Production of genetically modified
Citrus plants from juvenile explants
at Citrus Transformation Facility-The
benefits for Florida Citrus Industry
Vladimir Orbović

What is it that we do?
• CTF produces transgenic plants belonging to many Citrus
cultivars that include sweet oranges, grapefruits, limes,
rootstocks, and others.
• CTF offers researchers STEADY service-we are active
throughout whole year and try to produce transgenic plants
irrespective of picking season for some cultivars.
• Turnaround time is relatively short (6-8 months) although it
varies with cultivar and introduced gene.
• For the last few years, we produced on average about 250
transgenic plants per year.

How do we produce transgenic citrus
plants?

• We employ a procedure that requires action of pathogenic
bacteria Agrobacterium tumefaciens. During the years, we
fine tuned this procedure and added some steps to facilitate
selection of transgenic plants.
• Our starting material for transformation is juvenile tissue
obtained from seedlings. The major benefits are ample
availability and low cost. Transformation rate is much higher
than for mature tissue.
• In one week we process in average 3000 explants (~150,000
per year). These explants (stem segments) are cut from about
1000-1300 seedlings germinated from about 750-1000 seeds.

How do we produce transgenic citrus
plants?
• Each week we inspect from 500 to 2000 shoots for GFP
fluorescence (“reporter gene” presence).
• In average, we test about 100-150 shoots with PCR per
week.
• Both GFP fluorescence in the plant and presence of PCR
product in the reaction suggest transgenic nature of tested
shoots.

What is the purpose of our work?
• Researchers come up with ideas on how citrus trees may be
tolerant or resistant to diseases, but they may not have the
knowledge or are not ready to invest time into production of
plants that have altered traits that will improve their
performance against diseases. The mission of CTF and the
purpose of our work are to remedy this situation. We take
orders and produce those modified plants. Such approach
saves time and money by cancelling the need to hire new
employees to do transformation in multiple labs.
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What is the money granted by CRDF
used for?
• In the new funding cycle, 98% of money would be used for
salaries of staff-four OPS employees at different FTEs (range
from $11.50 to $14.50). Other operating expenses will be
covered from USDA grants attracted to CTF by facility’s manager.
• When CTF was first funded by CRDF in 2008, that grant
represented 95% of the operating budget. The money we are
requesting now from CRDF for operation of the CTF will be close
to the half (50%) of the budget.
• For our work we charge a fee of $1500/order. For this fee, we
commit to production of 10 plants that are unique for the trait
client wanted to introduce or alter. In average, CTF gets 25-30
orders per year. If all were paid for it would come to $37,50045,000. This money is used for repairs, consumables, etc.

What is the benefit for Florida Citrus
Industry?
• National Academy of Sciences recently concluded that
solution for HLB will probably include the use of transgenic
technology and genetically modified plants. This type of work
was being done previously and is proceeding at fast pace at
present time. Because of the work done by the CTF, research
towards possible solution to HLB and other citrus diseases will
stay in-interrupted in many labs that use our services.
• The high majority of our clients are local, associated with the
University of Florida or USDA Centers in Florida. Even those
clients who are not from Florida, are focused on genes that
may mitigate HLB and Citrus canker.

What is the benefit for Florida Citrus
Industry?
• Here are the examples of work done in CTF that contributed
to some new concepts to come to the forefront of fight
against HLB:
1. CRISPR mediated genome editing in citrus (done for the first
time in CTF);
2. Production of intragenic citrus plants-modified plants that
have citrus DNA introduced into genome (done for the first
time in CTF);
3. Control of transgene expression by the application of
exogenous chemicals (done for the first time in CTF);
• During the nine year period of CRDF funding, CTF worked on
264 orders and produced about 2500 transgenic plants.

What is the benefit for Florida Citrus
Industry?
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