
a closer
look at
2012

To
 a

d
va

n
ce

 a
n

d
 c

o
m

m
u

n
ic

at
e 

sc
ie

n
ti

fi
c 

kn
o

w
le

d
ge

 in
 p

la
n

t 
b

io
lo

gy
 t

o
 im

p
ro

ve
 a

gr
ic

u
lt

u
re

, p
ro

te
ct

 t
h

e 
en

vi
ro

n
m

en
t,

 a
n

d
 e

n
h

an
ce

 h
u

m
an

 h
ea

lt
h

BTI RESEARCHERS PUBLISHED A DRAFT GENOME OF 
AN EXPERIMENTALLY IMPORTANT STRAIN OF TOBACCO  

BTI researchers Dr. Greg Martin, Dr. Lukas Mueller, Dr. Aureliano 
Bombarely, Dr. Hernan Rosli, Dr. Julia Vrebalov, and Université 
de Sherbrooke researcher Dr. Peter Moffett worked together to 
generate the sequence of Nicotiana benthamiana. The sequence 
contains information on more than 90% of the plant’s genes 
and has been one the top downloaded articles on the website, 
Molecular Plant-Microbe Interactions.



president’s message
Nearly 100 years after William Boyce Thompson founded 

BTI, the institute remains committed to basic research—the 

foundation genesis of virtually all real-world applications. 

In seeking the answers to fundamental questions about 

living things, plants, insects, microbes, and fungi, BTI scientists 

are building the foundations that make progress possible, 

whether in agriculture, human health, or bioenergy. 

 Since the discovery of DNA, scientists have longed to 

unravel the precise genetic codes, or genome sequences, 

of all living things. These sequences are the blueprints for life, 

but until recently, technological limitations and prohibitive 

cost made this dream unrealistic. In 2000, the first plant 

genome sequence was completed — a project that took more 

than four years and over $78 million. Since then, remarkable 

advances in laboratory and computing technologies have 

simplified the process to the point that an entire plant or 

human genome can be sequenced within days and for well 

under $1,000. 

 The plant science community as a whole, and many 

laboratories in BTI have taken advantage of the plummeting 

cost of DNA sequencing, resulting in an exponentially growing 

library of genetic information. The cumulative quantity of 

data is truly staggering, yet it must be easily accessed, and 

tools must be created to retrieve and analyze what is required 

for any given scientific question. This creates profound 

intellectual and computational challenges not just for plant 

biologists, but also across many scientific fields. 

 BTI is well positioned to profit from advances in infor-

matics, because among its faculty are both computational

 and biological experts. In 2012, BTI scientists and their 

collaborators determined the complete genome sequences of 

several plants, with three “headline” accomplishments being 

tomato, watermelon, and a strain of tobacco used specifically 

for research.   

 A sequence is only a beginning: as you’ll read in the year 

in review section of this report, everything from the flavor 

to disease resistance of fruits can be positively impacted by 

detailed genetic knowledge. Sequences provide ideas about 

plant characteristics that can be tested with further 

experiments. Ultimately, scientists would like to be able 

to predict a plant’s growth and development from sequence 

alone, but this will also require equally deep knowledge of 

plant chemistry, gene function, and environmental interac-

tions, which are also topics of intensive study at BTI. If 

predictive ability is achieved, it will usher in an era of 

research results contributing to society, and insights into 

plant functions will be made far more efficiently and quickly.

 BTI’s success in research depends on scientific creativity 

and excellence, but also on its state-of-the-art facilities. BTI 

is a first-class place to analyze small molecules, visualize 

structures within plant cells, and grow plants under precise 

conditions. BTI prides itself on providing a premier training 

environment, by investing in career-oriented activities for 

its postdoctoral associates and doctoral students, and by 

hosting a nationally-recognized education program that 

brings a diverse contingent of high school and undergraduate 

interns to BTI each summer, and develops plant biology and 

bioenergy curricula for New York state schools. BTI also 

provides its scientists support to identify and promote 

discoveries that have the potential for societal benefit, 

through its Office of Technology Transfer.

 To stay in touch with the rest of world, BTI has increased 

its presence on the web: look for us on Twitter, Facebook, and 

through an all-new website. BTI not only makes discoveries, 

it communicates them to the world. After all, research is a 

truly international venture, just as our challenges in 

agriculture, health, and environment know no national 

boundaries. Thank you for your support and interest in 

the Boyce Thompson Institute.

 Sincerely, 

 David Stern
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WILLIAM BOYCE THOMPSON founded BTI in 1924 because he believed that basic plant 
research would lead to real benefits for human welfare. Today, BTI hosts 17 faculty-run 
laboratories, housing more than 150 researchers from 27 countries. Whether studying human 
health, plant nutrition, plant disease or environmental response, BTI scientists are bringing 
William Boyce Thompson’s dreams to life every day. This work has the potential to improve 
food crops through increased yield and quality, to increase sustainability through reduced use 
of fertilizers and pesticides, to demystify plant and human immune systems, and to lower 
barriers to implementing alternative sources of energy. These discoveries are made possible 
because of one man’s dream and the thousands after him, who believed in his vision. 

BTI ASSISTANT PROFESSOR WORKING WITH CORNELL UNIVERSITY 
ON DATABASE FOR NEXTGEN CASSAVA PROJECT 

BTI’s Dr. Lukas Mueller began working on the NEXTGEN Cassava project 
at Cornell University in the fall of 2012. The project is an international 
consortium of seven institutions from the United States, Nigeria, and 
Uganda who are working together to improve cassava productivity and 
build human and technical capacity for plant breeding in sub-Saharan 
Africa. The Mueller laboratory is developing the central database, which 
will make the data accessible to all collaborators and plant breeders.
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year in review
With over 90 publications a year, BTI’s 

halls are consistently filled with news 

and conversations on recent discoveries 

achievements, and collaborations. Here is 

a selection of stories from 2012 coming 

from the laboratories highlighting BTI 

research, awards, and outreach.

BTI RESEARCHERS FIND CLUES INTO MORE DISEASE 
RESISTANT WATERMELONS, GENOME DECODED  

An international consortium of more than 60 scientists, 
including Associate Professor Dr. Zhangjun Fei, published 
the genome sequence of watermelon (Citrullus lanatus). 
This information could dramatically accelerate watermelon 
breeding towards production of a more nutritious, 
delicious, and resistant fruit.

11.25.2012

BTI INTERN PRESENTED AT SOCIETY FOR 
ADVANCEMENT OF CHICANOS AND NATIVE 
AMERICANS IN SCIENCE, INC (SACNAS)  

Elena Cravens, a 2012 Plant Genome 
Research Program intern and winner of 
BTI’s Best Scientific Presentation award, 
presented her summer research Functional 
dissection of the VIM1 protein and its role 
in cytosine methylation in Arabidopsis at 
the SACNAS conference in October. Elena 
talked about her BTI experience, “I know the 
skills and knowledge I gained at BTI over the 
summer will help me in future endeavors. 
The program exposed me to many different 
aspects of plant research separate from my 
project and gave me an accurate picture of 
what plant biology research entails.” 
SACNAS awarded Elena a travel scholarship 
based on her 10-week research experience 
working in the BTI laboratory of VP for 
Research Dr. Eric Richards.

10.22.2012

07.05.2012

POWERFUL SCREENING 
EXPOSES THE ROLES OF 
SALICYLIC ACID  

Dr. Zhangjun Fei, Dr. Daniel 
Klessig, and Dr. Sorina 
Popescu worked together 
to identify proteins that 
bind the plant hormone 
salicylic acid. This knowl-
edge will potentially lead 
to a better understanding 
of the hormone—a close 
relative of aspirin—and its 
many physiological effects 
by unraveling its role in 
how plants respond to 
abiotic and biotic stresses.

07.18.2012

DR. MARIA HARRISON, CO-PRINCIPAL INVESTIGATOR 
ON $6.5 MILLION NSF AWARD

Dr. Maria Harrison is a co-principal investigator on a research project that 
aims to understand and enhance symbioses between legumes and other 
plants that are crucial for sustainable agriculture. Many current agricultural 
practices require significant amounts of nitrogen and phosphorus fertilizers, 
which are restrictive, financially and environmentally. Understanding any 
possible beneficial symbioses between legumes and other plants could 
provide a more efficient use of these main fertilizer materials. 

11.29.2012
TOMATO GENOME FULLY SEQUENCED – PAVING THE WAY
FOR HEALTHIER FRUITS AND VEGETABLES 

Dr. James Giovannoni, Dr. Zhangjun Fei, Dr. Greg Martin, Dr. Lukas Mueller, 
and Dr. Joyce Van Eck played a major role in successfully decoding the 
genome of tomato (Solanum lycopersicum), marking an important step 
toward improving yield, nutrition, disease resistance, taste, and color of 
the tomato and other crops. The project, highlighted as the cover article in 
the May 31, 2012 issue of Nature, was a joint effort by the Tomato Genomics 
Consortium, a group with members from 16 countries. BTI produced a short 
video highlighting the project, which can be found on our YouTube channel 
(BTI Science) and our website. To date, it has had almost 800 views.  
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SCHROEDER LABORATORY FOUND THAT WORMS HIJACK 
RNA BUILDING BLOCKS TO CONTROL DEVELOPMENT, 
CREATE UNIQUE SUGAR IN THE PROCESS 

Assistant Professor Dr. Frank Schroeder and Dr. Ralf 
Sommer from the Max-Planck Institute reported that 
the roundworm P. pacificus regulates the morphology 
of its offspring through exposure to a potent cocktail 
of small-molecule signals, turning genetically identical 
juveniles into very different types of adults. 

12.21.2012

THREE RESEARCHERS HONORED AS AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE (AAAS) FELLOWS

Dr. Maria Harrison, Dr. Georg Jander, and 
Dr. Daniel Klessig were awarded honors of 
distinction by AAAS. The three selected scholars 
brought the number of BTI fellows to nearly 
50% of BTI’s faculty.

11.30.2012

FACULTY WORK WITH USDA, ARS TO DEVELOP 
GLOBAL DISTRIBUTION MAP OF TOMATO VIRUS 

Dr. Zhangjun Fei and his collaborators at USDA, 
ARS were awarded support from the The National 
Institute of Food and Agriculture's Specialty Crop 
Research Initiative (SCRI) to generate a comprehen-
sive global virus distribution map for tomatoes and 
to develop breeders’ tools to enhance virus resistance.

11.13.2012

10.22.2012

HARRISON LABORATORY 
DISCOVERED INSIGHTS 
TO PLANT ROOT BEHAVIOR 

Dr. Maria Harrison, BTI Professor and 
William H. Crocker Research Scientist, 
collaborated with researchers from 
Cornell University to image root 
growth using a 3-dimensional laser 
sheet imaging technique.

BTI RESEARCHERS PUBLISHED A DRAFT GENOME OF 
AN EXPERIMENTALLY IMPORTANT STRAIN OF TOBACCO  

BTI researchers Dr. Greg Martin, Dr. Lukas Mueller, Dr. Aureliano 
Bombarely, Dr. Hernan Rosli, Dr. Julia Vrebalov, and Université 
de Sherbrooke researcher Dr. Peter Moffett worked together to 
generate the sequence of Nicotiana benthamiana. The sequence 
contains information on more than 90% of the plant’s genes 
and has been one the top downloaded articles on the website, 
Molecular Plant-Microbe Interactions.

08.30.2012

RESEARCHERS DISCOVERED LINK BETWEEN TOMATO RIPENING, 
COLOR, AND TASTE  

Cornell University graduate student Cuong Nguyen from BTI’s 
Giovannoni laboratory and researchers at UC Davis found a gene 
that influences sugar, carbohydrate, and carotenoid levels in 
tomatoes, and also controls fruit ripening.

04.02.2012

SUGAR COULD BE A SWEET 
WAY TO CONTROL INSECT 
PESTS 

Dr. Georg Jander worked 
with Cornell University’s 
Angela Douglas to study the 
effects of sugar on insects, 
with the goal of controlling 
plant pests.

03.05.2012

AFRICAN SWEET POTATO 
DEVASTATION: BTI RESEARCH 
EXPANDED UNDERSTANDING 
OF VIRUSES 

Dr. Zhangjun Fei was awarded 
a $700,000 grant to work with 
a team of researchers to 
explore viruses that devastate 
sweet potato crops in Africa.

02.25.2012

ASSOCIATION OF INDEPENDENT PLANT RESEARCH 
INSTITUTES (AIPI) ANNOUNCED FIRST ROUND OF 
COLLABORATIVE GRANT AWARDS  

Leaders from BTI, the Department of Plant Biology at 
the Carnegie Institution for Science (Stanford, CA), the 
Donald Danforth Plant Science Center (St. Louis, MO), 
and The Samuel Roberts Noble Foundation (Ardmore, 
OK) formed AIPI to increase national awareness and 
support for plant research and to foster collaborations 
between the participating institutions.

An important initiative instituted by AIPI was a seed 
grant program that funds cooperative projects among 
scientists from the member organizations. Awards in 
this program occur twice a year and offer $10,000 to 
$50,000 to support innovative projects involving 
researchers from two or more member organizations. 
Eligible projects are designed to produce proof-of-con-
cept data or planning activities to facilitate preparation 
of applications for larger grants from other sources. 
In 2012, three collaborative awards were granted. 

COMPARATIVE METABOLOMICS REVEALED BIO-
GENESIS OF ASCAROSIDES, A MODULAR LIBRARY 
OF SMALL MOLECULE SIGNALS IN C. ELEGANS

Dr. Frank Schroeder demonstrated the utility of 
applying MS/MS-based comparative metabolomics 
to a series of mutant strains for characterizing the 
biosynthetic pathway of small signaling molecules 
called ascarosides.

01.09.2012

BTI ASSISTANT PROFESSOR WORKING WITH CORNELL UNIVERSITY 
ON DATABASE FOR NEXTGEN CASSAVA PROJECT 

BTI’s Dr. Lukas Mueller began working on the NEXTGEN Cassava project 
at Cornell University in the fall of 2012. The project is an international 
consortium of seven institutions from the United States, Nigeria, and 
Uganda who are working together to improve cassava productivity and 
build human and technical capacity for plant breeding in sub-Saharan 
Africa. The Mueller laboratory is developing the central database, which 
will make the data accessible to all collaborators and plant breeders.
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RESEARCH AND OTHER RESTRICTED SUPPORT

The Boyce Thompson Institute for Plant Research receives a substantial portion of their research funding through 

grants from the federal government, private foundations, corporations, and individuals. The following section lists 

new research awards received in 2012 and our fiscal year financial overview.

TRAINING TOMORROW’S SCIENTISTS…

An important part of our mission entails communicating 

scientific knowledge to the public. To do so, BTI established a 

Center for Plant Science Teaching and Learning, which hosts 

an extensive education and outreach program that includes 

professional development for teachers, research experience 

for undergraduates, and educational involvement in the local 

community. The Center’s overall goal is to engage students and 

teachers in authentic plant science research.

 The center, directed by Tiffany Fleming, provides 

alternative models in plant science education that connect 

scientists to teachers and students. In 2012, over 125 science 

teachers attended seminars and field trips, conducted classroom 

lab activities, and designed inquiry-based lesson plans for their 

students. Participants also joined the BTI teacher network, 

an online community where teachers share student data, 

curriculum plans, and interests in science education while 

receiving reciprocal support for meeting their teaching goals.

 In 2012, BTI’s Plant Genome Research Program provided 

27 students with an intensive 10-week research-based 

internship. Working alongside seasoned scientists, students 

acquired laboratory techniques, developed scientific writing 

skills, attended guest lectures by scientists, and presented their 

research at the annual BTI Student Symposium. In its 11th year, 

the program gave students an opportunity to participate in 

hands-on plant science research in our research laboratories.

 2012 marked the second year of a $5 million USDA 

grant for Bioenergy and Bioproducts Education Programs 

(www.bioenergyed.org), collaboration between BTI and eight 

other institutions.  The program provides educators with 

professional development tools to integrate information on 

bioenergy and bioproducts systems currently in use and under 

development in the United States. To this end, BTI—led by our 

Education Specialist Amanda Gurung—hosted educators at 

workshops, provided teaching fellowships and research 

internships, and gave post-program classroom support. 

 BTI brought plant science into the classrooms of over 

3,500 middle and high school students in New York State with 

the distribution of Plant Experiment Kits, classroom visits and 

participation in local community educational events, such as 

Career and Focus Days with local middle and high schools and 

an Expanding your Horizons conference with the Cornell Center 

for Materials Research. BTI’s education and outreach programs 

spark passion in students new to plant research, while arming 

teaching professionals with the skills they need to prepare the 

next generation of scientists.

RAISING AWARENESS AND SUPPORT…

Prior to the 20th century, most scientific research was performed and paid for by patrons or by 

individual scientists—usually through personal funds. In the United States, the Morrill Acts of 1862 

and 1890 also brought essential funding to colleges and universities for agriculture education and 

research. Today, BTI still benefits from these types of funds. Since the early 1900s, corporations’ research 

and development units, government programs, and private donations have provided additional funding 

for scientific research. 

 Despite the obvious benefits of investment in research, public funding has stagnated in 

recent years as the country endured a recession and became focused on deficit reduction. The result is 

missed scientific opportunities, low funding success rates (even for highly creative ideas) and discourage-

ment among the next generation who might otherwise opt for careers in plant research. To mitigate these 

obstacles, it is becoming more important for organizations to have strong mechanisms to maintain and 

nurture diverse funding sources. To that end, in 2012, BTI reshaped its external relations and development 

department with the goal of increasing public awareness of our research programs and examining ways 

to expand support from foundations, corporations, and individuals. 

 Led by Director of Development and External Relations Bridget Rigas, the 2012 focus was building 

departmental infrastructure and enhancing awareness of BTI’s research. We increased outreach to 

national and international media, established social media pages (Facebook, Twitter, LinkedIn, YouTube, 

and Tumblr), increased local knowledge on BTI through support of local public radio stations, and 

redesigned our website to be more engaging to the public, educators, and potential collaborators 

and to provide a sharper message on BTI.

FOR THE ADVANCEMENT OF SOCIETY…

To help achieve BTI’s mission of having a positive impact on society, 

the Office of Technology Transfer works to identify potential 

partners who are interested in commercializing technologies 

discovered or developed by Institute scientists. Paul Debbie, Director, 

Technology Transfer and Licensing and Karen Kindle, Principal 

Liaison for Technology Marketing and Licensing, showcased BTI 

technology to more than a dozen corporate partners. Our staff 

establish the following types of associations: 1) Licensing 

agreements, which allow licensees a fee-based usage of specific 

BTI technologies; 2) Collaborations, in which industry and institute 

scientists collaborate on industry-funded research to advance early 

technology to the point where it is ready to be developed into a 

product; and 3) Consulting agreements, which introduce potential 

partners to particular BTI scientists, where their expertise may be 

valuable to specific projects.   

 Technology development occurred at a brisk pace in 2012, 

with thirteen new invention disclosures submitted to the office 

and six new patent applications filed on BTI technology. In add-

ition, BTI executed over forty materials transfer agreements, 

which govern the sharing of research resources.
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GIVING TO THE BOYCE THOMPSON INSTITUTE

From William B. Thompson’s cornerstone contribution in 1924 to the support we receive today, BTI science is made possible, 

in part, through the generosity of donors who appreciate the importance of basic research and its usefulness in solving larger 

global issues. 

 We take this opportunity to thank and recognize the following individuals and organizations who made gifts in 2012. 

To learn more about the benefits associated with giving to BTI, as well as designated opportunities, such as sponsoring a 

laboratory, specific research projects, or student interns, please call our development office at (607) 254-2923. 

financialsoutreach & education external relations charitable giving
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2012 research grants awarded 
 

GOVERNMENT  
National Science Foundation  $   2,762,589     
US Department of Agriculture  $ 602,515
 
FOUNDATIONS  
Triad Foundation  $ 250,000
US-Israel Binational Science Foundation  $ 126,500
 
CORPORATIONS AND OTHER SUPPORT
Binational Agricultural 
Research & Development Fund  $      289,000
Next Generation Cassava Project  $ 1,817,136
Corporate Funding  $ 567,618
Other Support   $ 114,325
 
Total New Research Grants Awarded  $ 6,529,683
 

outreach & education in numbers

Over 5,400 people paticipated in BTI sponsored education and 

outreach programs last year.

communication in numbers

Below is a brief summary of activity for BTI’s online presence. 

Facebook and Twitter accounts were activated in April of 2012. 

107
27  Presentations and Trainings 

10  Total Classroom Visits 

70  Experiment Kits (distributed and explained)programs

5,441
125  Teachers

3,589  K—12 Students 

111  BTI and Cornell Faculty, PGS, Staff

1,616  Undergraduate Students
participants

134
21  Community Volunteers 

72  University Faculty  

41  Graduate and Postdoctoral Studentsvolunteers

104,861  Website visits 

52,528  Unique visitors 

306,067  Page visitors

WEBSITE
BTI.CORNELL.EDU

FACEBOOK
BoyceThompsonInstitute

TWITTER
BTIscience

160  Fans

27,118  Content likes

294,427  Viewers of liked BTI content

250  Followers 

450  Tweets  

Building a Legacy: 

Anthony “Andy” Grefig

Anthony “Andy” Grefig, who passed 
away in January 2009, began his BTI 
career in 1965 when the institute 
was still in Yonkers, NY. Hired as a 
research assistant with Dr. Lee Crisan, 
he worked on the biochemistry of 
fungi. In 1967, Andy took a position 
in Alan Renwick’s analytical service 
lab, where he remained for the next 
21 years, moving with BTI to Ithaca 
in the 1970 s. After retiring in 1988, 
Andy continued to work as a volun-
teer for the institute for several years.

In small acts, like his daily kindness 
toward colleagues, and in grand 
gestures, like providing students 
free housing for over 25 years, Andy’s 
life was dedicated to generously 
supporting BTI, its science, and 
his community. The depth of that 
generosity was proven by Andy’s  
estate gift of $250,000 to BTI’s 
endowment in 2012. His gift will 
allow scientists the freedom to 
perform research directed through 
curiosity—where many great 
discoveries are born.

Having a strong and healthy 
endowment is key to producing a 
robust research program focused 
on the fundamental discovery of 
plant functions, and providing the 
grounds for solutions—through BTI 
research—to many of our global and 
society issues. Planned gifts to our 
endowment can be established in 
ways that benefit BTI as well as you, 
your family, or another charity. If 
you are interested in learning more 
about how to include BTI in your 
estate plans, please contact Bridget 
Rigas, Director of Development and 
External Relations at (607) 254-2923.
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2012 annual financial report    
 

INCOME SOURCES    %

Federal Government    $ 6,822,000 50
Institutional Endowment  $ 2,951,000 21
NYS Land Grant Provision  $ 1,580,000 12
Foundations    $ 222,000 2
Other Private Sources   $ 812,000 5
Unrestricted Revenues   $ 1,330,000 10

Total Operating Income  $ 13,717,000

EXPENSES    % 

Research Activities  $ 9,565,000 70
Research Support   $ 1,221,000 9
Research Facility Expenses    $ 388,000  3
Administration  $ 2,055,000 15
Intellectual Property  $ 305,000 2
Development & Communications  $ 183,000 1

Total Operating Expenses $ 13,717,000   
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How do scientists access and use massive 
amounts of plant genomics data?
Consider that just one tomato plant contains about 35,000 genes that express thousands 
of different proteins. Then consider how many different plants are currently under study, 
and it’s easy to understand the enormity of the data generated in biological research.
 Organizing that data and making it accessible for further research is an area 
called bioinformatics. The interface between biology, statistics and computer science, 
bioinformatics develops computational tools and resources that organize massive 
amounts of data into usable sets so that the knowledge contained in them can be 
retrieved, analyzed and applied in biology research. Zhangjun Fei’s laboratory at BTI 
develops both the databases and the interfaces needed to help scientists understand 
how genes work together and how they form functioning cells and organisms. He 
also has developed analytical and data-mining tools that allow scientists to efficiently 
extract biological information from the database for use in their research.
 The Fei lab also uses next generation sequence technologies combined 
with bioinformatics tools to facilitate crop improvement. Fei co-led an international 
consortium to sequence watermelon genomes. By analyzing a high-quality reference 
genome and resequenced genomes of 20 watermelon accessions, Fei and others found 
that during watermelon domestication, a large portion of disease resistant genes had 
been lost while breeders were looking to improve fruit quality like sugar content. This 
information can help breeders to recover some of these natural disease defenses while 
retaining the high fruit quality of watermelon.
 The laboratory is currently using a novel small RNA sequencing approach to 
define the pan-African sweet potato virome and global virus distribution of tomato. 
Using this approach, Fei and his USDA, ARS collaborators identified a novel tomato 
virus that had not been discovered using traditional approaches. 
 Fei often collaborates with the Giovannoni laboratory at BTI to investigate 
the role of epigenome in tomato fruit development and ripening using genomics 
and bioinformatics approaches. In 2012, they found a link between methylome 
dynamics and fruit maturation.

Zhangjun Fei, Ph.D. 
Associate Professor, BTI

Is there more to inheritance than genetics?
As is widely known, excessive exposure to the sun’s radiation can cause normal 
skin cells to become cancerous. In this case, cancer occurs because radiation causes 
changes in the cell’s DNA sequence (mutations) within genes that regulate cell 
division. But cancer and other diseases can also occur when certain genes that might 
have protected the cell are “silenced” or turned off. Although the protective genes are 
still present, they can become “unreadable” and disease can result. Understanding 
how these genes become inaccessible is the goal of a relatively new area of genetics 
research called epigenetics.
 Eric Richards’ laboratory studies epigenetics in the model plant Arabidopsis. 
“Epi-” means “on top of” or “in addition to,” so epigenetic traits exist on top of, or in 
addition to, the cell’s DNA sequence. Epigenetics research seeks to understand the 
molecular mechanisms that change the information contained in the DNA (making 
it unreadable) without changing the underlying DNA sequence. Richards focuses on 
one of these mechanisms, called DNA methylation, in which a small chemical group 
is added to one of the DNA bases (cytosine). Both the gene and its new methylation 
state can be passed on to new generations of cells and, in some cases, organisms. 
Consequently, alterations in DNA methylation might play important roles in 
inheritance and adaptation, just as mutations do.
 The Richards laboratory is working to understand how, where, and when DNA 
methylation occurs, its consequences on the organism, and to what extent variation 
in methylation is passed on to future generations. Richards is studying this process in 
plants because they can survive major epigenetic alternations that other organisms, 
like mice, cannot.
 Understanding the basic biology of DNA methylation in plants could have 
applications to human health, such as the detection and prevention of disease. 
Epigenetics also has important potential applications in agriculture, because 
epigenetic modifications such as DNA methylation can affect important traits in 
crop plants, such as disease resistance and flowering time. Consequently, advances 
in this field of genetics could lead to higher quality food and increased yields.

Eric J. Richards, Ph.D.
Vice President for Research, BTI
Adjunct Professor, Department of Molecular Biology 
& Genetics, Cornell University

How do plant hormones control
fruit development?
When home gardeners or horticulturalists grow plants from stem cuttings, they often 
dip the cut end of the stem in a white powder that encourages the stem to develop 
roots. The white powder is a hormone, called auxin, which plays an important role in 
plant growth and development. Auxins also influence cell division and differentiation, 
which is why the powder form used by gardeners helps the stem cutting to start 
growing root cells.
 It is also known that auxins, particularly indole-3-acetic acid, are central to the 
development and ripening of fruit, such as strawberries and tomatoes. Work on auxins 
conducted with strawberries has proven that the hormone is produced in the tiny 
seeds that speckle the outside of the berry, and that this auxin helps the fruit grow. 
But very little is known about the molecular basis of auxin production, transport, and 
signaling in fleshy fruit-producing plants. Understanding these processes is the basis 
of Catalá’s research at BTI.
 Until now, the majority of research into auxins has been done in the model plant 
Arabidopsis, which is a flowering plant that only produces a dry fruit. Catalá is applying 
knowledge gained about auxins in Arabidopsis and using new molecular techniques to 
understand exactly how the auxin indole-3-acetic acid works in tomatoes. She aims to 
discover how and where this auxin is produced in the fruit, how it is transported to the 
different fruit tissues, and how it signals the cells in that tissue to grow, develop, and 
ripen. What Catalá learns in tomatoes will be applicable to other fleshy fruits as well.
 Knowing at the molecular level how auxins help plants set fruit and how they 
influence fruit development and ripening could one day lead to higher quality fruits. 
And, because auxins directly stimulate or inhibit the expression of specific genes, 
understanding how to control the production or transport of these hormones could 
lead to fruits with improved flavor, texture or other unique qualities.
 Another area of research in the Catalá laboratory focuses on the discovery of 
genes and networks regulating tomato fruit shape and size. In tomato domestication 
and extensive selection for fruit characteristics has given rise to large variations in fruit 
morphology. One of the objectives of this research is to gather information about genes 
that are expressed during tomato fruit development and that control fruit growth and 
shape. As part of this project the Catalá laboratory is generating maps of tissue and 
cell-specific gene expression in the developing tomato fruit using Laser Capture Micro-
dissection, a technique that allows the isolation of specific cells or tissues from plant 
organs. This research is generating unprecedented data sets that will provide the 
basis for exploring key aspects of fruit biology. 

Carmen Catalá, Ph.D.
Adjunct Assistant Professor, BTI
Senior Research Associate, Department of Plant Biology, 
Cornell University

Can biogenic small molecules help us better 
understand development and aging?
The relevance of nucleic acids, proteins, and carbohydrates for all aspects of biology 
is well established, but the varied and often unexpected roles of small molecules 
produced by biological systems are just now emerging. Such biogenic small molecules 
regulate development and immune response in plants and animals (as hormones, for 
example) and also play an important role in the interactions of different organisms 
with each other.
 Biogenic small molecules are very different from proteins and nucleic 
acids, which are polymers built from a limited set of building blocks. In contrast, 
biogenic small molecules are an extremely diverse class of compounds that have 
so far resisted systematic analysis. Frank Schroeder’s laboratory is developing new 
analytical methodology based on a technique called NMR spectroscopy, which 
promises to greatly simplify scientists’ ability to identify the chemical structures 
of these compounds and to find their biological functions. Using this approach, 
Schroeder’s team is investigating the role of biogenic small molecules in specific 
aspects of plant and animal biology, including the phenomenon of aging.
 In one area of research, Schroeder is investigating biogenic small molecules 
produced by the nematode Caenorhabditis elegans. Nematodes are roundworms that 
are roughly one millimeter in length and ubiquitous in the soil. Scientists believe that 
many of the physiological pathways in C. elegans are analogous to corresponding 
pathways in higher animals, and as a result, nematodes have become an important 
model system for human disease and aging.
 Although the entire C. elegans genome —about 20,000 genes— was sequenced 
more than 10 years ago, little is known about the entirety of its small molecules, 
usually referred to as the “metabolome.” Over the past 5 years, the Schroeder group 
identified a library of several 100 compounds that regulate nematode lifespan, 
development, and several different social behaviors. These studies revealed that 
C. elegans uses a modular “chemical language” to communicate a large variety of 
different messages. The ultimate goal of this research is to characterize the signaling 
pathways that the identified C. elegans small molecules act in, including the identi-
fication of biosynthetic pathways, specific receptors, and downstream molecular 
targets.
 In other research, Schroeder and colleagues recently used their NMR-
spectroscopic approach to identify a large group of small molecules produced by a 
filamentous fungus, the human pathogen Aspergillus fumigatus. A. fumigatus is the 
causative agent of invasive aspergillosis and uses specific small molecules, called 
virulence factors, to overcome the immune responses of its mammalian hosts. 
Schroeder’s research showed that this pathogenic fungus produces a much greater 
number of potential small molecule virulence factors than previously suspected. 
Knowledge of the structures and biosynthetic regulation of these small molecules 
provides insight in host pathogen interactions and may contribute to new 
approaches for the treatment of fungal infections.

Frank Schroeder, Ph.D.
Assistant Professor, BTI
Adjunct Assistant Professor, Department of 
Chemistry and Chemical Biology, Cornell University

laboratory reports

How do viruses commandeer plants and 
insects to promote their own transmission? 
Viruses cause millions of dollars of damage to food crops every year and are often 
at the root of food shortages in developing nations. Despite their importance to human 
wellbeing and the global economy, little is known about the relationships between 
plants, viruses, and the insects that spread these diseases. 
 Michelle Cilia, who recently joined BTI, holds a collaborative position between 
BTI and the Robert W. Holley Center for Agriculture and Health, US Department of 
Agriculture, Agricultural Research Service. She was hired by the USDA, ARS to develop 
a research program that tackles the fundamental biology of insect vectors and the plant 
viruses they transmit. Using a combination of traditional approaches and new, cutting 
edge mass spectrometry techniques, the Cilia laboratory studies the three-way 
relationships between virus, plant, and vector to develop a comprehensive understand-
ing about how insects transmit viruses. Cilia hopes to identify ways in which the system 
might be manipulated to prevent infection, protecting crops and the communities that 
rely on them. 
 As an important first step towards achieving her goals, Cilia initiated a 
collaboration with the Bruce laboratory at the University of Washington to use 
advanced technologies to study how plant and insect proteins physically interact with 
viruses. Using a new technique called Protein Interaction Reporter (PIR) technology, 
Cilia and her colleagues mapped the structure of two key virus proteins and identified 
the surface features that are functionally important to the virus.  The work is the first to 
provide these types of measurements on any infectious virus particle and the first 
structural insights into a virus in the family Luteoviridae, an economically important 
family of plant pathogens.  The team will use these data to develop new ways to 
block the virus from infecting plants. 
 Cilia also holds an appointment as an adjunct Assistant Professor in the 
Department of Plant Pathology and Plant-Microbe Biology at Cornell University. 
Via her appointment at Cornell, Cilia is part of a team funded by the National Science 
Foundation’s Basic Research to Enable Agricultural Development program. The team is 
working with scientists in Africa, where insect vectors are responsible for transmitting 
viruses to a variety of security crops. A major obstacle in vector management is that not 
all members of a vector species are able to transmit viruses. Cilia and her colleagues 
discovered a panel of protein biomarkers that can distinguish between insects that can 
transmit viruses and those that cannot. Cilia is exploring how to use these proteins in a 
simple assay to identify populations of insects that may threaten crops. In collaboration 
with scientists at USDA, Cornell, the University of Washington, and the International 
Institute for Tropical Agriculture in Africa, Cilia and her team are finding ways to expand 
the work to insect vectors that infest cassava, banana, and legumes so that farmers and 
scientists can identify the insect populations that transmit viruses before they strike.  
Cilia will host two visiting graduate students from Nigeria and Cameroon to work in 
collaboration on the project in 2013.
 Cilia's long-term research plans will enable us to understand the co-evolutionary 
race between plants and viruses at the molecular level and to develop practical 
strategies that can be transferred to growers for virus and vector management.

Michelle Cilia, Ph.D.
Assistant Professor, BTI
Research Molecular Biologist, 
USDA, Agricultural Research Service 
Adjunct Assistant Professor, Department of Plant 
Pathology and Plant-Microbe Biology, Cornell University

How do plants acquire immunity to disease?
From viruses to bacteria to fungi, plant pathogens are a constant in agriculture, 
but the chemical control methods farmers have long relied upon are not 
sustainable over the long term. To ensure the quality and reliability of the global 
food supply while preserving food safety and environmental quality, plant 
research must explore new, sustainable means for protecting plants from 
microbial predators.
 Daniel Klessig's laboratory is focused on understanding how plants protect 
themselves from pathogens. With an eye toward developing sustainable control 
methods, Klessig and his colleagues apply a broad range of techniques to identify 
components of the plant immune system, including the key hormone salicylic acid, 
and determine how they work.
  Recent work in Klessig's lab has focused on the CRT1 (Compromised for 
Recognition of Turnip Crinkle Virus) protein in the model plant Arabidopsis. 
Klessig's team first identified the protein in a search for signaling components 
of the plant's immune response. Sequencing of the gene for CRT1 shows that it 
belongs to the Microchidia (MORC) family of proteins, which are found in plants, 
animals, and microbes and are associated with DNA modification and repair. Using 
Arabidopsis mutants, Klessig and his colleagues showed that plants that lack a 
functional gene for CRT1 have compromised levels of resistance to pathogens. 
CRT1 is required not only for recognizing viruses, the results show, but functions 
in response to a broad spectrum of pathogens, including the bacterium 
Pseudomonas syringae and the fungus-like Hyaloperonospora arabidopsidis. 
What's more, CRT1 is involved in many different layers of plant immunity, 
including pathogen-associated molecular pattern triggered immunity, basal 
resistance, nonhost resistance, and systemic acquired resistance. Since CRT1 binds 
DNA and relocates to the nucleus of the cell upon pathogen attack, it likely carries 
out important nuclear functions during the plant's immune response. This work 
is the first evidence that a MORC protein plays a role in immunity.
  Moving forward, Klessig expects that an understanding of CRT1 and its 
roles in multiple levels of immunity will lead to development of plant varieties 
that can fend off harmful microorganisms without the use of chemicals that can 
be harmful to humans and the environment. Work with several important crop 
species is already in progress.
 

Dan Klessig, Ph.D. 
Professor, BTI
Adjunct Professor, Department of Plant Pathology and 
Plant-Microbe Biology, Cornell University

How do plants coordinate genes 
in different compartments?
As long as two billion years ago, a bacterium capable of photosynthesis was engulfed 
by another single-celled organism, forming the first photosynthetic eukaryote. 
Eukaryotes differ from simpler bacteria because they have multiple genetic 
compartments within the cell. In the case of modern plant cells, there are three 
genetically active compartments: the nucleus, the mitochondria, and the chloroplasts. 
While the nucleus contains most of the plant’s genes, the organellar (mitochondrial 
and chloroplast) genomes are also essential, because they specify proteins needed for 
respiration and photosynthesis, respectively. The Stern laboratory studies processes 
in plant chloroplasts, including carbon fixation and gene expression, and is also 
involved in projects seeking to adapt the chloroplast to bioenergy production.
 One long-time interest of the laboratory is enzymes that break down RNA 
chains, which are called ribonucleases (RNases). RNases both create the correct forms 
of RNA chains such as the RNA components of ribosomes, and also are required to 
recycle RNA to recover the embedded phosphorus, nitrogen, and carbon. Chloroplasts 
feature an “alphabet soup” of RNases, and the Stern laboratory is helping to untangle 
the web of enzyme activities. How do these enzymes divide their work, and why does 
their absence cause such enormous stress to the plant – to the point where embryos 
and seeds are unable to develop? By using biochemical and genetic approaches, as 
well as newer high-throughput methods, some of the answers are being discovered.
 In another project, the Stern laboratory is attempting to solve the decades-old 
problem  of how the enzyme Rubisco, which incorporates atmospheric carbon dioxide 
into sugar backbones, is assembled. Because Rubisco is both essential and the most 
abundant enzyme on Earth, plants invest a great deal of nitrogen and energy to 
synthesize it. Scientists have for many years wished for a “test-tube” method to 
optimize Rubisco, but because its assembly path isn’t known, this is not yet possible. 
The Stern laboratory has now identified two previously unknown proteins that form 
part of this path, which could lead to a breakthrough in Rubisco biology.
 As mentioned above, chloroplasts are the site of photosynthesis, where the 
sun’s energy is used to create sugars, which in turn are incorporated into food, feed, 
and fiber. In one project, the photosynthesis machinery is being altered to create 
the potential for a “green battery” where chloroplast “juice” can be used directly to 
produce electricity. In a second project, genes from an alga that is very difficult to 
grow but makes unique hydrocarbons that can be very easily converted into diesel 
fuel, are being moved into other algae that are easily grown under controlled 
conditions, giving the potential for high-value bioenergy production. Both of these 
projects involve collaborations with engineers, whose ability to conceive and create 
devices can help to harvest the societal potential of plant biology.

David Stern, Ph.D.
President, BTI
Adjunct Professor, Department of Plant Biology, 
Cornell University 

How do bacterial pathogens undermine 
AND activate the plant immune system?
The Martin laboratory studies the molecular basis of bacterial pathogenesis, plant 
disease susceptibility, and plant immunity. Most of the research focuses on bacterial 
speck disease which is caused by the infection of tomato leaves with the pathogen 
Pseudomonas syringae pv. tomato. This is an economically important disease 
that can decrease both the yield and quality of tomato fruits. It also serves as an 
excellent model system for understanding plant-pathogen biology because much 
is known about the molecular biology of this pathosystem and many genomics 
resources are available for both tomato and P. s. pv. tomato.
 In the tomato-Pseudomonas interaction, the bacterial type III secretion 
system delivers the virulence proteins AvrPto and AvrPtoB into the plant cell. Both 
proteins then act to suppress early host defenses and thereby promote plant disease 
susceptibility. Some tomato varieties express the Pto gene which encodes a protein 
kinase that detects the presence of AvrPto and AvrPtoB and confers resistance to 
bacterial speck disease. The Pto kinase is activated upon binding AvrPto or AvrPtoB 
and then acts in concert with Prf, a protein containing a nucleotide-binding site 
and a region of leucine-rich repeats (i.e., an NB-LRR protein). This recognition event 
activates a complex series of signaling events that leads ultimately to host defense 
responses, including transcriptional reprogramming and localized host cell death, 
that restrict growth of the pathogen. Currently, next-generation sequencing 
methods are being used to identify tomato genes whose expression increases 
in response to various P. s. pv. tomato strains.  The genes identified are then 
being functionally characterized by using virus-induced gene silencing. 
 In related work, the laboratory has found that a C-terminal domain of 
AvrPtoB encodes an E3 ubiquitin ligase that, in certain tomato varieties, can 
interfere with activation of the host resistance response. Thus, some bacterial 
virulence proteins appear to have evolved to suppress both basal and resistance-
gene mediated host defenses and plants have, in turn, evolved to interfere with 
both of these activities.  
 To further understand the molecular basis of bacterial virulence, plant 
immunity, and susceptibility in this pathosystem we are using various experi-
mental approaches including: genomics, biochemistry, bioinformatics, cell biology, 
molecular biology, forward and reverse genetics, and structural biology. Our 
long-term goal is to use the knowledge we gain about plant-pathogen interactions 
to engineer plants for increased resistance to diseases and thereby lessen the 
need for synthetic chemical inputs.

Gregory Martin, Ph.D.
Boyce Schulze Downey Professor, BTI
Professor, Department of Plant Pathology and Plant-Microbe 
Biology, Cornell University

How will researchers store and retrieve 
scientific information in the future?
Consider that thousands of scientists are working globally to identify all the genes 
in a wide variety of plants. Then, consider that a plant like tomato has about 35,000 
genes, some of which function in complex networks. And then consider that new 
genetic discoveries are being made each and every day about how these genes are 
regulated and how they interact. How can all this information be efficiently stored, 
updated, and made accessible to scientists in a timely manner so they can use it and 
build on it? This is the question that Lukas Mueller’s laboratory at BTI is answering. 
Among other projects, Mueller’s group coordinates the Solanaceae Genomics 
Network—a database of all the genetic information known about solanaceous 
plants, such as tomatoes and peppers. He’s also involved in a number of genome 
sequencing projects, most notably the tomato genome project, which is the work 
of scientists in 16 countries.
 Mueller is developing software that will make it easier for scientists to access 
vast amounts of genomic data. He’s also working to make it simpler for scientists to 
annotate, or update, the data as they make new discoveries. It’s similar to the idea 
that gave rise to Wikipedia—an encyclopedia that can be added to or revised by 
anyone who reads it. The difference is that Mueller’s software and the database 
it runs are specifically designed for complex biological data.
 Until the advent of the Internet, scientists could only share the results of 
their research with others through personal communications and by publishing 
their work in scientific journals. But neither communication method enabled 
colleagues to access all the data that backed up the results. With the software 
Mueller is developing, scientists not only can see the results of others’ work, they 
can also see and use the source data. Mueller’s goal is to make these databases so 
easy to use that they will become the primary place for storing, sharing, updating 
and accessing genomics information. At that point, the practical applications of his 
work would multiply. For instance, plant breeders could use the database to more 
quickly develop new varieties of crop plants with innovative genetic characteristics 
to increase yield or enhance nutritional quality.

Lukas Mueller, Ph.D. 
Assistant Professor, BTI
Adjunct Assistant Professor, Department of 
Plant Breeding and Genetics, Cornell University

How do plants sense their environment?
Although plants lack eyes, ears, nose, and toes, they are continuously attuned 
to their surroundings. Plants are able to “see”, “hear”, “smell”, and “feel” as well 
as humans, if not better. Plants can sense environmental factors such as heat, 
cold, humidity, and the presence of enemies. Special proteins in plant cells called 
receptors have a sentinel function, continuously surveying the environment and 
standing ready at the smallest provocation to alert an orchestra of second-tier 
sentinels located inside the cells. Plants are dependent on this surveying and 
response system, called signal transduction, because their defense mechanisms 
against pests and growth and survival depend on it.
 The Popescu laboratory studies the rich and complex system for signal 
sensing and intracellular transduction in tomato and the model plant Arabidopsis. 
The core of the cellular signaling mechanisms is represented by the protein kinases, 
a diverse class of enzymes that transfer a small phosphate tag onto proteins and 
other molecules. In her work with protein kinases, Popescu is employing special 
techniques that allow her to survey hundreds to thousands of proteins in parallel. 
Popescu discovered that she could “print” as many as 5,000-minute protein samples 
on one microscope slide (the microarray), and that these tiny amounts of protein 
could then be used in other research that would reveal the function of each one. 
Using this technique, Popescu and other scientists will be able to more efficiently 
study protein function on a very large scale. With another technique developed in 
her lab, she is able to screen interactions between tomato kinases and pathogen 
proteins directly in live tomato cells. Now, she and others can easily study 
thousands of proteins – even those no one thought were involved in a particular 
process. As a result, her work has significantly expanded the universe of study 
involving proteins and their functions.
 Understanding how plants respond and acclimate to stress is a first step 
toward meeting agricultural and health challenges as the world faces increasing 
population, urbanization, and climate change. Popescu studies plant protein kinases 
to understand how they assemble in signaling pathways to activate the response to 
stress. She tries to understand how kinases orchestrate appropriate modification in 
the cellular proteome and gene transcription program of the cells, so that the final 
decision on how a plant will defend itself is reached. Her work has already led to 
the identification of proteins and cellular pathways that were never studied in the 
context of plant disease resistance and abiotic stress. These findings could lead to 
a new understanding of how plant defense mechanisms work. It could also lead 
to new ways to protect plants from environmental stress factors.

Sorina Popescu, Ph.D. 
Assistant Professor, BTI
Adjunct Assistant Professor, Department of 
Plant Biology and Department of Plant Pathology 
and Plant-Microbe Biology, Cornell University

What is the genetic basis of fruit
development and ripening? 
Fruit is a major source of nutrients and fiber in the human diet, so a better 
understanding of how fruit develops and ripens at the genetic level could 
significantly impact the quality and availability of food. This knowledge would 
be particularly useful in countries where food spoilage due to over-ripening is 
a root cause of hunger and where nutritional requirements are not currently 
being met.
 Jim Giovannoni’s laboratory at BTI is working to understand fruit development 
and ripening by focusing on the genes and regulatory networks that control these 
processes in fleshy fruits, such as tomatoes, and in dry fruits, such as those produced 
by the Arabidopsis plant. The laboratory has focused on identification of genes 
necessary for regulation of the ripening process and has recently identified several 
new transcription factors essential to the process. These include a gene called TAGL1, 
which is necessary for both the fleshy expansion of pre-ripening fruit as well as the 
later ripening and seed dispersal process in dry fruits, in addition to two negative 
regulators of ripening, AP2a and ERF6. In the last year we also reported a gene 
termed UNIFORM RIPENING that influences fruit pigmentation and defines a 
gradient of ripening along the longitudinal axis of the fruit.
 Additional activities in the last year included cooperation with over 300 
international researchers (including a number at BTI) to complete and publish the 
genome sequence of tomato. The laboratory then used this sequence as the basis 
of novel discoveries on the role of changes in the epigenome in controlling fruit 
ripening.
 Current activities include efforts to discover how the epigenome may 
contribute to additional aspects of fruit biology and how the TAGL1, AP2a and ERF6 
genes function in context with each other and additional fruit development and 
ripening genes previously identified and described by the Giovannoni laboratory 
and others. Work is also continuing in testing for similar genes and functions in 
species beyond tomato. Results of this research may lead to new molecular 
strategies for improving fruit quality and shelf life, which can, in turn, 
positively impact food security and human nutrition.

Jim Giovannoni, Ph.D. 
Professor, BTI
Plant Molecular Biologist, USDA, 
ARS Plant, Soil and Nutrition Laboratory
Adjunct Professor, Department of Plant Biology, 
Cornell University

How do soil fungi supply plants 
with mineral nutrients?
 In nature, plants and certain fungi, called arbuscular mycorrhizal (AM) fungi, have 
evolved a complex, symbiotic relationship in which plants provide the fungi with 
carbon while the fungi provide plants with phosphate needed for cell function 
and growth. Understanding this relationship may enable crop production with 
fewer applications of phosphate fertilizers.
 Working with an AM fungus and a legume plant, Medicago truncatula, 
Maria Harrison’s laboratory is unraveling the mechanisms underlying mineral 
nutrient transfer from the fungus to the plant. AM fungi are ubiquitous in soil 
and live in close proximity to plant roots. In response to a signal from the plant, 
the fungi grow into the roots and establish themselves inside the root cells. The 
plant surrounds the fungus in a membrane, called the periarbuscular membrane, 
and nutrients are exchanged across this membrane.
 Several years ago, the Harrison laboratory identified phosphate transporter 
proteins that capture phosphate delivered by the fungus and move it into the 
root cell. The phosphate transporters are located exclusively in the periarbuscular 
membrane. Researchers in the Harrison  laboratory were intrigued by the 
specificity of the location and carried out studies to determine how the phosphate 
transporters are sent to this specific location. Using proteins called green 
fluorescent protein (GFP), they were able to show that the timing of transporter 
protein production and changes in the direction of protein secretion in the cell, 
enable the proteins to be placed specifically in the periarbuscular membrane. 
Identifying the signals that trigger these cellular changes is the next step in her 
research.
 Today, farmers use fertilizers derived from rock phosphate to enhance 
plant nutrition, but rock fertilizer reserves are being depleted and at the current 
rate of use, they will last only an additional 90 years. Furthermore, excessive 
application of phosphate fertilizers contributes to the pollution of lakes and 
streams. Harrison’s work may lead to plants that can use naturally occurring 
phosphate in the soil more completely and efficiently through enhanced symbiotic 
relationships with fungi—an advance that would lead to more environmentally 
friendly, sustainable agriculture.

Maria Harrison, Ph.D.
William H. Crocker Scientist 
and Professor, BTI
Adjunct Professor, Department of Plant Pathology 
and Plant-Microbe Biology, Cornell University

As the human population increases, so does he demand for food, yet there is a 
finite amount of arable land available for agriculture. To meet present and 
future needs, scientists are working to develop more efficient, more sustainable 
agricultural methods that will enable farmers to produce more, higher quality 
food from current agricultural acreage.
 One way to do that is to reduce yield losses due to insects, which feed on 
the plants and spread diseases. In fact, insects reduce annual crop yields by 15 
percent per year worldwide, despite the implementation of a large variety of 
control methods by farmers. Therefore, understanding the interactions between 
plants and insects and how plants ward off insect attack is an attractive way to 
increase crop yields. With that goal in mind, Georg Jander’s laboratory is 
studying the biochemistry and molecular biology of plant-insect interactions.
 Plants are not passive targets for insect herbivores. Rather, plants 
recognize that they are being attacked and respond by altering their 
metabolism to deter further insect feeding. Dr. Jander’s laboratory is identifying 
previously unknown toxic and deterrent plant metabolites, as well as their 
biosynthetic pathways, which are up regulated in response to insect feeding. 
 Members of the Jander laboratory are studying how plants recognize 
feeding by phloem-feeding aphids, which cause relatively little overt damage, 
but can transmit numerous viral diseases to crop plants. Many plant viruses, 
which depend on aphids for transmission to new hosts, manipulate plant 
defenses so that aphids are attracted, are able produce more progeny, and 
transmit the virus more widely. In a new project, the Jander lab is investigating 
how a virus with only eleven genes is able to suppress aphid defense responses 
in plants that have more than 30,000 genes.
 In another project, members of the Jander laboratory are using natural 
variation in maize to identify novel aphid resistance mechanisms. This approach 
has identified an interesting tradeoff in maize defenses: a biochemical switch 
that provides increased resistance to aphids makes the plants more sensitive to 
caterpillar feeding. Maize varieties grown in tropical areas, where there is often 
more damage from caterpillar feeding, have been selected to have elevated 
caterpillar resistance and relatively low aphid resistance. 

Georg Jander, Ph.D.
Associate Scientist, BTI
Adjunct Associate Professor, Department of Plant 
Biology, Cornell University

 How do plants defend themselves against 
insect herbivory?

The power of molecular methods and of computing technology has increased 
exponentially in recent years, empowering science to delve into new, unexplored 
questions in biology. Scientists can now apply computational approaches to 
studying complex phenomena, teasing apart dense networks of interactions 
in ways that would have been impossible only 10 or 20 years ago. 
 George Popescu's laboratory at BTI uses computational approaches to study 
biological networks and processes in order to understand evolution and dynamics 
at the molecular and cellular levels. Using the methods of systems biology, Popescu 
seeks to analyze and infer the properties of biochemical networks, signaling 
networks, and plant protein interactions. In DNA sequence-based work, Popescu's 
lab is developing methods for pinpointing networks of regulatory genes by com-
paring the conserved portions of many different plant genome sequences and 
integrating that information with data that shows when and to what degree plants 
use those genes. Popescu's work addresses fundamental questions in plant research 
using computational and analytic methods.
 In recent work, Popescu and his colleagues identified proteins that interact 
with a critical immune receptor in Arabidopsis thaliana. The receptor, FLS2, acts 
like a surveillance system for the plant, sending out the alarm when it detects 
pathogens on the outside of the cell membranes. Using a functional protein 
microarray, a tiny chip with over 5,000 different Arabidopsis proteins arranged 
in a grid on the surface, the researchers identified specific plant proteins that 
interact with FLS2 and transport it to the cell membrane, where it can play its 
role in plant immunity. Their work indicates these transport proteins can fine-tune 
plant immunity by controlling the transport of FLS2 to the membrane, a new and 
important detail in our understanding of plant immune defense.

George Popescu, Ph.D.
Senior Research Associate, BTI

How do computers help 
us undestand evolution?

In plant research, time is of the essence. That's one reason BTI's scientists use model 
systems as stand-ins for the real thing: model plants, that are smaller and quicker to 
mature and form seeds, are easier for researchers to grow and manipulate than the 
crops they represent. Model plants are particularly crucial to plant biotechnology, 
where they enable scientists to try out concepts and techniques that can be directly 
applied to solve real-world problems with crop plants. 
 Joyce Van Eck's laboratory is focused on applying the techniques of genetics 
and biotechnology to plant research, often using these model species to achieve their 
goals. Through metabolic engineering, Van Eck and her lab work on manipulating 
or inserting genes of interest into model species to investigate their potential for 
improvements in yield, vigor, and other measures of plant success. 
 Van Eck has recently been involved in an effort to enhance the utility of the 
model plant green millet (Setaria viridis). Like maize, sugarcane, and other grasses, 
green millet uses C4 photosynthesis to incorporate carbon into plant tissues, making 
it more efficient at using water and nitrogen than C3 plants. But unlike the 
economically important crops, green millet, a common weed, has a small genome, 
is relatively small in size, and has a rapid life cycle. Van Eck and her colleagues have 
successfully developed transformation systems by which temporary or permanent 
genetic changes can be introduced to the plant, making it a pliable system for 
learning about the features of C4 plants that enable their higher efficiency. 
Developing these and other techniques that enhance the usefulness of green millet 
as a model will enable Van Eck and her colleagues to further the effort to introduce C4 
traits into C3 plants for the sake of improving the efficiency and yield of those crops. 
 Van Eck has also been involved in work with cell cultures from the Pacific yew 
tree, a species best known for its production of paclitaxel (Taxol®), which is used as a 
chemotherapy drug. Van Eck's laboratory has developed a consistent and repeatable 
transformation system for yew cell cultures that allows researchers to manipulate 
the plant's genes, making genetic engineering in yew cells possible. Moving forward, 
Van Eck and her collaborators are continuing work to explore the mechanisms by 
which the cells make paclitaxel, with the ultimate goal of enhancing the ability 
to manufacture the drug. 

Joyce Van Eck, Ph.D.
Assistant Professor, BTI

How do model plants help
biotechnology projects?

scientific
publications
of 2012

Boyce Thompson Institute for Plant Research   
533 Tower Road, Ithaca, NY 14853
(607) 254-1234   www.bti.cornell.edu

2012© Boyce Thompson Institute for Plant Research
 

Editors: BTI Staff - Bridget Rigas and Fiona Rice
Photography by: Sheryl Sinkow     
Designed by: Art & Anthropology

Moreau, M., Tian, M. and Klessig, D.F. (2012) Salicylic 
acid binds NPR3 and NPR4 to regulate NPR1-dependent 
defense responses. Cell Research, 22, 1631-1633.

Osorio, S., Alba, R., Nikoloski, Z., Kochevenko, A., 
Fernie, A.R. and Giovannoni, J.J. (2012) Integrative 
comparative analyses of transcript and metabolite 
profiles from pepper and tomato ripening and 
development stages uncovers species-specific patterns 
of network regulatory behavior. Plant Physiology, 159, 
1713-1729.

Ouyang, B., Fei, Z.J., Joung, J.G., Kolenovsky, A., Koh, 
C.S., Nowak, J., Caplan, A., Keller, W.A., Cui, Y.H., 
Cutler, A.J. and Tsang, E.W.T. (2012) Transcriptome 
profiling and methyl homeostasis of an Arabidopsis 
mutant deficient in S-adenosylhomocysteine hydrolase1 
(SAHH1). Plant Molecular Biology, 79, 315-331.

Paddock, T., Lima, D., Mason, M.E., Apel, K. and 
Armstrong, G.A. (2012) Arabidopsis light-dependent 
protochlorophyllide oxidoreductase A (PORA) is essential 
for normal plant growth and development. Plant 
Molecular Biology, 78, 447-460.

Park, D., O'Doherty, I., Somvanshi, R.K., Bethke, A., 
Schroeder, F.C., Kumar, U. and Riddle, D.L. (2012) 
Interaction of structure-specific and promiscuous 
G-protein-coupled receptors mediates small-molecule 
signaling in Caenorhabditis elegans. Proc Natl Acad Sci 
U S A, 109, 9917-9922.

Pattison, R.J. and Catala, C. (2012) Evaluating auxin 
distribution in tomato (Solanum lycopersicum) through 
an analysis of the PIN and AUX/LAX gene families. 
Plant Journal, 70, 585-598.

Popescu, S.C. (2012) A model for the biosynthesis 
and transport of plasma membrane-associated signaling 
receptors to the cell surface. Frontiers in Plant Science, 
3, 71.

Powell, A.L.T., Nguyen, C.V., Hill, T., Cheng, K.L., 
Figueroa-Balderas, R., Aktas, H., Ashrafi, H., Pons, 
C., Fernandez-Munoz, R., Vicente, A., Lopez-Balta-
zar, J., Barry, C.S., Liu, Y.S., Chetelat, R., Granell, A., 
Van Deynze, A., Giovannoni, J.J. and Bennett, A.B. 
(2012) Uniform ripening encodes a Golden 2-like 
transcription factor regulating tomato fruit chloroplast 
development. Science, 336, 1711-1715.

Pumplin, N., Zhang, X., Noar, R.D. and Harrison, 
M.J. (2012) Polar localization of a symbiosis-specific 
phosphate transporter is mediated by a transient 
reorientation of secretion. Proc Natl Acad Sci U S A, 
109, E665-672.

Rasmann, S., De Vos, M., Casteel, C.L., Tian, D.L., 
Halitschke, R., Sun, J.Y., Agrawal, A.A., Felton, G.W. 
and Jander, G. (2012) Herbivory in the previous 
generation primes plants for enhanced insect resistance. 
Plant Physiology, 158, 854-863.

Rasmann, S., De Vos, M. and Jander, G. (2012) 
Ecological role of transgenerational resistance against 
biotic threats. Plant Signaling & Behavior, 7, 447-449.

Robinette, S.L., Bruschweiler, R., Schroeder, F.C. 
and Edison, A.S. (2012) NMR in metabolomics and 
natural products research: Two sides of the same coin. 
Accounts of Chemical Research, 45, 288-297.

Silva, A.X., Jander, G., Samaniego, H., Ramsey, J.S. 
and Figueroa, C.C. (2012) Insecticide resistance 
mechanisms in the green peach aphid Myzus persicae 
(Hemiptera: Aphididae) I: A transcriptomic survey. 
PLOS ONE, 7, e36366.

Silverberg, J.L., Noar, R.D., Packer, M.S., Harrison, 
M.J., Henley, C.L., Cohen, I. and Gerbode, S.J. (2012) 
3D imaging and mechanical modeling of helical buckling 
in Medicago truncatula plant roots. Proc Natl Acad Sci 
U S A, 109, 16794-16799.

Simkova, K., Kim, C., Gacek, K., Baruah, A., Laloi, C. 
and Apel, K. (2012) The chloroplast division mutant 
caa33 of Arabidopsis thaliana reveals the crucial impact 
of chloroplast homeostasis on stress acclimation and 
retrograde plastid-to-nucleus signaling. Plant Journal, 
69, 701-712.

Simkova, K., Moreau, F., Pawlak, P., Vriet, C., 
Baruah, A., Alexandre, C., Hennig, L., Apel, K. and 
Laloi, C. (2012) Integration of stress-related and reactive 
oxygen species-mediated signals by Topoisomerase VI 
in Arabidopsis thaliana. Proc Natl Acad Sci U S A, 109, 
16360-16365.

Srinivasan, J., von Reuss, S.H., Bose, N., Zaslaver, A., 
Mahanti, P., Ho, M.C., O'Doherty, O.G., Edison, A.S., 
Sternberg, P.W. and Schroeder, F.C. (2012) A modular 
library of small molecule signals regulates social 
behaviors in Caenorhabditis elegans. PLOS Biology, 
10, e1001237.

Strickler, S.R., Bombarely, A. and Mueller, L.A. (2012) 
Designing a transcriptome next-generation sequencing 
project for a nonmodel plant species. American Journal 
of Botany, 99, 257-266.

Tian, M., von Dahl, C.C., Liu, P.P., Friso, G., van Wijk, 
K.J. and Klessig, D.F. (2012) The combined use of 
photoaffinity labeling and surface plasmon 
resonance-based technology identifies multiple salicylic 
acid-binding proteins. Plant Journal, 72, 1027–1038.

Tisserant, E., et al. (2012) The transcriptome of the 
arbuscular mycorrhizal fungus Glomus intraradices 
(DAOM 197198) reveals functional tradeoffs in an 
obligate symbiont. New Phytologist, 193, 755-769.

Tomato Genome Consortium (2012) The tomato 
genome sequence provides insights into fleshy fruit 
evolution. Nature, 485, 635-641.

von Reuss, S.H., Bose, N., Srinivasan, J., Yim, J.J., 
Judkins, J.C., Sternberg, P.W. and Schroeder, F.C. 
(2012) Comparative metabolomics reveals biogenesis of 
ascarosides, a modular library of small-molecule signals 
in C. elegans. Journal of the American Chemical Society, 
134, 1817-1824.

Weidner, C., et al. (2012) Amorfrutins are potent 
antidiabetic dietary natural products. Proc Natl Acad Sci 
U S A, 109, 7257-7262.

Weissmann, S. and Brutnell, T.P. (2012) Engineering 
C4 photosynthetic regulatory networks. Current Opinion 
in Biotechnology, 23, 298-304.

Wostrikoff, K., Clark, A., Sato, S., Clemente, T. and 
Stern, D. (2012) Ectopic expression of Rubisco subunits 
in maize mesophyll cells does not overcome barriers 
to cell type-specific accumulation. Plant Physiology, 
160, 419-432.

Zeng, L., Velasquez, A.C., Munkvold, K.R., Zhang, J. 
and Martin, G.B. (2012) A tomato LysM receptor-like 
kinase promotes immunity and its kinase activity is 
inhibited by AvrPtoB. Plant Journal, 69, 92-103.

Zhang, Y.C., Gao, M., Singer, S.D., Fei, Z.J., Wang, H. 
and Wang, X.P. (2012) Genome-wide identification 
and analysis of the TIFY gene family in Grape. PLOS ONE, 
7, e44465.

Zhang, Y.C., Mao, L.Y., Wang, H., Brocker, C., Yin, X.J., 
Vasiliou, V., Fei, Z. and Wang, X.P. (2012) 
Genome-wide identification and analysis of grape 
aldehyde dehydrogenase (ALDH) gene superfamily. 
PLOS ONE, 7, e32153.

Zheng, X.Y., Spivey, N.W., Zeng, W.Q., Liu, P.P., Fu, 
Z.Q., Klessig, D.F., He, S.Y. and Dong, X.N. (2012) 
Coronatine promotes Pseudomonas syringae virulence 
in plants by activating a signaling cascade that inhibits 
salicylic acid accumulation. Cell Host & Microbe, 
11, 587-596.

Zhou, T., Zhang, H., Lai, T.F., Qin, C., Shi, N.N., Wang, 
H.Z., Jin, M.F., Zhong, S.L., Fan, Z.F., Liu, Y.L., Wu, 
Z.R., Jackson, S., Giovannoni, J.J., Rolin, D., Gallusci, 
P. and Hong, Y.G. (2012) Virus-induced gene com-
plementation reveals a transcription factor network in 
modulation of tomato fruit ripening. Scientific Reports, 
2, 836.

How do viruses infect insects?
Certain viruses are our allies in the fight against insect pests. Research that leads to a 
better understanding of how viruses interact with insects will result in environmental-
ly friendly and sustainable methods of insect control, and advances in human health. 
In one research project, Gary Blissard has been studying how certain viruses, called 
baculoviruses, infect and interact with insects. He and his colleagues have focused on 
how a particular baculovirus envelope protein, called GP64, enables the virus to invade 
an insect cell, multiply and then exit in massive numbers.
 Blissard’s group has found that GP64 has three major functions in the viral 
infection cycle. First, they showed that GP64 is an attachment protein — a protein that 
enables the virus to bind to the surface of the host insect cell, which is the first step in 
the process of infection. Blissard’s laboratory identified the particular portion of GP64 
that is necessary for this binding activity and they found that the virus can bind to 
artificial membranes that are devoid of protein, explaining how the virus gets into 
many diverse cell types.
 After the virus binds to the surface of the host cell, it then enters the cell and 
is surrounded by the cell’s membrane. To cause infection, the virus must fuse with 
that membrane and deliver its DNA into the cell nucleus. Blissard's group has recently 
identified critical amino acids in the GP64 protein, that are necessary for both the 
initial interaction between virus and host membrane, and fusion of the two 
membranes.
 After the viral DNA is released into a cell, the virus takes over the cell and 
transforms it into a factory specialized for virus production. How does this occur? 
To answer this complex question, Blissard's group has performed a transcriptome 
analysis of the viral infection. This technique allowed them to simultaneously monitor 
the activity of approximately 156 viral genes in the entire virus genome, as well as the 
activity of the entire host cell genes. This has resulted in an unprecedented new 
appreciation of the complexity of interactions between the two DNA genomes (virus 
and insect cell) over the course of the entire infection cycle: from the first few hours 
through several days, when the cell has been completely conquered by the virus. 
 Knowing how baculoviruses enter and then take over insect cells may enable 
scientists to improve the virus’ insect control capabilities, which could reduce the use 
of chemical pesticides. This work also has other exciting applications, such as in gene 
therapy. Because baculoviruses cause disease only in certain insects, and because they 
are highly effective at entering cells and depositing DNA in the cell nucleus, they may 
be excellent vehicles for inserting beneficial new genes into mammalian cells—an 
advance that could improve our ability to safely correct genetic disorders in humans. 
 The Blissard group is also now applying technology developed for studies of 
baculovirus envelope protein GP64, to the study of an envelope protein of an 
important human pathogen, Dengue virus. Their goal is to understand how human 
viruses such as Dengue are able to interact with and move through the cells of the 
insect gut, a process that permits virus transmission through the insect and to the 
next human host. Studies of these virus-insect interactions will be important for 
understanding both plant and animal viruses that use insects as vectors for their 
dissemination. 

Gary Blissard, Ph.D.
Professor, BTI
Adjunct Professor, Dept of Microbiology and Immunology 
and Dept of Entomology, Cornell University

How do plants respond to stress? 
Plants can endure extreme environmental stress (heat, drought, cold, or intense light) 
through genetically controlled defenses, such as wilting, loss of leaves or stunted 
growth, but these very defenses can also reduce yields, among other effects. As a 
result, one effect of global warming could be reduced food production just when the 
world’s population is burgeoning.
 Understanding how plants sense and respond to stress at the genetic level is 
the ultimate objective of the Apel laboratory at BTI. His findings could enable scientists 
to mitigate the negative results of stress, such as yield loss, or fine-tune a plant’s ability 
to survive climate change.
 It turns out that chloroplasts—the tiny organs that contain chlorophyll 
and carry out photosynthesis—play an important role in a plant’s ability to sense 
environmental stress. Conditions such as drought, heat, cold, and intense light 
interfere with the normal photosynthetic process in the chloroplasts, which leads 
to overproduction of sometimes toxic forms of oxygen, called reactive oxygen species 
(ROS).
 High levels of ROS were previously considered detrimental to the cell. However, 
recent work with an Arabidopsis mutant by Apel and his research group indicates that 
the release of one ROS, called singlet oxygen, in the chloroplast actually triggers a 
variety of positive stress adaptation responses in the plant. These responses include 
slowed plant growth, cell death, and the activation of a broad range of defense genes, 
which normally are turned on only in the presence of pathogens.
 In further work, Apel’s group proved that certain genetic mutations in 
Arabidopsis eliminate the plant’s stress responses without interfering with the release 
of singlet oxygen. It appears these mutations prevent the plant from sensing the 
presence of singlet oxygen, which, in turn, prevents symptoms of stress. Apel’s group 
has identified these mutated genes, which is a first and crucial step toward 
understanding the genetic basis of the stress response in plants.
 The results of Apel’s work could lead to plants that cope better with the 
environmental stress of global warming. Ultimately, such a discovery could help 
increase food supplies or predict a plant’s susceptibility to environmental changes. 

Klaus Apel, Ph.D.
Scientist/Professor, BTI



TOMATO GENOME FULLY SEQUENCED – PAVING THE WAY
FOR HEALTHIER FRUITS AND VEGETABLES 

Dr. James Giovannoni, Dr. Zhangjun Fei, Dr. Greg Martin, Dr. Lukas Mueller, 
and Dr. Joyce Van Eck played a major role in successfully decoding the 
genome of tomato (Solanum lycopersicum), marking an important step 
toward improving yield, nutrition, disease resistance, taste, and color of 
the tomato and other crops. The project, highlighted as the cover article in 
the May 31, 2012 issue of Nature, was a joint effort by the Tomato Genomics 
Consortium, a group with members from 16 countries. BTI produced a short 
video highlighting the project, which can be found on our YouTube channel 
(BTI Science) and our website. To date, it has had almost 800 views.  
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“I am going to build a laboratory to study some of the 
fundamental things. I want to do something to get at the 
bottom of the phenomena of life processes and I think a 
good place to study them would be in the realm of plants. 
Any principles concerning the nature of life that you can 
establish for plants will help you understand man, in 
health, and in disease.” 

                                           —COLONEL WILLIAM BOYCE THOMPSON

533 Tower Road, Ithaca, NY 14853
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