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ABSTRACT

“HoneySweet” is a plum variety developed through genetic engineering to be highly resistant to plum pox potyvirus
(PPV) the causal agent of sharka disease that threatens stone-fruit industries world-wide, and most specifically in
Europe. Field testing for over 15 years in Europe has demonstrated the stable and durable PPV resistance of “Honey-
Sweet”. Resistance is based on gene silencing whereby the inserted gene induces a natural plant defense mechanism
against viruses. This resistance has been transferred to seedlings through cross-hybridization as a single locus dominant
trait making it useful as a parent for developing new plum varieties for specific growing areas and markets. “Honey-
Sweet” plums are of high quality and compare well to the quality and nutritional value of conventional plums. “Honey-
Sweet” demonstrates the utilization of genetic engineering to provide safe and effective solutions to important agricul-
tural challenges facing growers, and ultimately consumers.
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1. Introduction

Prunus domestica L. is one of the tree fruits threatened
by Plum pox potyvirus (PPV) a quarantine disease that
causes fruit loss to plums and other stone fruits (Prunus)
[1]. Symptoms of the disease include reduced fruit qual-
ity, fruit deformation, premature fruit drop, and leaf chlo-
rosis. Sharka [2] has been a concern to European fruit pro-
duction for more than one century and the total estimated
losses exceed 10,000 million Euros [1]. Since its identi-
fication it has spread from eastern to western Europe and

more recently to North and South America [3] and Asia [4].

Control of sharka through methods such as the control of
the aphid vector and through quarantine have been only
marginally effective. While the use of resistant cultivars
represents the most effective solution to control sharka, a
century of breeding has produced few highly resistant cul-
tivars and the genetic basis of resistance remains elusive.
As an enhancement to classical breeding, genetic engineer-
ing was used to produce transgenic clones that contain
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the PPV coat protein (CP) gene, applying the principle of
pathogen-derived resisntance [5]. A result of this effort
was the development of a transgenic clone designated as
C5 (cv. HoneySweet) [6]. “HoneySweet” plum has proven
to be highly resistant to PPV [7] and this high level of
resistance has remained stable in European field tests for
over 15 years under high PPV infection pressure [8]. Resis-
tance in “HoneySweet” is based on gene silencing or RNA
interference (RNAi) which is a natural virus defense sys-
tem in plants [9]. RNAI in “HoneySweet” produces a high
level of resistance that prevents systemic virus infection
[10]. In European field tests, no “HoneySweet” tree has
ever been infected through natural aphid transmission.
The resistance of “HoneySweet” can be transferred to
seedlings through cross-hybridization. When “HoneySweet”
is hybridized with conventional plum (P. domestica) 50%
of the seedlings carry the PPV resistance trait, demon-
strating that resistance is inherited in a Mendelian fash-
ion as a single locus dominant trait [11,12] making it a
useful parent in PPV resistance breeding programs.
Based on laboratory and greenhouse research and on
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data from US and European field tests “HoneySweet”
plum was approved for food and cultivation in the US
[13]. Here we provide summary information resulting
from environmental safety studies of “HoneySweet”. We
present analyses of fruit quality, and demonstrate that the
nutritional qualities of “HoneySweet” are comparable with
the qualities of conventional plums.

2. Environmental Risk

To verify the PPV resistance of “HoneySweet”, field
tests were initiated in Europe under the appropriate per-
mits and restrictions adopted by the European Commis-
sion. At the same time trees were field evaluated in the
US under Animal and Plant Health Inspection Service

(APHIS) permit. Field tests in the US evaluated tree and
fruit characteristics but not PPV resistance since no field-
work involving PPV inoculations could be undertaken in
the US under quarantine regulations. Field tests in Eu-
rope evaluated PPV resistance, tree growth, fruit produc-
tion, fruit quality, and environmental safety. While each
field test had a different focus, much of the information
gathered was complementary and all together provided
useful information characterizing the genetically modi-
fied trees. In terms of environmental risk, studies in Ro-
mania and Spain demonstrated that the genetically modi-
fied trees containing a PPV genome segment did not pro-
mote the emergence of variant PPV strains [14,15]. Stu-
dies in Spain demonstrated that aphid and other non-

Table 1. Pomological evaluation of external and internal characteristics of fruit “HoneySweet” and conventional plums Praha,

Czech Republic.

Plum cultivar HS1* HS2 HS3 HS4 HS5 Stanley Domestic plum
Characteristics external evaluation
Fruit balance (1-9)" 7 7 7 7 7 7 6
Fruit appearance (1-9) 7 7 7 7 7 7 6
Fruit weight (g) 5030  57.20 49.70 60.60 69.10 39.5 26.90
Fruit lenght (mm) 4730  48.70 47.00 52.00 54.00 48.7 41.00
Fruit width (mm) 3770 40.70 38.70 41.00 44.00 327 32.70
Fruit thickness (mm) 3770 39.30 38.00 39.70 39.30 353 30.00
Flesh thickness (mm) 11.70  15.00 12.00 14.30 13.30 10.7 6.70
Fruit shape (1-7) 2 2 3 2 2 3 2
Fruit colour (1-9) 7 7 7 7 7 7 6
Fruit cracking (1-9) 9 9 9 9 9 8 9
Internal evaluation
Flesh colour (1-9) 4 4 4 3 3 3 2
Flesh firmness (1-9) 7 7 7 7 7 8 8
Flavour (1-9) 7 7 7 7 7 7 7
Flesh freeness (1-9) 7 7 7 7 7 7 9
Total soluble solids (%) 10.00  11.00 10.67 10.83 11.17 14.00 12.30
Stone weight (g) 2.10 2.20 2.10 2.03 2.60 1.83 1.03
Stone/fruit ratio (%) 4.17 3.85 423 3.35 3.76 4.63 3.83
Stone length (mm) 2570 25.00 25.70 26.70 28.30 26.50 22.00
Stone width (mm) 1270 14.30 14.30 13.30 15.0 12.30 12.70
Stone thickness (mm) 6.70 7.00 7.00 6.70 7.30 6.30 5.70
Dry weight (g-kg ") 9583  86.54 102.19 104.67 107.50 133.52 118.29
Total titratable acidity (g'kg ") 16.88  17.32 17.10 16.32 19.19 10.84 12.65

"HS1 = HoneySweet inoculated with PPV-Rec + ACLSV + PDV; HS2 = HoneySweet inoculated with PPV-Rec + PDV; HS3 = HoneySweet inoculated with
PPV-Rec + ACLSV; HS4 = HoneySweet inoculated with PPV-Rec; HS5 = HoneySweet non-inoculated control trees; *Scale 1-9 higher numbers indicate more

desirable levels.

Copyright © 2013 SciRes.

FNS



“HoneySweet” Plum—A Valuable Genetically Engineered Fruit-Tree Cultivar 47

Table 2. Plum fruit compositional analysis, Kearneysville, West Virginia, US.

Bluebyrd HoneySweet Early Italian ~ GreenGage Reine Claude Stanley
Units
Ash 4.01 291 3.77 3.04 3.23 3.94 %
Fat 0.27 0.21 0.17 0.21 0.31 0.26 %
Moisture 79.02 85.02 82.07 81.4 82.48 79.7 %
Acidity 1.3 1.2 0.6 0.9 1.2 0.4 %
Total dietary fiber 2.58 2.74 2.29 2.58 25 2.18 %
Carbohydrates 16.06 10.83 12.94 14.71 13.26 15.56 %
Vitamin A <17.8 <13.2 <155 <159 <15.1 <17.1 1U/100g
Vitamin C 6.2 8 43 <0.4 2.7 9.5 mg/100g
Total sugar 10.43 8.25 9.3 10.72 8.84 10.48 g/100g
Glucose 2.29 3.82 3.77 435 3.43 3.52 g/100g
Sucrose 6.58 2.6 4.52 437 4.39 491 g/100g
Lactose <0.1 <0.1 <0.1 <0.1 <0.1 <0.01 2/100g
Maltose <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 g/100g
Fructose 1.56 1.83 1.01 2 1.02 2.05 g/100g
Calcium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 %
Magnesium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 %
Sodium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 %
Potassium 0.17 0.21 0.19 0.18 0.19 0.15 %
Iron 1.521 1.508 1.177 0.737 1.766 1.622 mg/Kg
Protein 0.64 1.03 1.05 0.64 0.72 0.54 %
Starch 0.04 <0.01 0.04 0.23 0.08 <0.01 %
Thiamine (B)) <0.44 0.43 0.47 <0.4 0.38 <0.43 mg/Kg
Riboflavin (B,) <I.11 <0.83 <0.97 <0.99 0.95 1.07 mg/Kg
Niacin (B5) 11.8 20.8 <3.88 17.9 24.1 11.7 mg/Kg
Antioxidant capacity 20 13 15 17 16 19 umole TE/g
Phenolics 1.59 1.18 1.46 1.6 1.31 1.63 mg/g

Analyses by Minnesota Valley Testing Laboratories, Inc. New Ulm, MN except antioxidant capacity and phenolics analyzed by Brunswick Laboratories Ware-

ham, MA.

target insect populations were not affected by genetically
engineered plum trees [14,16]. Preliminary studies of trans-
gene flow in the US indicated that transgene flow was
low and subsequent studies conducted over an 11 year
period confirmed the low level of pollen-mediated gene
flow. Seed mediated gene flow into the cultivated and
natural environment was not at a detectable level (Scorza
et al. in preparation). Gene flow in plums and other fruit
trees differs from gene flow in crops such as soybean
(Glycine max), maize (Zea mays) and other crops that are

Copyright © 2013 SciRes.

seed propagated and where seed is the consumed product.
In the case of many fruit species such as plum and other
stone fruits, the seed is not used for food or feed but is
discarded. The seeds are not generally planted to repro-
duce trees but instead trees are propagated through graft-
ing onto rootstocks. Rootstocks are in many cases pro-
duced from seed but rootstocks are generally not allowed
to produce flowers. These factors further limit the poten-
tial for spread of transgenic plums or other fruit trees.
Field tests over more than 15 years in 4 countries in
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Europe and in the US have provided critical information
that demonstrate the stable and long-term nature of PPV
resistance provided by “HoneySweet”, its potential as a
resistant parent in breeding programs, and its environ-
mental safety. Studies with “HoneySweet” and additional
resistant clones are continuing to provide additional in-
formation on resistance and environmental interactions to
evaluate the potential effects of climate change, new vi-
rus strains, and other Prunus viruses on RNAi-based re-
sistance. These studies are taking advantage of techno-
logical advances including DNA and RNA sequencing.

3. Fruit Quality

In addition to virus resistance and environmental risk
studies genetically engineered plum trees released into
the environment were evaluated for fruit quality. An exam-
ple of these studies is the fruit sampling spanning from
July to August 2010, in Praha, Czech Republic. Analyses
considered overall fruit uniformity, attractiveness, weight,
length, width and fruit thickeness, flesh thickeness, fruit
shape, skin colour, flesh colour, flesh firmness, flavour,
flesh freeness, total soluble solids (brix, determined by
refractometer), total titratable acidity, stone size, weight
and stone/flesh ratio, and dry weight of fruits harvested
from “HoneySweet” artificially inoculated with PPV-Rec
(HS1), and uninoculated control trees of cvs. Honey-
Sweet, Domaci $vestka, and Stanley [17]. These analyses
demonstrated the high quality of “HoneySweet” fruits
(Table 1).

In the US fruit composition was evaluated comparing
“HoneySweet” to a range of conventional plum cultivars
(Table 2). These analyses showed that “HoneySweet”
fruit composition is generally in the range of the other
plum cultivars tested. Fruit compositional studies are con-
tinuing in the US and Europe since quality and nutrient
composition is affected by the time of harvest and envi-
ronmental factors that may vary within and between
years. Nevertheless, the studies to date show that “Honey-
Sweet” fruit are of high quality and nutritious.

“HoneySweet” is the first perennial fruit tree to be ap-
proved for food and cultivation in the US (or in any
country) and is the second genetically modified fruit tree
behind papaya [18]. Both species have been developed to
resist virus infection. Both are unique in having been
developed by public institutions and both provide useful
approaches to solving important agricultural problems.
The safety and efficacy, and in the case of the earlier de-
veloped papaya, the commercial success of these crops
indicates the value of the technology to growers and con-
sumers.
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