wonderful memories of Dr Messing but 
the one that I want to share is how fast he responds to drafts of my manuscripts 
for publication. I remember for my first ever publication in the lab, he edited 
my draft overnight and gave it back to me the following day. Wow! And not 
only that, he always saw something in my data that I don't. And it greatly 
improved the manuscripts. He taught me how to respond to reviews by editors 
and peer reviewers, and I am now a better scientist because of it. He was truly 
a great scientist and mentor, and he cares about the future of his students. -  N. 
Garcia

Jo was an active member of the international maize genetics community, within 
which he had many personal friends.  He looked forward every March to 
attending the annual Maize Genetics Conference, where he could drop his coat 
and tie and catch up with old friends in a very informal setting, drinking beer 
and exchanging stories oftentimes past 2 am.  He was very honored to have 
been invited as a plenary speaker to the 2006 meeting in Asilomar, CA.

Jo loved opera and even played nonsinging support roles while a university 
student in Germany.  He told me that once he had to carry a not-so-light 
soprano across the stage in “Rigoletto” and was terrified of dropping her.  
Being aware that I shared his love for opera, he included a Met performance of 

“Aida” as part of my job interview trip.  I enjoyed it very much and ended up 
accepting his job offer. - H. Dooner

Although I would not actually meet him in person until the end of my thirties 
when I was interviewing for my first faculty position, I originally became 
acquainted with Jo Messing when I was in college.

During any given faculty position interview, there comes a point at which 
the candidate meets the department chair or institute director.  I had been 
on several interviews by the time I interviewed at the Waksman Institute, so 
I had already gone through this experience.  I was young and naive, and the 
meetings with chairs and directors always highlighted that “fish out of water” 
feeling that candidates experience in any job interview.  But not my meeting 
with Jo.  He put me at ease and treated me as a scientific equal.  Rather than 
discuss academic politics or the structural elements of the position, we instead 
got to know one another discussing our science.  We stood at a wax board and 
passed a pen back and forth.  He sketched out his studies of the maize genome, 
while I sketched out my own plans for my lab’s research.  It was a refreshing 
change from my previous interviews, and a fond memory to which I return all 
these years later.

I was eventually lucky enough to receive the job offer from the Institute and 
Rutgers.  When I was packing up to move back east, I stumbled on my college 
text books.  One of the best courses that I took in college was a lab course on 
recombinant DNA techniques, which was cutting edge for an undergraduate 
course at the time (mid-1980’s).  There in my collection of texts was the book 
for this recombinant DNA course - including DNA library screening, cloning, 
subcloning, DNA sequencing, and site-directed mutagenesis -  with Jo’s name 
on it.  He had designed an undergraduate course and authored the accompany-
ing textbook.  It was modeled, I believe, on a Cold Spring Harbor Lab summer 
course that he helped develop for researchers in the field.  That text book 
symbolizes how Jo not only moved cutting edge biotechnology from the bench 
into the hands of other scientists, but put that technology into the hands of un-
dergraduates who would become the next generation of scientists and scholars.  
That connection between cutting edge research and education is something he 
continued to foster during his entire time as Director of the Waksman Institute.

Jo continued to be a wonderful mentor and colleague my entire career.  I’m so 
grateful to have had his support and encouragement, and I will sorely miss him.

- C.Rongo

Dr. Messing telling me during one of our research meetings that he thinks I can 
do things on my own and that I am “smart” enough to be able to work things 

out is something I cannot forget from him. Him seeing my capabilities as just 
a graduate student then means a lot and this probably explains my continued 
interests in plant improvement and genetics. I am grateful for the learning 
experience I had with him as his graduate student and I would not have it any 
other way if I get to re-do my Ph.D. - J. Planta

Within the few short years I have been with Waksman, I have always known Dr. 
Messing as a very kindhearted man.  He knew all of us by name, and would al-
ways offer a warm smile and hello, if passing in the hall.  An exceptional com-
bination of a person to have his pure brilliance in science and his importance 
to the Institute, be so humbled and kind.  It was a privilege to have worked, in 
some small way, for him. He will be missed. - J. Wachter

Dr. Messing was such a kind man and I will always remember going to a party 
at this house and feeling very welcomed by him. - M. Bianca

My first knowledge of Jo Messing was when he had submitted a grant proposal 
to the USDA Genetic Mechanisms program in 1978-79. The panel was ex-
tremely enthusiastic, to say the least, about the proposal that involved his M13 
use in DNA sequencing. With this introduction to Jo, I later worked together 
with others to get him on the University of Minnesota faculty. His lab worked 
in part on a high methionine strain of corn discovered in my lab. Thus, we 
had a close connection and always found time at meetings to sit down and talk 
science. I cherished these talks.

Another fun time with Jo was when we went on a fishing trip to the Boundary 
Watters of Minnesota. Jo and I got our lines tangled. He was in the middle seat 
of the canoe. After about 15 minutes of trying to untangle our lines, we finally 
were ready to continue fishing. As I reeled in my line, a Northern Pike took my 
hook and I landed a very nice fish. Jo thought that I had hooked the fish before 
getting our lines tangled and was so impressed that I could be so calm during 
all this time. I never told him that the fish was hooked accidentally near the 
canoe by chance. - R. Phillips

Beyond his success in science and his quest for the greater good, he was a very 
kind man. - M. Bythell

Messing at age 23 with Selman Waksman

Messing celebrating his birthday with the lab 
2019
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Director, Joachim Messing

Professors
G. Charles Dismukes
Juan Dong
Richard H. Ebright
Andrea Gallavotti
Kenneth Irvine
Pal Maliga
Kim McKim
Bryce Nickels
Richard W. Padgett
Christopher Rongo
Konstantin Severinov
Andrew Singson
Ruth Steward
Andrew K. Vershon

Non-Resident Professors
Maureen Barr
Robert Goodman

Professors Emeriti
Ekkehard Bautz
Hugo Dooner
David Pramer
Robert W. Simpson
William Sofer
Evelyn Witkin 

Executive Director for Administration 
and Finance, Robert Rossi

Staff
MaryLynn Bianca, Administrative Assistant
Maryann Bythell, Administrative Assistant
Michelle Phillips, Senior Administrative Assistant
Marge Piechota, Accountant
Erin Sorge, Grant Proposal Assistant
Jill Wachter, Administrative Assistant

Information Technology
Randy Newman, Core Facilities, Support Services and 
Information Technology Director
Daja O’Bryant, Unit Computing Specialist
Brian Schubert, System Administrator

Core Facilities
Amanda Rodriguez, Fermentation Facility
Arvin Lagda, Fermentation Facility
Nanci Kane, Confocal Imaging Core Facility
Dibyendu Kumar, Genomics Core Facility
Themios Chionis, Greenhouse Supervisor

Support Services
Rosita Law, Principal Lab Technician
Shammara Scott, Principal Lab Technician
Ted Przybylski, Instrument Maker/Repairer

Rutgers Research and Educational Foundation
The Rutgers Research and Educational Foundation (RREF) was established by the Rutgers University Board of 
Trustees to receive the income from the streptomycin and neomycin inventions as well as other inventions by 
Waksman Institute faculty and staff.

RREF Committee Members 2018-2019
Teresa Dolan
M. Wilma Harris
Roberta Kanarick
Tolulope A. Oyetunde
Carole Sampson-Landers
Edgar Torres
Mary DiMartino
Jhaveri Nimesh

Executive Officers:
Dr. Christopher Molloy Interim Chancellor- New Brunswick  for 
Dr. Robert Barchi President & Chair
Ernie DiSandro, Interim Controller for J. Michael Gower, 
Executive VP of Finance and Administration and Treasurer
Joachim Messing, Scientific Director
Elizabeth Minott, Esq., Legal Counsel & Secretary
Robert Rossi, Executive Director



process. Erin Sorge works closely with Marge Piechota, who directs the business office and manages the post-award 
phase of grants. Because of the size of outside awards, procurement is the highest activity of the administration, fol-
lowed by personnel action including visa needs for all foreign students and scientists. Finally, receiving of orders at 
the loading dock is monitored and building maintenance requires work orders.

Core facilities, support service, IT

In support of the many and diverse research activities and considering the new University-wide budget model, I 
reorganized our core facilities, support services, and information technology (IT) with Randy Newman as the Director, 
who reports to Bob Rossi. Our Institute has a total of four core facilities, three support facilities, and computational 
services for desktop and server functions.

Mission Statement

The Waksman Institute’s mission is to conduct research in microbial, developmen-
tal, and plant molecular genetics. The Institute also is a catalyst for general univer-
sity initiatives, life science infrastructure, undergraduate, graduate, and outreach 
education, and a public service function for the state. 

Background

The principal mission of the Waksman Institute is research. Although the initial 
emphasis of the institute at its founding was microbiology, its focus soon turned 
towards molecular genetics, and was later broadened to include also multicellular 
organisms. Our founding director said at the opening of the Institute: “This Insti-
tute will devote its efforts to the study of the smallest forms of life, the microbes, 
wherever they are found and no matter what their activities may be,” he also 

appreciated the dynamics of all scientific endeavors by saying: “Let this Institute serve as a center where scientists 
from all parts of the world may gather to work, to learn, and to teach. These Halls are dedicated to the free pursuit of 
scientific knowledge for the benefit of all mankind.” This freedom in scientific research had enabled the members of 
the Institute to push the frontiers of scientific knowledge today to new levels from better nutrition to drug-resistance 
of infectious diseases, from cancer to birth defects.

Central to the Institute’s advances in molecular genetics is the introduction of interdisciplinary programs with chem-
istry, biology, and computational sciences. Indeed, the institute’s research mission has evolved from a diversity of 
disciplines centered on antibiotics to a unified discipline of molecular genetics with a more diverse set of biological 
problems. The institute today employs faculty teams that concentrate on certain classes of organisms amenable to ge-
netic analysis such as unicellular organisms (e.g., Escherichia coli, yeast, and algae), animal systems (e.g., Drosophila 
and C. elegans), and plants (e.g., Arabidopsis, maize, sorghum, tobacco, and duckweeds). To apply advances in sci-
entific knowledge to the benefit of mankind, the Institute continues to seek practical and commercially viable appli-
cations of its discoveries. Historically, in fact, the institute owes its existence to the symbiotic relationship that exists 
between academic research institutions and the private sector. In 1939 Dr. Selman Waksman, the institute’s founder 
and namesake, entered into an agreement with Merck & Company of Rahway, New Jersey, to study the production of 
antimicrobial agents by soil bacteria. Within three years, streptomycin, the first effective antibiotic against tuberculo-
sis, was discovered, patented, and licensed to the pharmaceutical industry by Rutgers University. Through the patent 
of streptomycin, and other antibiotics discovered in Dr. Waksman’s laboratories, Rutgers received approximately $16 
million in royalties, which was used, in part, to build and endow the institute.

Organization

The Waksman Institute is a research unit of the New Brunswick campus of Rutgers University, The State University 
of New Jersey. It receives a budget from the state to support the recruitment and appointment of faculty, whose salary 
is split with decanal units of the campus, where they hold their tenure. This facilitates faculty appointments in differ-
ent disciplines and enriches the interdisciplinary research unique to the institute. The decanal units simultaneously 
receive an enhanced instructional and service program, in addition to their traditional departmental tasks consistent 
with the mission of a state university.

With the merger of Rutgers and UMDNJ on July 1st, 2013, chancellors have been appointed and the institute reports 
to the Chancellor of New Brunswick since then. The faculty of the institute will continue to participate in the various 
graduate programs, thereby remaining fully integrated into the state university system.

Administration

The Institutes administration consists of only 6 people under Robert Rossi as Executive Director of Finance and 
Administration. I share my administrative assistant with the faculty, helping them with the pre-award grant application 
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Other service functions include small instrument repairs and glass washing units in the old and new wing, respectively.

Personnel and faculty affiliations

In the academic year 2018/2019, the Institute consisted of fifteen resident, two non-resident, and six emeriti facul-
ty members.  The Institute accommodates six assistant research professors, ten visiting student/scholar researchers, 
fifteen research associates, twenty-one postdoctoral researchers, eighteen technical assistants, eighteen graduate 
students.  The Waksman Institute’s total resident population is currently 114, which does not include the forty-six 
undergraduate students that did independent research during the last year. There has been a continuous decline in re-
search personnel from 135 in 2016 to 114 last year. In particular, there was a drop in graduate students from 32 to 18, 
whereas the number of postdocs stayed the same. A major factor was certainly increased costs in graduate education, 
the closure of two laboratories due to retirements, and the loss of HHMI funding.

There were five institute faculty members in the Department of Molecular Biology and Biochemistry, five in the 
Department of Genetics, three in the Department of Plant Biology and Pathology, two in the Department of Chemistry, 
one in the Department of Ecology, Evolution, and Natural Resources, and one in the Department of Biochemistry and 
Microbiology (Dr. Dismukes has two departmental affiliations). Of the fifteen resident and two non-resident members, 
two were Associate Professors, nine Professors, four Distinguished Professors, one Board of Governors Professor, 
and one Distinguished University Professor. I am also the first holder of the Selman Waksman Chair in Molecular 
Genetics. The Institute currently has six professor emeriti, who are all well, and periodically join us here for events. 
Three professors are members of the National Academy of Sciences (US), three of the American Academy of Arts and 
Sciences, one of the National Academy of Inventors, one of the German National Academy of Sciences, one of the 
Hungarian Academy of Sciences, five are Fellows of the American Academy of Microbiology, and eight Fellows of 
AAAS.

Last academic year, Chuck Dismukes was on sabbatical and Richard (Rick) Padgett retired as Professor of Molecular 
Biology and Biochemistry. He continued for one more year with a leave of absence except for student committees. I 
wrote a brief summary of his career already last year.

Lectures

Because there are so many lectures in the life sciences on our and the Cook campus, the institute conducts mainly ad 
hoc seminars of visitors of our faculty that are listed at the end of the Report. Especially, we were pleased to have our 
former member Xuemei Chen from the University of California at Riverside on May 1st, 2019, to give the lecture 

“Small RNA Networks in Plants”. We also list the program of our annual retreat from September 7th, 2018. In addi-
tion, the institute sponsored The Microbiology Symposium, in New Brunswick, NJ, in February 2019 at Trayes Hall, 
Douglass College.

Recruitment & Funding

We had two openings last year for faculty recruitment, which were supported by Chancellor Molloy, Dean March, 
and Dean Goodman. One was for the replacement of Rick Padgett in SAS for the animal genetics group at the insti-
tute. The departmental affiliation was left open to the candidate, which could have been in Molecular Biology and 
Biochemistry, Genetics, or Cell Biology and Neuroscience. The other one was the replacement of Hugo Dooner in 
the Department of Plant Biology of SEBS for the plant genetics group at the institute. Recruitment was enhanced 
with the addition of new laboratory space to the new wing to be completed this fall. Chris Rongo chaired the search 
in SAS and Pal Maliga the one in SEBS. The SAS search was successful, and Annika Barber from the University of 
Pennsylvania is joining us January 1st, 2020. She uses Drosophila to study circadian rhythm and sleep, expending our 
expertise in the neurosciences. Her tenure-track appointment will be in the Department of Molecular Biology and 
Biochemistry. Because of her choosing, she will move to the second floor in the old wing to switch places with Drew 
Vershon, given us the opportunity to highlight the commitment for our outreach program to High Schools by moving 
Drew’s operation onto the first floor of the new Addition. As Annika comes with the new year, there will be time to 
renovate Drew’s space for her, allowing us to concentrate fruit fly genetics on the second floor of the old wing. The 
SEBS search will be renewed for the coming year but be opened to all ranks. In addition to Annika Barber, Chancellor 

Unique for New Jersey is a cell and cell products fermentation facility. Built in 1954 and renovated in 1984, the Cell 
and Cell Products Fermentation Facility, located within the Waksman Institute at Rutgers University is a state-of-the-
art facility that provides fermentation services to a multitude of clients including academic institutions, international 
pharmaceutical corporations, cosmetic companies, virtual enterprises and more. Our purpose is to provide, not for 
profit, specific niche services to produce biologics and similar products including purification, bulk production, scale-
up and R&D. We operate independent of state support, using a fee for service arrangement with our clients. Our bio-
reactors include two 1,000-liter, three 125-liter, and four 30-liter systems.  These systems and our downstream equip-
ment have been recertified to NIST standards and work is conducted under cGLP/GMP guidelines. Our staff follows 
SOPs and adheres to good record keeping.

The second largest facility is the Waksman Genomics Core Facility (WGCF), offering multiple platforms and sev-
eral other tools to assist with genetic and genomic research. The WGCF employs the latest technologies to generate 
high-quality sequencing data with fast turnaround and competitive prices. In its commitment to enhance the pro-
ductivity of research, the Waksman Institute revamped its Genomics Core Facility with the purchase of the Sequel 
Sequencer of Pacific Biosystems with funds from the chancellor’s office. This new equipment provides long sequence 
reads, which is critical for analyzing full-length cDNAs and the assembly of whole genomes from shotgun sequencing 
reads.

Our infrastructure also includes a cell biology core facility with multiple imaging and microscopy platforms. There 
are two laser-scanning confocal-microscopes - a Leica SP5 II and a Leica SP8 - both of which are spectral confocal 
microscope equipped for imaging multiple wavelengths, including UV, and capable of collecting high resolution 
optical sections where out-of-focus light is eliminated. Both microscopes have sensitive GaAsP detectors, and the SP5 
uses the latest high-speed resonance scanner for rapid image acquisition for real time imaging.  Computing software 
is available for the analysis and deconvolution of three- and four-dimensional image data, as well as for FRAP, FLIP, 
and FRET measurements.  The core also possesses a Zeiss Axioplan-2, which is a fully motorized immunofluores-
cence system capable of the automated collection of 3D and 4D image stacks using multiple wavelengths for more 
routine work.

Both the Genomics and Cell Biology Core are very computing intensive units. The Waksman computing staff is re-
sponsible for maintaining the high availability of these resources 24/7 with minimal downtime. It has dedicated space 
on the fourth floor in the building’s Old Wing. Randy Newman has two people with dedicated responsibilities, Daja 
O’Bryant for all desktop equipment and Brian Schubert for server updates and services.  
 
The Institute’s computational resources are provided by a state-of-the-art data center which hosts 30+ servers, a 
high-performance computing cluster with nearly 400 logical compute cores, and over 1,000 TB of enterprise class 
storage with an offsite backup location for disaster recovery. The servers, storage, and other devices communicate 
using a combination of high-speed 10Gb Ethernet and 8Gb Fibre Channel fabrics. Extensive server virtualization pro-
vided by VMware ESXi is used to make most efficient use of available physical hardware and minimize energy costs.  
 
In addition to its on-site resources, the Institute is a member of the Rutgers High Performance Cooperative Cluster 
(HPCC). This shared computing resource is available to select departments across Rutgers and its users have access 
to its large pool of high memory compute nodes complete with NVIDIA Tesla GPUs, FDR Infiniband, 10Gb Ethernet, 
and a high-performance distributed Lustre filesystem. This cluster is ideally suited for many computationally inten-
sive research tasks. 

By utilizing Rutgers’ Internet 2 connection, Waksman users have a high speed, high bandwidth direct connection to 
450+ universities and 32 affiliate members of the Internet 2 consortium. The Institute provides its users with tradition-
al office software and common molecular biology tools, but also offers multi-functional sequence analysis application 
suites: Lasergene DNAStar and Vector NTI.

The fourth facility is the Institute’s Farm. It includes a greenhouse with seed storage and sorting head house. The 
close-by fenced-in field space is serviced with the necessary farm equipment. The Farm Supervisor, Joshua Gager, 
was leaving us after two seasons and we were joined now by Themios (Tim) Chionis as his successor.
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Molloy and Dean March provided us with additional resources to recruit Sam Yadavalli for the Microbial Genetics 
group as a special case, which will increase our membership by one more slot than in the past. She comes from the 
Nickels’ laboratory and studies the regulation of gene expression in bacteria under different growth conditions. She 
will move into Rick Padgett’s space.

Clearly, the outside support achieved through competition is the most notable highlight. Congratulations to all facul-
ty that received either new grants or renewals. On average, two-thirds of all Institute annual resources are based on 
external grants and contracts. Over a 11-year period, total external funding of about $9.5M has fluctuated significantly. 
We expected a significant drop because of the most recent retirement of Hugo Dooner and Rick Padgett and the loss of 
a second Howard Hughes Investigator appointment. We recently recruited two new junior faculty and anticipate this 
trend to reverse.

Awards/Honors

I am pleased to report several awards/honors of our faculty this year. Maureen Barr got promoted to Distinguished 
Professor. Andrea Gallavotti received the early career award from the Maize Genetics Executive Committee. Chuck 
Dismukes received the NASA CO2 Utilization Challenge Prize and the Rutgers Goldman Innovation Prize. Ken Ir-
vine became the Director of the Rutgers Graduate Program in Cell and Developmental Biology.  I received an Honor-
ary Professorship of Zhejiang University, Hangzhou, China and I was elected and inducted to the National Academy 
of Inventors last April at the Space Center in Houston. Congratulations to these accomplishments of our members!
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Summary

Research: Cilia, extracellular vesicles, and animal behavior

My research program studies fundamental questions in cilia cell biology and to 
model human polycystic kidney disease and other ciliopathies. Cilia have the 
capacity to both receive and send information, the latter in the form of extracellular 
vesicles (EVs). EVs are nano-communication devices that cells shed to influence 
the behavior of other cells, tissues, or even organisms.  EVs may be beneficial 
or pathological, depending on their cargo content. Very little is known about EV 
cargo sorting, formation, or function, largely because their tiny size escapes de-
tection by light microscopy.  We have developed the only in vivo system to study 
EV biogenesis and bioactivity in a living animal, C. elegans, and are poised to 
make important fundamental discoveries that may have profound impact on human 
health and disease. 

In the brain of the worm, the cephalic male (CEM) and inner labial (IL2) neurons 
are the only known ciliated EV-releasing neurons. These EV-releasing cilia display 

non-canonical variations of the 9+0 doublet microtubule axoneme. During sexual maturation, CEM doublets splay to 
18 A-tubule and B-tubule singlets while the IL2 transition zone remodels from 9+0 to 4-7+0.  We previously showed 
that the tubulin code via tubulin glutamylation and tubulin isotype controls this unique ciliary ultrastructure. Ciliary 
EV shedding and release is also controlled by the tubulin code writers (a glutamylase TTLL-11 and -tubulin TBA-6), 
erasers (deglutamylase CCPP-1), and readers (the IFT machinery and kinesin-3 KLP-6). Using super-resolution imag-
ing, we recently discovered that cilia shed EVs at two distinct sites, that ciliary EV cargo sorting is a highly selective 
process, and that cilia use mechanosensation and calcium to modulate EV shedding and potentially bioactivity. 

We have two ongoing NIH-funded research projects (DK59418 and DK116606). My lab is also supported by an NIH 
diversity supplement (to grad student K. Tiger), a NJ Commission on Spinal Cord Injury fellowship (to postdoc J.S. 
Akella), and an award from the NIH-funded Kansas PKD Center (to research assistant professor J. Wang).
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Summary

During development, organs grow to a characteristic size and shape. This is essen-
tial for normal organ function, and the symptoms of many congenital syndromes 
stem from defects in organ growth or morphogenesis. Moreover, dysregulation of 
growth control is associated with tumorigenesis. A detailed understanding of organ 
growth and morphogenesis will also be required to create functional organs from 
stem cells, which is a key goal of regenerative medicine. Yet how characteristic 
and reproducible organ size and shape are achieved remains poorly understood.

Key molecular insights into how growth is controlled have come from the identi-
fication and characterization in model systems of intercellular signaling pathways 
that are required for the normal control of organ growth. Many of these pathways 
are highly conserved among different phyla. We are engaged in projects whose 
long-term goals are to define relationships between patterning, growth and mor-
phogenesis in developing and regenerating organs and to determine how patterning 
inputs are integrated with other factors, including mechanical stress. Much of our 
research takes advantage of the powerful genetic, molecular, and cellular 

techniques available in Drosophila melanogaster, which facilitate both gene discovery and the analysis of gene func-
tion. We also use cultured mammalian cell models.

One major area of research has involved investigations of the Hippo signaling network, which has emerged over the 
past decade as one of the most important growth regulatory pathways in animals. We study its regulation, molecular 
mechanisms of signal transduction, and its roles in different developmental and physiological contexts. We discovered 
regulation of Hippo signaling by the Dachsous and Fat cadherins over a decade ago, and have continued to define key 
steps in this branch of Hippo pathway regulation. Most recently, we identified and characterized the early girl gene as 
a novel component of the Fat-Hippo signaling pathway, which acts through regulation of Dachs protein levels. 

Another focus of our investigations of Hippo signaling has involved determining how mechanical forces experienced 
by cells influence Hippo signaling, and thereby organ growth. Observations that mechanical stress can influence cell 
proliferation had been made as early as the 1960s, but the molecular mechanisms responsible were unknown. We 
identified the first biomechanical pathway that could link cytoskeletal tension to Hippo signaling by discovering that 
the localization and activity of the Drosophila Ajuba LIM protein (Jub), and the Warts kinase, are modulated by cy-
toskeletal tension, providing a direct link between myosin activity and organ growth. We have more recently demon-
strated that this mechanism contributes to feedback regulation of growth in compressed cells, and that it contributes 
to density-dependent regulation of cell proliferation in developing Drosophila wings. The role of density-dependent 
mechanical stress in modulating Hippo signaling provides a mechanism through which this pathway can contribute to 
the regulation of organ size.

We have also investigated molecular mechanisms by which cells can respond to mechanical stress. Jub localization 
is regulated through a tension-dependent association with alpha-catenin, and we recently obtained evidence that this 
occurs through a tension-induced conformational change in alpha-catenin that enables Jub binding. We also confirmed 
that increased Jub recruitment to α-catenin is associated with increased Yorkie activity and wing growth, even in the 
absence of increased cytoskeletal tension. Additional studies have identified novel roles for Jub in modulating tension 
and cellular organization, which are shared with the cytohesin Step, and the cytohesin adapter Stepping Stone, and we 
established that Jub and Stepping Stone together recruit Step to adherens junctions under tension. This work identi-
fied a role for Jub in mediating a feedback loop that modulates the distribution of tension and cellular organization in 
epithelia.

We have also characterized links between mechanical forces and Hippo signaling in mammalian cells, and discovered 
both conservation of the Jub biomechanical pathway and a role for this pathway in cell density-dependent regulation 
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of mammalian Hippo signaling, including contact-inhibition of cell proliferation. Our studies have provided a mo-
lecular understanding of how tissue mechanics can influence Hippo signaling, while also emphasizing that there are 
multiple mechanisms by which mechanical forces regulate this pathway. 

We have also investigated how tissue patterning and mechanics influence morphogenesis. As one simple model, we 
have combined genetic analysis, live imaging, and computation image analysis to investigate cellular and molecular 
mechanism that govern wing shape in Drosophila. One unexpected outcome of these studies was the discovery that 
orientation of cell divisions is not required for normal wing shape.

Summary

Meiosis I, or the reductional division, is when pairs of homologous chromosomes 
segregate from each other. Chiasmata, the result of meiotic crossing over, facili-
tate this process by binding the homologous chromosomes together until they can 
orient correctly on the bipolar meiosis I spindle. This occurs when the homologous 
centromeres are oriented towards opposite poles. This is known as bi-orientation, 
and during meiotic metaphase I it establishes correct homologous chromosome 
segregation at anaphase I. The goal of our work is to understand how each pair of 
homologous chromosomes makes attachments to the spindle while successfully 
orienting in opposite directions prior to segregation at meiosis I.  In humans, errors 
in chromosome segregation in the oocyte lead to aneuploidy and are the leading 
cause of miscarriage, infertility and birth defects. Indeed, the fidelity of meiosis is 
fundamentally important to all sexually reproducing organisms.  We are studying 
the mechanisms of bi-orientation and the features of the oocyte spindle that make it 
susceptible to chromosome segregation errors. 

1) Investigate the structure and function of the meiotic centromere and kinetochore

The conserved KMN network is required for KT-MT attachments in vivo and is composed of three groups of proteins: 
SPC105/KNL1, the MIS12 complex and the NDC80 complex.  NDC80 is required for end-on MT attachments, which 
are important for moving the chromosomes towards the poles at anaphase. We have identified several activities that 
depend on SPC105R, kinetochore assembly (NDC80 recruitment), lateral microtubule attachments, and sister cen-
tromere fusion.  The latter is important for coorientation, the mechanism that promotes attachment of sister kineto-
chores in meiosis I to microtubules from the same pole.  

To study the function of SPC105R, we use tissue-specific RNAi to deplete the protein in oocytes. To develop a system 
to study the functions of SPC105R in oocytes with mutants, we generated an Spc105R RNAi-resistant transgene. 
This transgene rescues all Spc105R RNAi phenotypes. Using this construct, we are generating RNAi-resistant trans-
genes with deletions of each SPC105R domain proposed to recruit proteins with specific functions (Figure 1). We are 
particularly interested in separation-of-function mutants that identify the region(s) required for lateral attachments 
and sister centromere fusion. Surprisingly, the large central domain and the N-terminal MT-binding domains are not 
essential for meiosis. However, a transgene expressing only the C-terminal domain appears to be sufficient to localize 
to the centromeres, recruit other kinetochore proteins, and most surprising, recruits cohesin protection proteins such as 
MEI-S332/Shugoshin. These studies are continuing with the generation and characterization of additional mutations.

  

Figure 1: Structure and function of kinetochore protein SPC105R. A) Schematic of Spc105R protein structure. Sequence motifs are above the line. 
Studies in mitotic cells have suggested the N-terminal domain interacts with microtubules and phosphatase PP1. The central domain includes regions 
that recruit checkpoint proteins. The C-terminal domain may interact with centromere components. B) Localization of RNAi-resistant SPC105R (red) 
with centromere protein CENP-A/CID (white). C) An oocyte expressing a Spc105R transgene lacking the central “PEED” domain. The spindle is normal 
and SPC105R (red) localizes to the centromeres. D) An oocyte expressing a Spc105R transgene expressing only the C-terminal domain. The spindle is 
abnormal, but SPC105R (red) and NDC80 (white) localize to the centromeres, showing the C-terminal domain is sufficient for kinetochore assembly. In 
all images, the microtubules are in green, the DNA in blue, and the scale bar is 5 um. 
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2) Characterize the relationship between CPC localization and bi-orientation   

Prior to meiosis, the DNA replicates. Cohesin is the protein complex that holds these sister chromatids together until 
meiosis I and II. Cohesin regulation is complex because it must be protected from destruction prior to these stages, 
and then released in stages. First the chromosomes arms during meiosis I, and then the centromeres and the peri-
centromeric regions in meiosis II. regulate sister centromere fusion. The analysis of kinetochore proteins SPC105R/
KNL1 and Protein Phosphatase 1 (PP1-87B) has shown that two independent mechanisms maintain sister centromere 
cohesion in Drosophila oocytes. Maintenance of sister centromere cohesion by SPC105R involves protection against 
Separase, the enzyme that’s destroys cohesin proteins. In contrast, maintenance of sister centromere cohesion by PP1-
87B does not involve Separase. Instead, PP1-87B maintains sister centromere cohesion by inhibiting stable KT-MT 
attachments. In a recent paper describing this work, we propose two mechanisms regulate co-orientation in Drosoph-
ila oocytes. First, SPC105R protects cohesins at sister centromeres to maintain fusion.  Second, separation of sister 
centromeres in meiosis II occurs without degrading cohesins, depends on end-on microtubule attachments, and during 
meiosis I is prevented by PP1-87B mediated destabilization of these attachments. 

SPC105R maintains sister centromere cohesion during meiosis I by recruiting Protein Phosphatase 2A (PP2A), which 
modifies cohesins so they cannot be destroyed. What regulates stepwise removal of cohesion in the pericentromeric 
regions and the chromosome arms is not kown. This analysis is complicated by the fact that Drosophila have two 
PP2A subunits, WDB and WRD, that are partially redundant. In oocytes lacking SPC105R, WDB does not localize 
to the centromeres. Wdb RNAi oocytes, however, show a mild defect in cohesion, displaying occasionally showing 
separated centromeres and precocious anaphase. When both WDB and WRD are depleted by RNAi, we observed a 
complete failure to maintain sister chromatid and arm cohesion in metaphase I oocytes (Figure 2). We are currently 
investigating how PP2A is recruited to the pericentromeric regions and chromosome arms. Based on published work 
in mitotic cells, we are determining if Dalmatian, the Drosophila homolog of cohesin regulator Sororin, recruits PP2A 
to the chromosomes in addition to MEI-S332/Shugoshin. Our preliminary data shows that Dalmatian is localized to 
the meiotic chromosomes during early prophase. It may protect cohesion during the long prophase arrest experienced 
by oocytes, and during meiosis I may be redundant with MEI-S332/Shugoshin.  

3) Characterize the relationship between CPC localization and bi-orientation  
 

A key player in Drosophila meiosis is the four-protein chromosomal passenger complex (CPC). INCENP (Figure 2A) 
targets the complex to specific structures and recruits Aurora B, a kinase and the catalytic component of the CPC. In 
females expressing RNAi to Incenp or Aurora B, no meiotic spindle forms, showing that the CPC is required for chro-
mosomes mediated spindle formation in oocytes. 

To understand how the CPC is recruited to the chromosomes and promotes spindle assembly, we have generated 
mutants of Incenp that alter the localization pattern of the CPC. These mutated transgenes contain silent changes in 
the sequence that makes them RNAi resistant. In females expressing an RNAi resistant form of the wild-type gene, 

Figure 2: Precocious anaphase in PP2A knockdown oocytes. A) Wild-type oocyte. B) wdb RNAi oocyte. C) wdb RNAi oocyte held in 
buffer prior to fixation, showing a susceptibility to precocious anaphase, defined as the separation of chromosomes towards the poles of the 
spindle. D) wdb wrd double RNAi oocyte showing precious anaphase. In all images, INCENP is in red (except D), the microtubules are in 
green, the DNA in blue, and the scale bar is 5 um.

the meiotic spindle forms normally. When mutant Incenp transgenes that targeted the CPC to the centromeres or 
kinetochores are used, only kinetochore microtubules form, and there is no central spindle. This result suggests that 
targeting the CPC to the centromeres is sufficient to form a kinetochore but is not sufficient to promote bipolar spindle 
assembly. Several lines of evidence suggest that the key to CPC-mediated spindle assembly is heterochromatin pro-
tein 1 (HP1). First, in the absence of Aurora B, the rest of the CPC components (INCENP, Borealin, Survivin) colocal-
ize with HP1 on the chromosomes. Second, mutants of Incenp or CPC subunit Borealin that disrupt HP1 interactions 
have meiotic spindle assembly defects. These experiments have shown that an interaction between HP1 and Borealin 
is required for the initial recruitment of the CPC to the chromosomes and the initiation of spindle assembly. Third, 
after spindle assembly, HP1 is mostly localized to the spindle. We propose a model for how HP1 orchestrates chromo-
some-mediated spindle assembly. HP1 is initially recruited to the heterochromatin by H3K9me2/3, where it recruits 
the CPC to promote spindle assembly. Aurora B then phosphorylates H3S10, which is known to disrupt HP1 local-
ization. Therefore, the activity of Aurora B my cause the dissociation of HP1 from the chromatin, which may then 
force the CPC to move from the chromatin to the microtubules. Once on the spindle, the CPC promotes homologous 
chromosomes biorientation.

To identify the phosphatases that regulate Aurora B activity, we used a small molecule inhibitor of Aurora B, Binucle-
in 2 (BN2). When oocytes are treated with this drug, they lost their spindle microtubules. Thus, continuous Aurora B 
activity is required to preserve the spindle during meiosis I and spindle dynamics may be regulated by a phosphatase. 
When Aurora B was inhibited in PP2A RNAi oocytes, the spindle was maintained, demonstrating that PP2A antago-
nizes the Aurora B spindle maintenance function. We have further shown that the CPC negatively regulates KLP10A, 
a kinesin 13 that depolymerizes microtubules.  Thus, we have found that PP2A opposes CPC functions, probably by 
dephosphorylating Aurora B spindle targets.

4) Investigate how the central spindle interacts with kinetochores and promotes bi-orientation

Based on prior studies of kinetochores proteins, we have proposed that homologous chromosome bi-orientation de-
pends on interactions between the kinetochores and an array of antiparallel microtubules present in the center of the 
spindle. Because these microtubules do not end at the chromosome, the kinetochores move laterally along them. Our 
goal is to identify the central spindle and kinetochore components that mediate these lateral attachments. We previous-
ly showed that in the absence of NDC80, SPC105R is recruited to the kinetochores and is sufficient for lateral mi-
crotubule attachments. We therefore are using Ndc80 RNAi to generate oocytes with only lateral microtubule attach-
ments. Using FISH, we found that pairs of homologous centromeres make lateral attachments to the same bundles of 
antiparallel microtubules and bi-orient, supporting the model that lateral interactions between the kinetochores and the 
central spindle promote biorientation of homologs. 

Based on studies in mitotic cells, we are investigating the model that lateral attachments depend on the phenome-
non of kinetochore expansion, where the amount of a subset of kinetochore proteins is dynamic and can increase to 
promote interactions with the central spindle microtubules. We have preliminary evidence that this occurs in Drosoph-
ila oocytes. When oocytes are treated with colchicine to depolymerize microtubules, MPS1 and ROD, two proteins 
required for biorientation, accumulate and expand at the kinetochores. We are currently using SPC105R, mps1 and 
rod RNAi or mutants to test a model that SPC105R recruits proteins like MPS1 and ROD required for kinetochore 
expansion, and these interactions promote KT-MT lateral interactions. The biggest challenge and long-term goal is to 
determine how kinetochores, when interacting laterally with central spindle microtubules, promotes biorientation of 
homologous chromosomes. 

18 19

Dr. Kim S. McKim, Professor
Phone: 848-445-1164
Email: mckim@waksman.rutgers.edu
www.waksman.rutgers.edu/mckim

Lab Members
Janet Jang, Laboratory Researcher
Lin-Ing Wang, Graduate Fellow
Jessica Fellmeth, Postdoctoral Fellow

Amy Gladstein, Undergraduate Student
Tyler Defosse, Undergraduate Student
Jay Joshi, Undergraduate Student
Helen Nguyen, Undergraduate Student
Hannah Strum, Undergraduate Student
Christopher Capasso, Undergraduate Student



Summary

My laboratory is interested in the control of cell growth and differentiation. Our 
studies focus primarily on transforming 
growth factor-β (TGFβ) and its role in the 
control of cell growth. 

TGFβ controls many important develop-
mental events in all animals, from sponges 
to vertebrates (Fig.1). Mis-regulation of 
the pathway is often a contributing factor 
in a variety of cancers and/or diseases. Our 
main focus is on determining how TGFβ af-
fects the growth of cells and how signaling 
strength of TGFβ is regulated. Because of 
the powerful genetics and molecular tools 
available, we are using both C. elegans and 

Drosophila as experimental systems to study the TGFβ-like signal transduc-
tion pathways.

Development of a co-CRISPR technique in Drosophila

As an aid to our TGFβ work, we have developed useful CRISPR tools for Drosophila. Genome editing using CRISPR 
has become a valuable tool many research organisms, but identifying 
modifications can be time consuming and labor intensive. We developed 
a co-CRISPR strategy in Drosophila to simultaneously target a gene of 
interest and a marker gene, ebony, which is a recessive gene that produc-
es dark body color. We found that Drosophila broods containing higher 
numbers of CRISPR-induced ebony mutations (“jackpot” lines) are 
significantly enriched for 
indel events in a separate gene of interest (approximately 70%), while 
broods with few or no ebony offspring showed few mutations in the 
gene of interest. This co-CRISPR technique significantly improves the 
screening efficiency in identification of genome editing events in Dro-
sophila. In the last year, these studies were being expanded to develop 
similar co-CRISPR tools in Drosophila using the newly discovered 
CRISPR/Cpf1 editing system and other variations of the Cas9 protein 
that recognize different targets. Having different targets is necessary to 
make modifications closer to any desired sequence. These new tools are 
available through Addgene. (Fig.2.)

Studies of the C. elegans I-Smad

TGFβ is an animal invention and does not exist in yeast or plants. Evolutionary analysis of the TGFβ pathway indi-
cates that two complete TGFβ pathways exist in the most primitive animals, sponges and trichoplax. Each primitive 
animal has an member of the I-Smad family, which is conserved in all phyla and is a downstream target of TGFβ sig-
naling. As expected, C. elegans has a putative I-Smad, tag-68, which had not been studied or characterized in detail. 

Using a deletion of the tag-68 gene, we examined the mutant phenotype of this gene. I-Smads attenuate TGFβ signal-
ing, so if it functions in the Sma/Mab pathway of C. elegans, one predicts animals to be longer. Tag-68 mutants were 
outcrossed to remove unrelated mutations and measured for their body size. Animals were significantly longer than 

Dr. Richard Padgett
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Figure 1. Model for TGFβ Signaling.

wild-type, but not as long as lon-2 animals. Consistent with this finding is the observation that an intermediate mutant 
phenotype is observed for I-Smad mutants in other animals. This shows that the nematode I-Smad functions in the 
Sma/Mab pathway as it does in other animals. This was the last conserved gene of the TGFβ pathway that had not 
been positively identified and studied in C. elegans.

Studies of TGFβ Receptor Trafficking

We have used genetic screens in C. elegans to identify additional components of the TGFβ-like pathways. Three 
different screens have been carried out in C. elegans: 1) an F2 screen for small animals (a mutant phenotype exhibited 
by many genes in the pathway), 2) suppressors of lon-2, an upstream gene of the pathway, and 3) suppressors of lon-1, 
a downstream gene in the pathway. These screens have identified all the major conserved signaling components of the 
pathway known. Given the successes of these screens, several additional mutants are being examined, which have led 
to new insights into TGFβ signaling. 

From our genetic screen, we have focused recently on one 
locus, sma-10. It encodes a transmembrane protein that 
consists of leucine and immunoglobulin repeats, with a short 
cytoplasmic tail (19 aa), and is highly conserved with the 
vertebrate LRIGs. However, LRIGs from other species often 
contain a non-conserved cytoplasmic tail. Genetic epistasis 
experiments place sma-10 between the ligand and the recep-
tor, supporting the molecular data suggesting it is a trans-
membrane protein. It is required for signaling in the body 
size pathway, but male tails of these mutants are normal, sug-
gesting that sma-10 may be a tissue-specific factor. sma-10 
is highly conserved in Drosophila, and in vertebrates, further 
supporting an essential role in TGFβ signaling. Members of 
this family of proteins are not only related by sequence but 
are also functionally conserved as we showed the Drosophila 
homolog, lambik, rescues the small body size mutation in C. 
elegans. 

Given that SMA-10 is a transmembrane protein, we reasoned it could physically interact with either the ligand or the 
receptors to facilitate signaling. Using biochemical-binding experiments, we have shown that SMA-10 physically in-
teracts with SMA-6 and DAF-4, the C. elegans TGFβ receptors, but not with the TGFβ ligand. Its physical association 
with the receptor could affect receptor stability or it could affect receptor trafficking (Fig.3). It is known that efficient 
signaling of pathways requires proper recycling of receptors, so SMA-10 could affect that process. In mutants of sma-
10, we find that the receptors do not traffic properly and accumulate in vesicles. Further studies show that SMA-10 af-
fects the receptors after they are internalized. This places sma-10 in a unique class of important regulators and studies 
are underway to determine how SMA-10 affects trafficking of the TGFβ receptors.

As a foundation for further SMA-10 studies, we examined the normal trafficking of TGFβ receptors in the nematode. 
We find that the two TGFβ receptors, type I and type II, traffic differently from each other. The type I receptor, SMA-
6, is recycled through the retromer, which is a novel and unexpected finding. SMA-6 physically interacts directly with 
the core proteins of the retromer. Use of the retromer for trafficking provides an additional point for regulation of 
signaling strength, as both receptors are needed for signaling.

To gain clues about the role of SMA-10, we have determined its subcellular location. While it is found in most 
trafficking compartments at low levels, it is enriched in the late endosome/MVB vesicles. This suggests a possible 
role in degrading SMA-6. In support of this hypothesis, we found that mutations in SMA-10 lower the amount of 
ubiquitination on SMA-6, which is known to regulate degradation.  

Figure 3. The C. elegans endocytic pathway.
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Defects in TGFβ receptors affect subcellular localization of the receptors in Marfan-like syndromes

In an expansion of our endocytosis work, we have begun to look at naturally-occurring mutations in TGFβ receptors 
of patients. Interestingly, we observed that these mutations are located near important motifs involved with receptor 
trafficking. These mutations contribute to various cancers or to Marfan-like syndromes, depending on the particular 
patient. The hypothesis we formed was whether some of these diseases are due to improper trafficking of the TGFβ 
receptors. If true it would challenge some of the common paradigms of these diseases. To test this idea, we introduced 
several of these mutations into the C. elegans type I and type II receptors and find that the subcellular localization 
of the receptor is altered, supporting our hypothesis. Further, we find that these mutated receptors still function, but 
are mis-trafficked, often leading to a stronger signal. This data sheds light on the possible molecular defects in TGFβ 
signaling that contribute to Marfan-like syndromes. This work has just been published.

Closing remarks

During the last year, I have shut down my research lab, with my last graduate student finishing in the spring of 2019. 
Simply put, it was a fantastic scientific journey for me for almost 30 years. I have had the privilege of having a superb 
group of students and postdocs in the lab over the years, who had gone on to successful careers. In addition, I have 
enjoyed the incredible colleagues that Rutgers University has attracted over the years. When I first interviewed, a plan 
for tremendous future growth in the research enterprise was presented to me. While seemingly risky, much of that 
plan became reality and the Waksman Institute and other departments on campus have helped propel Rutgers Univer-
sity into the upper ranks of US universities. It’s been fun to have been part of those activities and I know there is still a 
lot of growth to come. 
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Summary

Our nervous system is the primary organ by which we sense, interpret, remember, 
and respond to the outside world and to our own internal physiology. This elabo-
rate system of neurons functions as a communication network, with vast arrays of 
chemical and electrical synapses between individual neuronal cells (Fig. 1).  The 
nervous system also interfaces with other tissues of the body, either directly (e.g., 
neuromuscular junctions at skeletal muscles) or indirectly (e.g., the release of hor-
mones, biogenic amine neurotransmitters, and neuropeptides into the blood stream), 
to regulate physiology and behavior, as well as maintain overall body homeostasis.  
Unlike many bodily tissues, the nervous system is largely incapable of replacing 
damaged cells once development is complete, making it susceptible to traumatic 
injury and age-associated decline.  The high energy demands of electrochemical 
signaling, combined with the inability to store energy in the form of glycogen re-
serves, makes neurons highly dependent on oxygen, oxidative phosphorylation, and 
mitochondria.  The nervous system has evolved multiple mechanisms to maximize 
mitochondrial function and prevent damage from acute oxygen starvation.  Indeed, 

the underlying etiology of many neurological disorders and diseases, including ischemic stroke, Parkinson’s Disease, 
and Alzheimer’s Disease, are due to defects in one or more of these key neurophysiological processes.  A more com-
plete understanding of these processes will facilitate better diagnosis and treatment of multiple neurological disorders.

We focus on understanding three areas of neurophysiology (Fig. 1).  First, we are interested in understanding how the 
transport and dynamics of mitochondria are mediated along axons and dendrites, as well as at synapses.  Second, we 
are interested in understanding how neurons, synapses, and neuronal mitochondria respond to hypoxic stress (e.g., 
ischemic stroke).  Finally, we are interested in understanding the function of the Ubiquitin Proteasome System (UPS) 
and its role in cellular aging, including the function of the UPS in neurons, as well as how neurons can regulate the 
UPS and proteostasis in distal tissues. 

We use C. elegans to study these areas of neurophysiology because the nematode has a simple nervous system, which 
is easily visualized through its transparent body, allowing us to observe mitochondria and other structures within neu-
rons in an intact and behaving animal.  My lab has used the rich genetic and genomic tools of this organism, and both 
forward and reverse genetic approaches, to identify multiple genes that function in mitochondrial, hypoxic stress, and 
UPS biology.  The genes we have identified have human equivalents that seem to be playing similar or identical roles 
in the human brain, suggesting that our findings are likely to be applicable to human health.  

Dr. Christopher Rongo
Genetics

Figure 1. A Genetic System for Studying Neurons, Mitochondria, and 
Stress.  High levels of ATP are required to maintain the membrane 
potential of neurons; thus, neurons rely heavily on oxidative 
phosphorylation and mitochondria.  Hypoxic stress reduces ATP 
production, resulting in membrane depolarization, massive release of 
neurotransmitter, overactivation of neurotransmitter-gated ion channels, 
increased cytosolic calcium, mitochondrial dysfunction and stress, and 
eventually neurodegeneration.
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The Response Of Neurons To Low Oxygen Levels (Hypoxia And Anoxia).  

Environment can impact nervous system function, and neurons can respond to accommodate a changing environment.  
Specifically, oxygen influences behavior in many organisms, and low oxygen levels (hypoxia) can have devastating 
consequences for neuron survival due to excitotoxicity from overactivated neurotransmitter receptors and impaired 
mitochondrial function. In multicellular organisms, cells respond to hypoxia through the Hypoxia Response Path-
way (Fig. 2). Normal levels of oxygen are sensed by a prolyl hydroxylase (PHD) enzyme, which uses that oxygen to 
covalently modify key proline residues on the transcription factor HIF alpha.  This modification results in the ubiq-
uitination and degradation of HIF alpha.  Under hypoxia, PHD enzymes are inactive, resulting in the stabilization of 

HIF alpha. HIF alpha dimerizes with HIF beta, enters the nucleus, and regulates gene expression so as to minimize the 
impact of hypoxia on underlying development and physiology.   

We have shown that hypoxia blocks the membrane recycling of glutamate-gated ion channels to synapses, thereby 
depressing glutamatergic signaling.  Surprisingly, C. elegans HIF alpha, encoded by the hif-1 gene, does not mediate 
this effect.  Instead, a specific isoform of the prolyl hydroxylase (encoded by the egl-9 gene in C. elegans) recruits 
LIN-10, a known PDZ scaffolding protein, to endosomes, where together the two proteins promote glutamate receptor 
recycling.  This is a novel way by which animals can sense and respond behaviorally to oxygen levels, and it suggests 
that the protective mechanisms are more diverse than originally appreciated. 

A complete understanding of the hypoxia response pathway (i.e., EGL-9 and HIF-1) is important for understanding 
ischemic stroke. In addition, this pathway has become a target of interest for new chemotherapeutics, as HIF-1 is 
activated and plays a key role in cancer progression and metastasis. Therefore, we have broadened our studies of 
this pathway, and we are now conducting RNA-seq and ChIP-seq experiments to identify both HIF-1-dependent and 
HIF-1-independent targets of hypoxia-induced gene regulation.  We have also identified over 400 unique metabolites 
that are regulated by this pathway and correlate with the changes in gene expression.
 
Regulators Of Mitochondrial Transport and Dynamics In Neurons.  

In addition to being the “powerhouse of the cell,” mitochondria play critical roles in mediating calcium buffering, 
apoptosis, and necrosis. They are also a major source of reactive oxygen species (ROS), which can have both a signal-
ing role and be damaging to cells. Mitochondria are actively transported within neurons to synapses, and damaged mi-
tochondria – a potential threat to the cell – are transported back to the cell body for removal by mitophagy. Mitochon-
dria are also dynamic, undergoing fusion and fission. Fusion is thought to be a mechanism for boosting mitochondrial 
output and protecting mitochondrial health, whereas fission is thought to be the first step on the way to mitophagy and 
the removal of damaged mitochondria. Defects in mitochondrial dynamics have a clear role in Parkinson’s Disease. 
Defects in mitochondrial transport have a clear role in Alzheimer’s Disease. Thus, an understanding of mitochondrial 
dynamics and transport is important for our understanding of neurological disorders with mitochondrial etiology, as 
well as our understanding of aging and age-associated diseases.

Mitochondrial dynamics as a field has largely been studied in single celled yeast; thus, little is known about the ma-
chinery that conducts mitochondrial fission and fusion in specialized tissues like neurons. We are studying 

Figure 2. The Hypoxia Response Pathway Senses Low Oxygen and 
Mediates Compensatory Responses. Under normal oxygen (normoxia), 
a prolyl hydroxylase (PHD) enzyme uses oxygen to covalently modify 
specific proline side chains on the HIF alpha transcription factor.  Once 
hydroxylated, HIF alpha becomes a substrate for the VHL ubiquitin 
ligase, which ubiquitinates HIF, causing its degradation by the proteasome.  
Under hypoxia, the PHD enzyme is inactive, preventing HIF alpha from 
hydroxylation and degradation.  HIF alpha can then bind to HIF beta, enter 
the nucleus, and promote the expression of genes that offset the negative 
effects of hypoxic stress

mitochondrial dynamics in C. elegans neurons using a mitochondrially-localized GFP reporter, which makes it easy 
to visualize individual mitochondria in axons and dendrites of live animals. Using this tool, we performed a forward 
genetic screen for mutants with defects in mitochondrial transport, dynamics, or mitophagy. We are currently cloning 
and characterize the underlying genes so as to have a complete understanding of the factors that mediate and regulate 
mitochondrial biology in neurons. 

We also generated a C. elegans transgenics strain that expresses MitoKeima, new reporter for mitochondria under-
going mitophagy.  MitoKeima has a differential, pH-dependent fluorescence excitation spectra that allows one to 
discriminate healthy mitochondria in the neutral pH of the cytosol from damaged mitochondria in the low pH envi-
ronments of autophagosomes, autolysosomes, and lysosomes (Fig. 3).  Mitophagy can be triggered by mitochondrial 
stress or even by starvation (Fig. 4).  Using this and other mitochondrial reporters, we are now examining how mito-
chondrial dysfunction contributes to a tau-based genetic model of Alzheimer’s Disease.

Figure 3. Detecting Mitophagy Using pH-Dependent Changes in 
Excitation Spectrum of Fluorescent Protein MitoKeima. As a quality 
control measure, damaged mitochondria undergo fission to generate 
smaller mitochondria.  These mitochondria contain mitophagy receptors 
that recruit autophagy factors, resulting in the nucleation of a phagophore.  
Phagophoric membranes encapsulate the damaged mitochondria into acidic 
autophagosomes.  These autophagosomes fuse with highly acidic lysosomes, 
resulting in autolysosomes, where the mitochondria are eventually digested 
and removed.  To differentiate healthy mitochondria from mitochondria 
undergoing mitophagy, we employed a transgenic reporter called MitoKeima. 
MitoKeima emits 620 nm wavelength light.  However, it is differentially 
excited depending on the pH.  Inside healthy mitochondria, where the pH 
is around 7.8, MitoKeima is excited by 440 nm light.  Inside mitochondria 
in autolysosomes, where the pH is around 5.4, MitoKeima is excited by 586 
nm light.  Using different filter sets, we can use this differential excitation to 
observe these two kinds of mitochondria separately.

Figure 4. Using MitoKeima to Monitor Mitophagy in the C. elegans 
Intestine.  Here, we have expressed MitoKeima in the C. elegans intestine.  
In well-fed animals, there is little mitophagy and most mitochondria are 
healthy, as detected by 440 nm excitation (false colored green).  These 
mitochondria have an elongated, reticular morphology.  By contrast, animals 
that have been starved break down many of their mitochondria through 
mitophagy.  Mitochondria internalized in autolysosomes can be detected 
by 586 nm excitation (false colored red).  These mitochondria have a round 
morphology, consistent with the autolysosomes in which they are contained.
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Dopamine Signaling Activates The UPS In Distal Epithelial Tissues.  

The Ubiquitin Proteasome System (UPS) is a key mechanism by which cells maintain protein homeostasis (proteosta-
sis) by removing misfolded and oxidized proteins. This system comprises many ubiquitin ligases, which tag individ-
ual proteins for degradation by the 26S Proteasome. As cells age, UPS activity becomes impaired, resulting in the 
accumulation of damaged proteins and age-associated physiological decline. By understanding how UPS activity is 
regulated in neurons and in non-neuronal tissue by neurons, we should be able to provide new therapeutic targets for 
diseases that involve protein aggregates and disrupted proteostasis. 

We previously generated a GFP-based reporter system for UPS activity in C. elegans, allowing us to query UPS 
activity in specific tissues and at specific points along development. We found that epithelial cells undergo a dramatic 
increase in UPS activity as animals mature. We have also found that the humoral neurohormone/biogenic amine neu-
rotransmitter dopamine promotes UPS activity in epithelia. In C. elegans, mechanosensory neurons release dopamine 
when nematodes encounter a potential bacterial food source. Dopamine in turn inhibits motoneuron activity through 
the dopamine receptors DOP-2 and DOP-3, resulting in a behavioral change that slows the animal down so that it can 
feed. We found that this released dopamine also activates the UPS in epithelial tissues, including the intestine and 
epidermis, through the dopamine receptors DOP-1 and DOP-4, and the cAMP-Response Element Binding Protein 
(CREB) transcription factor. This signaling pathway activates the expression of enzymes involved in xenobiotic de-
toxification (e.g., cytochrome P450 enzymes) and innate immunity, which in turn promote protein polyubiquitination. 
Although we do not yet understand exactly how xenobiotic detoxification activates the UPS, our results show that 
dopamine signaling is essential for nematodes to survive xenobiotic stress and to maintain normal proteostasis. Taken 
together, our results suggest that dopaminergic sensory neurons, in addition to slowing down locomotion upon sens-
ing a potential bacterial feeding source, also signal to epithelial tissues to prepare for infection in case that potential 
bacterial food source turns out to be pathogenic.

Summary
Reproductive success requires that two haploid cells – sperm and egg – unite to 
form a diploid zygote. Both sperm and egg cells must be differentiated into forms 
that are highly specialized for their specific roles in fertilization. After fertilization 
has occurred, the zygote must begin development. From extensive study, the events 
required for reproductive success are known in some detail. However, the molecu-
lar underpinnings of these events generally remain elusive.

Our primary research interests are to understand the molecular mechanisms of 
sperm-egg interactions and gamete activation. The genetic and molecular dissec-
tion of these events will also provide insights relevant to other important cell-cell 
interactions during the life and development of multicellular organisms. Further, 
our studies are highly significant with regards to understanding germ cell/stem cell 
biology, reproductive aging, the mechanisms of molecular evolution and sexual 
selection.

C. elegans offers a unique opportunity to define sperm and egg components 
required for fertilization and gamete activation

The nematode Caenorhabditis elegans is a well-established model system for the study of many biological processes. 
My lab has been helping to pioneer the use of C. elegans for addressing the mechanisms of sperm-egg interactions. 
The amoeboid sperm of C. elegans despite lacking an acrosome and flagellum, carry out the same basic functions 
common to all spermatozoa. Many of the genetic and molecular tools developed for C. elegans are not available or 
are very difficult to utilize in other organisms traditionally used for studying fertilization. The most significant advan-
tage of C. elegans is the ability to isolate and maintain mutants that affect sperm or eggs and no other cells. We have 
focused our studies on several classes of sterile mutants. These mutants define genes required for sperm activation, 
sperm function during fertilization, egg function during fertilization and egg activation.

Sperm function

We characterized the first C. elegans gene (spe-9) that encoded a protein required for sperm function at fertilization. 
All other genes with a similar mutant phenotype are now know as “spe-9 class” mutants. The SPE-9 protein functions 
as a sperm surface ligand required for sperm to egg signaling during fertilization.

We continue to identify and characterize genes required for sperm function at fertilization taking advantage of the 
most up to date molecular tools. We have recently identified candidates for the spe-9 class genes spe-13, spe-36, spe-
45, and spe-51 with next generation whole genome sequencing. SPE-45 is a single pass transmembrane molecule 
with a single immunoglobulin domain (IG) that has a conserved function from worms to humans. SPE-36 and SPE-51 
appear to be the first secreted sperm molecules required for fertilization. SPE-51 has features that suggest it could be a 
long sought after sperm-egg fusogen.

In addition to ongoing genetic screens for new sperm function mutants, we will continue to study our current collec-
tion of mutants. The molecular characterization of the corresponding genes should help us formulate models on how 
their encoded proteins function during wild-type fertilization.

As we have been defining the molecular components of fertilization we have seen emerging parallels with other cellu-
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Figure 1. Sperm and egg genes required for fertilization and egg 
activation. There are a surprising number of genes required at the 
surface of sperm and oocytes needed for fertilization. We have propose 
that these molecular components of fertilization are integrated into a 
fertilization synapse. Our ongoing genetic analysis suggests that there 
are still many more genes that impact fertilization.
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lar systems. We have recently proposed the concept of a fertilization synapse. This framework takes into account the 
molecular and cellular complexity required for reproductive success (See Figure 1).

Sperm activation

Post meiotic sperm differentiation (spermiogenesis) is required for a haploid spermatid to build cellular structures 
required for motility and interactions with the egg. We recently cloned two new genes (spe-24/zipt-7.1 and spe-43) 
that are required for C. elegans spermiogenesis. The spe-24/zipt-7.1 encoded protein is a zinc transporter and demon-
strates zinc as an important second messenger for sperm activation in vivo. The spe-43 gene is a novel transmembrane 
protein that is alternately spliced. Further characterization of this gene will help us better understand how sperm 
become competent to move towards and fertilize the egg.

Egg functions

Since starting the lab, an important direction was to make the first effort to identify components required by the oo-
cyte for fertilization using complementary forward and reverse genetic approaches. Despite the substantial time and 
effort required to initiate these studies, we have been able to identify the first egg components required for fertiliza-
tion in C. elegans. The egg-1 and egg-2 genes encode LDL-receptor-repeat containing proteins that are localized to 
the oocyte plasma membrane. Loss of either egg-1 or egg-2 function leads to a significant reduction in fertility. Loss 
of both genes leads to complete sterility and the production of oocytes that can never be fertilized by wild-type sperm. 
The egg-1 and egg-2 genes are a result of a gene duplication in the C. elegans lineage. This gene duplication may 
provide C. elegans with an extra copy/variant of an egg sperm receptor that could enhance fertility and/or or provide 
more robust gamete interactions across a wider range of conditions. We have developed an innovative new genetic 
screening strategy that will help us identify more genes like egg-1/2.

The oocyte-to-embryo transition

The last class of mutants that we study defines genes required in the egg to trigger development after fertilization. The 
egg-3, egg-4 and egg-5 genes encode inactive protein tyrosine phosphatases or “antiphosphatase” required for egg ac-
tivation after sperm entry. Recently, through forward genetic screens, we have identified at temperature sensitive allele 
of the egg-3 gene. This will provide a genetic tool to not only better understand the regulation of the oocyte-to-em-
bryo transition but will also help us identify additional components of the egg-3 pathway.

In addition to egg-1 through egg-5, we have a unique collection of egg genes/mutants that are being characterized. A 
subset of these mutants may alter germ line stem cell behavior. We have been examining a new gene egg-6 in early 
events in the one cell embryo just after fertilization.

Reproductive Life Span
We have recently completed a study examining the reproductive span of male C. elegans. We found that male worms 
have completely lost fertility after only about one third to one half of their lifespan. We find that the loss of the male’s 
ability to mate is a major factor in this surprisingly short reproductive span. We are following up with comparative 
reproductive span studies with other nematode species that have different mating strategies.
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Summary

Zfrp8, a new gene functioning in hematopoietic and ovarian stem cells in Dro-
sophila, controls the assembly of specific ribonuclear complexes.
 

Drosophila hematopoiesis represents an excellent model for blood cell develop-
ment in humans since the signaling pathways regulating fly blood development 
involve orthologs of proteins functioning in vertebrate hematopoiesis. 

We have identified Zfrp8 (PDCD2 in vertebrates) from its grossly enlarged lymph 
gland (site of hematopoiesis in flies) phenotype. We have established that Zfrp8 
is essential in both hematopoietic and ovary stem cells, as mutant stem cells stop 
dividing and are ultimately lost. The Drosophila and human proteins are 38% iden-
tical and expression of human PDCD2 in flies rescues the Zfrp8 mutant phenotype, 
underlining the structural and functional conservation of the proteins. 

Because of the essential function of Zfrp8 in fly hematopoiesis we collaborate with 
Dr. Arnold Rabson who has created a conditional PDCD2 knockout(KO)mouse. 

He and his laboratory have confirmed that the gene is essential in mouse embryonic stem cells and in mouse embryos 
at the blastocyst stage, before implantation. They have shown that PDCD2 KO mouse embryo fibroblasts fail to grow 
and ultimately die similar to the phenotype observed in Drosophila ovaries.  
 
Zfrp8 forms a complex with FMR1 and Tet, a methylcytosine dioxygenase 

In yeast two-hybrid screens using Zfrp8 or PDCD2 as baits we identified NUFIP (Nuclear fragile X mental retarda-
tion-interacting protein)and we have been able to show that Zfrp8 forms a complex with NUFIP and FMRP (Fragile-X 
Mental Retardation Protein). The Fmr1 (Fragile-X Mental Retardation 1) gene is essential in humans and Drosophila 
for the maintenance of neural stem cells and Fmr1 loss results in neurological and reproductive developmental defects 
in humans and in flies. 

We also identified Tet as a direct interactor of Zfrp8/PDCD2 in flies and human cells. Tet encodes a methylcytosine di-
oxygenase that transforms 5 methyl cytosine(5mC) into 5 hydroxy-methylcytosine (5hmC). There are 3 TET proteins 
in vertebrates. They have well-documented functions in the maintenance of vertebrate stem cells and are associated 
with neuronal problems in mice. Despite their emerging central roles in stem cells and gene regulation in mammals, 
Tet has not been characterized in flies. 

Fly Tet encodes two distinct proteins that are similar in organization to the vertebrate proteins. Both contain the en-
zyme’s catalytic domain, but only the larger protein contains also the conserved DNA binding domain. Tetnull is 100% 
pupal lethal. 

In flies 5mC and consequently 5hmC is absent in DNA. Previously, in collaboration with Dr. Fuks’ laboratory at the 
Free University of Brussels, we have mapped 5hmrC transcriptome-wide in S2 Drosophila tissue culture cells and 
could show that Tet modifies specific transcripts. Our hypothesis is that Tet, a DNA binding protein, may become 
localized to actively transcribed sites on the DNA and that it then controls the modification of the nascent RNAs. We 
have performed Chip-Seq experiments on DNA isolated from 0-12 h embryos, and identified 771 protein binding 
peaks distributed on 654 genes. ~ 40% of the peaks map to promoter sites and the majority of these Tet peaks co-lo-
calize with chromatin modification marks associated with the transcription start site of actively transcribed genes in 
embryonic stages.

Recently we have mapped 5hmrC transcriptome-wide in mRNA from 0-12 hour embryos, and normal and Tetnull larval 
heads (containing mainly brain tissue). In larval heads we identified 3750 peaks in mRNAs encoded by 1825 genes 
and in embryos we obtained 1815 peaks on RNAs encoded by 1404 genes, almost 40% of which overlap with the tar-

Dr. Ruth Steward
Molecular Biology & Biochemistry

28 29

STEWARD LAB
Stem cells, Hematopoiesis, Oogenesis, and epitranscriptomic modification of mRNA in Drosophila 



gets observed in larvae. We are now in the process of comparing these results with those obtained from mutant larval 
heads. 

In parallel we have induced a CRISPR mutant in which one of the completely conserved Cs in the DNA binding 
domain of Tet is replaced by an A (C598A). Homozygotes for this TetAXXC allele are semi-lethal and show reduction 
in climbing velocity. In brains of surviving TetAXXC flies, the mushroom bodies, that control behavior, are affected (Fig. 
1).

Using our fly line that expresses GFP-tagged Tet protein under the endogenous promoter we have identified a Tet 
complex by immunoprecipitation. In single and double knock-down experiments we are systematically testing mu-
tants affecting these proteins for a common function with Tet and also for potential genetic interaction. The screen 
is designed so that we can test genes that either function together with Tet in RNA processing, or targets, that are 
regulated by Tet.

Previously we reported that 5hmrC modified RNAs are found in ribosome fractions, suggesting a correlation between 
5hmrC abundance and active mRNA translation. We thus explored whether the 5hmrC modification has a direct effect 
on translation, by examining ribosome occupancy across the transciptome through sequencing of ribosome protected 
fragments by ribosome profiling (Ribo-seq) analysis. By comparing Ribo-seq results in wild type and Tetnull larval 
brain preparations we found that a significant number of transcripts show diminished levels of ribosome occupancy in 
Tetnull samples. This result suggests, that 5hmrc modification has a positive effect on translation. 

We are now analyzing how many and which 5hmrC transcripts overlap with the results obtained in the ribosome seq 
experiments of larval brains. This comparison should allow us to obtain a general conclusion of the function of Tet in 
respect to translational control and also identify important mRNA targets of Tet, that can be further analyzed.
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Figure legend: Loss of mushroom body α lobe(s) in TetAXXC 

mutants. Fasciclin II stains the mushroom bodies (red) 
N-cadherin is used as a cell marker (green). Top, wildtype brain, 
bottom, two different phenotypes observed in TetAXXC brains.

Summary

Transcription--synthesis of an RNA copy of genetic information in DNA--is the 
first step in gene expression and is the step at which most regulation of gene expres-
sion occurs. Richard H. Ebright’s lab seeks to understand structures, mechanisms, 
and regulation of bacterial transcription complexes and to identify, characterize, 
and develop small-molecule inhibitors of bacterial transcription for application as 
antituberculosis agents and broad-spectrum antibacterial agents.

Structures of Transcription Complexes

Transcription initiation in bacteria requires RNA polymerase (RNAP) and the tran-
scription initiation factor σ. The bacterial transcription initiation complex contains 
six polypeptides (five in RNAP, one in σ) and promoter DNA, and has a molecular 
mass of 0.5 MDa. 

Understanding bacterial transcription initiation will require understanding the 
structures of polypeptides in bacterial transcription initiation complexes and the 

arrangements of these polypeptides relative to each other and relative to promoter DNA. 

We are using x-ray crystallography to determine high-resolution structures of transcription initiation complexes, fluo-
rescence resonance energy transfer (FRET) to define distances between pairs of site-specifically incorporated fluores-
cent probes, photocrosslinking to define polypeptides near site-specifically incorporated photocrosslinking probes, and 
protein footprinting and residue scanning to define residues involved in contacts.  In support of these activities, we are 
developing procedures to incorporate fluorescent probes and photocrosslinkers at specific sites within large multisub-
unit nucleoprotein complexes, and we are developing automated docking algorithms to integrate structural, biophysi-
cal, biochemical, and genetic data in order to construct models for structures of complexes.

Mechanism of Transcription 

Transcription complexes are molecular machines that carry out complex, multistep reactions in transcription initiation 
and elongation:

(1) RNA polymerase (RNAP) binds to promoter DNA, to yield an RNAP-promoter closed complex.

(2) RNAP unwinds ~14 base pairs of promoter DNA surrounding the transcription start site, rendering accessible the 
genetic information in the template strand of DNA, and yielding an RNAP-promoter open complex.

(3) RNAP begins synthesis of RNA as an RNAP-promoter initial transcribing complex. During initial transcription, 
RNAP uses a “scrunching” mechanism, in which RNAP remains stationary on promoter DNA and unwinds and pulls 
downstream DNA into itself and past its active center in each nucleotide-addition cycle, resulting in generation of a 
stressed intermediate.

(4) After RNAP synthesizes an RNA product ~10-15 nucleotides in length, RNAP breaks its interactions with promot-
er DNA, breaks at least some of its interactions with sigma, escapes the promoter, and begins transcription elongation 
as a transcription elongation complex. Energy stored in the stressed intermediate generated by scrunching during 
initial transcription is used to drive breakage of interactions with promoter DNA and interactions with sigma during 
promoter escape. 

During transcription elongation, RNAP uses a “stepping” mechanism, in which RNAP translocates relative to DNA in 
each nucleotide-addition step. Each nucleotide-addition cycle during initial transcription and transcription elongation 
can be subdivided into four sub-steps: (1) translocation of the RNAP active center relative to DNA (by scrunching in 
initial transcription; by stepping in transcription elongation); (2) binding of the incoming nucleotide; (3) formation of 
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the phosphodiester bond; and (4) release of pyrophosphate.

Crystal structures have been reported for transcription elongation complexes without incoming nucleotides and for 
transcription elongation complexes with incoming nucleotides.  Based on these crystal structures, it has been proposed 
that each nucleotide-addition cycle is coupled to an RNAP active-center conformational cycle, involving closing of 
the RNAP active center upon binding of the incoming nucleotide, followed by opening of the RNAP active center 
upon formation of the phosphodiester bond.  According to this proposal, the closing and opening of the RNAP active 
center is mediated by the folding and the unfolding of an RNAP active-center structural element, the “trigger loop.”

To understand transcription initiation, transcription elongation, and transcriptional regulation, it will be necessary to 
leverage the available crystallographic structural information, in order to define the structural transitions in RNAP and 
nucleic acid in each reaction, to define the kinetics of each reaction, and to define mechanisms of regulation of each 
reaction.

We are using FRET and photocrosslinking methods to define distances and contacts within trapped intermediates in 
transcription initiation and transcription elongation. In addition, we are using FRET with stopped-flow rapid mixing, 
and photocrosslinking with quenched-flow rapid mixing and laser flash photolysis, to monitor kinetics of structural 
transitions.  Finally, and most importantly, we are using single-molecule FRET, single-molecule DNA nanomanipula-
tion, and combined single-molecule FRET and single-molecule DNA nanomanipulation, to carry out single-molecule, 
millisecond-to-second timescale analysis of structural transitions.

Regulation of Transcription: Regulation of Transcription Initiation 

The activities of bacterial transcription initiation complexes are regulated in response to environmental, cell-type, and 
developmental signals. In most cases, regulation is mediated by factors that bind to specific DNA sites in or near a 
promoter and inhibit (repressors) or stimulate (activators) one or more of the steps on the transcription initiation path-
way.

To provide the first complete structural and mechanistic descriptions of activation, we study two of the simplest exam-
ples of activation in bacteria: (1) activation of the lacpromoter by catabolite activator protein (CAP) and (2) activation 
of the gal promoter by CAP.  These model systems each involve only a single activator molecule and a single activa-
tor DNA site and, as such, are more tractable than typical examples of activation in bacteria and substantially more 
tractable than typical examples of activation in eukaryotes (which can involve tens of activator molecules and activa-
tor DNA sites).

We have established that activation at lac involves an interaction between CAP and the RNA polymerase (RNAP) 
alpha-subunit C-terminal domain that facilitates closed-complex formation. Activation at gal involves this same in-
teraction and also interactions between CAP and the RNAP alpha-subunit N-terminal domain, and between CAP and 
sigma, that facilitate isomerization of closed complex to open complex.

Together with collaborators, we are using electron microscopy, x-ray crystallography, and NMR to determine the 
structures of the interfaces between CAP and its targets on RNAP. In addition, we are using FRET, photocrosslinking, 
and single-molecule FRET and single-molecule DNA nanomanipulation methods to define when each CAP-RNAP 
interaction is made as RNAP enters the promoter and when each interaction is broken as RNAP leaves the promoter.

Regulation of Transcription: Regulation of Transcription Elongation, Pausing, and Termination.

Recently we have extended our studies of transcriptional regulation to encompass regulation at the lavel of transcrip-
tion antipausing and antitermination.

The transcription antitermination factor Q, which is produced by lambdoid bacteriophage during lytic infection, is one 
of two classic textbook examples of regulators of gene expression that function at the level of transcription paus-
ing and transcription termination (e.g., Molecular Biology of the Gene). (The other classic textbook example is the 
structpausing and urally and mechanistically unrelated regulator N, which is produced by bacteriophage lambda and 
functions in an earlier phase of lambdoid bacteriophage infection.)

Q proteins function by binding to RNA polymerase-DNA-RNA transcription elongation complexes (TECs) and 

rendering TECs unable to recognize and respond to transcription pausing and transcription termination signals.  Q 
proteins are targeted to specific genes through a multi-step binding process entailing formation of a “Q loading 
complex” comprising a Q protein bound to a Q binding element and a sigma-containing TEC paused at an adjacent 
sigma-dependent pause element, followed by transformation into a “Q-loaded complex” comprising a Q protein and a 
translocating, pausing deficient, termination-deficient TEC.

Q proteins from different lambdoid bacteriophages comprise three different protein families (the Qλ family, the Q21 
family, and the Q82 family), with no detectable sequence similarity to each other and no detectable sequence similari-
ty to other characterized proteins.  Q proteins from different protein families are thought to be analogs (with identical 
functions but unrelated structures and origins), rather than homologs (with identical, interchangeable functions and 
related structures and origins).

Q proteins have been the subject of extensive biochemical and genetic analysis spanning five decades. However, an 
understanding of the structural and mechanistic basis of transcription antitermination by Q proteins has remained 
elusive in the absence of three-dimensional structural information for Q dependent antitermination complexes.

We are systematically determinaing high resolution single-particle cryo-EM structures of Qlambda-, Q21-, and 
Q82-dependent transcription antitermination complexes.  Results for Q21 reveal that Q21 forms a torus--a “nozzle”--
that extends and narrows the RNA-exit channel of RNA polymerase, that the nascent RNA is threaded through the Q 
nozzle, and that the threading of the nascent RNA through the Q nozzle precludes the formation of pause and termina-
tor RNA hairpins.

Narrowing and extending the RNA-exit channel of RNA polymerase by attaching a nozzle and threading RNA 
through the nozzle is a remarkably straightforward mechanism for antitermination and almost surely will be a general-
izable mechanism.  

Attaching a nozzle and threading RNA through the nozzle has the additional remarkable consequence of generating a 
topological connection--an unbreakable linkage--between the antitermination factor and the RNA emerging from RNA 
polymerase.  This enables exceptionally stable association and exceptionally processive antitermination activity and 
has implications for engineering highly efficient, tightly regulated, gene expression for synthetic biology applications.

Inhibitors of Transcription; Antibacterial Drug Discovery

Bacterial RNA polymerase (RNAP) is a proven target for broad-spectrum antibacterial therapy.  The suitability of 
bacterial RNAP as a target for broad-spectrum antibacterial therapy follows from the fact that bacterial RNAP is an 
essential enzyme (permitting efficacy), the fact that bacterial RNAP-subunit sequences are highly conserved (provid-
ing a basis for broad-spectrum activity), and the fact that bacterial RNAP-subunit sequences are not highly conserved 
in human RNAPI, RNAPII, and RNAPIII (providing a basis for therapeutic selectivity).

The rifamycin antibacterial agents--rifampin, rifapentine, rifabutin, and rifamixin  bind to and inhibit bacterial RNAP. 
The rifamycins bind to a site on bacterial RNAP adjacent to the RNAP active center and prevent extension of RNA 
chains beyond a length of 2–3 nucleotides.  The rifamycins are in current clinical use in treatment of Gram-positive 
and Gram-negative bacterial infections.  The rifamycins are of particular importance in treatment of tuberculosis; the 
rifamycins are first-line antituberculosis agents and are among the only antituberculosis agents able to clear infection 
and prevent relapse. The clinical utility of the rifamycin antibacterial agents is threatened by the existence of bacterial 
strains resistant to rifamycins.  Resistance to rifamycins typically involves substitution of residues in or adjacent to 
the rifamycin-binding site on bacterial RNAP--i.e., substitutions that directly interfere with rifamycin binding.

In view of the public health threat posed by drug-resistant and multidrug-resistant bacterial infections, there is an 
urgent need for new classes of broad-spectrum antibacterial agents that (1) target bacterial RNAP (and thus have the 
same biochemical effects as rifamycins), but that (2) target sites within bacterial RNAP that do not overlap the rifamy-
cin-binding site (and thus do not show cross-resistance with rifamycins).

We have identified new drug targets within the structure of bacterial RNAP.  Each of these new targets can serve as a 
potential binding site for compounds that inhibit bacterial RNAP and thereby kill bacteria.  Each of these new targets 
is present in most or all bacterial species, and thus compounds that bind to these new targets are active against a broad 
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spectrum of bacterial species. Each of these new targets is different from targets of current antibiotics, and thus com-
pounds that bind to these new targets are not cross-resistant with current antibiotics.  For each of these new targets, 
we have identified at least one lead compound that binds to the target, and we have synthesized analogs of the lead 
compound comprising optimized lead compounds.  Several of the lead compounds and optimized lead compounds are 
extremely promising: they exhibit potent activity against a broad spectrum of bacterial pathogens (including Staph-
ylococcus aureus MSSA, Staphylococcus aureus MRSA, Enterococcus faecalis, Enterococcus faecium, Clostridium 
difficile, Mycobacterium tuberculosis, Bacillus anthracis, Francisella tularensis, Burkholderia mallei, and Burkholde-
ria pseudomallei) and exhibit no cross-resistance with current antibiotics.

In support of this work, we are identifying new small-molecule inhibitors of bacterial RNAP by analysis of microbial 
and plant natural products, by high-throughput screening, and by virtual screening.  We are also using genetic, bio-
chemical, biophysical, and crystallographic approaches to define the mechanism of action of each known, and each 
newly identified, small-molecule inhibitor of bacterial RNAP, and we are using microbiological approaches to define 
antibacterial efficacies, resistance spectra, and spontaneous resistance frequencies of known and new small-molecule 
inhibitors of bacterial RNAP.

We seek to address the following objectives: to develop new classes of antituberculosis agents and broad-spectrum an-
tibacterial agents, to develop antibacterial agents effective against pathogens resistant to current antibiotics, to develop 
antibacterial agents effective against pathogens of high relevance to public health, and to develop antibacterial agents 
effective against pathogens of high relevance to biodefense.
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Summary

Proper control of gene expression is essential for organismal development, cellular 
response to environmental signals, and the prevention of disease states. Transcrip-
tion is the first step in gene expression and thus is highly regulated. Transcription 
in all cells is performed by multi-subunit RNA polymerases (RNAPs) that are con-
served in sequence, structure and function from bacteria to humans. Our lab utiliz-
es a range of approaches including molecular biology, genetics, biochemistry and 
high-throughput sequencing to obtain a detailed understanding of the mechanism 
and regulation of transcription. To facilitate our studies, we use bacterial RNAP as 
a model for understanding gene expression paradigms in all organisms.

Transcriptomes are dynamic and responsive to alterations in environmental condi-
tions or growth state. According to the classical model, transcription is regulated 
primarily through the action of DNA-binding proteins that activate or repress tran-
scription initiation, with a few long-studied exceptions. However, it is now abun-
dantly apparent that cells employ a highly diverse range of mechanisms to control 

gene expression during all three phases of transcription: initiation, elongation and termination. An overarching goal 
of our studies is to understand the diversity of regulatory mechanisms that link changes to cellular state to changes in 
RNAP activity.

Mechanism and impact of gene expression control by “nanoRNAs”.

It had been widely accepted that, in living cells, the initiation of RNA synthesis by RNAP occurs solely via use of nu-
cleoside triphosphate (NTP) substrates, “de novo initiation.” Our studies have challenged this conventional paradigm 
by establishing that under certain cellular conditions a significant fraction of transcription initiation does not occur de 
novo, but rather relies upon use of 2- to ~4-nt RNAs, “nanoRNAs,” that serve as primers for RNAP. Furthermore, we 
have established that the impact of nanoRNA-mediated priming on gene expression and cell physiology in E. coli is 
highly significant. Nevertheless, having only recently discovered that nanoRNA-mediated priming occurs in vivo, the 
full extent to which nanoRNA-mediated priming impacts gene expression and cell physiology across diverse organ-
isms remains a major area of interest and represents a frontier of our current knowledge.

Use of non-canonical initiating nucleotides (NCINs) facilitates “ab initio capping” of nascent RNA. 

The chemical nature of the 5’ end of RNA is a key determinant of RNA stability, processing, localization, and trans-
lation efficiency. Recently it has been shown that some bacterial RNA species carry a 5’-end structure reminiscent 
of the 5’ 7-methylguanylate “cap” in eukaryotic RNA. In particular, RNA species containing a 5’-end nicotinamide 
adenine dinucleotide (NAD+) or 3’-desphospho-coenzyme A (dpCoA) have been identified in both Gram-negative and 
Gram-positive bacteria. It has been proposed that NAD+, reduced NAD+ (NADH), and dpCoA caps are added to RNA 
after transcription initiation, in a manner analogous to the addition of 7-methylguanylate caps. We have shown instead 
that NAD+, NADH, and dpCoA are incorporated into RNA during transcription initiation, by serving as non canonical 
initiating nucleotides (NCINs) for de novo transcription initiation by bacterial RNA polymerase (RNAP). In addition, 
we have identified key promoter sequence determinants for NCIN-mediated initiation, shown that NCIN-mediated 
initiation occurs in vivo, and shown that NCIN-mediated initiation has functional consequences by increasing RNA 
stability in vivo. We have further shown that eukaryotic nuclear and mitochondrial RNAPs can perform NCIN-mediat-
ed initiation indicating NCIN-mediated “ab initio capping” likely occurs in all organisms.

Together with our work on nanoRNA-mediated priming, our studies of NCIN-mediated initiation add to an emerging 
picture that NTPs are not the only substrates for transcription initiation in vivo. In current work, we are determining 
the full extent to which NCIN-mediated initiation impacts gene expression in bacterial cells and investigating the pos-
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sibility that NCIN-mediated initiation provides a direct regulatory connection between metabolism and gene expres-
sion. 

Development and application of high-throughput sequencing-based approaches for analysis of transcription. 

During each phase of transcription, RNAP makes extensive interactions with nucleic acids and is responsive to 
sequence context. In addition, as each phase of transcription is a multi-step process, different steps during initia-
tion, elongation, and termination can be rate limiting for different transcripts, and thereby serve as potential targets 
for regulation. Thus, predicting how a given transcription unit (i.e. promoter and transcribed region) will respond to 
alterations in conditions, and identifying the sequence determinants that dictate the response, represents an immense 
challenge. While structural studies have revealed some RNAP-nucleic acid interactions that modulate transcription, 
a full understanding of the relationship between nucleic acid sequence and functional output remains a fundamental 
gap in our knowledge. Thus, my lab seeks to leverage the capabilities of high-throughput sequencing technologies to 
address this knowledge gap. In this regard, we have developed experimental platforms for massively multiplexed tran-
scriptomics, massively multiplexed protein-DNA crosslinking, and massively multiplexed DNA footprinting (termed 

“MASTER,” “MASTER-XL,” and “MASTER-FP,” where “MASTER” denotes massively systematic transcript end 
readout, “XL” denotes crosslinking, and “FP” denotes footprinting). 

MASTER, MASTER-XL, and MASTER-FP first involve the construction of a template library that contains up to at 
least 410 (~1,000,000) barcoded sequences. For MASTER experiments RNA transcripts are produced from the tem-
plate library in vitro or in vivo and analyzed by high-throughput sequencing to determine the sequence of transcript 
ends and the relative transcript yields. For MASTER-XL experiments unnatural amino acid-mediated protein-DNA 
photo-cross-linking (or other forms of protein-DNA cross-linking) is performed and high-throughput sequencing is 
used to define the location of specific regions of RNAP on each member of the template library. For MASTER-FP 
experiments chemical reagents that detect changes in DNA accessibility (e.g. KMnO4, chloroacetaldehyde, DMS, 
hydroxyl radicals) are used to perform protein-DNA footprinting and high-throughput sequencing is used to detect 
RNAP-dependent changes in DNA accessibility on each member of the template library.

In published work, we have used MASTER and MASTER-XL to define the sequence determinants and mechanism of 
transcription start site selection for E. coli RNAP. In current work, we are using MASTER, MASTER-XL, and MAS-
TER-FP to analyze transcription elongation and termination for bacterial RNAP and to define the sequence determi-
nants and mechanisms of transcription start site selection in eukaryotes. In principle, these approaches can be readily 
adapted to perform a comprehensive mechanistic dissection of any process involving nucleic acid interactions. Thus, 
although our current studies are focused on transcription, the technical innovations derived from our studies are likely 
to have wide-ranging applications across many areas of biology. 

Defining the role of endoribonuclease toxins in bacterial pathogenesis.

We are interested in applying our high-throughput sequencing-based methods for analysis of transcription to other 
areas of RNA biology. In this regard we have developed a method, termed MORE RNA-seq (where MORE denotes 
mapping by overexpression of an RNase in Escherichia coli), to define the cleavage consensus sequences of endoribo-
nuclease toxins from the bacterial pathogen Mycobacterium tuberculosis. 
 
Toxin/antitoxin (TA) systems are widespread in pathogens and have been implicated in virulence, survival during 
stress, and in promoting formation of a dormant state that is refractory to antibiotic treatment. In M. tuberculosis, 
there are greater than 80 TA systems. Furthermore, the majority of the toxins associated with these TA systems are 
homologues of sequence-specific endoribonucleases. Therefore, to understand the physiological role of these M. tu-
berculosis toxins, there is a need to define the cleavage specificity of each toxin. In current work performed in collab-
oration with Nancy Woychik (Rutgers) we are using MORE RNA-seq as a tool to determine the cleavage recognition 
sequences of the endoribonuclease toxins in M. tuberculosis, which, in turn, will provide a critical first step towards 
identification of the targets and physiological roles of these toxins.
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Summary

Our laboratory studies bacteria, their interactions with mobile genetic elements such 
as phages, plasmids and transposons, and with each other. The following research 
projects were actively pursued during the last year.

Studies of CRISPR-Cas bacterial adaptive immunity

CRISPR-Cas (Clusters of Regularly Interspersed Palindromic Repeats/CRISPR 
associated sequences) loci provide bacteria with adaptive immunity to phages and 
plasmids. We concentrate on CRISPR-Cas systems from Escherichia coli, Thermus 
thermophilus, and human pathogen Clostridium difficile. To study the fundamental as-
pects of CRISPR-Cas function, evolution, and ecology, we developed highly efficient 
experimental model systems to study CRISPR-Cas interference with mobile genetic 
elements have been created in our laboratory. They are complemented by efficient 

systems to study CRISPR adaptation – the process of acquisition of  new spacers 
from foreign DNA that next provide immunity to subsequent infections. Recent work, 
carried out in collaboration with Bryce Nickels laboratory, uncovers mechanisms that 

couple the interference and adaptation arms of CRISPR response and allow bacteria to rapidly adapt to viruses that 
escape CRISPR immunity.

Powerful in vitro methods, including fluorescent beacon assays inspired by our work with RNA polymerases, are be-
ing used to determine how genomic editor Cas9 programmed with various RNA guides differentiates between target 
and non-target DNA. This research helps avoid off-target activity of genomic editors that limits their practical use. 

New CRISPR-Cas systems are being identified through bioinformatics searches in collaboration with Eugene Koonin 
laboratory from NIH and are validated experimentally. Some of these systems have superior properties compared to 
the widely used Cas9 and may find use in genome editing applications.

We use the diversity of CRISPR spacers to monitor local adaptation of bacterial populations to viruses. By comparing 
repertoires of spacers in geographically separated bacterial communities we find evidence of global transfer of bacte-
ria around the world. Similar approaches are used for epidemiological monitoring of strains of C. difficile, an import-
ant nosocomial pathogen. 

Structure-activity analyses of peptide antibiotics

Ribosomally-synthesized post-translationally modified peptides RIPPs) form a broad and diverse class of molecules 
with highly unusual structures and potentially useful properties, such as antibiotic activity. We use powerful bioinfor-
matics pipelines to predict new RIPPs. We next determine their structures, characterize the enzymes involved in their 
synthesis, and determine the modes of their antibacterial action. Structure-activity analysis of new RIPPs leads to 
development of molecules that are not found in nature but possess superior properties and may be used to treat bacte-
rial infections. Current work concentrates on three distinct classes of RIPPs: peptide-nucleotides related to microcin 
C, oxazole-thiazole peptides related to microcin B, and lasso-peptides related to microcin J. Significant development 
of the past year were the establishment, in collaboration with Professor Tony Maxwell from John Innes Center, UK, 
of the three-dimensional structure of molecular machine that installs oxazole and thiazole modifications in microcin 
B and discovery of a new class of oxazole-thiazole peptides that inhibit bacterial ribosome (a collaboration with Yury 
Polikanov from UIC and Jamie Cate from UC Berkeley).  

Structure-functional analysis of novel transcription enzymes

Through genome mining we identified several bacteriophage encoded RNA polymerases very distantly related to 
cellular enzymes. We use biochemical and structural methods to investigate these unusual enzymes and compare them 

Dr. Konstantin Severinov
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to cellular RNA polymerases. The structure of one phage enzyme, multisubunit RNA polymerase encoded by a giant 
B. subtilis AR9 phage, has been determined to high resolution by combining X-ray crystallography and cryo electron 
microscopy methods (a collaboration with Petr Leiman from UTMB). Another non-canonical RNA polymerase we 
are now studying is encoded by a csAsa phage, the most abundant virus of human gut.
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Summary

Gene expression profiling experiments have revealed the presence of a large 
number of non-coding RNAs (ncRNAs) in a wide range of organisms.  It is now 
clear that many ncRNAs also have important roles in gene regulation.  For example, 
RNAi-mediated regulation controls gene expression in C. elegans, Arabidopsis, hu-
mans, and many other organisms. However, there also appear to be a large number 
of ncRNAs that are not involved in RNAi-mediated regulation.   For example, there 
are over 900 ncRNAs expressed in the yeast Saccharomyces cerevisiae. However, 
yeast lacks the enzymes that are required for RNAi, and therefore, it must utilize 
different mechanisms for ncRNA-mediated regulation. Our laboratory is investigat-
ing the role and mechanisms of gene regulation by non-coding RNAs in yeast.  

The yeast alpha2 and a1 proteins, members of the homeodomain family of 
DNA-binding proteins, bind in combination to specific DNA sites to repress hap-
loid-specific genes in the diploid cell type.  To determine which genes are regulated 
by the a1/alpha2 repressor complex, we searched for potential target sites of the 

complex in the yeast genome. In addition to finding binding sites in the promoter regions of genes that are repressed 
by the a1/alpha2 complex, we identified binding sites downstream of two genes that require a1/alpha2 for expression 
in diploid cells. We have shown that these sites regulate transcription of haploid-specific, antisense ncRNAs that inter-
fere with expression of their respective genes. Repression by these antisense transcripts only works in a cis configu-
ration to the genes that they are regulating, suggesting that that mechanism of repression is not through the formation 
of double stranded RNA. Chromatin immunoprecipitation (ChIP) assays showed that the repression of the sense 
transcripts does not interfere with transcription factors binding to the promoter.  We have identified regions within the 
open reading frame of both genes that are required for antisense-mediated repression. Inversion of this region in one 
of the genes causes a loss of repression, indicating that there is a context dependent orientation of this element that is 
required for repression. Our results suggest that these genes are being repressed through a novel mechanism.  

There are over 900 known non-coding transcripts in yeast, and it is likely that some of these non-coding transcripts 
have a role in gene regulation. To identify other cases of this form of regulation, we have used SOLiD RNA deep 
sequencing technology to examine strand-specific expression in different yeast cell types and growth conditions. In 
preliminary examination of this data we have found over 100 examples of genes that show differential expression of 
the antisense transcripts under different conditions.  We are currently testing if these protein-coding genes are regulat-
ed by their respective antisense transcripts. We have also identified several genes that appear to be regulated by the ex-
pression of overlapping ncRNAs in the sense direction.  These RNAs appear to prevent transcription factors and RNA 
polymerase from binding to the promoters of the protein coding genes.  These sense ncRNAs are therefore repressing 
transcription through a different cis-acting mechanism than the antisense transcripts.  
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Summary
The Dismukes research group conducts fundamental and applied research in the areas of 
renewable energy production via biological and chemical approaches. Our strategy is to 
apply the principles of enzymatic catalysis and metabolic regulation to design bioinspired 
catalysts, reaction networks and microorganisms exhibiting improved performance that 
operate using electrical or solar energy power sources. The disciplinary approaches used 
are materials synthesis by design, electrochemistry and catalysis. The goal is to produce 
sustainable processes for renewable fuels and biomass production. Our laboratories are 
located in the Waksman Institute of Microbiology and the Wright-Rieman Chemical Labo-
ratory at Rutgers University. In the 2018-July 2019 period the group was comprised of 39 
researchers (listed below). 

Research Projects:

1) Diversity of Photosynthetic Water Oxidizing Enzymes. 
This research investigates “photosyn-
thetic outliers” from the field or culture 
collections, seeking non-classical me-
tabolisms. We have characterized the 
earliest branching cyanobacterium on the 
tree of life(1), the fastest growing “Usain 
Bolt” of photosynthesis(2), metabolisms of 
hypercarbonate and hypersaline tolerant 
strains(3), and created transgenic strains 
to test numerous metabolic hypotheses(4).  
The resulting advances in knowledge: 
molecular basis of light energy conver-
sion to biomass components, non-clas-
sical metabolic pathways for biosynthe-
sis, and novel reaction-centered based 
photoprotection mechanism in algae 

called PSII-cyclic electron flow. To achieve this, we built new instruments/methods for detection of dissolved O2, H2, 
Chl, NAD(P)H, pH, and intracellular metabolite fluxes by LC-tandem-MS(5). Supported by DOE-BES. Collaborations: 
Arizona SU, TU Delft.

2) Photoautotrophic Carbon Fluxomics. 
Metabolic pathways for model organisms can be found in 
textbooks. However, these are widely modified across the ToL 
and novel pathways for making carbon products abound in 
nature.  Our goal is to use flux balance analysis and isotopi-
cally nonstationary metabolic flux analysis (INST-MFA, fig-
ure) to quantitatively understand carbon flux distributions and 
pathway used by the cyanobacterium Synechococcus sp. PCC 
7002 and other phototrophs during photosynthesis. This en-
ables discovery of new roles for existing metabolic pathways 
and completely new pathways not previously known. NSF-
MCB, invited Moore Foundation. Collaboration TU Delft.
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3) Optimizing Photosynthetic Light Conversion by 
Protein Subunit Engineering. 
From the two differentially expressed cyanobacterial 
isoforms of the D1-PSII reaction enter subunit, we learned 
that nature designs the PSII reaction center to operate bet-
ter at high light intensity by having faster charge recom-
bination, or for optimal operation at low light intensity by 
having slower charge recombination. In this project, we 
applied this principle of cyanobacterial PSII functioning 
to the higher plant Nicotiana tabacum and demonstrated 
that greater biomass yield is achievable by genetic engi-
neering of its D1-PSII to incorporate the cyanobacterial 
phenotype for high light tolerance (graphic 2). Supported 
by DOE-BES and GCEP.

4) Photo-Assembly & Inorganic Mutants of Photo-
system II and Water Oxidizing Complex. 
This project aims to understand the steps in biogen-
esis of the oxygenic reaction center (PSII) and the 
chemical functions of the inorganic components com-
prising its catalytic site (WOC).  We do so by substi-
tution of the native inorganic cofactors (Mn2+, Ca2+, 
Cl-, CO3H

-, H2O) and examination of the consequenc-
es using multiple novel tools designed by our lab staff. 
Our biogenesis work has examined the assembly of 
the WOC during the greening (etiolation) process in 
barley (collaboration with Umea U.) and future work 
on arabidopsis thaliana (collaboration Ruhr U.)   Sup-
ported by DOE-BES.

5) Bioinspired Electrocatalysts for Water 
Splitting and CO2 Reduction. 
In this project we apply the principles 
learned from enzymes to synthesize better 
heterogeneous catalysts for the generation 
of H2 and O2 from water (Photosystem II) 
and CO2 conversion (acetogens and meth-
anogens) to chemicals and food. Bioinfor-
matics and data science tools are used to 
determine the chemically relevant attributes 
for catalysis by the CO2 reducing enzymes. 
The synthesized bioinspired catalysts are 
made from earth abundant elements, exceed 
or equal the activity and stability of the best 
commercial catalysts used today, and use 

renewable feedstocks like water and CO2. The image depicts our electrolytic process for converting water and CO2 
into C1 to C5 products selectively.  Supported by the DOE-EERE-HydroGEN, NASA, NREL, Rutgers Goldman 
Prize and Rutgers TechAdvance. Collaborations: UPenn, CU Boulder, NREL.

6) Tunable Photoanode-Photocath-
ode-Catalyst-Interface Systems for 
Efficient Solar Water Splitting. 
Solar energy conversion to fuels 
requires initially the splitting of water 
into its elements, H2 and O2. Our goal 
is to build a tandem solar fuel cell to 
split water using sunlight using earth 
abundant materials that are globally 
scalable.  This entails development 
of a dual absorber photocell for red 
photons and near infrared photons 
coupled to Rutgers patented OER and 
HER catalysts, respectively. Thus far, 
we have achieved an overall efficiency 
for sunlight into chemical products of 
11%. Support NSF-CBET, DOE-EE-
RE-HydroGEN. Collaborator: NREL.
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SUMMARY

Cell polarity, in both animals and plants, is of paramount importance for many 
developmental and physiological processes. The establishment and maintenance 
of cell polarity is required for asymmetric cell division (ACD), an indispensable 
mechanism for multi-cellular organisms to generate cellular diversity. Through 
ACD, a single mother cell can produce daughter cells with distinctive identities in 
developmental differentiation. Our research focuses on the mechanisms by which 
cell polarity is initiated and maintained in the stomatal lineage cells in Arabidopsis 
and the mechanisms by which differential cell fates are specified in plant ACD. The 
identification of the plant-specific protein BASL (Breaking of Asymmetry in the 
Stomatal Lineage) provided strong evidence that plant cells also have the capability 
to polarize non-transmembrane proteins and utilize such polarized protein distribu-
tion to regulate asymmetric cell division (Figure 1).

By using BASL as an anchor for genetic and physical interactor screens, and by 
using features of the protein itself as a probe for cell’s ability to correctly establish 

polar cortical localization, our lab is in the process of building a model for plant cell polarization and its regulation 
in ACD. We are also interested in understanding the molecular mechanisms underlying how cell polarity orients cell 
division plant and how differential daughter cell fates are specified by the cortical polarity complex. Our work focuses 
on the identification of additional polarized proteins and of mutants that display specific subsets of polarity defects. 
At a larger extent, some of our work also include the characterization of novel regulators in stomatal development in 
Arabidopsis.

Regulatory mechanisms for polarity initiation and establishment in plant cells

The molecular mechanisms for protein polarization in plants have been extensively studied in two systems: 1) vesicu-
lar trafficking-based polarization of PIN auxin efflux carriers (membrane embedded proteins) and 2) cytoskeleton-de-
pendent and –independent positive feedback loop-based ROP polarization (small Rho-like GTPases from plants). 
Polar trafficking of BASL, a non-membrane novel protein, has not been successfully connected to either pathways 
and might represent an unknown mechanism. Fluorescence Recovery After Photobleaching (FRAP) was performed 
on GFP-BASL and the recovery curves suggested that BASL dynamics is similar to the membrane-embedded PIN 
proteins, hinting the possible regulation of membrane trafficking in BASL polarization. This direction is currently pur-
sued in the lab.

Dr. Juan Dong
Plant Biology

Figure 1. BASL localization and stomatal asymmetric cell fate

BASL scaffolds BPP phosphatases to regulate stomatal asymmetric cell division

Our previous work showed that BASL is phosphorylated and activated by MAPK 3 and 6 (MPK3/6) and becomes po-
larized to the cell cortex, where it recruits the MAPKK Kinase YODA and MPK3/6 to inhibit stomatal differentiation 
in one of the two daughter cells. Recent work showed that, prior to a stomatal ACD, the polarity complex employs 
POLAR to recruit the GSK3-like kinase BIN2 that releases the suppression of YODA on stomatal differentiation, 
therefore stomatal ACD is promoted. Therefore, the stomatal polarity complex by scaffolding different signaling mol-
ecules could promote the division potential before an ACD and suppress the division potential after an ACD. How-
ever, how the transition of these two seemingly opposing procedures can be achieved by the same polarity complex 
remained a major challenge towards understanding stomatal ACD. Here, by using immunoprecipitation combined 
with mass spectrometry (IP-MS), we identify a family of protein Ser/Thr phosphatases, BPPs (BASL phosphatase 
partners), as BSAL-interacting proteins. Genetic analysis places BPPs upstream of the YDA MAP kinase cascade and 
downstream of the plasma membrane receptors. In addition, the founding member BPP-1 colocalizes with BASL in 
a polarized manner at the cell periphery. Interestingly, the recruitment of the BPP phosphatases in the polarity module 
confers a negative role to BIN2 complex but a positive role to the YDA MAPK module. Thus, our study reveals a cru-
cial function of the BPP phosphatases in bridging the two opposing protein functional modules to control the balance 
of cell division potential and cell fate determination in plant ACDs 

Protein Phosphatase 2A promotes stomatal development by stabilizing SPEECHLESS in Arabidopsis

Stomatal guard cells control gas exchange that allows plant photosynthesis but limits water loss from plants to the 
environment. In Arabidopsis, stomatal development is mainly controlled by a signaling pathway comprised of peptide 
ligands, membrane receptors, a mitogen-activated protein kinase (MAPK) cascade, and a set of transcriptional factors. 
The initiation of the stomatal lineage requires the activity of the bHLH transcriptional factor SPEECHLESS (SPCH) 
with its partners. Multiple kinases were found to regulate SPCH protein stability and function through phosphoryla-
tion, yet no antagonistic protein phosphatase activities have been identified. Here, we establish the conserved PP2A 
phosphatases as positive regulators of Arabidopsis stomatal development. We show that mutations in genes encoding 
PP2A subunits result in lowered stomatal production in Arabidopsis. Genetic analyses place the PP2A function down-
stream of the MAPK cascade, but upstream of SPCH. Pharmacological treatments support a role for PP2A in pro-
moting SPCH protein stability. We further show that SPCH directly binds to the PP2A-A subunits in vitro. In plants, 
non-phosphorylatable SPCH proteins are less affected by PP2A activity levels. Thus, our research identifies PP2A 
as the missing phosphatases that function antagonistically with the known kinases to maintain the phosphorylation 
balance of the master regulator SPCH in stomatal development. 

Our lab will continue to use Arabidopsis as a model system, by studying a few newly identified factors, to investigate 
how proteins become polarly localized, how polarity proteins are involved in establishment of cellular asymmetry, 
and how cell polarity is instructive of cell fate and differentiation in plants. New regulators participating in the regula-
tion of stomatal production 
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Summary
A sequence-indexed reverse genetics resource for maize
Last fall, we completed our NSF-funded project to develop a reverse genetics 
resource for maize based on the transposable element Ds.  This is a community 
resource that will allow maize workers to fully exploit the maize genome sequence.  
The availability of lines with single gene knock-outs gives biologists a powerful 
tool in understanding the function of that gene.  Thus, sequence-indexed collec-
tions of single insertions are critical resources for elucidating gene function in 
organisms with sequenced genomes.  Specifically, we sequenced thousands of in-
sertions of an engineered Dsg element marked with the jellyfish green fluorescent 
protein (GFP) to facilitate locating it in the genome.  We accomplished this by high 
throughput sequencing of groups of 960 insertions arranged in three-dimensional 
DNA pools which are resolved by a specific software package (InsertionMapper) 
developed by our collaborators Charles Du and Wenwei Xiong at Montclair State 
University.  A total of 14,184 Dsg insertions were mapped to the reference genome.  
The location of these mapped insertions can be found in the websites of the Maize 

Genome Database (maizeGDB.org) and our project (acdsinsertions.org), where they are cross-referenced to stocks 
available from the Maize Stock Center.
Spontaneous mutations in maize pollen are frequent in some lines and arise mainly from retrotranspositions 
and deletions

Spontaneously arisen mutations provide the raw material for natural selection and evolution in all organisms.  Yet, 
their frequency of occurrence is so low that special “mutation accumulation” lines are used to study them.  In the 
course of conventional genetic experiments, we found that spontaneous mutations in corn genes arise relatively fre-
quently in the pollen of some, but not all, lines.  Pollen grains represent the male gametes in corn plants; in contrast, 
the female gametes on the ears carried no detectable gene mutations.  We estimated the mutation frequency to be 
several per gene per million pollen grains.  Since an average corn plant produces around 10 million pollen grains, this 
means that, in some corn lines, a single plant will produce in one season mutations in every gene of the genome.  In 
other lines, on the other hand, no mutations were detected in either sex.  These mutations were caused predominantly 
by mobile endogenous plant retrotransposons, which are related to mammalian retroviruses.  Most interestingly, the 
mutagenic retrotransposons differed from line to line.  Our findings sheds light on the source, frequency, and nature of 
spontaneous mutations in maize.  They also may help to explain the genetic instability that has been associated with 
some corn lines.  It will be of interest to determine whether useful genetic variation can be generated by activating 
retrotransposons not only in corn, but in other important crops, as well.

Dr. Hugo Dooner, Distinguished Professor Emeritus
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Email: dooner@waksman.rutgers.edu
www.waksman.rutgers.edu/dooner

Dr. Hugo Dooner
Plant Biology

Figure 1.  Corn plants in the Waksman Institute field plot.  
The W22 inbred shown here is one of the lines showing high 
mutation-generating retrotransposon activity in the pollen.

Summary

Molecular Mechanisms of Plant Development

In stark contrast to animal development, plant development mainly occurs after em-
bryogenesis. This ability is provided by small groups of stem cells called meristems 
that are continuously formed and maintained throughout development. Meristems 
are responsible for the formation of all lateral organs, such as leaves, branches 
and flowers, and as such, are primary determinants of plant architecture and of the 
morphological variation we observe in different plant species. Meristems are also 
responsible for the ability of plants to constantly adapt growth to changes in the 
surrounding environment. Understanding the molecular mechanisms of meristem 
formation and function can therefore answer basic questions on the regulation of 
organogenesis and cell fate specification that eventually drive maize productivity in 

different environments. 

In our laboratory we study the formation, activity and maintenance of meristems. 
In particular, we focus on a class of meristems, called axillary meristems, that are responsible for the formation of 
branches and flowers in plants. We use maize as a model system for our research because of the vast genetic and ge-
nomic resources available, and because of its agricultural importance. 

The role of the phytohormone auxin in maize development

The plant hormone auxin directs a multitude of developmental responses. How auxin can trigger many different devel-
opmental responses is still a major unanswered question. Recent work has highlighted how the combinatorial activity 
of different components of the auxin signaling pathway may be responsible for the specificity of auxin response. Aux-
in is perceived by the nuclear auxin receptor TIR1/AFB, part of an E3 ligase that rapidly degrades Aux/IAA co-re-
ceptor proteins and disrupts their recruitment of TOPLESS (TPL) corepressor proteins that silence transcription. The 
auxin-dependent degradation of Aux/IAAs frees interacting activating ARF transcription factors from TPL repression, 
allowing them to activate downstream genes. Aux/IAAs and ARFs belong to large families of transcriptional regula-
tors whose combinatorial interaction is believed to trigger specific developmental responses.

As part of a collaborative research project sponsored by the National Science Foundation Plant Genome Research 
Program we are investigating the specificity of auxin function in developmental pathways and discovering new genes 
involved in auxin biology and meristem development. We used a newly developed genomic approach called DAP-seq 
to analyze the DNA binding behavior of the maize ARF family and to identify the direct targets of their regulation. 
Using this approach, we created the largest dataset of ARF targets in any plant species. Furthermore, we discovered 
that ARFs belonging to different phylogenetic groups have different binding behavior in terms of sequence recogni-
tion and genomic distribution. 

Using traditional genetic screens, we have identified several genes that affect auxin function and meristem develop-
ment. Notable among these are two Aux/IAA proteins (BIF1 and BIF4) that work in conjunction with ARF transcrip-
tion factors, and a gene that encodes a mitochondrial localized protein and affects auxin transport and homeostasis. 
We have also identified key regulators of meristem size that eventually affect the number of seeds on maize ears. 

Transcriptional repression in maize shoot development

Transcriptional repression is a fundamental tool in a cell’s repertoire of molecular mechanisms for the dynamic regu-
lation of gene expression. In most eukaryotes, such repression typically involves corepressor proteins that do not bind 
DNA directly, but instead interact with DNA-binding transcription factors (TFs) that act in specific developmental and 
signaling pathways and suppress transcriptional output.

Dr. Andrea Gallavotti
Plant Biology
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The maize co-repressor REL2, a functional homolog of the TPL protein mentioned above, was originally isolated in a 
forward genetic screen for inflorescence defects. Mutations in the REL2 gene give rise to pleiotropic defects through-
out development (Figure 1), thus providing an excellent tool to study how plants use transcriptional repression mech-
anisms in numerous developmental processes. This research is sponsored by a grant from the Developmental Systems 
cluster of the National Science Foundation.

We identified a large number of TFs that contain specific repressor motifs that allow the interaction with REL2-type 
corepressors and repress the transcription of their target genes. According to the repressor motif embedded in their 
sequences, these transcriptional regulators interact with REL2 using distinct mechanisms. We are currently charac-
terizing a series of pathways regulating spikelet and flower development that require REL2-mediated repression by a 
combination of genomic, genetic and molecular approaches. One of this pathway is involved in the domestication of 
maize ears from its wild progenitor teosinte.

Identification of cis-regulatory modules in plant genomes

Transcription factors recognize short DNA sequence motifs in regulatory regions of their target genes and thus control 
the gene expression changes responsible for plant developmental programs and environmental responses. To expand 
our currently limited view of the functional non-coding space in maize and other plant species, we are using DAP-
seq, a cost-effective in vitro alternative to ChIP-seq, to map TF binding events. We observe that many TFs often bind 
within close proximity to one another forming putative cis-regulatory modules (CRMs; also commonly referred to as 
enhancers). These CRMs frequently overlap with regions of accessible chromatin and can be located both proximally 
and distally at regions far away from genes. Such proximal and distal CRMs were for example observed in several 
plant architecture-related maize genes. 

This approach is providing a highly integrated view of how multiple TFs contribute to the control of certain transcrip-
tional programs. This is important because a significant percentage of trait-associated variants in crop species lie with-
in non-coding regions and likely affect TF binding. Our goal is to explore how cis-regulatory variation contributes 
to phenotypic diversity in maize and other species, by coupling identification of CRMs with precise CRISPR-based 
editing of TF binding sites.

Figure 1
rel2 mutants affect meristem size. SEMs of immature ears 
in wild type and rel2 mutants (A) show slightly larger 
inflorescence meristems in mutant ears. This results in an 
increase in the number of kernel rows in mature corn cobs 
(B; number of kernel rows). 

Introduction

Plastids are semi-autonomous organelles with a relatively small (120-180 kb), 
highly polyploid genome present in 1,000 to 10,000 copies per cell. The best-
known plastids, chloroplasts, convert sunlight into chemical energy. Plastid 
engineering, in contrast to nuclear engineering, offers higher protein yields, the 
opportunity to express several genes controlling complex traits, and a natural tool 
to prevent transgene flow via pollen. We have developed protocols for transforma-
tion of the tobacco (Nicotiana tabacum) plastid genome, for efficient post-trans-
formation excision of the marker genes, and high-level expression of recombinant 
proteins. During the past year we made significant progress in two areas. 

Plastid transformation in Arabidopsis thaliana

Plastid transformation has been inefficient in Arabidopsis thaliana due to a natural 
tolerance of Arabidopsis to spectinomycin, the selective agent employed to enrich 
transformed plastid genomes. Tolerance to spectinomycin has been linked to a du-
plication of the ACCase biosynthetic pathway in chloroplasts. We have shown that 

plastid transformation is 100-fold more efficient in Arabidopsis lines defective in the plastid-targeted ACC2 nuclear 
gene (Yu et al. Plant Physiol. 175: 186-193, 2017). This information has been obtained in the the Col-0 ecotype that 
is recalcitrant to plant regeneration. We now report ACC2 defective lines in the RLD and Ws ecotypes, which readily 
regenerate plants from cultured cells. ACC2 knockouts were obtained using CRISPR/Cas9 genome editing tools. The 
spectinomycin hypersensitive phenotype is characterized by the lack of shoot apex when germinated on a selective 
medium. This  phenotype has been confirmed in both accessions, indicating that deletion of the ACC2 gene is general-
ly applicable to obtain spectinomycin hypersensitive plants in all species in which duplication of the ACCase pathway 
has been conserved. Testing of transformation competence in the knockout lines was carried out with new, Arabidop-
sis-specific plastid vectors that are suitable for the delivery of reporter genes. The vectors target insertions in the trnV-
rps12/7 intergenic region, and carry a highly-expressed green fluorescent protein (GFP) gene. Plastid transformation 
efficiency could be evaluated in six weeks post-bombardment due to high-level expression of GFP. The efficiency of 
plastid transformation was as high in the RLD and Ws knockout lines as in the Col-0 and Sav-0 ecotypes, about one 
transplastomic event in two bombarded samples, confirming that spectinomycin tolerance has been the cause of inef-
ficient plastid transformation in the past. The experiments were carried out in collaboration with Prof. Kerry A. Lutz, 
Farmingdale State College, Farmingdale, NY.

Post-transcriptional regulation tunes protein output of chloroplast transgenes

Predictable protein output is required in synthetic biology applications to achieve expression of genes from polycis-
tronic mRNAs in a desired stoichiometry. Because the operon is transcribed from a single promoter, establishing stoi-
chiometry can be accomplished only by post-transcriptional regulation. We report here on expression tools that enable 
the choice of protein output in tobacco chloroplasts from the same mRNA over a 60-fold range, comprising 0.4%-
25% of total soluble protein (TSP) (Figure 1). The system is based on having the PPR10 protein binding site upstream 
of the transgenes. The tobacco PPR10 facilitates translation when bound upstream of an open reading frame (ORF) 
and protects the mRNA from exonucleolytic degradation.  Expression of the green fluorescent protein (GFP) from a 
wild-type binding site yields protein levels at about 25% or 15% TSP, depending on whether the site derives from the 
tobacco or maize atpH gene. A mutant binding site upstream of the ORF reduces GFP levels to about 2% TSP. Incor-
poration of a tRNA leads to further reduction of GFP to about 0.4% TSP due to rapid degradation of the mRNA from 
the processed end. The experiments reported here provide important insights into the mechanisms of PPR10-mRNA 
interaction in vivo and provide a new versatile tool for plastid synthetic biology. This research was supported by a 
joint grant with Prof. Alice Barkan, Oregon State University, Eugene, OR. 

Dr. Pal Maliga
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Figure 1. GFP accumulation in tobacco chloroplasts visualized by illumination with UV light. Shown are tobacco plants expressing 
GFP from the maize and tobacco wild-type PPR10 binding sites (atpHZm  and atpHNt, respectively) and the mutant maize GG and AA 
binding sites.

Introduction

The Messing lab works in plant genetics and genomics. Publications during the 
last academic year reported in several categories including gene cloning by Shot-
gun DNA Sequencing, Bioenergy, Protein Quality, RNAi, Genome Evolution, and 
Epigenetics.

Gene cloning by shotgun DNA sequencing 

I invented shotgun DNA sequencing about 45 years ago and it has been used to 
sequence many genomes, the first one in 1981 (CAMV). Significant advances in 
computation and robotics since then have contributed to drastic decreases in the 
cost of sequencing even large or the number of genomes. Given the feasibility to 
manage large amounts of data, has prompted us to revisit a classical collection of 
maize mutants, the Neuffer-Sheridan collection, that interfere with normal seed 
development and therefore are called defective kernel (dek) mutants.

These mutants were induced with EMS and should produce single nucleotide polymorphisms (SNPs). To find SNPs in 
a large genome like maize (2.3 GB), we wanted to employ shotgun DNA sequencing as opposed to selected sequenc-
ing of mapped intervals. To reduce the complexity of sequence information, we used either exome or transcriptome 
sequencing. Because the mutations were generated in a mixed background, they were first backcrossed to two maize 
inbreds that had been sequenced so that they could be used as allelic references. A computational pipeline was there-
fore developed that would use the sequencing results of bulked segregants of specific dek mutants to generate lists 
with ranked scores of sequences linked to the phenotype. Because one could compare two independent introgressions 
and Neuffer and Sheridan’s chromosomal assignments of individual mutants from genetic analysis, the pipeline was 
successful in identifying single candidate genes in the maize genome. Furthermore, other mutant alleles of the same 
gene could be used to validate the accuracy of the pipeline.

Bioenergy

One of the plant genome sequencing efforts that we have participated in is the sorghum genome, which is a close 
relative of maize. Whereas maize has undergone allotetraploidization from two progenitors about 4.8 mya, they share 
a common progenitor with sorghum that split 11.9 mya. Sorghum is therefore diploid and has retained a number of 
useful traits like better draught tolerance and disease resistance. It is planted on marginal land with tropical climate. 
Another interesting feature is a variety known as sweet sorghum (Rio) in contrast to grain sorghum (Btx406). Sweet 
sorghum like sugarcane, also a close relative of maize and sorghum, accumulates higher levels of soluble sugars in its 
stem. However, sugarcane has a more complex genome and given the sorghum diversity, sorghum is amenable to a 
genetic/genomic approach to dissect carbon allocation during photosynthesis. 

One factor that contributes to the sugar content in the stem is flowering time. When flowering is delayed, then sugar 
destined to seeds has to be stored in the stem. Therefore, a sorghum conversion line (R9188) was compared with the 
sweet and grain sorghum parents. Although the conversion line has also high stem sugar levels, it flowers early. Fur-
thermore, the introgressed regions from Rio could be mapped based on transcriptome analysis. The different sorghum 
genotypes could then be used to sample tissues from different internodes to determine the metabolome at different 
stages of growth. Although Rio has the highest level of sucrose concentration, the conversion line has medium levels, 
where Btx406 is significant lower. Moreover, lower levels of sucrose correlate with a decrease in sugar phosphates 
for precursors of starch and cell wall biosynthesis, illustrating a switch in carbon allocation in a genotype-dependent 
manner. Analysis of introgressed chromosomal regions are enriched for genes regulating trehalose 6-phosphate phos-
phatase (TPP), which appears to be a branchpoint in carbon allocation. Therefore, regulators of TPP could provide an 
important entry point to optimize Biofuel properties in plants.

Dr. Joachim Messing
Distinguished University Professor

50

MESSING LAB
Molecular Biology of Plant Development

51



Dr. Joachim Messing, Director
Distinguished University Professor of Molecular Biology
Selman A. Waksman Chair in Molecular Genetics
Phone: 848-445-4257
Email: messing@waksman.rutgers.edu
www.waksman.rutgers.edu/messing

Lab Members
Professor Wenqin Wang, Visiting Scientist
Dr. Guang-shu Song, Visiting Scientist
Dr. Jiaqiang Dong, Postdoctoral Fellow
Dr. Fan Feng, Postdoctoral Fellow
Dr. Yin Li, Research Associate
Dr. Chenxu Liu, Postdoctoral Fellow
Dr. Zhiyong Zhang, Postdoctoral Fellow
Paul Fourounjian, Graduate Student
Jennifer Ayer, Laboratory Technician
Kaleb Friedman, Undergraduate Student

To map these regulators and clone them, a high-throughput and cheap scoring system of high sugar phenotypes was 
needed to implement a genetic analysis of a segregating population of grain and sweet sorghum. Therefore, the assay 
that was used was adapted to microtiter plate format that could be processed on a robotic pipetting system.

Protein quality, RNAi, and genome evolution

Crop seeds are a source for three major food components, oil, starch, and protein. Maize is mainly a source for starch 
and protein. The latter is fortified with soybeans and synthetic methionine to supplement essential amino acids in 
animal feed. We have therefore investigated how accumulation of starch and protein is regulated. This time, we took a 
different approach. Due to polyploidy in crops like maize, one could argue that gene duplications render conventional 
methods for detecting seed phenotypes as described above ineffective. Genes regulating both starch biosynthesis and 
protein storage could be redundant so that a knockout of one copy does not produce a phenotype. In 2003, we demon-
strated how RNA interference (RNAi) can be used as a dominant genetic marker in maize. Therefore, we searched 
the maize seed transcriptome database of duplicated transcription factors. Out of 112 predicted transcription factors 
belonging to the NAC superfamily, two of them were highly expressed during early seed development, labeled as 
NAC128 and NAC130 that arose in homoeologous chromosomal position from the allotetraploidization event de-
scribed above.

Because the coding sequences of NAC128 and NAC130 are so conserved, it was easy to generate an RNAi transgenic 
event targeted to transcripts from both genes at the same time in a dominant fashion. Indeed, a strong kernel pheno-
type of reduced seed size segregated in the expected ratio. Subsequent analysis showed a reduction in both starch and 
protein. Transcriptome analysis of mutant seeds provided us with putative transcriptionally activated genes in both 
starch biosynthesis and protein accumulation. These results were employed to identify target promoters including the 
binding site for the two transcription factors. In fact, a common sequence motif was detected then in several genes 
that appeared to be regulated by these NAC-type transcription factors. Interestingly, a CRISPR knockout of a single 
copy had no phenotype, confirming the genetic redundancy of this regulatory system. Moreover, rice a more distant 
relative of maize and sorghum, showed a syntenic alignment to one copy with a segmental duplication comprising a 
second one, overcoming the lack of polyploidy in rice.
 
Epigenetics 

Another source of Biofuel could be duckweeds, which are aquatic plants. They float on ponds and low-streaming 
waters and are an exceptional example for natural adaptation. They can double in biomass in as short as two days by 
clonal reproduction, mainly driven by runoffs of overfertilized lawns. Previously, we sequenced the genome of the 
duckweed Spirodela polyrhiza, which is the smallest so far among monocotyledonous plants. A special feature of the 
rapid growth is the suppression of the juvenile to adult transition phase, known as neoteny.

To understand the different regulatory circuits between land and aquatic plants and the adaptation of duckweeds to 
their changing environments, we investigated aspects of post-transcriptional regulation of gene expression by analyz-
ing their repertoire of small RNAs and their targets in the presence of different environmental stimuli. As a result, we 
could determine mRNA turnover of specific functions and establish a new catalog of miRNAs and their targets. In 
particular, miR156 and miR172 expression reflected the neotenous growth of Spirodela. An interesting observation 
was the low level of 24nt siRNA, which are involved in the epigenetic regulation of repeat sequences of land plants. 
This class of small RNAs are critical in silencing retrotransposition during meiosis, which usually does not take place 
in duckweeds due to their clonal propagation. 
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Phone: 848-445-2925
www.waksman.rutgers.edu/fermentation

Lab Members
Dr. Arvin Lagda, Laboratory Researcher II
Ms. Amanda Rodriguez , Laboratory Researcher III
Dr. Sergey Druzhinin, Laboratory Researcher IV
Mr. Joseph Troyanovich, Laboratory Researcher

suppliers in the biotech, > 5 pharmaceutical and cosmetic industries as well as a couple of university and university 
affiliates.  For this fiscal year alone, the total production output is approximately 30,000 liters of microbe cultures 
of E. coli, P. pastoris, Streptomyces spp. and various strains of yeast and fungus. The revenue generated from these 
work have provided valuable support to the research goals of the Institute as a whole and will continue to do so in the 
years to come. Moreover, as part of the CCPFF’s contribution to the Institute’s scholarship mission, Dr. Arvin Lagda 
conducted a seminar on the basics of Fermentation and Industrial Microbiology at the Rutgers Dept. of Microbiology 
and Biochemistry last Spring 2019 attended by students and faculties. This year also marks as the first year for Dr. 
Arvin Lagda (full time) and Mr. Joseph Troyanovich (part-time) as member of the team and the Waksman Institute of 
Microbiology family.  

FUTURE GOALS

Our goal over the next few years is to increase and diversify our research and production capabilities which will be 
tailored fit to the needs of our Waksman Institute researchers. This includes provision of technologies necessary for 
the in-house pilot scale production and purification of commercial proteins/enzymes and research grade plasmid DNA 
for research use. We also want to incorporate a broader range of clientele as well as create a broader outreach to the 
Rutgers community by collaborating with other core and research facilities. Further, we plan to contribute more in 
the scholarship goals of the Rutgers University by extensive collaboration with other academic departments through 
teaching/course integration, lectures, facility tours and internship training programs for students. 

Cell and Cell Products Fermentation Facility
OVERVIEW

The Cell and Cell Products Fermentation Facility (CCPFF) is a nonprofit state of the art facility designed to help the 
Waksman Institute researchers, university faculty as well as other scientific/research/biotechnology industry develop 
new fermentation technologies and provide bench top and pilot scale fermentation projects for research and biologics 
production. We offer flexibility and versatility in supplying biomolecules including; proteins, enzymes, antibiotics, 
growth factors, natural flavors and cosmetic substrates to industry engineering; microbiological and molecular groups. 
We are equipped to handle most requests with the exceptions: pathogenic or opportunistic organisms and mammalian 
and insect cell lines. We can conduct both scale-up and production to maximize research potential for both upstream 
and downstream processing.

For upstream processes, the facility is currently equipped with 2 units of 1000L Bio Flo Eppendorf reactors and 3 
units of 125L 610 Eppendorf reactors for scale-up studies and pilot scale work. For smaller scale projects, we have 
3 units of 40L 510 Eppendorf reactors with working volumes between 12-32L Liters for research and optimization 
studies. We have multiple options for downstream applications including clarification by macro/ultra/nanofiltration 
or centrifugation.  The facility has a continuous centrifuge for large scale separation, Beckman Avanti refrigerated 
floor centrifuge for smaller batches with multiple rotors for 10mL conical tubes up to 6, 1L centrifuge bottles and 
two smaller centrifuges for sample preparation.  The facility has an assortment of hollow fiber filters for clarifying, 
concentrating, and diafiltering solutions of different volumes. Further downstream processing includes cell disruption 
using a GEA Niro Pony NS2006L. The facility has three refrigerated Innova Eppendorf shakers for seeding tanks and 
small projects and provides analytical services for testing proteins and metabolites using protein gel analysis and a 
YSI 2900D Chemistry analyzer for glucose, glycerol, methanol as well as other chemistries. 

FISCAL YEAR 2018-2019

Over the past year, the scientists at the fermentation facility have completed projects for 1-2 small biotech start-ups, 2 
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experiments. WGCF is used by a diverse group of researchers within as well as outside Waksman. WGCF complete 
sequencing business has been roughly 60% DNA, 30% RNA, 5% ChIP, and 5% other. Our projects include bacteria, 
plants, as well as mammals, reflecting the diversity in research at the Waksman Institute. 

Common Applications and Platforms at Waksman Genomics Core
Sequencing Applications NextSeq500 MiSeq PacBio Sequel 
Wole Genome Resequencing ✔✔✔✔ ✔ ✔✔ 
De Novo Sequencing ✔✔✔ ✔ ✔✔✔✔ 
Exome Sequencing ✔✔✔✔   
Target Resequencing ✔✔ ✔✔✔  
mRNA Sequencing ✔✔✔✔  ✔✔ 
Small RNA Sequencing ✔✔✔   
ChIP Sequencing ✔✔✔✔   
Metagenome Analysis ✔ ✔  
Methylation Analysis ✔✔ ✔✔✔ ✔✔✔✔ 

 

Dr. Dibyendu Kumar, Director Genomics 
Core Facility/Research Associate
Phone: 848-445-4737
Email: dk@waksman.rutgers.edu
www.waksman.rutgers.edu/genomics

Lab Members
Dr. Yaping Feng, Bioinformatics Research Scientist, Research Associate
Dr. Min Tu, Lab Operations Scientist, Postdoctoral Associate

Waksman Genomics Core Facility
Waksman Genomics Core Facility (WGCF) provides high-throughput next generation sequencing services to the Rut-
gers research community and to the broader scientific community. Waksman institute is one of the earliest adopters of 
sequencing technology with extensive experience in NGS sequencing. Since 2008, core offers single read, paired-end, 
and multiplex sequencing using various Next Generation Sequencers. WGCF harbors three sequencers covering broad 
range of NGS requirements. One of the main driving force behind having multiple instruments is to provide latest se-
quencing service across the entire spectrum ranging from high throughput sequencing to small sequencing need. The 
facility is staffed with three full-time professionals to assist with the library preparation, conducting of sequencing and 
analysis of data.

The Single Molecule Real-Time (SMRT) sequencer, the Sequel System uses 
Single Molecule Real Time (SMRT) technology to produce long reads, uniform 
coverage, and high consensus accuracy. The Sequel long 10-15kb reads will 
greatly enhance whole genome, full-length transcript, or long amplicons sequenc-
ing projects. Additionally, its SMRT sequencing technology can also be used to 
directly detect DNA base modification. NextSeq500, Illumina’s desktop sequenc-
ing instrument that provides roughly 120 Gb data from its 2x150 bp configuration. 
NextSeq 500’s push-button operation provides a thirty-hour turnaround time for 
an array of popular sequencing applications such as single human genome, 20 
transcriptome or upto 16 exomes in a single run. Whereas, MiSeq with relatively 
long read-length and low throughput, is best suitable for small genome sequenc-
ing and targeted sequencing. Accordingly, the WGCF expanded its library prepa-
ration and sequencing services to extensively cover Illumina platform. 

With these instruments, WGCF is capable of producing 150 Gb of data per day 
from over a billion reads. Data from DNA sequencing services are typically 
reported to customers within two weeks. Funding for the operation of the core 
facility comes from a combination of user fees and cost sharing from Waksman 
Institute keeping the instrument use cost low. This creates an exceptional oppor-
tunity for a researcher to perform experiments with state-of the art instruments. 
User fees are used to cover part of instrument service contracts cost and consum-
able reagents expense. WGCF accepts raw samples as well as prepared libraries, 
giving researcher’s flexibility to try their own protocols. In addition to sequencing, 
WGCF also offers Real-Time PCR on Thermo Fisher’s StepOnePlus system, DNA 
shearing services using Covaris, as well as DNA qualification services using fluo-
rometer Qubit, NanoDrop and Agilent bioanalyzer. 

In Addition to the wet-lab services, Waksman Genomics Core Facility also pro-
vides powerful, accessible and intuitive analysis tools through its bioinformatics 
consulting and data analysis services. This allows researcher to bypass leaning 
curve and focus on the result that are both statistically and biologically meaning-
ful. WCGF collaborate with researchers in designing experiments and analyzing 
complex data sets by applying various data-analytical and theoretical methods. The 
facility successfully developed several comprehensive pipelines, which enable 
researchers to process large-scale data. Facility expanding suite of software applica-
tions includes DNA mapping against reference genomes, de-novo assembly, ChIP-
seq and RNA-seq data analysis. 

Our mission is to keep the core facility as comprehensive and accessible as possi-
ble in order to increase research productivity. The equipment and services provid-
ed by the genomics core are aimed for reducing the wait time and providing the 
degree of expertise necessary for an individual user to design and execute genomics 

Sequel

NextSeq500

MiSeq
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Themios Chionis,  Greenhouse Supervisor
Phone: 848-445-5293
Email: tim.chionis@waksman.rutgers.edu
www.waksman.rutgers.edu/greenhouse

Waksman Greenhouse 
Our state of the art Greenhouse facility, completed in 2006, features 4,200 square feet of growing space. The facili-
ty is divided into two identical, independently-controlled bays topped by a roof structure with a height of 14 feet at 
the truss to better enable the proper growth of corn plants. These two bays feature heating, cooling, shade curtains, 
growth lights, and roof vents, and are connected by an adjoining headhouse, which includes an outdoor weather sta-
tion (providing sensor inputs for precipitation detection, solar readings, temperature, humidity, wind speed, and wind 
direction).
 

This newer construction replaced the original Waksman greenhouse constructed in 1986, which encompassed 3,600 
square feet of growing space divided into six rooms and a roof structure only 7.5 feet at the truss. Insect netting, a 
cost-effective and environmental-friendly alternative to the use of pesticides, is implemented as a physical barrier to 
exclude insect pests from the facility in order to reduce the necessity for insecticides.

Waksman Confocal Imaging Facility
The Waksman Confocal Imaging Facility has two Leica TCS confocal microscopes, the SP5 II and the SP8, as well as 
two workstations. Our scanning confocal microscopes are capable of high resolution imaging of labeled cell compo-
nents in three-dimensional space by optical sectioning.  Imaging can be done with most standard fluorophores in live 
or fixed samples.  

Both Leica TCS confocal models have inverted microscopes, spectral detection allowing for dynamic adjustment of 
detected emission wavelengths, sequential scanning to further reduce emission signal overlap, easy to use programs 
for creating Z-stacks and 3-D images, multiple programs for post-imaging, and hybrid detectors for large dynamic 
range, increased signal sensitivity and decreased background noise, as well as standard PMT detectors, Z-stack com-
pensation, and photon counting. The SP5 II is also capable of resonant scanning which significantly reduces imaging 
times, and it has notch filters, FRET, FRAP, deconvolution, and 
a motorized stage allowing multi-position time lapse, mark and 
find, and tile scanning.

The Waksman Confocal Imaging Core Facility has approxi-
mately 60 trained users, primarily Waksman researchers, from 
fifteen laboratories and is used an average of 68 hours per week. 
The Confocal Manager provides training, troubleshooting, and 
consultation on the use of our confocal microscopes. The future 
aim of the facility is to continue to provide exceptional imaging 
capabilities to Waksman researchers.

Nanci S. Kane, Manager
Laboratory Researcher IV
Phone: 848-445-0250
Email: confocal@waksman.rutgers.edu
www.waksman.rutgers.edu/confocal
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Research Summary

Structural basis of promoter escape

The final step in transcription initiation by bacterial, archaeal, and eukaryotic 
RNA polymerase (RNAP) is transformation of a promoter-bound transcription 
initiation complex into a translocating transcription elongation complex.  This 
step is referred to as “promoter escape.”

Promoter escape occurs after the synthesis of the first eleven to fifteen nucleo-
tides of the RNA product through a “scrunching mechanism,” in which RNAP 
remains stationary on promoter DNA (anchored through sequence specific 
protein-DNA interactions with promoter elements), unwinds downstream DNA, 
and pulls single stranded DNA into itself and past its active center, accumulating 
single stranded DNA as bulges within the transcription bubble.

Promoter escape is triggered by the entry of the 5’ end of the nascent RNA prod-
uct into the RNAP RNA-exit channel, resulting in the displacement of a tran-
scription-factor module from the RNA exit channel (σ linker module in bacteria; 

TFIIB-related Zn ribbon and reader modules in archaea and eukaryotes), the disruption of transcription-factor-mediat-
ed sequence-specific protein-DNA interactions with promoter elements, and the re-winding of the upstream half of the 
transcription bubble. 

However, no structure information or detailed mechanistic information exists for any aspect of the process.  It is 
unknown whether the process occurs in a single step (e.g., upon extension of the RNA product to a length of 11 
nucleotides), or occurs in a series of steps (e.g., upon successive extension of the RNA product to lengths of 11, 12, 
13, 14, and 15 nucleotides); it is unknown when and how the transcription-factor module is displaced from the RNAP 
RNA-exit channel; and it is unknown when and how sequence-specific protein DNA interactions with promoter 
elements are disrupted. 

In order to understanding the mechanisms, we seek to elucidate the structural and mechanistic basis of promoter 
escape by use of single-particle-reconstruction cryo-EM to determine structures of bacterial transcription complexes 
containing RNA products of lengths 11, 12, 13, 14, and 15 nucleotides. 

We have developed and validated procedures to prepare homogenous functional recombinant transcription complexes 
that contain Thermus thermophilus RNAP σA holoenzyme, promoter DNA, and RNA products of lengths 11, 12, 13, 
14, and 15 nucleotides; we have applied complexes to cryo-EM grids; and we have collected and are processing 
cryo-EM data.

Chengyuan Wang
Ebright Lab

Research summary

Successful fertilization requires the sperm and egg to recognize and bind to each 
other in order to fuse and form a zygote. Little is known about the molecular ba-
sis of fertilization. In mammals, Izumo, an immunoglobulin superfamily protein 
on the sperm, and Juno, a GPI-anchored protein on the egg is the only known 
receptor pair that is necessary for fertilization (Bianchi, 2014). In C. elegans, the 
spe-9 class of genes are required for sperm function during interactions with the 
oocytes. All the spe-9 class genes identified to date encode transmembrane pro-
teins on the sperm surface. The non-redundant roles of these molecules suggest 
that they function with one another to form a complex. Thus, we have proposed 
the fertilization synapse model where complex protein-protein interactions at/
between the gamete surfaces form during fertilization, similar to what is at the 
neuronal or immune synapse (Krauchunas, 2016). 

Over the last year, I have characterized a new member of the spe-9 class, spe-51. 
spe-51 mutant hermaphrodites and males are sterile due to a defect in the sperm. 
Mutant spermatids can activate in vitro in pronase. After mating, these mutant 
sperm can migrate to the spermatheca, and can out-compete hermaphrodite 

self-sperm. These data suggest that spe-51 is not required for sperm activation but for sperm function. Protein-domain 
prediction suggests that the protein contains an immunoglobulin (Ig)-like fold, and a possible transmembrane domain. 
Surprisingly, ectopically expressed SPE-51 in the body-wall muscle was taken up by coelomocytes, suggesting the 
protein is secreted rather than membrane-bound. Thus, SPE-51 is a secreted molecule that functions at the fertiliza-
tion synapse. Ongoing work focuses on interactions of SPE-51 with other proteins on the sperm membrane as well as 
localization of SPE-51.  

In C. elegans, EGG-1 and EGG-2 are the only known egg surface proteins that are required for fertilization and they 
don’t bind with known sperm surface proteins, suggesting that other molecules are involved. Using a reverse genetic 
approach, I have been testing candidate genes that may function during fertilization or oocyte-to-embryo transition. I 
filtered all the oocyte-enriched genes by the presence of predicted transmembrane domains or GPI-anchors. Of these, I 
sorted out paralogous pairs with potentially redundant functions thus would otherwise have been neglected in forward 
genetic screens. Further literature search then generated a short list of paired genes. I then test the functions of these 
genes by single or double RNAi. One pair of genes, gfat-1 and gfat-2, which encode enzymes that are required for 
synthesis of egg shell components, have shown a lack of oocyte-to-embryo transition when knocked down. It remains 
unclear how gfat-1 and gfat-2 regulate oocyte-to-embryo transition through eggshell synthesis. I will further test their 
functions by investigating localizations of key regulators during egg activation. 

Xue Mei
Singson Lab
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Research Summary

Hydroxymethylating RNA and function during Drosophila brain develop-
ment

Chemically modified ribonucleotides in rRNA, including mRNA, have been 
known for decades. Recently, the mapping these modifications by next gener-
ation sequencing as well as the discovery of enzymes that deposit (“writer”), 
eliminate (“eraser”), and bind (“reader”) to the modifications revealed the bio-
logical functions of the modifications. We have previously shown that Drosoph-
ila Tet is responsible for hydroxymethylating ribocytosine (5hmrC) in mRNA 
and that 5hmrC is enriched in Drosophila brain mRNAs. To further study the 
modification, I am addressing two questions. When and how does Tet modify 
mRNA? And what is the functional requirement of the modification during brain 
development?

Tet protein has two domains: a zinc finger CXXC-type DNA-binding domain 
and a 2OG-Fe(II) dioxygenase domain. We hypothesize that Tet binds to DNA 
through its CXXC domain and co-transcriptionally modifies nascent mRNA by 

its dioxygenase domain. By a gene replacement method using CRISPR/Cas9 and homologous directed repair (HDR), 
I have generated mutant lines in which the absolutely conserved  C598 in the DNA-binding domain was changed to 
A (TetAXXC line), and a second line, in which H1886 to Y and D1888 to A mutations in the dioxygenase domain were 
induced (TetYRA line). TetAXXC shows defects in the development of the mushroom body, the Drosophila brain structure 
essential for learning and memory while, the TetYRA exhibits severe locomotion defects, indicating that the two protein 
forms may have specific functions. I am now testing if these mutations affect the 5hmrC level in brain mRNAs. The 
lab has identified Tet-target mRNAs by mapping 5hmrC modifications transcriptome wide. I am verifying the require-
ment of these target mRNAs during brain development. My future direction will be to identify Tet cofactors which are 
required both for DNA binding and for setting the 5hmrC in brain mRNAs.

Hiep  Tran
Steward Lab

Research Summary

Identification and Characterization of Genes that Regulate Mitochondrial 
Dynamics and Transport in Caenorhabditis elegans

Mitochondria are essential organelles for all eukaryotic cells. They participate 
in processes as diverse as the generation of cellular energy, sugar and fatty acid 
breakdown, steroid and lipid synthesis, calcium homeostasis, and programed cell 
death. Given their critical and diverse roles in cellular physiology, mitochondrial 
dysfunction contributes to the etiology of multiple diseases including many neu-
rodegenerative diseases. This association occurs because neurons in particular 
have high-energy demands but do not store glycolytic reserves and instead rely 
on mitochondrial oxidative phosphorylation to meet these demands. Addition-
ally, mitochondria can contribute to degeneration by producing reactive oxygen 
species that can lead to both cell damage and apoptosis.  

As highly dynamic organelles, mitochondria exist in states of fusion and fission 
and move within cells via the cytoskeletal network; such dynamics are critical 
for mitochondrial function.  While significant advances in studying mitochondri-

al dynamics have been made using single celled organisms and cell lines, attention is now shifting to understanding 
mitochondria in multicellular organisms in vivo. In addition, mitochondria interact with various motor and adaptor 
proteins for mitochondrial transport within the cell. In neurons for example, this is particularly important for meet-
ing the energy needs of distal synapses in neurons. The role of mitochondrial dynamics and transport in multicellular 
development, cell-cell signaling, disease, stress, and aging remains an important topic of research. 

Understanding the molecular and cellular mechanisms underlying mitochondrial dynamics and transport should 
help us further understand diseases that are characterized by mitochondrial dysfunction. To this end, we conducted 
a forward genetic screen using the model organism Caenorhabditis elegans to find genes that modulate or mediate 
mitochondrial dynamics and transport in neurons. To date, we have identified ten mutants displaying either elongated 
mitochondria (fission mutants) or displaying defects in transporting mitochondria out of the cell body and into the 
axons (transport mutants). 

With the help of conventional mapping strategies, candidate gene screens, and Whole Genome Sequencing, we have 
identified potential causative genes for two of our mutants that show mitochondrial transport defects. Additionally, 
we’ve found new alleles of a conserved gene that regulates mitochondrial fission. We are in the process of further 
validating and confirming these candidate genes, as well as understanding the role it plays in mitochondrial transport 
in neurons and the interactions with other known genes.

Nathaly M. Salazar-Vasquez
Rongo Lab
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Research Summary

Understanding the mechanisms controlling tissue growth to form correct organ 
shape is a long-standing question in developmental biology. Altered tissue pat-
terning due to loss of Ds-Fat signaling pathway can cause abnormal organ shape, 
such as shorter and rounder wings and legs in flies, and mitral valve pro- lapse 
and skeletal malfunction in humans. 

The Drosophila wing normally has an elongated shape, which has been attribut-
ed to a preferential orientation of mitotic spindles along the proximal-distal axis. 
Orientation of mitotic spindles, and consequently of cell divisions, is believed 
to be a fundamental morphogenetic mechanism in multicellular organisms. The 
supposition that spindle orientation contributes to wing shape was suggested by 
observations that mutation or knock-down of components of the Ds-Fat pathway 
results in both rounder wings, and loss of the proximal-distal bias in spindle 
orientation. To directly evaluate the potential contribution of spindle orientation 
to wing morphogenesis, we assessed the consequences of loss of the Drosophila 
NuMA homolog mud. We establish that loss of Mud randomizes spindle orien-
tation, but has no effect on wing shape. Analysis of growth and cell dynamics in 

developing discs and in ex vivo organ culture reveals that the absence of oriented cell divisions is compensated for by 
an increased contribution of cell rearrangements to wing shape. Our results indicate that oriented cell divisions play 
no significant role in wing morphogenesis, nor do they appear to play a significant role in the morphogenesis of other 
Drosophila appendages. Moreover, our results suggest that normal organ shape is not achieved through a summing of 
individual cell behaviors. Instead wing shape could be specified through establishment of tissue wide stresses that dic-
tate an overall arrangement of cells without specifying the specific cell behaviors needed to achieve it. In the future, 
we plan to study how Ds-Fat signaling pathway changes organ shape.

Research Summary

Transcription is the first step of gene expression and a primary target of 
regulation in all cells. During transcription initiation, RNA polymerase (RNAP) 
recognizes and binds to specific DNA sequences (promoters) initially as 
double-stranded DNA, unwinds ~13 bp to form an “RNAP-promoter open com-
plex,” selects a transcription start site, and synthesizes an RNA of ~11 nt before 
releasing promoter contacts and forming a transcription elongation complex 
(promoter escape).  Despite decades of intense effort, most of the structural re-
arrangements that occur between the initial binding of RNAP to promoter DNA 
and promoter escape have not been defined. Due to the limitations of current 
structural methods, nearly all of the available structural information for tran-
scription initiation complexes comes from results obtained in vitro on only a few 
promoter sequences. Thus, our understanding of the mechanism of transcription 
initiation and the relationship between promoter sequence and RNAP-promoter 
complex formation remains incomplete. 
 

To overcome limitations of current methods for studies of structural changes 
that occur during transcription initiation I am developing methods for system-

atic, comprehensive unnatural-amino-acid mediated protein-DNA photo-crosslinking in vivo, in E. coli. Using these 
methods, I will define the protein-DNA interactions that occur during transcription initiation in vivo for E. coli RNAP 
on a diverse library of promoter sequences. Specifically, I will determine how variations in promoter sequence affect 
the nature of the structural remodeling that occurs during transcription initiation and I will determine whether alter-
ations in RNAP-promoter structure provide a mechanistic explanation for why ppGpp activates certain promoters and 
inhibits other. 
 

Over the past year I have designed and built a library to incorporate the photoactivatable unnatural amino acid 
p-benzoyl-L-phenylalanine (Bpa) into the RNAP β, βʹ, and σ subunits, I have generated a library containing every E. 
coli promoter sequence, and I have demonstrated that we can map crosslinks from several Bpa positions to a single 
promoter in vivo. I am now poised to combine the Bpa-containing libraries with promoter sequence libraries to com-
prehensively map the in vivo structural changes that occur on natural E. coli promoters in the presence and absence of 
the transcription regulator ppGpp. 

In principle, the methods developed here for studies of transcription will be applicable to the study of other pro-
tein-DNA complexes that form in vivo, including complexes that form in DNA replication, DNA repair, chromosome 
organization, and chromosome remodeling.
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Research Summary

Stomata are epidermal pores required for plant gas exchange and tran-
spiration. The development of Arabidopsis stomata involves a process 
precisely controlled by asymmetric cell division (ACD). The plant-specif-
ic protein BASL (BREAKING OF ASYMMETRY IN THE STOMATAL 
LINEAGE) was identified as an intrinsic polarity factor that regulates 
stomatal ACD. When tagged with GFP, BASL initially appeared in the 
nucleus and later polarized at the cell cortex. However, the polarization 
mechanism of BASL, a peripheral membrane protein, remained largely 
unknown. In our lab, previous studies on protein dynamics suggested 
BASL may reach to its destination through the endomembrane system 
and this process may rely on its physical partners. By yeast two-hybrid 
screening and co-IP mass-spectrometry, the BIP2 (BASL INTERACTING 
PROTEIN FAMILY 2) family was isolated as BASL’s physical partner. 

I confirmed the physical interaction between BASL and BIP2 members 
by pair-wise yeast two-hybrid and Bimolecular fluorescence complementation (BiFC) in tobacco epidermal 
cells. By performing CRISPR/Cas9 mutagenesis, I created high order bip2 mutants and found that simulta-
neously knocking out four family members led to stomatal ACD defects and the loss of BASL polarization. 
By examining the subcellular localization of the BIP2 proteins in Arabidopsis thaliana and Nicotiana ben-
thamiana leaf epidermal cells, I found that individual BIP2 protein may preferentially occupy differential 
endomembrane compartments but also overlap on certain organelle populations. In addition, protein domain 
prediction indicated a conserved phospholipid binding domain existing in all of the BIP2 members. My 
results showed that deletion of this lipid binding domain interrupted the typical endomembrane localization 
of one of the BIP2 members. Overall, my findings provided experimental evidence supporting BIP2s as 
novel plant membrane trafficking regulators that coordinate plant cell polarity and phospholipid signaling in 
stomatal ACD.

Dongmeng Li
Dong Lab

Research Summary

NEEDLE1 (NDL1) ENCODES A MITOCHONDRIA LOCALIZED 
PROTEASE REQUIRED zFOR THERMOTOLERANCE OF MAIZE 
GROWTH

Maize (Zea mays L.) is one of the most important commercial crops in the world 
as well as an important model organism for basic research in plant biology. The 
shoot architecture of maize is primarily determined by apical and axillary mer-
istems. Plant axillary meristems (AMs) are groups of stem cells initiated at the 
axils of leaves during post-embryonic development. AMs are ultimately respon-
sible for the production of branches, lateral organs and stems, thus they directly 
affect crop yield. 

The previous identification of several mutants showing defects in inflorescence 
development has shed light on the essential role of the plant hormone auxin in 
regulating maize AM initiation. Here we characterized and cloned a new mutant 
regulating maize inflorescence architecture named needle1 (ndl1).  ndl1 is a tem-
perature sensitive mutant with variable phenotypic expressivity, showing several 

defects in development, the most notable of which is the formation of tassels with reduced number of branches and 
spikelets. Interestingly, ndl1 mutants showed strong genetic interactions with several auxin-related mutants, as well 
as a lower concentration of auxin in inflorescence meristems. By positional cloning and transgenic complementation, 
I demonstrated that NDL1 encodes a mitochondrial metalloprotease belonging to the FTSH (FILAMENTOUS TEM-
PERATURE-SENSITIVE) protease family. Further analysis indicates that together with the hyperaccumulation of 
reactive oxygen species (ROS), ndl1 mutant inflorescences show the up-regulation of many genes involved in stress 
responses and mitochondrial retrograde regulation (MRR). These findings uncovered an essential pathway that coor-
dinates meristem redox status with the hormonal control of reproductive organogenesis, and regulates overall maize 
growth.

Qiujie Liu 
Gallavotti Lab
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Research Summary

Cell division happens when the chromosomes are bi-oriented and segregated by 
a bipolar spindle. In somatic cells and most of the cell types, a bipolar spindle is 
assembled through the centrosome where it plays a major role as a microtubule 
organizing center. Interestingly, oocytes do not follow this conventional pathway 
for spindle assembly. Oocytes assemble bipolar spindles in the absence of cen-
trosomes, the chromosomes in oocytes direct the process instead. When oocytes 
enter prometaphase, the microtubules cluster around the chromosomes and sort 
into a bipolar spindle after nuclear envelope break down. The chromosomal pas-
senger complex (CPC) is shown to be important in regulating spindle formation 
and orchestrating chromosome bi-orientation in oocytes; however, it remains 
unclear about the detailed mechanisms and how the chromosomes are involved. 

Here, we used the model organism, Drosophila melanogaster, to address this 
fundamental question. We found that heterochromatin protein 1 (HP1) has an 
essential role in assisting the CPC to promote both spindle assembly and homol-
ogous chromosome bi-orientation in Drosophila oocytes. The CPC is comprised 
of two targeting proteins, Survivin and Borealin, a scaffold protein, INCENP, 

and Aurora Kinase. The interaction between HP1 and Borealin is crucial for the initial recruitment of the CPC to the 
chromosomes. This initial recruitment is sufficient to build kinetochores and form the kinetochore microtubules. We 
also found that HP1 relocates onto the spindle similar to the CPC. Although the CPC and HP1’s spindle localizations 
are not perfectly overlapped, their microtubule dependency and their chromosome localizations when microtubule 
was challenged by microtubule destabilization drug are the same, suggesting the CPC-HP1 might form a complex 
before relocating onto the spindle. Additionally, we have shown that the CPC regulates homologous chromosome 
bi-orientation through the central spindle, the central overlapped region on the spindle, rather than the centromeres. A 
functional central spindle relies both on CPC localization to the spindle and the HP1-INCENP interaction. Together, 
we demonstrate that, in oocytes, HP1 plays an important role in regulating the CPC chromosome localization and its 
central spindle function to further affect both spindle assembly and homolog bi-orientation. 

Lin-Ing Wang
McKim Lab

Research Summary

Non-green plastids are desirable for the expression of recombinant proteins in 
edible plant parts to enhance the nutritional value of tubers or fruits, or to deliver 
pharmaceuticals. However, plastid transgenes are expressed at extremely low lev-
els in the amyloplasts of storage organs such as tubers. Here, we report a regula-
tory system comprising a variant of the maize RNA-binding protein PPR10 and a 
cognate binding site upstream of a plastid transgene that encodes green fluorescent 
protein (GFP). The binding site is not recognized by the resident potato PPR10 
protein, restricting GFP protein accumulation to low levels in leaves. When the 
PPR10 variant is expressed from the tuber-specific patatin promoter, GFP accu-
mulates up to 1.3% of the total soluble protein, a 60-fold increase compared with 
previous studies (0.02%). This regulatory system enables an increase in transgene 
expression in non-photosynthetic plastids without interfering with chloroplast gene 
expression in leaves.

Qiguo Yu
Maliga Lab
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Summary

With the emergence of the cyberinfrastruture in molecular biology over the past 
years, there has been a “revolution” in modern research that parallels the phys-
ics revolution that occurred at the turn of the 20th century. Molecular biology, 
evolution, genomics, and bioinformatics are rapidly growing disciplines that are 
changing the way we live and our understanding of how the world functions. To 
compete successfully in the global economy, the United States needs to be at the 
forefront of technology and science. This will require a citizenry that is techno-
logically literate and capable of contributing to, and making use of, this cyberin-
frastructure. Additionally, a fundamental understanding of the basic underlying 
principles of modern biology will be required to make informed choices about 
scientific issues.
 

For 26 years, faculty and scientists at the Waksman Institute have collaborated 
with high school teachers and their school administrators in an effort to address 
these issues. Our strategy has been to engage high school students and their 

teachers in authentic scientific research, in an effort to bridge the gap between how scientific research is conducted 
versus how science is taught. 

The Waksman Student Scholars Program (WSSP) is designed to connect high schools with the research community at 
Rutgers by encouraging teachers and students to engage in a genuine research project in molecular biology and bioin-
formatics. Its primary goal is to develop a research climate in the schools by establishing, supporting, and sustaining 
on-going interactions among research scientists and teams of high school students and teachers.

The 2018-2019 WSSP consisted of two interrelated parts: a Summer Institute (SI) and an Academic Year Program 
(AYP). In July 2018, 32 students and 9 teachers from 30 high schools attended a 12-day SI at the Waksman Institute. 
The SI consisted primarily of daily seminars and laboratory activities that focused on molecular biology and bioinfor-
matics. The laboratory sessions introduced students and teachers to the content, background information, and labora-
tory procedures that were needed to carry out the research project at their schools during the academic year. Students 
and teachers used Internet resources to process and analyze their data. Some of the seminars that were presented dealt 
with bioethical issues and career opportunities in the fields of science, technology, engineering, and mathematics 
(STEM). Scientists met with participants to discuss recent research developments in the fields of plant ecology and 
Next Generation DNA sequencing.  

After the SI, teachers and students returned to their schools and recruited additional students who contributed to the 
research project during the academic year.  Some teachers incorporated the project into existing research courses or 
advanced placement biology courses at their schools.  Others conducted the project as after school clubs. These cours-
es and clubs provided additional students beyond those who attended the SI with opportunities to conduct and contrib-
ute to the research project.  The Biology Equipment Lending Library (BELL), which was previously established with 
generous support from the Toshiba America Foundation and the Johnson & Johnson Foundation, enabled the WSSP to 
loan expensive equipment to the schools so that many students could conduct the research project during the AYP. 

Seven after school workshops were conducted at the Waksman Institute during the school year. In these sessions, 
students presented their results from their research efforts and discussed the problems they encountered while work-
ing on the project at their schools.  These sessions were also used to review the background material, to update all the 
participants in changes in laboratory protocols and share new findings in molecular biology. 

Near the end of the academic year, each school team presented their research findings at a poster session held on June 
3, 2019 at the Rutgers University campus, Piscataway, NJ to which scientists, school administrators, and parents were 

Undergraduate
Undergraduate students from departments in the School of Arts and Sciences (SAS) and the School of Environmental 
and Biological Sciences (SEBS) are trained in a state of the art molecular biology research laboratory. Most of the 
faculty take the students into their laboratories to perform independent research projects through the summer and 
academic year. Many of these students go on to receive the Waksman Undergraduate Research Fellowship to support 
their research efforts.

Graduate
Graduate students from a wide range of programs conduct their Ph.D. or M.S. dissertation research projects with 
faculty at the Waksman Institute and are eligible for the Busch Graduate Fellowship Program to support their thesis 
research. Predoctoral candidates can be funded a maximum of four years, while postdoctoral applicants can be funded 
for one year. Core Ph.D. courses for the Molecular Biosciences Program, along with numerous upper level lecture and 
seminar courses, are taught at the Waksman Institute each semester.

Faculty-Taught Graduate and Undergraduate Courses 2018-2019
Advanced Inorganic Chemistry
Advanced Plant Genetics
Biophysical Chemistry
Core Seminars in Plant Biology
Developmental Genetics
Fundamentals of Molecular Biosciences
Genetic Analysis II
Honors Introduction to Molecular Biology and Biochemistry Research 
Human Genetics
Introduction to Molecular Biology and Biochemistry Research 
Introduction to Research in Genetics and Molecular Biology
Microbial Biochemistry
Microbiology
Molecular Biology and Biochemistry
Molecular Biology and Biochemistry Honors Thesis Seminar 
Molecular Biology and Biochemistry Research and Writing
Molecular Biology of Gene Regulation & Development
Molecular Biosciences 
Plant Molecular Biology
Thesis Writing and Communication in Genetics
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invited. Each poster was carefully reviewed by scientists from Rutgers, each student team received feedback on their 
poster, and certificates were awarded to all contributing students and teachers.

In addition to the activities based at the Waksman Institute, the WSSP also supported the program at sites beyond the 
central New Jersey region. Dr. Forrest Spencer at John Hopkins University, in Baltimore MD helped run the AYP for 
4 high schools in Maryland. A two-week summer Institute for 4 teachers and 16 students was conducted at the Law-
rence Livermore National Laboratory, Livermore, CA, and 4 teachers and 40 students conducted investigations during 
a summer session in Waipahu, HI.  As a result of these extended outreach activities and the growth in the number of 
schools participating locally in New Jersey, a total of 1520 students from 54 different high schools in NJ, MD, PA, CA 
and HI participated in, and contributed to, the WSSP this past year. This is an increase in student participation in the 
program of almost 25% over the previous year.  

The Research Question

The 2018-2019 research project focused on identifying the genes and proteins of the duckweed, Landoltia punctata.  
Duckweeds are fresh water aquatic plants that is used in bioremediation and can be potentially used for biofuel. Sev-
eral research laboratories at Rutgers are currently investigating these plants.    

To conduct the project, a plasmid cDNA library from Landoltia punctata was prepared by the WSSP staff. During the 
summer and continuing throughout the academic year, the students grew bacterial cultures of individual clones from 
the cDNA library, performed minipreps of the plasmid DNA, cut the DNA with restriction endonucleases, performed 
polymerase chain reactions, analyzed DNA electrophoretically, had inserts from their clones sequenced, and analyzed 
these sequences with the aid of a computer program called the DNA Sequence Analysis Program (DSAP) that was de-
veloped by the project director and faculty. From the 2018-2019 SI and AYP, over 2600 plasmid clones were purified 
and 2052 were sequenced.  To date, 1604 DNA sequences have been analyzed by the students. 890 DNA sequences 
have been or will be submitted for publication on the National Center for Biotechnology Information (NCBI) DNA 
sequence database citing the students’ names as contributing authors. 

WISE

The WSSP project involves both students and teachers conducting research at their high schools during the academic 
year.  Since involvement in the program requires the participation of the teacher and support of the schools, many stu-
dents from schools that are not involved in the program cannot conduct the research project.  To accommodate these 
students, we offered two 10-day summer programs called Waksman Institute Summer Experience (WISE) in which 
students perform the same research project as conducted in the WSSP.  In June and August 2018, 34 and 36 students, 
respectively, participated in WISE and each of the students successfully purified and analyzed a novel DNA sequence 
and published their findings on the NCBI database. Due to the success of WISE and the demand from students want-
ing to participate in the program we plan to offer two WISE summer institutes during the 2019 summer.  
    

Dr. Andrew Vershon, Director WSSP, Professor

Susan Coletta, Educational Director
Phone: 848-445-2038
Email: coletta@waksman.rutgers.edu
www.waksman.rutgers.edu/education/scholars

Dr. Janet Mead, Laboratory Director

John Brick, Laboratory Assistant
April Rickle, Undergraduate Work Study Student
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Dismukes Lab
• Tie Shen and G. Charles Dismukes: Cyanobacterial pyruvate ferredoxin oxido-reductase regulates photosynthetic 

growth rate: implications for increasing carbon fixation in photosynthetic organisms

• Apostolos Zournas and G. Charles Dismukes: Applications of Fast Repetition Rate Fluorometry (FRRF) in photo-
synthesis research

Dong Lab
• Xiaoyu, Gu, and Juan Dong: Cortical polarity segregates opposing functions of the BSU phosphatases in stomatal 

development.

• Dongmeng Li and Juan Dong: Coordinated functional regulation of small GTPases in establishing plant cell po-
larity

• Lu Wang and Juan Dong: The regulation of ARF-GEF by protein phosphorylation and phospholipid signaling in 
membrane trafficking

Gallavotti Lab
• Xue Liu, Mary Galli, Iris Camehl and Andrea Gallavotti: REL2-mediated transcriptional repression regulates 

vegetative and reproductive architecture in maize

• Weibin Song, Qiujie Liu and Andrea Gallavotti: Comprehensive reverse genetic analysis of the maize AUXIN 
RESPONSE FACTOR gene family

Genomics Core Facility
• Min Tu, Yaping Feng and Dibyendu Kumar:  Accessory Equipment

Irvine Lab
• Jyoti Misra, Irvine lab: Early girl is a novel component of the Fat signaling pathway

Maliga Lab
• Qiguo Yu and Pal Maliga: PPR10 RNA-Binding Protein for Regulated Gene Expression in Potato Amyloplasts.

• Aki Matsuoka and Pal Maliga: Protein Export from Agrobacterium to Chloroplasts for the Excision of Target 
Sequences in the Chloroplast Genome.

• Lisa LaManna and Pal Maliga: A Multiplex CRISPR/Cas9 Gene Editing Platform to Obtain acc2-Knockouts in 
Brassica napus

McKim Lab
• Jessica Fellmeth and Kim McKim: Exploring the function of meiosis specific cohesins in promoting synaptone-

mal complex assembly

• Janet Jang and Kim McKim: Regulation of the meiotic spindle and sister centromere cohesion in oocytes by an-
tagonism between PP2A and Aurora B kinase.

• Kim McKim: PP1-87B antagonizes Polo and BubR1 in controlling microtubule dynamics to achieve sister chro-
matid co-orientation in metaphase I in Drosophila oocyte

Messing Lab
• Jiaqiang Dong,  Min Tu, Yaping Feng, Anna Zdepski, Fei Ge, Dibyendu Kumar, Janet P. Slovin, and Joachim 

Messing: Sequence identification of two mutations causing maize defective kernel using user-friendly pipelines 
applicable to large genomes

• Yin Li and Joachim Messing: Comparing transcriptomes of sugar-accumulating internodes between different 
sweet sorghum genotypes

• Zhiyong Zhang and Joachim Messing: Formation of large central storage vacuoles by teff α-globulin in maize 
starchy endosperm cells

Nickels Lab
• Jeremy Bird, Richard Ebright and Bryce Nickels: Mitochondrial RNA capping: highly efficient 5’-RNA capping 

with NAD+ and NADH by yeast and human mitochondrial RNA polymerase  

Padgett Lab
• Jing Lin and Richard Padget: Some Marfan-like mutations result in the aberrant trafficking of TGF-β type II 

receptor

WAKSMAN ANNUAL RETREAT
Rutgers University Inn & Conference Center

September 7, 2018

• Zhenru Zhou - Irvine lab: Oriented cell divisions are not required for Drosophila wing shape

• Chao Bian - Dong lab: Novel functions of PP2A phosphatases in Arabidopsis stomatal development

• Xue Mei - Singson lab: Izumo-like immunoglobulin superfamily proteins in fertilization from worms to humans

• Qiguo Yu - Maliga lab: Construction of Chloroplast Transformation-Competent Arabidopsis Plant Lines 
Using CRISPR-Cas9 

• Kyle Skalenko - Nickels lab: Sequence determinants of nanoRNA-mediated priming of transcription 
initiation

• Paul Fourounjian - Messing lab: Expression and activity survey of miRNAs in greater duckweed, 
Spirodela polyrhiza

• Richard Ebright - Ebright lab: Antibacterial nucleoside-analog inhibitor of bacterial RNA polymerase; 
pseudouridimycin

• Mehul Vora - Rongo lab: Identifying transcriptional targets of the hypoxia response pathway

• Qiujie Liu - Gallavotti lab: NEEDLE1 (NDL1) is a mitochondria localized protease required for thermo-
tolerance of maize growth

• Badri Nath Singh - Steward lab: Function of Tet in Drosophila neural development by RNA-hy-
droxymethylation

• Dibyendu Kumar - Genomics Core Facility: Waksman Genomics Core: 10 years and beyond

• Lin-Ing Wang - McKim lab: Regulation of Chromosome-directed spindle assembly in oocytes

• Yuan Zhang - Dismukes lab: Metabolic engineering of Nannochloropsis Oceanica CCMP1779 for biofuel 
production

• Konstantin Severinov - Severinov lab: Detection of in vivo intermediates of CRISPR adaptations

Presentations

POSTER SESSION
- All authors listed on individual posters if not included below-

  Barr Lab
• Kumar Tiger, Juan Wang, Maureen Barr: Determining the Function of the Globin Gene glb-28 in Sensory Neu-

rons

• Katlin Power, Robert O’Hagan, Amanda Gu, Yasmin Ramadan, Sebastian Bellotti, Maggie Morash, Winnie 
Zhang, Andy Golden, Harold Smith, Maureen Barr: Role of a NEK-Like Kinase in Ciliary Structure and Develop-
ment
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Waksman Institute Hosted Seminars
• April Pawluk, PhD, Scientific Editor, Cell Magizine, 

“Publishing Your Work: A Cell Editor's Perspective” 
August 24, 2019.

• Dr. Maureen Barr, “C. elegans sex, cilia, and extra-
cellular vesicles: Links to human disease” September 
24, 2018.

• Dr.Chao Wang, Ernest Maro School of Pharmacy, 
Dr. Dana C. Price, Department of Plant Biology, Dr. 
Erika Shor, New Jersey Medical School & Michael 
Weiand, Pacific Bioscience, The landscape of DNA 
methylome and transcriptome of prostate adenocar-
cinoma in prostate specific PTEN KO mice, Single 
molecule squencing to improve algal genome as-
semblies, Using optical mapping and PacBio whole 
genome sequencing to understand the plastic genome 
of Candida glabrata & SMRT Sequencing: A Founda-
tion for Discovery,  November 1, 2018

• Erin Barnhart, PhD, Department of Biology, New 
York University, “Cellular mechanisms for efficient 
coding in the Drosophila visual system”, January 14, 
2019.

• Annika Barber, PhD, Department of Neuroscience, 
University of Pennsylvania, School of Medicine, 

“When is it time to eat? How neuropeptides and fast 
neurotransmitters interact to transmit time-of-day 
signals” January 23, 2019. 

• Catherine Eichhorn, PhD, University of California - 
Los Angeles, “Structural insights into the 7SK core 
RNP, a major regulator of eukaryotic transcription” 
February 7, 2019, 

• Li He, PhD, Harvard Medical School, “Dynamic reg-
ulation of intestinal homeostasis: From gene expres-
sion to mechanical signaling”,  February 20, 2019.

• Ariel M. Pani, PhD, Biology Department and Line-
berger Comprehensive Cancer Center, University 
of North Carolina at Chapel Hill, “An integrative 
approach to dissect cell-cell signaling in vivo”,  Feb-
ruary 25, 2019.

• Peri Kurshan, PhD, Biology Department, Stanford 
University, “Towards a molecular understanding of 
synapse formation”, February 27, 2019.

• Xiuren Zhang, PhD, Department of Biochemistry & 
Biophysics, Institute for Plant Genomics & Biotech-
nology, Texax A&M University, “MicroRNA produc-
tion in plants”,  March 1, 2019 

• Han Wang, PhD, Division of Biology and Biologi-
cal Engineering, California Institute of Technology, 

“Genetic and neural dissection of sleep in C. elegans”, 

March 6, 2019.
• Srujana Samhita Yadavalli, PhD, Waksman Institute 

of Microbiology, Rutgers University, “Antimicrobial 
peptide stress response in E. coli”, March 12, 2019.

• Jianxin Ma, PhD, Department of Agronomy, Center 
for Plant Biology, Purdue University, “Soybean trans-
lational genomics: From basic findings to applica-
tions”, March 22, 2019

• Xuemei Chen, Professor, Department of Botany and 
Plant Sciences, University of California - Riverside, 

“Small RNA Networks in Plants”, May 1, 2019
• Iva Greenwald, PhD, Biological Sciences, Columbia 

University, “New insights into gonadogenesis in C. 
elegans”, May 20, 2019.

Waksman Student Scholars Programs
• Waksman Student Scholars Summer Institute, Waks-

man Institute, Rutgers University, July 5-July 20, 
2018

• Waksman Institute Summer Experience (WISE June-
18), Waksman Institute, Rutgers University, June 
20-July 3, 2018.

• Waksman Institute Summer Experience (WISE Au-
gust-18), Waksman Institute, Rutgers University, July 
30-August 10, 2018.

Barr Lab
• April 2019: Fred Hutchinson Cancer Research Center, 

Current Biology Seminar Series. Seattle, WA. “C. 
elegans sex, cilia, and extracellular vesicles: Links to 
human disease”

• March 2019: Emory University, Department of Cell 
Biology, Atlanta, GA. “C. elegans sex, cilia, and 
extracellular vesicles: Links to human disease”

• December 2018: American Society for Cell Biology 
Annual Meeting, Special Interest Subgroup on “Cilia, 
Stem Cell Signaling and Tissue Regeneration.” San 
Diego, CA.  “Ciliary extracellular vesicles: from 
biogenesis to bioactivity”

• November 2018: Cold Spring Harbor Asia Confer-
ence on Extracellular Vesicles. Suzhou, China. “C. 
elegans sex, cilia, and extracellular vesicles: Links to 
human disease”

Dismukes Lab
• 2019 Gordon Research Conference: Photosynthesis, 

Grand Hotel, Newry, ME, July 23-28.
• 2019 DOE Hydrogen and Fuel Cell Technologies 

Research, Development &Demonstration; AMR.
• 2019 National Renewable Energy Lab., Golden CO, 
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• Kishore Joshi, Tarmie Matlack, Stephanie Pyonteck, Ralph Menzel, and Christopher Rongo :Biogenic Amine 

Signaling Promotes Ubiquitin-Proteasome System Activity

• Eun Chan Park, Ifrah Tariq and Christopher Rongo: The Hexosamine Pathway Ameliorates Tauopathy in C.       
elegans Neurons

Severinov Lab
• Ishita Jain and Konstantin Severinov lab: Decoding the Mechanism of RNA-Targeting by Cas13a CRISPR-Cas 

System

Singson Lab
• Amber Krauchunas and Adrew Singson: Characterization of a temperature-sensitive allele of egg-3

Steward Lab
• Hiep Tran and Ruth Steward: Tet function in Drosophila

• Ethan Chiang and Ruth Steward: Tet controls photoreceptor development in Drosophila
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dent Mycobacterium tuberculosis transcription initia-
tion complex. ECF@25 Meeting, Marburg, Germany, 
September 21-26, 2018.

• Bird, J., Basu, U., Ramachandran, A.;, Grudzien-No-
galska, E., Kiledjian, M., Temiakov, D.,  Patel, S., 
Nickels, B., and Ebright, R.H. (2018) Ab initio RNA 
5’ NAD+ capping by mitochondrial RNA polymeras-
es.  Meeting on Post-Initiation Activities of RNA 
Polymerases, Mountain Lake, Virginia, October 25-
28, 2018.

• Nova, I., Yang, S., Mazumder, A., Laszlo, A., Der-
rington, I., Gundlach, J., and Ebright, R.H. (2019) 
Fractional-nucleotide translocation in sequence-de-
pendent pausing by RNA polymerase: single-mol-
ecule picometer-resolution nanopore tweezers 
(SPRNT).   Single-Molecule Biophysics 2019, Aspen, 
Colorado, January 6-11, 2019.

• Nova, I., Craig, J., Laszlo, A., Mazumder, A., 
Brinkerhoff, H., Derrington, I., Noakes, M., Mount, 
J., Huang, J., Bowman, J., Ebright, R.H., and Gun-
dlach. J. (2019) Determining dynamics of RNA 
polymerase elongation and pausing using nanopore 
tweezers.   Biophysics Society Annual Meeting, Bal-
timore, Maryland, March 2-6, 2019.

• Nova, I., Yang, S., Mazumder, A., Laszlo, A., Der-
rington, I., Gundlach, J., and Ebright, R.H. (2019) 
Fractional-nucleotide translocation in sequence-de-
pendent pausing by RNA polymerase: single-mol-
ecule picometer-resolution nanopore tweezers 
(SPRNT).   American Society for Biochemistry and 
Molecular Biology Annual Meeting, Orlando, Flori-
da, April 6-9, 2019.

• Yin, Z., Kaelber, J., and Ebright, R.H. (2019) Struc-
tural basis of Q-dependent antitermination.  Bates 
College, Maine, July 28-August 2, 2019.

• Molodtsov, V., Wang, C., Kaelber, J., and Ebright, 
R.H. (2019) Structural basis of bacterial transcrip-
tion-translation coupling.  Gordon Conference on 
Mechanism and Regulation of Microbial Transcrip-
tion.  Bates College, Maine, July 28-August 2, 2019.

• Wang, C. and Ebright, R,H. (2019) Structural basis of 
promoter escape.  Gordon Conference on Mechanism 
and Regulation of Microbial Transcription.  Bates 
College, Maine, July 28-August 2, 2019.

• Wang, S., Nova, I., Mazumder, A., Laszlo, A., Der-
rington, I., Gundlach, J., and Ebright, R.H. (2019) 
Fractional-nucleotide translocation in sequence-de-
pendent pausing by RNA polymerase: single-mol-
ecule picometer-resolution nanopore tweezers 
(SPRNT) .  Gordon Conference on Mechanism and 
Regulation of Microbial Transcription.  Bates Col-
lege, Maine, July 28-August 2, 2019.

• Liu, Y., Winkelman, J., Yu, L., Pukhrambam, C., 

Zhang, Y., Nickels, B., and Ebright, R.H. (2019) 
Structural and mechanistic basis of reiterative tran-
scription initiation.  Gordon Conference on Mech-
anism and Regulation of Microbial Transcription.  
Bates College, Maine, July 28-August 2, 2019.

• Lin, C.-T., Ebright, Y.W., Liu, Y., Lin, W., Zhang, Y., 
Degen, D., Talaue, M., Wu, P., Zhang, Q. and Ebright, 
R.H., (2019) Dual-targeted inhibitors of bacterial 
RNA polymerase.  Gordon Conference on Mech-
anism and Regulation of Microbial Transcription.  
Bates College, Maine, July 28-August 2, 2019.

Gallavotti Lab
• Gallavotti, A. Genetic and hormonal control of maize 

inflorescence architecture. 1st International Forum of 
Crop Science, Wuhan, China, June 2-5, 2019.

• Liu, X., Galli, M., Camehl, I., Gallavotti, A. The tran-
scriptional corepressor REL2 interacts with IDS1 and 
SID1 to regulate spikelet and floret development in 
maize. Maize Genetics Conference Abstract 61:P246. 
St. Louis, MO, March 14-17, 2019.

• Chen, Z., Galli, M., Li, W., Gallavotti, A. The Barren 
inflorescence3 mutant is caused by a tandem duplica-
tion of the ZmWUS1 gene. Maize Genetics Confer-
ence Abstract 61:P239. St. Louis, MO, March 14-17, 
2019.

• Dong, Z., Naing, T., Xu, Z., Galli, M., Gallavotti, A., 
Dooner, H., Chuck, G. necrotic upper tips1 is a floral 
specific NAC transcription factor that ensures water 
movement and xylem cell wall integrity. Maize Ge-
netics Conference Abstract 61:P223. St. Louis, MO, 
March 14-17, 2019.

• Buckley, Y.J., Chen, Z., Galli, M., Gallavotti, A., 
Moss, B. Functional annotation of maize auxin 
repressor proteins. Maize Genetics Conference Ab-
stract 61:P120. St. Louis, MO, March 14-17, 2019.

• Galli, M., Chuck, G., Whipple, C., Lu, Z., Schmitz, 
R., Huang, S.C., Gallavotti, A. Mining transcriptional 
cis-regulatory modules in the maize genome. Maize 
Genetics Conference Abstract 61:P55. St. Louis, MO, 
March 14-17, 2019.

• Wu, H., Galli, M., Zhan, Z., Dannenhoffer, J.M., 
Yadegari, R., Gallavotti, A., Becraft, P.W. Investiga-
tion of gene regulatory network of maize endosperm 
development. Maize Genetics Conference Abstract 
61:T34. St. Louis, MO, March 14-17, 2019.

• Ricci, W., Lu, Z., Ji, L., Marand, A.P., Noshay, J.M., 
Galli, M., Mejia-Guerra, M.K., Buckler, E.S., Gal-
lavotti, A., Springer, N.M., Schmitz, R.J., Zhang, X. 
Evidence of widespread gene-distal cis-regulatory 
elements in the maize genome. Maize Genetics 
Conference Abstract 61:T28. St. Louis, MO, March 
14-17, 2019.

• Whipple, C.J., Guo, J., Xiao, Y., Thayer, R., Gallavot-

Bioenergy subgroup, April, host Jian Ping Yu
• 2019 Colorado School of Mines, Golden, CO, April, 

host M. Posewitz
• 2019 Arizona State University, Biodesign Institute, 

Tempe, AZ, April 24, 
• 2019 Materials Research Society, Phoenix, AZ April 

22-23
• 2019 Univ. Colorado Boulder, March, host C. Mus-

grave
• 2019 Rutgers Laboratory for Surface Modification, 

April 9: 6 posters.
• 2019 Catalysis Society of Metropolitan New York, 

March 22: 6 posters.
• 2018 233th Electrochemical Society Meeting. presen-

tation in the division of Electrocatalysis, Seattle, WA, 
May. 

• 2018 Eastern Regional Photosynthesis Meeting, Ma-
rine Biological Lab, Woods Hole, MA, May 5-6

• 2018 American Chemical Society National Meeting, 
Boston, MA, August 21-23. 

• 2018 New York Metro Catalysis Society Symposium 
at Lehigh Univ, 3 posters, Easton PA, Mar 22.

• 2018 Rutgers Energy Institute, Rutgers Univ, May 1.
• 2018 DOE Hydrogen and Fuel Cell Technologies 

Research, Development &Demonstration; AMR.

Dong Lab
• Seminar at Qingdao University, Qingdao, China.  Ti-

tle: From a cell biological perspective: highly orga-
nized signaling at the plasma membrane in plants.

• 2018 Agricultural Biotechnology International 
Conference, Weifang, China.  Title: MAPK signaling 
bridging the environment and plant responses.

• Workshop at the Shanghai Center for Plant Stress 
Biology, Shanghai, China.  Title: Plant cell imaging: 
The use of LCSM in understanding plant develop-
mental signaling.

• Seminar at China University of Science and Tech-
nology, Hefei, China.  Title: From a cell biological 
perspective: highly organized signaling at the plasma 
membrane in plants. 

• 2018 Mid-Atlantic Society of Developmental Biolo-
gy Regional Meeting. University of Virginia, Char-
lottesville, VA, USA.  Title: NRPM, novel signaling 
regulators at the plasma membrane.  

• 2018 Gordon Research Conference on Plant Molec-
ular Biology, Dynamic Plant Systems. Holderness 
School, NH, USA.  Title: Intracellular dynamics of 
polarized proteins in plant cells.  

• Seminar at Fujian Agriculture and Forestry Univer-
sity. Fuzhou, China.  Title:  NRPM, novel signaling 
regulators at the plasma membrane. 

• Seminar at the Department of Horticultural Sciences, 
Texas A&M University, College Station, TX. Title: 

Function and regulation of MAPK signaling in sto-
matal development.

• Poster talk at Gordon Research Conference – Plant 
Molecular Biology, Holderness, NH.  Title: Intracel-
lular dynamics of polarized proteins in plant cells.

• Invited talk at 2018 Mid-Atlantic Society of Devel-
opmental Biology Region Meeting. Charlottesville, 
VA.  Title: NRPM, novel signaling regulators at the 
plasma membrane.

• Seminar at the Department of Horticultural Sciences, 
Texas A&M University, College Station, TX.  Title: 
From a cell biological perspective: Function and 
regulation of MAPK signaling

Dooner Lab
• Du, C., Xiong, W., Lynch, J., Chatterjee, M., Li, Y., 

Wang, Q., Wang, H., He, L., Huang, J., Segal, G., and 
Dooner, H.K.  “A sequence-indexed reverse genetics 
resource for maize: a set of lines with single Ds-GFP 
insertions spread throughout the genome”.  2019 
Maize Genetics Conference, St. Louis, MO  3/14-
3/17/2019.

• Dong, Z., Naing, T., Xu, Z., Galli, M., Gallavotti, A., 
Dooner, H.K. and Chuck, G.  necrotic upper tips1  is 
a floral specific NAC transcription factor that ensures 
sufficient water movement and xylem cell wall in-
tegrity .  2019 Maize Genetics Conference, St. Louis, 
MO  3/14-3/17/2019.

Ebright Lab
• “Structural Basis of Transcription Antitermination 

by Q,” Meeting on Post-Initiation Activities of RNA 
Polymerases, Mountain Lake, Virginia, 2018.

• “Fractional-nucleotide translocation in sequence-de-
pendent pausing by RNA polymerase: single-mol-
ecule picometer resolution nanopore tweezers 
(SPRNT).”  Single-Molecule Biophysics 2019, 
Aspen, Colorado, 2019.

• “Using nanopore tweezers to analyze RNA poly-
merase translocation in transcription elongation, 
pausing, and termination with sub nanometer, sub 
millisecond spatiotemporal resolution.” Cell Press 
Symposium on Single Molecule Technologies for 
Proteins and Nucleic Acids, New York, New York, 
2019.

• “Fractional-nucleotide translocation in sequence-de-
pendent pausing by RNA polymerase: single-mol-
ecule picometer resolution nanopore tweezers 
(SPRNT).”  ASBMB Annual Meeting, Orlando, 
Florida, 2019.

• “RNA polymerase: the molecular machine of tran-
scription.” UK RNAP Meeting, Oxford, United 
Kingdom, 2019

• Lin, W., Mandal, S., Jiang, Y., and Ebright, R.H. 
(2018) Crystal structure of an ECF-σ-factor-depen-

7978



Patents
Dismukes Lab

• 2018 USPTO Patent: PCT-US-2016-056026; Nick-
el Phosphide Catalysts For Direct Electrochemical 
CO2 Reduction To Hydrocarbons. Dismukes, G. C., 
Greenblatt, M., Laursen, A., Calvinho, K.

Ebright Lab
• Ebright, R., Ebright, Y., Mandal, S., Wilde, R., and 

Li, Shengjian. (2018) Antibacterial agents: N(al-
pha)-aroyl-N-aryl-phenylalaninamides. European 
Patent EP3102193.

• Ebright, R., Degen, D., Zhang, Y., Ebright, Y.  (2018) 
Bipartite inhibitors of bacterial RNA polymerase. US 
Patent US10010619.

• Ebright, R., Ebright, Y., Shen, J., Bacci, J., Hiebel, 
A.-C., Solvible, W., Self, C., and Olson, G.  (2018) 
Antibacterial agents: aryl myxopyronin derivatives. 
European Patent EP2861570.

Messing Lab
• Messing, J. and Wang, W. (2018). RNA-seq tran-

scriptome analysis of Spirodela dormancy without 
reproduction and identification of molecular targets 
useful for improving biomass production for industri-
al applications. US Patent # 9,909,134 B2.

Publications
Barr Lab

• Akella, J.S., Silva, M., Morsci, N.S., Nguyen, K.C.Q., 
Rice, W., Hall, D.H., and Barr, M.M. (2019) Cell 
type-specific structural plasticity of the ciliary 
transition zone in C. elegans. Biology of the Cell. 
111(4):95-107.

• Wang, J. and Barr, M.M. (in press). Book chapter 
“Using C. elegans as a model in PKD” in Polycys-
tic Kidney Disease. Editors: J. Hu and Y. Yu.  CRC 
Press, Taylor and Francis Group.

Dismukes Lab
• 'Birth defects’ of photosystem II make it highly sus-

ceptible to photodamage during chloroplast biogene-
sis. Shevela, D., G. Ananyev, A.K. Vatland, J. Arnold, 
F. Mamedov, L. Eichacker, G.C. Dismukes and J. 
Messinger, Physiol. Plant 2019 May;166(1):165-180. 
doi: 10.1111/ppl.12932.

• Crossing the Thauer limit: rewiring cyanobacterial 
metabolism to maximize fermentative H2 production. 

Kumaraswamy, G.K., A. Krishnan, G. Ananyev, D.A. 
Bryant and G.C. Dismukes, Energy & Environmen-
tal Science, 2019,12, 1035-1045.

• The Catalytic Cycle of Water Oxidation in Crys-
tallized Photosystem II Complexes: Performance 
and Requirements for Formation of Intermediates. 
Ananyev, G., S. Roy-Chowdhury, C. Gates, P. From-
me and G.C. Dismukes, ACS Catalysis, 2019. 9(2): p. 
1396-1407.

• Desiccation tolerant lichens facilitate in vivo H/D 
isotope effect measurements in oxygenic photo-
synthesis. Vinyard, D.J., G.M. Ananyev and G.C. 
Dismukes, Biochimica et Biophysica Acta (BBA) - 
Bioenergetics, 2018. 1859(10): p. 1039-1044.

• Rerouting of Metabolism into Desired Cellular Prod-
ucts by Nutrient Stress: Fluxes Reveal the Selected 
Pathways in Cyanobacterial Photosynthesis. Qian, X., 
Y. Zhang, D.S. Lun and G.C. Dismukes, ACS Syn-
thetic Biology, 2018. 7(5): p. 1465-1476.

• Rewiring of cyanobacterial metabolism for hydrogen 
production: Synthetic biology approaches and chal-
lenges. Krishnan, A., X. Qian, G. Ananyev, D.S. Lun 
and G.C. Dismukes, Synthetic Biology of Cyanobac-
teria, in Adv Exp Med Biol. , W.Z.a.X. Song, Editor. 
2018, Springer: Singapore. p. 171-213.

• Resolving Ambiguous Protonation and Oxidation 
States in the Oxygen Evolving Complex of Photosys-
tem II. Chen, H., G.C. Dismukes and D.A. Case, The 
Journal of Physical Chemistry B, 2018. 122(37): p. 
8654-8664.

• Reconciling Structural and Spectroscopic Finger-
prints of the Oxygen-Evolving Complex of Photosys-
tem II: A Computational Study of the S2 State. Chen, 
H., D.A. Case and G.C. Dismukes, The Journal 
of Physical Chemistry B, 2018. 122(50): p. 11868-
11882.

• Nickel phosphides catalyze the electrochemical CO2 
reduction to C3 and C4 products at low overpotential. 
Calvinho, K.U.D., A.B. Laursen, K.M.K. Yap, T.A. 
Goetjen, S. Hwang, N. Murali, B. Mejia-Sosa, A. 
Lubarski, K.M. Teeluck, E. Garfunkel, M. Greenblatt 
and G.C. Dismukes, Energy and Environmental 
Science, 2018. 11(9): p. 2550-2559.

• The Multiplicity of Roles for Dissolved Inorganic 
Carbon in Photosystem II Operation in the Hyper-
carbonate-requiring Cyanobacterium Arthrospira 
maxima. Ananyev, G., C. Gates, and G.C. Dismukes, 
Photosynthetica (Govindjee special edition), 2018. 
56(X): p.1-12.

ti, A., Inze, D. Few branched1 is a positional regu-
lator of inflorescence architecture in maize. Maize 
Genetics Conference Abstract 61:T15. St. Louis, MO, 
March 14-17, 2019.

• Gallavotti, A. Patterning mechanisms of maize inflo-
rescences: new insights from genetic and genomic 
approaches. Jilin Academy of Agricultural Sciences, 
Changchun, China, August 14, 2018.

• Gallavotti, A. Patterning mechanisms of maize in-
florescences. Plant Biology 2018, Montreal, Canada, 
July 14-18, 2018.

Irvine Lab
• April 16, 2019, Seminar on “Biomechanical regula-

tion of organ growth” at University of Chicago
• Nov 8, 2018. Seminar at Tongji Medical College, 

Huazhong University of Science and Technology, 
Wuhan, China.

• Nov 2-6, 2018, Plenary speaker at Hippo Meeting at 
Xiamen Winter Symposium, Xiamen China

• October 22-26, 2018, Plenary speaker at Chilean So-
ciety for Developmental Biology, Puerto Varas, Chile

Maliga Lab
• Pal Maliga, “Engineered RNA-binding protein for 

gene regulation in non-green plastids”. 10th Tripar-
tite Workshop on Chemical and Biological Systems 
in a Global Warming Framework, October 26-28th, 
2018, Columbus, Ohio. 

• Pal Maliga “Engineered RNA-Binding Protein for 
Gene Regulation in Non-Green Plastids” Plant Syn-
thetic Biology, Bioengineering, and Biotechnology 
conference (PSBBB), November 29-December 1, 
2018, Clearwater, FL.

• Pal Maliga “Transformation of Arabidopsis Chloro-
plast Genomes”. Chloroplast Biotechnology

• Gordon Research Conference, January 6-11, 2019, 
Ventura, CA

• Qiguo Yu “Engineered RNA-binding protein for 
transgene activation in non-green plastids.” Chloro-
plast Biotechnology Gordon Research Conference, 
January 6-11, 2019, Ventura, CA

• Pal Maliga “Engineered RNA-binding protein for 
gene regulation in non-green plastids”. February 8, 
2019, University of California Riverside, Riverside, 
CA

• Qiguo Yu “Engineered RNA-binding protein for gene 
regulation in non-green plastids”. Plant and Animal 
Genome XXVII Conference, January 12- 16, 2019,  
San Diego, CA

• LaManna, L., Yu, Q., Lutz, K., Maliga, P. “Signifi-
cant Variation in Plastid Transformation Competence 
Among acc2 Defective Arabidopsis thaliana Eco-
types. Chloroplast Biotechnology Gordon Research 
Conference, Ventura Beach, CA, January 6th-11th, 

2019.
• Parulekar, M.,  LaManna, L. and Maliga, P. “Con-

struction of a Chloroplast Transformation Competent 
Brassica napus.” Chloroplast Biotechnology Gordon 
Research Conference, Ventura Beach, CA, January 
6th-11th, 2019.

• LaManna, L., Yu, Q., Lutz, K., Maliga, P. “Signifi-
cant Variation in Plastid Transformation Competence 
Among acc2 Defective Arabidopsis thaliana Eco-
types. Plant and Animal Genome XXVII Conference, 
January 12- 16, 2019,  San Diego, CA

McKim Lab
• February 4, 2019: New York Academy of Sciences, 

NY. 

Messing Lab
• Zhang Z., Deng, Y. Zhang, W., Wu, Y., and Messing, 

J. Teff α-globulins in maize endosperm cells mimic 
wheat HMW glutenins at the molecular and cellular 
level. 61st Annual Maize Genetics Conference, St. 
Louis, MO, March 2019.  

• Dong, J., Tu, M. Feng, Y., Zdepski, A., Gei, F., Ku-
mar, D., Slovin, J., and Messing, J. (2019). Cloning 
genes of maize defective kernel mutants. 61st Annual 
Maize Genetics Conference, St. Louis, MO, March 
2019.

Rongo Lab
• Park, E.C., Tariq, I., and Rongo, C.  Abstract title: 

Impaired Mitochondrial Transport in a C. elegans 
Tauopathy Model.  Presented at the Cell Symposia 
“Multifaceted Mitochondria,” June 4-6, 2018, Para-
dise Point, San Diego, CA.  

• Rongo, C.  Title: Uncovering Novel Mechanisms of 
Neurological Disorders Using C. elegans.  Present 
at the sman Institute Board Meeting, Dec. 12, 2018, 
Piscataway, NJ.

• Park, E.C., Tariq, I., and Rongo, C.  Abstract title: 
Impaired Mitochondrial Transport in a C. elegans 
Tauopathy Model.  Presented at the Klein Sympo-
sium on Alzheimer’s Disease, April 12, 2019, Rut-
gers Medical School, Newark, NJ.

Singson Lab 
• May 21, 2019: Frontiers in Reproduction Course 

Lecture, the Marine Biological Laboratories, Woods 
Hole MA

80

PATENTS & PUBLICATIONS

81



ka M, Skowronski M, Domagalski K, Szczepanek 
J, Czarnik U, Sobiech P, Wysocka D, Pierzchala M, 
Polawska E, Stepanow K, Ogłuszka M, Juszczuk-
Kubiak E, Feng Y, Kumar D. (2019) Comparative 
Analysis of the Liver Transcriptome among Cattle 
Breeds Using RNA-seq. Vet Sci. 2019 29;6(2). pii: 
E36. doi: 10.3390/vetsci6020036.

• Wang N, Zhang Y, Gedvilaite E, Loh JW, Lin T, Liu 
X, Liu CG, Kumar D, Donnelly R, Raymond K, 
Schuchman EH, Sleat DE, Lobel P, Xing J. (2017) 
Using whole-exome sequencing to investigate the 
genetic bases of lysosomal storage diseases of un-
known etiology. Hum Mutat. 38(11):1491-1499. doi: 
10.1002/humu.23291. Epub 2017 Jul 25.

• Li Y, Wang W, Feng Y, Tu M, Wittich PE, Bate NJ, 
Messing J. (2019) Transcriptome and metabolome 
reveal distinct carbon allocation patterns during 
internode sugar accumulation in different sorghum 
genotypes. Plant Biotechnol J. 17(2):472-487. doi: 
10.1111/pbi.12991. Epub 2018 Sep 15.

• Dong J, Tu M, Feng Y, Zdepski A, Ge F, Kumar 
D, Slovin JP, Messing J. (2019) Candidate gene 
identification of existing or induced mutations with 
pipelines applicable to large genomes. Plant J. 2019 
Feb;97(4):673-682. doi: 10.1111/tpj.14153. Epub 
2018 Dec 14.

• Fourounjian P, Tang J, Tanyolac B, Feng Y, Gelfand 
B, Kakrana A, Tu M, Wakim C, Meyers BC, Ma J, 
Messing J.Plant J. (2019) Post-transcriptional adap-
tation of the aquatic plant Spirodela polyrhiza under 
stress and hormonal stimuli. (6):1120-1133. doi: 
10.1111/tpj.14294. Epub 2019 Apr 6.

Irvine Lab
• Rauskolb, C., Cervantes, E., Madere, F. and Irvine, 

K.D. 2019. Organization and Function of Tension-de-
pendent Complexes at Adherens Junctions. J Cell 
Science, 132, jcs224063.

• Misra, J.R. and Irvine, K.D. 2019. Early girl is a 
novel component of the Fat signaling pathway. PLoS 
Genetics, 15, e1007955.

• Zhou, Z. Alégot, H., and Irvine, K.D. 2019. Oriented 
cell divisions are not required for Drosophila wing 
shape. Current Biology, 29, 856-864.

• Alégot, H., Markosian, C., Rauskolb, C. Yang, J., 
Kirichenko, E., Wang, Y.-C., and Irvine, K.D. 2019. 
Recruitment of Jub by α-catenin promotes Yki activ-
ity and Drosophila wing growth. J Cell Science, 132, 
jcs222018.

• Rauskolb, C. and Irvine, K.D. 2019. Localization 
of Hippo signaling components in Drosophila by 
Flourescence and Immunofluorescence. Methods in 
Molecular Biology, 1893:61-73.

• Pan, Y., Alégot, H., Rauskolb, C. and Irvine, K.D. 

2018. The Dynamics of Hippo Signaling during Dro-
sophila Wing. Development, 145, dev165712.

• Ibar, C. and Irvine, K.D. 2018. Rapping about mech-
anotransduction. Dev Cell, 46, 678-679.

• Misra, J.R. and Irvine, K.D. 2018. The Hippo sig-
naling network and its biological functions. Annual 
Reviews Genetics, 52, 3.1-3.23.

Maliga Lab
• Yu, Q., Barkan, A. & Maliga, P. (2019) Engineered 

RNA-binding protein for transgene activation in non-
green plastids. Nat. Plants 5:486-490.

• Rojas, M., Yu, Q., Williams-Carrier, R., Maliga, P. & 
Barkan, A. (2019) Engineered PPR proteins as induc-
ible switches to activate the expression of chloroplast 
transgenes. Nat. Plants 5:505-511.

McKim Lab
• Wang LI, Das A, McKim KS. Sister centromere fu-

sion during meiosis I depends on maintaining cohes-
ins and destabilizing microtubule attachments. PLoS 
Genet. 2019 15(5):e1008072 

• Lake CM, Nielsen RJ, Bonner AM, Eche S, White-
Brown S, McKim KS, Hawley RS. Narya, a RING 
finger domain-containing protein, is required for 
meiotic DNA double-strand break formation and 
crossover maturation in Drosophila melanogaster. 
PLoS Genet. 2019 15(1):e1007886. 

Messing Lab
• Li, Y., Metha, R., and Messing, J. (2018) A new high 

throughput assay for determining soluble sugar in 
sorghum internode-extracted juice. Planta 248, 785-
793.

• Li Y., Wang, W., Feng, Y., Tu, M., Wittich, P. E., Bate, 
N. J., and Messing, J.  (2019). Transcriptome and 
metabolome reveal distinct carbon allocation patterns 
during internode sugar accumulation in different sor-
ghum genotypes. Plant Biotech. J. 17, 472-487.

• Dong, J. Tu, M., Feng, Y., Zdepski, A., Ge, F., Kumar, 
D., Slovin, J. P., Messing, J. (2019). Candidate gene 
identification of existing or induced mutations with 
pipelines applicable to large genomes. Plant J. 97, 
673-682.

• Zhang, Z., Dong, J., Chen, J, Wu, Y. and Messing, J., 
(2019) NAC-type transcription factors regulate accu-
mulation of starch and protein in maize seeds. Proc. 
Natl. Acad. Sci. USA. 116, 11223-11228.

• Fourounjian, P., Tang, J., Tanyolac, B., Feng, Y., Gel-
fand, B., Kakrana, A., Tu, M., Wakim, C., Blake C. 
Meyers, B. C., Ma, J., Messing, J. (2019). Post-tran-
scriptional adaptation of the aquatic plant Spirodela 
polyrhiza under stress and hormonal stimuli. Plant 
J.98, 1120-1133.

• Climbing the volcano of electrocatalytic activity 
while avoiding catalyst corrosion: Ni3P a hydrogen 
evolution electrocatalyst stable in both acid and al-
kali. A. B. Laursen, R. B. Wexler, M. J. Whitaker, E. 
Izett, R. Rucker, H. Wang, J. Li, M. Greenblatt, A. M. 
Rappe and G.C. Dismukes, ACS Catalysis, 2018(8): 
p. 4408−4419.

Dong Lab
• Zhong S, Liu M, Wang Z, Huang Q, Hou S, Xu YC, 

Ge Z, Song Z, Huang J, Qiu X, Shi Y, Xiao J, Liu P, 
Guo YL, Dong J, Dresselhaus T, Gu H, Qu LJ.(2019) 
Cysteine-rich peptides promote interspecific genetic 
isolation in Arabidopsis. Science. 364(6443). pii: 
eaau9564. doi: 10.1126/science.aau9564.

• Rowe M, Dong J, Weimer A and Bergmann DC 
(2019) A Plant-Specific Polarity Module Estab-
lishes Cell Fate Asymmetry in the Arabidop-
sis Stomatal Lineage. BioRxiv, doi: https://doi.
org/10.1101/614636

• Guo X and Dong J (2019) To Divide or Differenti-
ate: It Is about Scaffolding. Trends Plant Sci, Trends 
Plant Sci., doi: 10.1016/j.tplants.2019.03.007.

• Zhang Y and Dong J (2018) Cell polarity: compass-
ing cell division and differentiation in plants. Curr 
Opin Plant Biol. 2018 Jun 26;45(Pt A):127-135.

Dooner Lab
• Dooner, H.K., Q. Wang, J. Huang,  Y. Li, L. He, W. 

Xiong, and C. Du.  2019.  Spontaneous mutations 
in maize pollen are frequent in some lines and arise 
mainly from retrotranspositions and deletions.  Proc 
Natl Acad Sci USA 116, 10734-10743.

• Springer, N. M., Anderson, S. N., Andorf, C. M., 
Ahern, K. R., Bai, F., Barad, O., Barbazuk, W. B., 
Bass, H. W., Baruch, K., Ben-Zvi, G., Buckler, E. S., 
Bukowski, R., Campbell, M. S., Cannon, E. K. S., 
Chomet, P., Dawe, R. K., Davenport, R., Dooner, H. 
K., Du, L. H., Du, C., Easterling, K. A., Gault, C., 
Guan, J. C., Hunter, C. T., Jander, G., Jiao, Y., Koch, 
K. E., Kol, G., Kollner, T. G., Kudo, T., Li, Q., Lu, F., 
Mayfield-Jones, D., Mei, W., McCarty, D. R., No-
shay, J. M., Portwood, J. L., 2nd, Ronen, G., Settles, 
A. M., Shem-Tov, D., Shi, J., Soifer, I., Stein, J. C., 
Stitzer, M. C., Suzuki, M., Vera, D. L., Vollbrecht, E., 
Vrebalov, J. T., Ware, D., Wei, S., Wimalanathan, K., 
Woodhouse, M. R., Xiong, W. and Brutnell, T.  2018.  
The maize W22 genome provides a foundation for 
functional genomics and transposon biology.  Nature 
Genetics 50, 1282-1288.

Ebright Lab
• Gabizon, R., Lee, A., Vahedian-Movahed, H., 

Ebright, R.H., and Bustamante, C. (2018) Pause se-
quences facilitate entry into long-lived paused states 

by reducing RNA polymerase transcription rates. 
Nature Comm. 9, 2930. 

• Duchi, D., Mazumder, A., Malinen, A., Ebright, R., 
and Kapanidis, A. (2018) Single-molecule fluores-
cence analysis of RNA polymerase clamp confor-
mation: sub-second dynamic interconversion among 
three states and stabilization of a partly closed state 
by ppGpp. Nucl. Acids Res. 14, 7284-7295.

• Bird, J., Basu, U., Kuster, D., Ramachandran, A., 
Grudzien-Nogalska, E., Kiledjian, M., Temiakov, 
D., Patel, S., Ebright, R.H. and Nickels, B. (2018) 
Mitochondrial RNA capping: highly efficient 5’-RNA 
capping with NAD+ and NADH by yeast and human 
mitochondrial RNA polymerase. eLife, 7, e42179

• Lin, W., Mandal, S., Degen, D., Cho, M., Feng, Y., 
Das, K., and Ebright, R.H. (2019) Structural basis 
of ECF-σ-factor-dependent transcription initiation. 
Nature Commun. 10, 710.

• Maffioli, S., Sosio, M., Ebright, R.H. and Donadio, 
S. (2018) Discovery, properties, and biosynthesis of 
pseudouridimycin, an antibacterial nucleoside analog 
inhibitor of bacterial RNA polymerase. J. Indust. 
Microbiol. Technol. 46, 335-343.

• Talbot, G., Jezek, A., Murray, B., Jones, R., Ebright, 
R.H., Nau, G., Rodvold, K., Newland, J., and Bouch-
er, H. (2019) The Infectious Diseases Society of 
America’s 10 × ’20 Initiative (Ten New Systemic 
Antibacterial Agents FDA-approved by 2020). Clin. 
Infect. Dis. (in press).

• Panduwawala, T., Iqbal, S., Thompson, A., Chris-
tensen, K., Genov, M., Pretsch, A., Pretsch, D., Liu, 
S., Ebright, R.H., Howells, A., Maxwell, A., and Mo-
loney, M. (2019) Functionalised bicyclic tetramates 
derived from cysteine as antibacterial agents. Org. 
Biomol. Chem. (in press).

Gallavotti Lab
• Liu, X., Galli, M., Camehl, I., Gallavotti, A. “RA-

MOSA ENHANCER LOCUS2-mediated transcrip-
tional repression regulates vegetative and reproduc-
tive architecture”. Plant Phys 2019 (179), 348-363. 

• Matthes, M.S., Best, N.B., Robil, J.M., Gallavotti, 
A., McSteen, P. “Auxin EvoDevo: Conservation and 
diversification of genes regulating auxin biosynthesis, 
transport, and signaling”. Molecular Plant 2019 (12), 
298-320 (review article).

• Galli, M., Khakar, A., Zongliang, C., Lu, Z., Sidharth, 
S., Joshi, T., Schmitz, R., Nemhauser, J., Gallavotti, 
A. “The DNA binding landscape of the maize AUX-
IN RESPONSE FACTOR family”. Nature Commu-
nications 2018 (9), 4526.

Genomics Core Facility
• Pareek CS, Sachajko M, Jaskowski JM, Herudzins-
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fining the seed sequence of the Cas12b CRISPR-Cas 
effector complex. RNA Biol., 16, 413-422

• Zukher, I., Pavlov, M., Tsibilskaya, D., Kulikovsky, 
A., Zyubko, T., Bikmetov, D., Serebryakova, M., 
Ehrenberg, M., Dubiley, S., and Severinov, K. (2019) 
Multiple components of peptide-nucleotide antibiotic 
microcin C production system contribute to preferen-
tial use of seven aminoacid precursor peptide. Mbio, 
10, ee00768-19

• Musharova, O., Sitnik, V., Vlot, M., Savitskaya, E., 
Datsenko, K. A., Krivoy, A., Fedorov, I., Semeno-
va, E., Brouns, J.J.S., and Severinov, K. (2019) 
Systematic analysis of Type I-E Escherichia coli 
CRISPR-Cas PAM sequences ability to promote 
interference and primed adaptation. Mol. Microbiol., 
in press

• Sumida, T., Dubiley, S., Severinov, K., and Tagami, 
S. (2019) Structural basis of leader peptide recogni-
tion by lasso peptide synthetase B1. ACS Chem Biol., 
doi: 10.1021/acschembio.9b00348. 

• Mekler, V., Kuznedelov, K., Murugan, K., Sashital, D. 
G., and Severinov, K. (2018) CRISPR-Cas molecular 
beacons as tool for studies of assembly of CRIS-
PR-Cas effector complexes and their interaction with 
DNA. Methods Enzymol., 616, 337-363

• Tabib-Salazar, A., Mulvenna, N., Severinov, K., 
Matthews, S. J., and Wigneshweraraj, S. (2019) 
Xenogeneic regulation of the bacterial transcription 
machinery. J. Mol. Biol., pii: S0022-2836(19)30085-
3. 

• Shmakov, S. A., Faure, G., Makarova, K. S., Wolf, K. 
I., Severinov, K. V., and Koonin, E.V. (2019) System-
atic prediction of functionally linked genes in micro-
bial genomes. Nat. Protocols, in press

Singson Lab
• A. Singson (2019) Sydney Brenner: The birth of 

a model organism and the worm’s connection to 
reproductive biology. Molecular Reproduction and 
Development. Epub ahead of print.

Nickels Lab
• Bird JG, Basu U, Kuster D, Ramachandran A, 

Grudzien-Nogalska E, Towheed A, Wallace DC, 
Kiledjian M, Temiakov D, Patel SS, Ebright RH, and 
Nickels BE.  Highly efficient 5’ capping of mito-
chondrial RNA with NAD+ and NADH by yeast and 
human mitochondrial RNA polymerase. eLife (2018) 
7, pii: e42179. 

• Vvedenskaya IO, Goldman SR, and Nickels BE. 
Analysis of bacterial transcription by “massively sys-
tematic transcript end readout,” MASTER. Methods 
in Enzymology (2018) 612, 269-302.

Padgett Lab
• Nanci S. Kane, Mehul Vora, Richard W. Padgett 

and Ying Li (2018). bantam microRNA is a 
Negative Regulator of the Drosophila decapen-
taplegic Pathway, Fly, 12:2, 105-117, DOI: 
10.1080/19336934.2018.1499370.

• Lin J, Vora M, Kane NS, Gleason RJ, Padgett RW 
(2019) Human Marfan and Marfan-like Syndrome 
associated mutations lead to altered trafficking of 
the Type II TGFβ receptor in Caenorhabditis elegans. 
PLoS ONE 14(5): e0216628. https://doi.org/10.1371/
journal. pone.0216628.

Rongo Lab
• Park, E.C. and Rongo, C. (2018) RPM-1 and DLK-1 

Regulate Pioneer Axon Outgrowth by Controlling 
Wnt Signaling.  Development Sept21:145(18). 
doi:10.1242/dev.164897.

WSSP
• A description of the WSSP was published in the Na-

tional Science Teachers Association (NSTA)Reports.  
Engaging in Authentic Research NSTA Reports 30:7, 
Page 1. (3/4/19)

Severinov Lab
• Maikova, A., Severinov, K., and Soutourina, O. 

(2018) New insights into functions and possible 
applications of Clostridium difficile CRISPR-Cas 
system. Front. Microbiol., 9, 1740

• Terekhov, S. S., Smirnov, I. V., Malakhova, M. V., 
Samoilov, A. E., Manolov, A. I., Nazarov, A. S., 
Danilov, D. V., Dubiley, S. A., Osterman, I. A., 
Rubtsova, M. P., Sergiev, P. V., Kostryukova, E. S., 
Ziganshin, R. H., Kornienko, M. A., Vanyushkina, A. 
A., Ilina, E. N., Vlasov, V. V., Severinov, K. V., Gabi-
bov, A. G., and Altman. S. (2018) Ultrahigh-through-
put functional profiling of microbiota communities. 
Proc. Natl. Acad. Sci. USA, 115, 9551-9556  

• Klimuk, E., Bogdanova, E., Nagornykh, M., Medve-
deva, S., Rodic, M., Djordjevic, M., Pavlova, O., and 
Severinov, K. (2018) Controller protein of restric-
tion-modification system Kpn2I affects transcription 

of its gene by acting as a transcription elongation 
roadblock. Nucleic Acids Res., 46, 10810-10826 

• Musharova, O., Vyhovsky, D., Medvedeva, S., Guzi-
na, J., Zhitnyuk, Y., Djordjevic, M., Severinov, K., 
and Savitskaya, A. (2018) Avoidance of trinucleotide 
corresponding to consensus protospacer-associated 
motive controls the efficiency of prespacer selection 
during primed adaptation. Mbio, 9, e02169-18

• Gordeeva, G., Morozova, M., Sierro, N., Isaev, A., 
Sinkunas, T., Tsvetkova, K., Matlashov, M., Iva-
nov, N., Trunkaite, L., Siksnys, S., Morgan, R. D., 
Zeng, L., and Severinov, K. (2019) BREX system of 
Escherichia coli distinguishes self from non-self by 
methylation of a specific DNA site. Nucleic Acids 
Res., 47, 253-265

• Dong, S.-H., Kulikovsky, A., Zukher, I., Dubiley, S., 
Severinov, S., and Nair, S. K. (2018) Biosynthesis of 
the RiPP trojan horse nucleotide antibiotic microcin 
C is directed by the N-formyl of the peptide precur-
sor. Chem. Sci., 10, 2391-2395

• You, L., Ma, J., Wang, J., Artamonova, D., Wang, 
M., Liu, L., Severinov, K., Zhang, X., and Wang, 
Y. (2019) Structures of the CRISPR-Csm complex 
reveal mechanistic insights into transcription-coupled 
interference. Cell, 176, 239-253

• Sutormin, D., Rubanova, N., Logacheva, M., 
Ghilarov, D., and Severinov, K. (2019) Single-nucle-
otide-resolution mapping of DNA gyrase cleavage 
sites across the Escherichia coli genome. Nucleic 
Acids Res., 47, 1373-1388

• Ghilarov, D., Stevenson, C. E. M., Travin, D. Y., Pi-
skunova, D., Serebryakova, M., Maxwell, A., Law-
son. D. M., and Severinov, K. (2019) Architecture of 
Microcin B17 synthetase, an octameric protein com-
plex converting a ribosomally-synthesized peptide 
into a DNA gyrase poison. Mol. Cell, 73, 749-762

• Bayfield, O. W., Klimuk, E., Winkler, D. C., Hes-
keth E. L., Chechik, M., Cheng, N., Dykeman, E. C., 
Minakhin, L., Ranson, N. A., Severinov, K., Steven, 
A. C., and Antson A. A. (2019) DNA packaging into 
supersized T=7 capsids of a thermophilic virus. Proc. 
Natl. Acad. Sci. USA, 116, 3556-3561

• Graovac, S., Rodic, A., Djordjevic, M., Severinov, K., 
and Djordjevic, M. (2019) Effects of population dy-
namics on establishment of a restriction-modification 
system in a bacterial host. Molecules, 24, pii: E198

• Lopatina, A., Medvedeva, S., Artamonova, D., 
Kolesnik, M., Sitnik, V., Ispolatov, Y., and Severinov, 
K. (2019) Natural diversity of CRISPR spacers of 
Thermus: Evidence of local spacer acquisition and 
global spacer exchange. Phil. Trans. Royal Soc. B, 
374, 20180092

• Jain, I., Minakhin, L., Mekler, V., Sitnik, V., Rubano-
va, N., Severinov, K., and Semenova, E. (2019) De-
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