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Many insect-borne pathogens have complex life histories because
they must colonize both hosts and vectors for successful dissem-
ination. In addition, the transition from host to vector environ-
ments may require changes in gene expression before the patho-
gen’s departure from the host. Xylella fastidiosa is a xylem-limited
plant-pathogenic bacterium transmitted by leafhopper vectors
that causes diseases in a number of economically important plants.
We hypothesized that factors of host origin, such as plant struc-
tural polysaccharides, are important in regulating X. fastidiosa
gene expression and mediating vector transmission of this patho-
gen. The addition of pectin and glucan to a simple defined medium
resulted in dramatic changes in X. fastidiosa’s phenotype and
gene-expression profile. Cells grown in the presence of pectin
became more adhesive than in other media tested. In addition, the
presence of pectin and glucan in media resulted in significant
changes in the expression of several genes previously identified as
important for X. fastidiosa’s pathogenicity in plants. Furthermore,
vector transmission of X. fastidiosa was induced in the presence of
both polysaccharides. Our data show that host structural polysac-
charides mediate gene regulation in X. fastidiosa, which results in
phenotypic changes required for vector transmission. A better
understanding of how vector-borne pathogens transition from
host to vector, and vice versa, may lead to previously undiscovered
disease-control strategies.
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Insect vectors are responsible for transmitting a variety of
pathogens to a range of animal and plant hosts. Interactions

between vector and pathogen vary from simple mechanical
transmission to intricate interactions where the pathogen must
develop and multiply within vectors. In addition, pathogens may
only be transmissible, or present in transmissible tissue, at
certain times within an infected host; the concentrations of some
human microfilariae in the peripheral circulatory system are
highest during times of day that coincide with vector biting
activity (1). It is also plausible that factors, such as host-stress
responses because of infection (2) or molecules of host origin
that mediate the expression of genes (3), are required for
pathogen transmission or increase disease spread rates, as vector
competence is frequently context-dependent (4–6).

A wide range of signal molecules, environmental stresses, and
other factors trigger changes in gene expression in human,
animal, and plant pathogens, resulting in new phenotypes that
increase the fitness of individuals (7, 8). Phenotypic changes are
especially important for pathogens with complex life histories,
which must survive in multiple environments under different
habitat-dependent stresses. The etiological agent of Lyme dis-
ease, Borrelia burgdorferi, for example, colonizes hosts as diverse
as mice, birds, and ticks, which represent distinct habitats to
which B. burgdorferi must appropriately respond (9). The facul-
tative human pathogen Vibrio cholerae, which occurs in aquatic
environments and the human gastrointestinal tract, modifies its
transcription profile in late stages of human infection (before
leaving the host) to enhance its chances of survival in its aquatic
habitat (8, 10). Therefore, many pathogens have phenotypic
plasticity that permits the exploration of multiple environments,

which is likely regulated by signals or cues provided by their
habitat.

In many cases, pathogens may interact with host surfaces
without live cells. V. cholerae colonizes the exoskeleton of
copepods where it is maintained in the environment. It has a
regulon for chitin utilization (11), which, among other things,
facilitates V. cholerae colonization of zooplankton and the
formation of biofilms (12). In this case, a structural compound
(chitin) of V. cholerae’s aquatic hosts function as an environ-
mental cue to which the bacterium responds. Pathogens may also
respond to contact with host cells. The pathogen Ralstonia
solanacearum requires a type-III secretion system to cause
disease in host plants. Brito et al. (13) showed that triggering of
genes associated with R. solanacearum pathogenicity occurs in a
plant cell contact-dependent manner after an outer-membrane
receptor contacts a host-plant cell. Therefore, the regulation of
colonization and pathogenicity genes is also dependent on a wide
range of signals and cues received by bacteria.

Xylella fastidiosa is a vector-borne bacterial pathogen that
colonizes a large number of plants, including crops of economic
importance, such as grape, citrus, coffee, and almond (14). One
of X. fastidiosa’s unique characteristics is that it interacts with
polysaccharide-coated surfaces in both host plant and vector
(15). In plants, as a xylem-limited organism, X. fastidiosa is
confined in vessels composed of polysaccharides, such as cellu-
lose and pectin. Within its leafhopper vectors, this bacterium
colonizes the foregut surface (16), which is part of the insect’s
exoskeleton and is composed primarily of chitin and chitin-like
polysaccharides. X. fastidiosa transmission is dependent on cell-
cell signaling (i.e., quorum sensing), as a signal-production
mutant is not transmissible by vectors and does not colonize
vectors (17). In addition, this bacterium requires afimbrial
adhesins to colonize leafhoppers (18), which are under control
of a cell-cell signaling regulatory system (19). Therefore, it is
expected that cells grown in vitro to high densities should be
transmitted by vectors if provided to insects through an artificial
diet system. However, X. fastidiosa grown in commonly used
media are not transmissible by vectors, despite the fact that they
reach high cell densities in culture and are acquired by vectors
in large numbers through artificial diet systems (20). These
observations suggest that biotic interactions impacting gene
regulation in plant hosts, but not in vitro, or an unidentified plant
factor, are required for X. fastidiosa to transition into a vector-
transmissible phenotype.

Author contributions: N.K. and R.P.P.A. designed research; N.K. performed research; N.K.
and R.P.P.A. analyzed data; and N.K. and R.P.P.A. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

Freely available online through the PNAS open access option.

Data deposition: The data reported in this paper have been deposited in the Gene
Expression Omnibus (GEO) database, www.ncbi.nlm.nih.gov/geo (accession no. GSE18369).

1To whom correspondence should be addressed. E-mail: rodrigoalmeida@berkeley.edu.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0908562106/DCSupplemental.

22416–22420 � PNAS � December 29, 2009 � vol. 106 � no. 52 www.pnas.org�cgi�doi�10.1073�pnas.0908562106

http://www.pnas.org/cgi/content/full/0908562106/DCSupplemental
http://www.pnas.org/cgi/content/full/0908562106/DCSupplemental


Pectin degradation is required for X. fastidiosa pathogenicity
and movement within plants because it is the major component
of pit membranes between xylem vessels (21). Pit membrane
degradation may also expose cell wall polysaccharides that could
then be digested by other extracellular enzymes, such as glu-
canases (15). Thus, it is possible that such compounds of host
origin, specifically the polysaccharides pectin and glucan, induce
a state change in X. fastidiosa gene expression that leads to vector
colonization and transmission. We tested the hypothesis that X.
fastidiosa responds to environmental cues in a context-
dependent fashion so that the balance between host plant
colonization and dispersal can be optimized through phenotypic
transitions. We show that host plant structural carbohydrates,
especially pectin, induce regulons that are required for plant
pathogen vector transmission.

Results
Carbohydrate-Driven Phenotypic Changes in X. fastidiosa. The
growth of X. fastidiosa was compared in four different media, a
rich complex medium (periwinkle wilt GelRite or PWG) (22), a
simple defined medium (X. fastidiosa medium or XFM), and
XFM supplemented with either glucan or pectin. Cell growth
was similar in XFM and the supplemented media but lower in
PWG when compared to all other media (P � 0.0001) (Fig. 1A).
However, the ratio of planktonic/attached cells found in the
various media was variable. In XFM we found more planktonic
than attached cells, whereas that proportion was equal for
XFM-glucan; in XFM-pectin, more cells were attached to the
surface of vials than in suspension (Fig. 1B). These results were
visually confirmed by staining cells forming biofilms in the
air/broth interface of flasks maintained in a shaker (Fig. 1C). We

used an immunological assay to relatively quantify the amount of
exopolysaccharides (EPS, gum) produced by cells grown in the
different media and found that all XFM-based media had
approximately twice as much EPS present on cells compared to
PWG (Fig. 1D). Bacterial lawns grown on solid XFM and
XFM-polysaccharides had a glossy appearance when compared
to PWG (Fig. 1E). Afimbrial adhesins (Hxfs) have been shown
to be important for X. fastidiosa adhesion to insect vectors (18)
and pathogenicity to plants (24). We used a dot-blot assay based
on polyclonal antibodies produced against a domain of X.
fastidiosa’s Hxfs to show that cells in XFM-pectin produced more
Hxfs than in other media (Fig. 1F), indicating that expression of
these adhesins are regulated by polysaccharides and associated
with the bacterial-adhesion phenotypes observed. All together,
our results show several phenotypic changes in X. fastidiosa
based on media composition; pectin and, to a lesser extent
glucan, induced phenotypic changes in X. fastidiosa.

Host Polysaccharides Induce Changes in Gene Expression Profiles. To
better explore the phenotypic changes observed, we compared
transcription levels of 2,036 X. fastidiosa genes through gene-
expression microarrays. Gene-expression profiles were different
among cells grown in the four media tested (Table S1), with
XFM-pectin inducing a larger number of changes to gene tran-
scription levels (Fig. S1). We divided the microarray data into six
clusters of genes according to their expression in the different media
(Table S2). A large number of genes (133) were differentially
regulated only in the presence of pectin. Those up-regulated
included type-I fimbriae ( fimA), afimbrial adhesins (hxfs), EPS
(gumJ), and phage-related genes, in addition to a considerable
number of hypothetical proteins. On the other hand, down-
regulated genes were more diverse in function. We used real-time
quantitative PCR to estimate the level of gene expression of several
genes previously shown to affect X. fastidiosa’s pathogenicity and
adhesion to surfaces (Fig. 2 and Table S3). All genes tested had
higher transcription levels on XFM, XFM-glucan, and XFM-pectin
when compared with the rich-medium PWG (see Fig. 2A). To
analyze the role of polysaccharides on gene regulation, gene
transcription rate on XFM-glucan and XFM-pectin in relation to
XFM alone was compared (see Fig. 2B). The cell-cell signaling
molecule synthase gene (rpfF) was up-regulated by pectin and
glucan. This may explain results observed for some of the genes
tested, as it would affect cell-cell signaling-dependent genes; ex-
ceptions are the afimbrial adhesins hxfA and hxfB that were
up-regulated over three orders of magnitude, and the induction of
engxcA (an endoglucanase) in the presence of its substrate (glucan).
Accordingly, one gene associated with pathogen movement within
plants (pilY1, a component of type-IV pili) was down-regulated.

Fig. 1. Xylella fastidiosa phenotypic differences in four different media. (A)
Bacterial growth curves in liquid media. (B) Populations of planktonic versus
glass-attached cells grown in vitro; bars with the same letter are not different
from each other within media treatments (t test, P � 0.05). (C) Biofilm
formation at air/broth interface in different media (indicated by arrow). (D)
EPS production quantified immunologically in four media (filled bars, un-
washed cells; empty bars, washed cells), asterisks (P � 0.05 for one, P � 0.001
for two) indicate within-media differences; bars with the same letter are not
different from each other within wash treatments. (E) Visual aspect of bac-
terial lawns on solid media; glossy phenotype likely associated with EPS
production. (F) Immunological detection of Hxfs in 10-fold dilution series of
cells grown in the four different media (a, PWG; b, XFM; c, XFM-glucan; d,
XFM-pectin).

Fig. 2. Quantification of transcription level for genes implicated in X.
fastidiosa pathogenicity and transmission. (A) Fold-changes in gene expres-
sion of XFM-based media in relation to medium PWG; value of 1 indicates no
difference in relation to PWG. (B) Polysaccharide-induced changes in X. fas-
tidiosa gene expression; value of 1 indicates no difference in relation to basal
XFM medium.
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These results suggest that polysaccharides differentially mediate
gene expression in X. fastidiosa by (i) affecting rpfF expression levels
and, thus, cell�cell-signaling dependent genes; (ii) substrate-
dependent induction of enzymes; and (iii) possibly directly inducing
genes associated with pathogenicity (i.e., afimbrial adhesins). These
results are consistent with our phenotypic observations (see Fig. 1).

Vector Transmission of Cells Grown in Pectin-Supplemented Medium.
Artificial diet systems are useful to study how insect-borne
pathogens interact with their respective vectors. Through these
systems, pathogen cells (or virus particles) are delivered to
vectors under controlled conditions that allow for experimental
manipulation in the absence of host plants and host plant-vector
interactions. We tested whether cells grown in each of our four
different media were transmissible by leafhopper vectors when
an artificial diet system was used. Cells in PWG were not
transmissible (Fig. 3). However, cells in the basal medium XFM,
XFM-glucan, and XFM-pectin were transmissible by vectors,
albeit with different efficiencies (see Fig. 3). It is notable that
genes with high transcription levels (�1,000-fold) in the pres-
ence of pectin include hxfA and hxfB (see Fig. 2), which were
directly implicated in the initial colonization of vectors’ mouth-
parts (18).

Pectin Is Not Directly Responsible for Gene Regulation. Because
pectin is a large molecule, we tested whether it was directly
involved in the phenotype observed in our bioassays by using a
polygalacturonase (pglA) mutant, which is the only X. fastidiosa
gene expected to degrade pectin. We found that the phenotypic
changes observed required pectin degradation, as the pglA
mutant had the same phenotype on XFM-pectin as on XFM
(Fig. S2). The pglA bacterial lawns grown on solid XFM-
polysaccharides had a glossy appearance when compared to
PWG (see Fig. S2C) and an immunological assay showed that the
amount of EPS produced by the pglA mutant was similar in both
the XFM-pectin medium and XFM (see Fig. S2D). These data
show that pectin degradation into its subunits is required for the
phenotypic changes observed.

Pectin is primarily composed of galacturonic acid with rham-
nose side chains; the ratio of these sugars is host-plant species-
dependent (25, 26). We compared the phenotype and gene
expression level of wild-type cells and a pglA mutant grown in
XFM, and XFM-pectin, XFM-Na-galacturonate (in place of
galacturonic acid), and XFM-rhamnose (Fig. 4). Biofilm forma-
tion on glass vials was more pronounced for wild-type cells in
XFM-pectin and XFM-Na-galacturonate. A similar biofilm ring
was observed in XFM-Na-galacturonate but not XFM-pectin for
the pglA mutant, suggesting that pectin is indirectly mediating
gene expression of adhesins (see Fig. 4A). These results were
confirmed by comparing the ratio of planktonic cells to those

adhered to glass under the same conditions (see Fig. 4B). As EPS
production and glossy colonies were correlated to growth con-
ditions (see Fig. 1), a comparison was made between bacterial
lawns formed by cells grown in these different media. Again,
glossy colonies were only observed for the pglA mutant grown in
XFM supplemented with Na-galacturonate, indicating that pec-
tin degradation is required for the phenotypic changes observed
(see Fig. 4C). We also determined transcription levels of one
gene up-regulated in the presence of pectin (hxfB) and another
down regulated (pilY1). Expression patterns support the pheno-
type-based findings that Na-galacturonate, not pectin, was re-
sponsible for gene induction and subsequent phenotypic changes
in X. fastidiosa (see Fig. 4D). Finally, the presence of pectin or
Na-galacturonate in XFM induced the formation of small wild-
type colonies on solid medium rather than a diffuse lawn;
however, this was only observed for the pglA mutant when
Na-galacturonate was added to XFM (Fig. S3). This phenotype
may be a consequence of increased cell-cell adhesion in the
presence of pectin, as it up-regulates the afimbrial adhesins Hxfs.

Discussion
The transmission of X. fastidiosa was initially thought to be the
consequence of simple insect-pathogen interactions because of
the fact that a large group of insects (sharpshooter leafhoppers
and spittlebugs) are vectors of this pathogen, apparently without
any specificity (20). However, the finding that transmission is
regulated by cell-cell signaling (17) indicated that X. fastidiosa

Fig. 3. Pectin induction of X. fastidiosa vector transmission. Cells grown on
different media were suspended in feeding medium and provided to 50
leafhoppers individually per treatment. Media with different letters on bars
are statistically different (P � 0.05).

Fig. 4. The main subunit of pectin is responsible for gene induction in X.
fastidiosa. (A) Biofilm formation at air/broth interface for the X. fastidiosa
wild-type and polygalacturonase (pglA) mutant in four media; XFM, and XFM
supplemented with -P(ectin), -G(alacturonate-Na), and -R(hamnose). (B) Pop-
ulations of planktonic versus glass-attached cells grown in four media; bars
with the same letter are not different from each other within media treat-
ments (t test, P � 0.05). (C) Visual aspect of bacterial lawns on solid media. (D)
Quantification of hxfB and pilY1 transcription under the same conditions for
the wild-type and mutant; value of 1 indicates transcription level equal to cells
grown in the basal medium XFM.
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colonization of vectors was not a trivial mechanical process. Our
results show that two host structural polysaccharides, pectin and
glucan, induced regulons that affect the phenotype of this
pathogen. The role of pectin in up-regulating genes associated
with cell adhesion to surfaces was of particular significance, as
observed through in vitro phenotypic results and the fact that
cells grown in XFM-pectin were transmissible by vectors more
than in any other treatment tested here. Because pectin is a
complex and large polysaccharide, we hypothesized that one of
its building blocks was responsible for gene induction. We found
that Na-galacturonate, not pectin itself or another one of its
subunits, rhamnose, was in fact responsible for the molecular,
biochemical, and biological results obtained.

Chatterjee et al. (15) proposed that X. fastidiosa has a dual
lifestyle controlled by cell-cell signaling, particularly during plant
colonization and initial attachment to insects. In low cell den-
sities, X. fastidiosa moves within the xylem network of plants by
up-regulating genes required for degradation of pit membranes
and movement, such as type-IV pilus. At higher densities cells
have adhesins induced, some of which have been associated with
reduced movement within plants and insect colonization (18, 24,
27). Our quantitative PCR results showed that the signal syn-
thase gene (rpfF) is up-regulated in the presence of pectin.
Although cell density reached similar levels in all XFM media
tested, induction of genes such as adhesins was only observed in
XFM supplemented with polysaccharides. It is possible that
alternative regulatory pathways independent of, or functioning
in tandem with, the cell-cell signaling cascade exist in X.
fastidiosa. Future work with knockout mutants and different
media conditions are needed to explore this possibility. It is also
possible that carbohydrate utilization pathways are linked to
virulence in X. fastidiosa, as has been observed in Group A
Streptococcus (28). Although mechanistically unclear, our results
support the general hypothesis of Chatterjee et al. (15), but we
provide evidence that environmental cues affect gene regulation
of X. fastidiosa, apparently inducing an overdrive of the expected
high cell density-derived phenotype.

The observed phenotypic transition from host colonization to
dispersal-prone or environment-resistant cells has been ob-
served in other pathogens, such as V. cholerae and Citrobacter
rodentium, although in different contexts. A hyperinfectious C.
rodentium state is observed after this enteric mouse pathogen
leaves the host, but the phenotype is transient and lost after
culturing on rich medium (29). Phenotypic transitions in V.
cholerae are better explored and involve transitions that occur in
response to cues from a new host (chitin regulon) or within the
same host (early and late infections in humans) (8, 10, 11, 30, 31).
In the case of X. fastidiosa, changes to expression that permit
vector acquisition occurred within the host plant the pathogen
already colonized and not as a result of its encounter with an
insect vector. Because of the differences between the plant and
insect environments, and observed differences in colonization
patterns in these habitats (16, 17, 32), it is possible that X.
fastidiosa also responds to cues in the vector. Those cues may
induce a regulon required for the colonization of the foregut’s
chitinous surface, similarly to the chitin regulon in V. cholerae.

Induction of the dispersal state in X. fastidiosa is controlled by
cell-cell signaling (17), but it is also regulated by the presence of
host structural carbohydrates. In this context, cells prepare for
dispersal once they reach high densities within a vessel, which
only occurs after other vessels in the xylem network have already
been colonized (32). Because X. fastidiosa colonization of plants
is heterogeneous (32), some vessels may harbor cells in a
nontransmissible state, while others that are fully colonized have
transitioned into a vector-transmissible phenotype. This dichot-
omy might be a mechanism used to optimize dispersal oppor-
tunities and increase fitness within plants, as both occur in the
presence of host structural carbohydrates. At low cell densities

the probability of being acquired by vectors is likely lower than
at high cell densities, and within-plant movement would increase
the probability of eventually being acquired by vectors; at high
cell densities colonies confined to vessels may eventually die and
not result in new vessel infections (15). Therefore, X. fastidiosa
cells capable of colonizing vectors might originate primarily from
microcolonies permanently restricted to individual xylem vessels
and no longer involved in plant colonization.

It is possible that phenotypic transitions associated with
dispersal or increased fitness in new environments, regulated in
a host-factor and cell density-dependent fashion, are common
for bacterial pathogens that explore multiple environments.
Investigation of such potential state switches may yield valuable
information on the biology of pathogens with a complex life
history. Similar processes, but in a different context, may also be
relevant to other plant pathogens, such as Xanthomonas spp.,
which have a distinct biology such as vector-independent dis-
persal, but have a regulatory system dependent on cell-cell
signaling homologous to X. fastidiosa.

Materials and Methods
Bacterial Strains and Growth Conditions. We used the fully sequenced X.
fastidiosa grape strain Temecula (33) and site-specific knockout mutant of pglA
generated by Roper et al. (21). Strains were grown in vitro at 28 °C for 7 days on
modified PWG solid medium (22) with or without kanamycin at 5 �g/mL. Cells
were suspended in buffer and concentrations were adjusted to OD600 0.05; then
20-�L drops of cell suspensions were striped onto four different solid-media
plates.ThemediawerePWGandadefinedmediumXFM(describedbelow) inthe
absence or presence of 0.01% pectin (P8471 Sigma-Aldrich) or �-glucan (G6513
Sigma-Aldrich). For other experiments, we used liquid media and did not incor-
porate the gelling agent into medium. Solid and liquid (at 200 rpm) media
cultures were incubated up to 10 days at 28 °C.

XFM Medium. We modified the medium XFD2 (23) to generate a unique
medium, XFM. We autoclaved: 800 mL of deionized water, 1.5 g of
K2HPO4�3H2O, 1 g of KH2PO4, 1 g of MgSO4�7H2O, 1.5 g of disodium succinate,
1.5 g of trisodium citrate, 10 mL of hemin chloride (0.05% in NaOH 0.5 �M) and
10 g of GelRite. Afterward, the following filter-sterilized components were
incorporated, diluted in 100 mL of water: L-asparagine (1 g), L-cysteine (0.5 g),
L-glutamine (3 g), and bovine serum albumin (3 g). If added into media, 0.1 g
of pectin was slowly added to 100 mL of water while stirring rapidly at 75 °C
(�30 min) on a heat-stir plate, then gravity-filtered through Whatman #1
paper three times. When cold, the suspension was filtered to 0.22 �m (up to
a couple of hours under vacuum). Pectin was added to a final concentration of
0.01% (wt/vol) of the medium; for XFM-glucan, 0.1 g of glucan was added to
100 mL of water while stirring at 50 °C, then filtered through 0.22 �m and
added to the medium. For XFM without polysaccharides, 100 mL of sterilized
water was added to complete 1 L of medium. For the liquid media, GelRite was
excluded. All media components were purchased from Sigma-Aldrich.

Growth Curve and Adhesion Assays. Cells of X. fastidiosa were incubated in liquid
media at 28 °C with agitation at 200 rpm for up to 10 days. To quantify cell
growth, daily samples were taken from five independent replicates for each
medium and measured cultures optical density at 600 nm. We performed
ANOVA, with media treatment and day as factors, to compare growth curves
among the four media across 10 consecutive days. A further post hoc test (Tukey)
was performed to conduct pairwise comparisons of media types. Log-
transformation of ODs provided the closest fit to the normality assumption. For
the attachment assays, the formed ring of cells adhered to the glass surface at the
air–medium interface for 10-day-old cultures was stained with 0.1% (wt/vol)
crystal violet. We followed Chatterjee et al. (19) to determine the total number of
planktonic and attached cells in each tissue-culture glass tube. To compare the
number of planktonic and attached cells, paired t tests were used.

Immunoquantification of EPS and Hfxs-Like Proteins. We quantified EPS by
using a protein-A double-antibody sandwich ELISA as described in ref. 23, with
minor modifications. For Hxfs, a dot-blot immunodetection assay was carried
out with polyclonal antibodies produced against those proteins with a shared
putative adhesion domain (provided by B. Kirkpatrick, University of California,
Davis). We used two-way ANOVA followed by multiple comparisons of means
(Tukey test, � � 0.05) to analyze the results obtained on EPS quantification.
For details, see SI Materials and Methods.
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Transmission Tests with Artificial Diet System. X. fastidiosa cells were grown for
7 days on PWG, XFM, XFM-pectin, and XFM-glucan, after which cells were
suspended in a diet solution (L-glutamine, 0.7 mM; L-asparagine, 0.1 mM;
sodium citrate, 1 mM; pH 6.4). The final cell suspensions were adjusted to 108

CFU/mL (OD600 0.25). Each replicate consisted of 50-�L cell suspensions loaded
on a layer of stretched Parafilm on top of a 1-cm diameter plastic vial opened
at both ends, with the drop being later covered by another layer of Parafilm.
One insect was inserted in the tube from the remaining open side, which was
then sealed with a cork (Fig. S4). We replicated the test 50 times for each
medium. After a 6-h X. fastidiosa acquisition access period at 20 °C, insects
were transferred to grape plants for a 4-day inoculation access period. Three
months later, X. fastidiosa was cultured from plants following standard
protocols (22). The blue-green sharpshooter, Graphocephala atropunctata
(Signoret) (Hemiptera: Cicadellidae) was used for these tests. For details, see
SI Materials and Methods. A two by four contingency table was used to
analyze data obtained, followed by pairwise comparisons using Fisher’s exact
test (� � 0.05) with Bonferroni’s correction to account for multiple compar-
isons.

Microarray Experiments. Total RNA was isolated and purified by using TRIzol
Plus RNA Purification Kit (Invitrogen). Synthesis and labeling of the cDNA and

microarray hybridization were performed as described by the arrays manu-
facturer (NimbleGen-Roche). Four-plex arrays with 192,000 features covering
2,036 genes, 18 probes of 60mer per gene, and 5 replicates each probe were
used in this study. Experiments with different media were repeated four
times. Microarrays were scanned with a GenePix 4000B Scanner (Axon Instru-
ments) using the associated software. Data were extracted by using Roche
NimbleGen NimbleScan. ArrayStar software from DNAStar was used to ana-
lyze the data and to produce the hierarchical clustering. Data are available at
National Center for Biotechnology Information’s Gene Expression Omnibus
under GEO series accession no. GSE18369.

Quantitative Real-Time RT-PCR. Reactions were conducted with SYBER Green
mix and 7500 Fast Real-Time PCR System (Applied Biosystems). For details, see
SI Materials and Methods.
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