Background

Bacterial canker of tomato is caused by Clavibacter michiganensis ssp. michiganensis (CMM).
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CMM

(Figure 1) is a gram-positive bacterium, a classification based on the difference in the chemical
composition of its cell wall. It flourishes in the xylem of plants (Figure 2). Bacterial canker symptoms
(Figures 3 and 4) include unilateral wilting of leaves, cankers on the stem, and bird’s eye lesions on the
fruit making it unfit for the market. Bacterial canker is thought to be caused by plasmid-encoded genes,
celA and pat-1 (Figure 5). Bacterial canker is controlled using copper, however these treatments are not
always effective. In order to better understand how plants respond to CMM, this project will identify
genes that function in plant defense against this pathogen. By gaining a better understanding of this
plant-pathogen interaction, we hope to be able to develop novel disease control strategies in the future.

Figure 1. Colonies of CMM on
nutrient medium.

Figure 2. Scanning electron
micrograph of bacteria in
xylem vessels.

Figure 3. (A) Unilateral
wilting of tomato leaves;

Figure 4. CMM was isolated from this
tomato field that shows symptoms of
bacterial canker.

Figure 5. Plasmid-encoded genes,
celA and pat-1, are found in the
genetic make-up of CMM and cause
bacterial canker symptoms of tomato.

(B) Canker on stem; (C)
Bird’s eye lesions. All are
symptoms of bacterial
canker caused by CMM.

Materials and Methods

A specific type of tobacco plant, Nicotiana benthamiana (N. bent), was used as a model plant (Figure 6)
for studying bacterial canker of tomato. The leaves of N. bent are easy to infiltrate and it is susceptible to

CMM — overall, it is a great candidate for virus-induced gene silencing (VIGS) (Figures 7 and 8).

About 150 VIGS clones with genes known
to be involved in defense responses to
another pathogen were received from a
collaborator at the Boyce Thompson
Institute. To date, about 100 of these
genes have been silenced in N. bent.

The VIGS clones are in a tobacco rattle
virus vector in Agrobacterium tumefaciens
(Agro). Two young leaves of N. bent
were each infiltrated with 0.1 milliliters of
an Agro liquid culture (optical density at
600 nanometers of 0.15) using a 1-
milliliter syringe (Figure 9). After virus
symptoms appeared (about two weeks),
two young leaves above the previous
infiltration sites were each infiltrated with
0.1 milliliters of CMM (optical density at
600 nanometers of 0.3) using a 1-milliliter
syringe.

Figure 6. N.bent is a good model plant
because its leaves are very easy to
infiltrate and it is susceptible to the
pathogenic affects of CMM.
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Figure 8. Process by which VIGS works (Lu et al., 2003).
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Figure 7. Flow chart exhibiting how VIGS is used to silence
a gene in a young plant (Burch-Smith et al., 2004). This
process is done before inoculating the plant with a
pathogen, in this case CMM, to see if it responds
differently than a control plant due to a gene having been
silenced.

Controls were used to ensure the infiltration and silencing were
working. A positive control was infiltrated with a VIGS clone

containing the gene phytoene desaturase (PDS).
necessary for the production of chlorophyll.
silenced chlorophyll production is blocked therefore making the
leaves turn white (Figure 10). A negative control was infiltrated
with an empty vector; thus no genes were silenced.
infiltration with CMM, sites of infiltration in silenced plants were
compared to sites on the control plant; differences signified that
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the specific gene silenced had an effect on the plant's defense

mechanism(s).

Figure 9. Infiltration of Agro
containing a VIGS clone into a
young tobacco plant using a
syringe. Care was taken to prevent
cross contamination.

Figure 10. (A) Positive control that was infiltrated with a VIGS clone known as PDS
that, when silenced, prevented production of chlorophyll; (B) Negative control that was
infiltrated with an empty vector. Other than the site of infiltration, the plant appears to

be normal.

Results and Discussion

To date, about 100 genes have been silenced in N. bent. Some symptoms observed were result of
silencing a certain gene responsible for a particular trait (Figure 11). In addition to VIGS causing

certain phenotypes to be seen, the infiltration of CMM caused
several plants to have different reactions at the site of pathogen
infiltration. The sites of infiltration were examined and compared to

the negative control.

The response of certain plants was more

severe than the control (Figure 12).

Figure 12. Results of CMM
infiltration; (A) Large
infiltration spot with some
clear and white sections.
The gene silenced in this
plant is related to extensin,
which is responsible for cell
elongation, and caused a
stunting of plant growth. (B)
Large spot with excessive
water being retained is
indicated by the darkened
green tissue. The alpha-
tubulin gene was silenced in
this plant.

Future Work

VIGS clones will continue to be
screened through and used in N. bent
to silence genes before inoculating
with the pathogen CMM. VIGS
clones that caused infiltration sites of
CMM to be worse than the control will
be tested again to see if the same
result is obtained. Once the list of
VIGS clones has been narrowed
down using tobacco, the clones will
be used in tomato to study its
defense responses to CMM. If this
pathogen, as well as the disease that
it causes in tomato, can be better
understood on the genetic level novel
disease control methods can be
developed yielding in more fruit of
higher quality.

Acknowledgements

Figure 11. (A) Stunted growth
caused by the silencing of an
elongation factor; (B) Mottling is
another phenotype produced by
silencing genes.

Boyce Thompson Institute and Cornell University — Greg Martin and

Bridget Randall

Hobart and William Smith Colleges — Office of the Provost and

Professor Tom Glover

Smart Lab — Chris Smart, Holly Lange, Ning Zhang, Maryann Borsick,

Jonathan Oliver and Gabrielle Meeks

Literature Cited

Burch-Smith, T.M., Anderson, J.C., Martin, G.B., Dinesh-Kumar, S.P. 2004.
Applications and advantages of virus-induced gene silencing for gene function
studies in plants. The Plant Journal 39: 734-746.

Lu, R., Martin-Hernandez, A.M., Peart, J.R., Malcuit, |., Baulcombe, D.C. 2003.
Virus-induced gene silencing in plants. Methods 30: 296-303.



