

















Other plants of the positive lines were also
tested for resistance to apple scab and
cedar apple rust by inoculation of young
leaves with spores of Venturia inaequalis
and Gymnosporangium juniperi-virginianae,
respectively.

Results

Nine lines of Galaxy apple contain-
ing an extra copy of the apple gene
MpNPR1 (MpNPR1-plus) were obtained
and confirmed by PCR. Each of the lines
contained only a single extra copy of the
MpNPR1 gene as shown by Southern
analysis.

Resistance to Fire Blight. To deter-
mine the response of the lines to fire
blight, ten to 20 acclimated plants per line,
including check Galaxy (susceptible con-
trol) and M.7 (resistant control), were in-
oculated with E. amylovora strain Ea 273
at 5 x 107 CFU ml?in two to three inde-
pendent experiments. The responses were
statistically similar in the replicated ex-
periments. Three weeks after inoculation,
83% of the shoot length of the Galaxy
check showed necrosis, whereas 22% of
the shoot length of M.7 was necrotic
(Table 1, and figure on back cover). All of
the MpNPR1-plus Galaxy lines showed a
reduction in susceptibility to E. amylovora.

We further analyzed the MpNPRI-
plus apple plants in the greenhouse. Se-
lected Galaxy lines were grafted onto
seedling rootstocks, and inoculated with
E. amylovora strain Ea 273 at 5 x 107 CFU
ml?. Three weeks after inoculation, 79%
of the shoot length of the Galaxy check
showed necrosis, whereas 17% of the
shoot length of M.7 was necrotic (Table

1). All the MpNPR1-plus Galaxy lines Figure 1. Microscopic analysis of Galaxy apple line TGx-1319 containing an extra copy of the
showed a reduction in susceptibility to E. apple gene MpNPRT, and check Galaxy three weeks after inoculation with cedar apple rust
amylovora, which was similar to the reduc-  (Gymnosporangium juniperi-virginianae).
tion of susceptibility observed in the
growth chamber.

Resistance to Scab and Cedar Apple
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after V. inaequalis (scab) inoculation of

plants in a growth chamber, and the per- €valuation of fire blight resistance of own-rooted and grafted Galaxy plants containing an extra
centage of leaves with sporulation was copy of the apple gene MpNPR1 by shoot inoculation with €. amylovora strain €a 273 at 5x10
determined. Interestingly, there was a CFU/mlin a growth chamber.
reduction of symptoms on leaf surfaces % shoot length necrotic % shoot length necrotic
of MpNPR1-plus plants, as well as a re- . o'f own rooted plants of grafted plants in
duction in the number of leaves infected Lines in growth chamber Waller group greenhouse Waller group
compared to the Galaxy check (Table 2). Galaxy 83.0 A 78.9 A
Inoculation with cedar apple rust (G. TGx-1320 52.9 B8

juniperi-virginianae) caused the formation | 1&x1491 47.3 BC 49.2 8

. . 1. TGx-1321 46.9 BC 49.0 B
of lesions (pycnidia) on the leaf surface | 15 1300 40.3 De 375 c
(Figure 1). One month after inoculation | 1Gx.1393 35.0 CDEF 35.0 c
an average 66 lesions were counted on | TGx-1319 31.0 €F 34.0 C
leaf surfaces of the Galaxy check. Plants | TGx-1509 28.9 F
of the MpNPR1-plus lines tested showed | M7 22.3 F 17.0 D
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Resistance to apple scab (Venturia inaequalis)
of own-rooted Galaxy lines containing an
extra copy of the apple gene MpNPR1
as determined in a growth chamber.

Line Infection # leaves with
rating ° sporulation
Galaxy 2.48 4.86 0.5
TGx-1319 1.12 295+0.3
TGx-1320 1.35 3.02+04
TGx-1323 1.01 2.62 + 0.2
TGx1509 1.09 2.83+0.3

2 0: <5% leaf surface with sporulation,
1: 5 to 25% leaf surface with sporulation,
2: 25 to 50% leaf surface with sporulation,
3: >50% leaf surface with sporulation.

an average reduction of 40% in the num-
ber of necrotic lesions on the upper sur-
face of the leaves, and a reduction in for-
mation of fruiting lesions (aecia) on the
lower surfaces. After staining of three-
week-old rust-inoculated leaves, micro-
scopic analysis revealed that most of the
lesions observed on the MpNPR1-plus
lines had necrosis or mycelia without
sporulation compared to the Galaxy
check, on which all lesions had mycelial
growth with abundant sporulation.

Conclusions

Our results showed that “over-ex-
pression” of the MpNPR1 gene increased
the resistance of apple, to varying de-
grees, to three important pathogens: fire
blight bacteria, the apple scab fungus, and
the cedar apple rust fungus. The broad-
spectrum resistance to both bacterial and
fungal diseases observed is consistent
with previous reports in rice and wheat.
The fact that over-expression of NPR1
proteins causes similar effects in differ-
ent plants suggest the presence of similar
defense pathways in apple, rice and
wheat. In contrast to rice and wheat, how-
ever, the over-expression of MpNPR1 did
not result in any unexpected changes in

apple.

Over-expression of the NPR1 genes
in tomato and rice leads to enhanced non-
specific disease resistance in a dosage-
dependent fashion. Consistent with these
observations, MpNPR1-plus Galaxy apple
lines that accumulated higher levels of
MpNPR1 mRNA and protein exhibited
broad-spectrum resistance to several im-
portant and different diseases tested (fire
blight, apple scab and cedar apple rust).
It will be of interest to determine in the
future whether such plants have en-
hanced resistance to other apple diseases.

An important question is whether
resistance due to over-expression of
MpNPR1 will be durable, or whether it
will break down in face of virulent races
of the pathogens. This is impossible to
predict. However, MpNPR1 protein is not
a “gatekeeper” molecule, and does not
interact directly with pathogens, but is
instead a signaling molecule, passing on
a message from receptor molecules to
molecules turning on the plant’s defenses.
In its signaling role, MpNPR1 is less likely
to induce changes in the pathogen that
would interfere with its role, than are true
Resistance (R) genes. Thus it is possible
that over-expression of MpNPR1 will be
a durable type of resistance.
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