Regulatory Approval of ‘HoneySweet’ Plum
Two roads diverged in a wood, and we–
we took the one less traveled by,
And that has made all the difference*
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(and many others)
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ralph.scorza@ars.usda.gov

*apologies to Robert Frost
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To be covered:
‐ An overview of the process of developing
a GE Plum pox virus resistant plum
‐ Regulatory oversight and our experiences
with the regulatory approval process
‐ Lessons learned
‐ Interacting with the regulatory agencies

The
PPV Symptoms
‐Fruit deformation
and reduced quality
‐Premature fruit drop
‐Leaf chlorosis
‐Tree decline in severe
infections
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Plum pox virus first identified in eastern Europe in
1918 is progressively spreading world‐wide

PREEMPTIVE BREEDING
Few sources of readily usable
highly resistant Prunus germplasm
are available
In anticipation of the potential spread of
PPV world‐wide, in 1989 USDA‐ARS initiated
a project to test pathogen‐derived
‐resistance to control PPV infection

GOAL – TO PROTECT U.S. AGRICULTURE

Coat

The origin of
resistance is
the virus coat protein
gene. This gene was
introduced into plum
(P. domestica)

the virus coat protein gene
produces the coat protein

The gene insert contained the PPV‐CP gene and
genes for selections (NPTII and GUS).
It is the insert used to transform papaya only using
a different CP gene. Was the state of the art in the late 1980’s.

Development of a GE virus resistant plum variety
Gene discovery, Vector construction, Transformation 1990 ‐ 1992
Plant establishment, Propagation, Greenhouse testing 1992 ‐ 1995
Field testing U.S. (APHIS) 1995 – 2005
Field testing Europe 1996 – 2005
Research and regulatory data accumulation 1990 – 2005
(Over 30 publications from this work)
Stakeholders input

could be
shortened

14 Years

7 Years

Regulatory submissions APHIS 2004, FDA 2006, EPA 2007
Next time ‐ submit to 3 agencies simultaneously

Regulatory
Approval
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First described in 1998
We started working in 1990

target RNA degradation

Results after 16 years of laboratory research,
greenhouse testing, and multi‐location field trials
proved that ‘HoneySweet’ had great potential
as a PPV resistant plum cultivar:
It was highly resistant to PPV.
No trees were ever infected by aphids.
The mechanism of resistance was found to be
RNA silencing therefore no PPV transgenic coat
protein was produced. (Advantage for regulatory approval?)
The transgene and resistance could be transferred
to progeny through traditional cross hybridization
and the resistant seedlings could be readily identified.
Fruit quality was excellent. Productivity very good.

FINAL PRODUCT
‘HONEYSWEET’ PLUM
Highly resistant to Plum Pox Virus
Available to U.S. growers?
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Regulatory Approval
Three agencies:
USDA‐APHIS

Jurisdiction__________________

genetically engineered plants that contain
plant pathogen genes or promoters
(Agrobacterium, 35s, virus genes, etc.)

FDA

the plant as food (not ornamental crops)

EPA

food and feed uses of plant‐incorporated
protectants engineered into plants

APHIS regulates interstate movement
and the facilities to where regulated articles
are introduced.

There is significant record keeping
and standard operating procedures
must be approved. All greenhouse
and field work must be approved and are inspected
regularly.

APHIS Field test regulations
Required devitalizing all prunings

Harvest and destroy all fruit not analyzed in the lab

Initially, cover all flowering trees
to prevent pollen spread.

Later, open pollination was approved based on the
absence of sexually compatible species.
We submitted a pollen flow monitoring scheme.

Plant, maintain, and evaluate sentinel plum
trees to monitor pollen flow, and evaluate
the seedlings produced from these trees
N

Xc
1076 m

225 m

Xa

O
Xd

520 m
Site 1

Site 3

Site 2

Xb

= PPV-CP and PRV-CP transgenic plums
X = sampling sites scheduled to flower 2006

O = transgenic plums with ACC oxidase antisense insert
Sites 1, 2, and 3 are existing non-transformed P. domestica blocks

Xe

- Submission, September, 2004
‐ “Review of completeness” February, 2005.
The review consisted of 8 pages of issues to be addressed (no new data).
‐ Petition resubmitted March, 2006 and accepted for review.
‐ May, 2006 petition posted on internet for 60 days of public comment.
1,708 of 1,725 comments against deregulation.
‐ APHIS completed an Environmental Assessment with a finding of no
significant impact (FONSI)
‐ APHIS addressed internet comments
Deregulated ‘HoneySweet’ in July 2007

Many data requirements overlapped APHIS
In addition, FDA required:
Compositional analyses of fruit ($$)
Allergenicity potential (web‐based) ARS in‐house
Anti‐nutrient potential (web‐based) ARS in house

‐ Data package submitted to FDA in Oct. 2006.
‐ Clarifications and additional information provided
April, June 2007 and Sept 2008
FDA “cleared” ‘HoneySweet’ in January 2009

Based on the information USDA‐ARS has presented to FDA, we
have no further questions concerning plums from plum line C5
at this time. However, as you are aware, it is USDA‐ARS’s
continued responsibility to ensure that those foods marketed by
USDA‐ARS are safe, wholesome, and in compliance with all
applicable legal and regulatory requirements.

A data package was submitted to EPA in June 2007.
‐Registration Volume of administrative materials
(18 pages)
‐Volume 1‐ Tolerance Exemption petition for the PPV resistance gene (the PPV‐
CP gene) (32 pages)
‐Volume 2, Product Chemistry of the PPV Resistance Gene (89 pages)
‐Volume 3 PPV ‐ Resistance Gene Non‐target Waiver Requests (259 pages)
‐Volume 4 ‐ PPV Resistance Gene Health Waiver Requests (243 pages)
This submission could not have been put together without
the help of Michael Braverman at IR‐4 ARS provided data.
IR‐4 provided format, knowledge of the submission system, waiver requests, etc.

‐ More specific information on sequence, gene silencing, siRNA,
allergenicity, pollen flow and compatibility, etc., etc., etc. was requested at
several times following the original submission. Each request
stopped the clock for the EPA review. The levels of analyses required our
request for an extension of the EPA PRIA decision date.
‐ During this period meetings with EPA were held in order to clarify the
requests and to discuss issues including the propagation, production and
distribution of fruit trees, tree labeling and associated horticultural issues.
‐ Hard copy of all papers cited in the submission was required (don’t cite
unnecessary papers, like from the 1890’s)
‐ October, 2008 EPA published in the Federal Register (73 FR 64325) a Notice
of Receipt. Four comments received – all favorable

‐ EPA published a notice of filing of the petition in the Federal Register on November
14, 2008 (73 FR 67512) and the public was given a 30 day comment period. EPA
received no comments on this notice.
‐ During the EPA review process we requested a number of conference calls and
face‐to‐face meetings with EPA in order to obtain information on the status of the
review and the status of the requested exemption of tolerance for the PPV‐CP in
stone fruits and almond.
‐ Independent laboratory validation (ILV) of our proposed method for detecting the
transgene in ‘HoneySweet’ leaves was requested ($$).
‐ April , 2010 the draft registration was published on the web
78 comments received; 76 were highly supportive of registration.
‐ Conditional registration May 2010.
‐ PPV‐Coat Protein tolerance exemption – stone fruits, almonds May 2010
‐ ILV approved Jan 2011.

Final registration August 2011.
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FINAL STEP:
On July 29, 2011, ARS requested that EPA
amend the registration of ‘HoneySweet’ Plum to
exempt ‘HoneySweet’ from regulation as a
plant‐incorporated protectant under the
requirements of FIFRA. That request continues
to be under review by EPA.

USDA will work with the U.S. plum industry in terms of the release
and distribution of ‘HoneySweet’ plum.
Export of HoneySweet fruit or trees will not be allowed.
Since PPV is not spreading in the U.S. the interest and need for
‘HoneySweet’ is limited.
PPV is still a threat to New York state growers and HoneySweet may
be useful in NY. A small grower demonstration trial has been set up
with Dr. Marc Fuchs at the NYAES.
‘HoneySweet’ will most likely be used as a germplasm resource for
continued breeding of PPV resistant varieties, and combined with
other sources of resistance will provide a reserve of resistant
germplasm available to the U.S. plum industry.

Cost of ‘HoneySweet’ Development

$

Current:
Unknown mechanism
Basic Research
Unique complex insertion
Serial regulatory submissions
20 years

Next time:
Known mechanism
Little basic research
Current SotA constructs
Simultaneous regulatory submissions
10 years?

GOOD PEOPLE
GOOD COMMUNICATION
INSTITUTIONAL SUPPORT
COMMITTMENT
SACRIFICE

Lessons learned

Lessons learned
‐ Team approach ‐ scientists, administrators
‐ One central “go‐to” person
‐ “Buy‐in” from collaborators and industry
‐ Good support in all areas of expertise,
science, legal, and administrative
‐ A willingness and a dependability to drop things to
respond to a regulatory request for information

Lessons learned

Interacting with Regulators:
Communicate, communicate, communicate
Never assume – is your information rumor or fact?
Your product is different
You know more about your product than anyone else
You must advocate for your product at all stages

Lessons learned
How will we speed the process in the future?
1. Discuss the project with regulators at the outset.
2. Use a well‐characterized molecular mechanism
to achieve the genetic modification
3. Use a well‐characterized genetic construct
with as few non‐essential components as possible.
4. Know the regulatory data requirements and set up
the field tests for the dual purposes of evaluating the
trait of interest and to address regulatory issues.
5. Move plants out to the field for testing as soon as
possible.
6. Choose technologies with the least IP constraints.

‘HoneySweet’ R & D collaborators
A.M. Callahan, USDA
C. Dardick, USDA
V. Damsteegt, USDA
L. Levy, USDA
D. Gonsalves, USDA
J.M. Cordts, USDA.
M. Ravelonandro, France
M. Cambra, Spain
N. Capote, Spain
I. Zagrai, Romania
T. Malinowski, Poland
N. Miniou, Romania
J. Polak, Czech Republic
J. Kundu, Czech Republic
S. Dolgov, Russia
J.M. Hily, France
H. Prieto Chile
I. Kamenova, Bulgaria
S. Paunovic, Serbia
Black Sea Biotechnology Association
and others……….

EU‐US ‘HoneySweet’ working group

AFRS Genetic Improvement
of Fruit Crops Program

