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fundamental aspects of the acquisition/transmission and
plant colonization processes [10 ,13 ]. X. fastidiosa pos-
sesses a surprisingly large number of adhesins in compar-
ison to other bacteria [9 ,14 ] and is adept at forming
biofilms with intricate three-dimensional architecture
[13 ,15 !!,16–21]. Attachment to the xylem wall is a critical
part of the infection process and downstream insect
acquisition processes, but long-range systemic movement
in the plant requires that the bacteria be in a dispersal,
exploratory state, which would be predominately com-
prised of planktonic cells that have dispersed from the
biofilm (Figure 1a). Thus, X. fastidiosa must maintain
subsets of its population that display these two disparate

(adhesive versus non-adhesive) cellular phenotypes. In
addition, a portion of the adherent population enters an
irreversible adhesive state while some other cells are
maintained in a reversible adhesive state [15 !!,22!!].
Understanding the mechanisms underlying the plasticity
of these two adhesion states is an area that is open for
further exploration.

In terms of bacterial pathogenesis, formation of a
biofilm is an often-critical behavior linked to virulence
and chronic bacterial infections. For many bacteria, X.
fastidiosa included, biofilm morphogenesis and develop-
ment follow the regimented development process of
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Biofilm formation attenuates X. fastidiosa host colonization. (a) X. fastidiosa imposes limits on its own movement through the formation of xylem
wall-adherent biofilms. Systemic colonization is directly correlated with the progression of disease symptoms in grapevines, thus, attenuation of
host colonization through biofilm formation reduces the rate of systemic spread of the bacterium and correlated symptom progression. (b) The
inability to form biofilms locks X. fastidiosa in the exploratory state. Subsequently, increased host colonization facilitates a cognate increased rate
of disease symptom progression in grapevines.
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point, due to severe defoliation or vine death. The pglA– X. fas-
tidiosa mutant could be isolated from plants 20 weeks 
postinoculation, but the frequency was not statistically different 
from the isolations performed after 14 weeks postinoculation 
(Table 2). 

In order to assess the genotype of the pglA– X. fastidiosa 
cells present in the grapevines inoculated with pglA– X. fas-
tidiosa mutants, isolations were performed on PD3 medium 
containing kanamycin. PCR was performed on five individual 
pglA– X. fastidiosa colonies, using pgchkrev and kan-2 fp-1 
and pgchkfwd and kan-2 rp-1 primers (Fig. 1). The expected 
1,572 bp and 1,542 PCR amplicons were obtained, thus con-
firming the identity of the mutants and that the mutation was 
stable (data not shown). No PCR fragments indicating the 
presence of the kanamycin gene were obtained from X. fas-
tidiosa colonies isolated from vines inoculated with wild-type 
X. fastidiosa. 

Bacterial populations were determined at the point of inocu-
lation, 25, and 37 cm above the point of inoculation at 13, 14, 
and 15 weeks postinoculation, respectively. Based on a repeated 
measures analysis of variance (ANOVA) test, the populations 
of wild-type X. fastidiosa were always higher than the pglA– X. 
fastidiosa populations at each distance point measured (Table 3). 

Cloning and expression of the pglA ORF  
in Escherichia coli.  

The ORF PD1485 (Van Sluys et al. 2003) was cloned into 
the expression vector pET-29b (+) to create pMCR5. Sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) analysis of E. coli BL21 (DE3) transformed with 
pMCR5 confirmed that, following induction with isopropyl β-
D-1-thiogalactopyranoside (IPTG), the transformed E. coli 
produced a recombinant protein of approximately 58.2 kDa, 
the expected size of the X. fastidiosa PglA protein. E. coli 
transformed with the empty vector did not accumulate any 
protein with the predicted size of the recombinant PG (Fig. 3). 

Enzymatic activity of the recombinant X. fastidiosa PglA.  
The crude lysates from E. coli transformed with pMCR5 

were capable of degrading polygalacturonic acid (PGA), as 

indicated by the production of reducing end groups when the 
lysates were incubated with PGA (Fig. 4). High-performance 
liquid chromatography (HPLC) analysis showed that this in-
crease in reducing potential was the result of increased con-
centrations of acidic oligomers, which was confirmed by co-
injection of standards (obtained from the Complex Carbohy-
drate Research Center, Athens, GA, U.S.A) (Spiro et al. 1993) 
with degrees of polymerization of 10 (elution time = 25.51 
min) and 11 (elution time = 26.61 min) (Fig. 5). Additionally, 

Fig. 2. Vitis vinifera cv. Chardonnay plants inoculated with wild-type Fetzer Xylella fastidiosa, pglA– X. fastidiosa, or a water control. Plants were inoculated 
with 40 µl of a 108 CFU/ml bacterial suspension or H2O. Plants shown are 18 weeks postinoculation. 

Table 1. Disease severity of greenhouse-grown grapevines inoculated with 
wild-type  Xylella fastidiosa (WT), pglA– X. fastidiosa, or H2O (control)a 

Time postinoculation WT pglA– H2O 

12 weeks 0.56 ± 0.52 0 0 
13 weeksb 1.22 ± 0.97 0 0 
14 weeks 2.22 ± 1.0 0 0 
15 weeks 2.66 ± 1.0 0 0 
16 weeks 3.2 ± 0.83 0 0 
17 weeks 3.4 ± 0.76 0 0 
18 weeks 3.5 ± 0.52 0 0 
19 weeks 4.0 ± 0.5 0 0 
20 weeks 4.6 ± 0.5 0 0 
21 weeks 4.7 ± 0.44 0 0 
a Disease severity was based on a visual disease scale from 0 (no disease) 

to 5 (dead). Data represent the mean of the first repetition of the patho-
genicity assay. The second repetition obtained similar results. 

b From this timepoint on, significance detected at the 99% confidence level. 

Table 2. Percentage of Chardonnay grapevines containing wild-type Xylella
fastidiosa or X. fastidiosa pglA– mutant cells in petiole tissue at various 
times postinoculation and distances from the point of inoculation (POI)a 

  Distance above POI 

 POI 25 cm 37 cm 25 cm 

Genotype 13 weeks 14 weeks 15 weeks 20 weeks 

Wild type 80% 100% 100% ND 
pglA::Tn903 <kan-2> 50% 30% 45% 50% 
a Data represent the mean of two experiments inoculating 20 vines with 

wild-type X. fastidiosa or pglA– X. fastidiosa (80 vines total); ND = not 
determined because vines were completely defoliated or dead. 
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P<0.0001). Populations of the chiA mutant strain remained
low, suggesting a lack of multiplication within vectors, while
those of the complemented chiA mutant strain reached the
high populations found in the wild-type strain (Fig. 3b).

ChiA activity is required for X. fastidiosa
colonization of plants

Despite the fact that plants do not contain chitin and that
ChiA was shown to be a functional chitinase, we tested
whether plant colonization was affected in the chiA mutant
strain. Following mechanical inoculation of plants, all
strains were detected close to the inoculation site (<1 cm)
and no significant difference was observed among treat-
ments 2 months after infection (Table 1; wild-type versus
chiA mutant: Z=0.56, P=0.56; wild-type versus comple-
mented mutant: Z=!1.0, P=0.32). Importantly, while the
wild-type and complemented chiA mutant strains were
detected at equal frequencies at 15 cm above the inoculation
site (Table 1; Z=0.22, P=0.83), the chiA mutant was not
(Table 1; Z= !3.16, P=0.002). Using qPCR, bacterial popu-
lations were assessed for each strain at 1 and 15 cm above
the inoculation site, 12 weeks after infection; there were no
differences at 1 cm, but the chiA mutant strain was not
detected at 15 cm, while the wild-type and complemented
strains were detected with similar population sizes (Table 1).
Furthermore, the chiA mutant strain did not cause disease
symptoms, while plants inoculated with either the wild-type
or the complemented strain were symptomatic (Table 1).

DISCUSSION

The results support our hypothesis that a Xylella fastidiosa
chiA mutant strain would be deficient in chitin utilization
and, consequently, would have reduced population size and
be affected in its vector transmission. The results show that
the chiA mutant strain is not able to grow in vitro on a
medium with chitin as a sole carbon source. In addition,
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Fig. 3. Role of ChiA in X. fastidiosa vector transmission and colonization. (a) Transmission rate of X. fastidiosa wild-type, chiA mutant
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insects were excluded). Error bars represent ±SE.

Table 1. Grapevine host plant colonization by Xylella fastidiosa strains

Results indicate that cells of all strains were viable at the site of inoc-

ulation, but the chiA mutant strain did not move within plants and did

not cause disease symptoms, as observed for the two other strains.

Proportion of culture-positive

plants at two points above

inoculation site*, and bacterial

populations (mean ±SEM)†

Strain 1 cm 15 cm Disease

symptoms

N‡

Wild-type 17/19 | 4.8±1.7 15/19 | 4.7±1.8 26/27 30

chiA mutant 19/20 | 4.8±1.7 0/20 | 0±0 0/27 30

Complemented
chiA mutant

9/12 | 4.8±1.5 10/12 | 4.8±1.7 12/15 15

*Not all plants inoculated were tested for the presence of live X. fastid-

iosa cells with the culturing assay.

†Bacterial population estimates are based on five randomly selected

plant replicates (log10 transformed, number of cells µg!1 of total

DNA).

‡Total number of plants inoculated.

Labroussaa et al., Microbiology 2017;163:502–509
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Sun 2011, dissolution of the middle lamella might contribute to
the weakening of the PM’s two primary cell walls. The
most common consequence of this was the formation
of a crack along the central band region of one or both
primary walls, probably due to the concentrated pres-
ence of larger-sized pores (Fig. 4, F and G). At this
stage, pores and/or cracks in the PM were large
enough for the free passage of Xylella cells. Further
loss of wall material from the two primary walls in-
creased their porosity, eventually leading to the par-
tial or complete removal of one or both primary walls
from the PM site (Fig. 4, H and I). Water movement
through damaged intervessel PMs could also contrib-
ute to the final breakdown of a PM. However, the
extent to which water movement occurs in these dam-
aged vessels, which also likely contain vascular sys-

tem-occluding tyloses and gels (Sun et al., 2006, 2008),
is not at all clear. At this stage, the PM has completely
lost its role as a barrier to the vessel-to-vessel spread of
X. fastidiosa cells.

The degradation of the two primary cell walls of
each PM usually occurred simultaneously, but it may
occur at different rates (Fig. 4F). Differences in rates
seemed most obvious later in PM degradation, when
the two primary cell walls had separated. Similarly,
the degradation of neighboring intervessel PMs may
also be uncoordinated (Fig. 4H), although more or less
coordinated degradation was often seen (Fig. 4, A, B,
E, and I). The degradation of intervessel PMs was
observed only in the vessels associated with Xylella
cells, these often seen on the faces of degrading PMs
(Fig. 4, E, H, and I). In some cases, however, bacterial

Figure 4. Degradation process of intervessel PMs in PD-susceptible Chardonnay grapevines revealed by SEM. Secondary wall
borders of pits were removed to expose the whole PM surface. The progressive stages of PM degradation were shown from A to I
except E, which showed the same stage as in D. A, Small patches with a rough surface (arrows) were scattered along the width in
the central region of each PM. B, The central band region with a rough surface occurred across the entire PM width. C, An
enlarged image of B, showing loosening PM surface and a number of tiny pores in the primary cell wall in the central region of a
PM. D, The region with a rough surface has now expanded to the peripheral regions of the PM, and more tiny holes have become
visible in the PM’s primary cell wall. E, Rough degrading intervessel PMs are associated with Xylella cells (arrows). F, The two
primary cell walls of each PM are distinguishable. The facing primary wall of each PM had a portion lost and what remained
shows many pores. The PM’s interior surfaces exposed by the lost wall section have several pores and a crack along the PM’s
central band region. G, An enlarged PM portion, showing a very porous primary cell wall extending for the entire height of the
PM. H, Xylella cells are accumulated mostly in the central band regions of porous PMs. I, Part or all of a PM has disappeared. Bar
equals 10 mm in A and B; 3 mm in C, D, E, and G; and 5 mm in F, H, and I.
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cells were observed as many as eight vessel elements
away from degrading PMs (Fig. 4, A–D and F). In
transverse section vessels with modified intervessel
PMs usually formed clusters of multiple cells and
appeared to be more or less restricted to a few regions
of secondary xylem.

Vessels that were being subjected to degradation
were quantitatively compared among the three grape-
vine genotypes (Fig. 5) and a significant difference was
found between the Xylella-inoculated PD-susceptible
and -resistant lines. The percentage of the vessels with
modified intervessel PMs was 14.4% in Chardonnay,
but less than 1.2% in U0505-01 and 89-0908. The latter

value is not significantly different from that in the
corresponding PBS-inoculated controls (Fig. 5). This
indicates that even in PD-susceptible grapevines
with severe external PD symptoms, only a relatively
small portion of the vessels had damaged interves-
sel PMs.

Distribution of X. fastidiosa in Secondary Xylem Tissue
of Grapevine Genotypes with Different PD Resistances

This study also investigated distribution of X. fas-
tidiosa cells in the 12-week postinoculation vines of the
four test grapevine genotypes. In Chardonnay and
Riesling vines, bacterial cells were observed in most
or all of the internodes examined, including those in
the inoculated and noninoculated shoots of each vine
(Table I). This indicated not only that the systemic
spread of Xylella cells occurred in the susceptible
vines, but also that the bacterial cells moved down-
ward from the inoculation site on an inoculated shoot,
eventually reaching the noninoculated shoot through
the common trunk that the two shoots shared. In 89-
0908 vines, Xylella cells were not observed in the
noninoculated shoots of all the vines that were exam-
ined. Furthermore, with these PD-resistant vines Xy-
lella cells either were not found in the inoculated
shoots in vines that were examined or, when pathogen
cells were detected, they were seen only within the
several internodes downward or upward from the
inoculation sites (Table I). A similar situation was seen
in the U0505-01 vines examined (Table I). Collectively,
these observations demonstrate the localized distri-
bution of Xylella cells in the PD-resistant genotypes
and their systemic distribution in the PD-susceptible
grapevines.

Figure 5. Quantitative comparison of the amounts of vessels with
modified intervessel PMs in PD-susceptible (Chardonnay) and -resistant
(U0505-01 and 89-0908) genotypes. Each genotype included both
Xylella-infected vines and PBS-inoculated control vines. Each datum is
presented with a mean and SD based on three replicates from three
grapevines, respectively. Sixty-three to 88 vessels were observed for
each replicate.

Table I. Distributional comparison of X. fastidiosa in some exemplary 12-week-postinoculated grapevines with different PD resistances

The absence or presence of bacterial cells was examined in both inoculated and noninoculated shoots of PD-susceptible grapevine var.
Chardonnay (Chardonnay) and grapevine var. Riesling (Riesling) as well as in shoots of PD-resistant V. arizonica X rupestris (89-0908) and V. vinifera
X arizonica (U0505-01).

Internodea
Chardonnay (PD

Susceptible)
Riesling (PD
Susceptible)

89-0908 (PD
Resistant)

U0505-01 (PD
Resistant)

Inoculated Shootb Noninoculated Shoot Inoculated Shoot Noninoculated Shoot Inoculated Shoot Noninoculated Shoot Inoculated Shoot

1 +c + 2 2 2 2 2
3 + 2 + + + 2 2
5 + + + 2 + 2 +
7 + + + + 2 2 2
9 + + 2 + 2 2 2
11 + + + + 2 2 2
13 + + + + 2 2 2
15 + 2 + + 2 2 N/A
17 + + + + 2 N/A N/A
19 + + N/A + N/A N/A N/A
21 + N/Ad N/A 2 N/A N/A N/A
23 + N/A N/A N/A N/A N/A N/A

aInternodes are numbered from each shoot base upwards with the first internode at the base as internode 1. bInoculation site was at the sixth
internode from the shoot base in all the genotypes except U0505-01 that was inoculated at the fourth internode. c+ or 2 indicates that Xylella
cells were observed or not observed in a specific internode. dN/A represents unavailability of a specific internode due to the short shoot.

Sun et al.

1982 Plant Physiol. Vol. 155, 2011
 www.plant.org on October 7, 2015 - Published by www.plantphysiol.orgDownloaded from 

Copyright © 2011 American Society of Plant Biologists. All rights reserved.

late-stage PD in Cabernet Sauvignon vines inoculated with
DengXCA1/2 compared with wild type-inoculated vines,
whereas, in Chardonnay there was no difference in the rate of PD
symptom development between mid- and late-stage PD (Tables 2
and 3). These data taken together indicate that X. fastidiosa
virulence is dependent on EngXCA1 and EngXCA2 in both
Chardonnay and Cabernet Sauvignon, but the rate at which PD
symptoms develop in the absence of EngXCA1 and EngXCA2 is
cultivar dependent.
The DengXCA1 single mutant also behaved differently in

Chardonnay compared with Cabernet Sauvignon. DengXCA1-
inoculated Chardonnay vines only displayed PD symptom
scores similar to wild type-inoculated vines at late-stage PD,
whereas PD symptom scores in DengXCA1-inoculated Caber-
net Sauvignon vines were similar to wild type-inoculated vines
at mid- and late-stage PD (Fig. 2B and E). Furthermore, the PD
symptom progression rate for DengXCA1-inoculated Char-
donnay vines was significantly faster between mid- and late-
stage PD compared with wild type-inoculated vines (Table 3),
whereas the PD symptom progression rate for DengXCA1-
inoculated Cabernet Sauvignon vines was consistently similar
to wild type-inoculated vines (Table 2).
DengXCA2-inoculated Chardonnay vines had PD symptom

scores that were similar to those for wild type-inoculated vines
during early- and mid-stage PD, but the DengXCA2 mutant eli-
cited significantly higher PD symptom scores than wild-type
X. fastidiosa during late-stage PD and at the endpoint (Fig. 2F),
which differed from its behavior in Cabernet Sauvignon, in
which it was hypervirulent at all stages of PD (Fig. 2C). More-
over, PD symptoms in Chardonnay progressed at a similar rate
between early- and mid-stage PD in DengXCA2- and wild type-
inoculated vines, but progressed faster between mid- and late-
stage PD in DengXCA2-inoculated vines, whereas in Cabernet
Sauvignon PD symptoms progressed faster in DengXCA2-in-
oculated vines at all stages of PD (Tables 2 and 3).
In all trials, the disease ratings for phosphate buffered saline

(PBS)-inoculated vines (negative controls) for each week were
zero. All P values, estimated mean differences, and statistical
significance values are summarized in Supplementary Tables
S3 and S4.

EngXCA1 and EngXCA2 are required
for complete PM degradation.
SEM was used to analyze the structural integrity of PMs in

both Cabernet Sauvignon and Chardonnay vines inoculated
with either wild type or DengXCA1/2 during late-stage PD. At
this stage of PD, the PMs of vines inoculated with wild type
were completely dismantled in both cultivars (Fig. 3A and C).
In contrast, the PMs of vines inoculated with DengXCA1/2were
still present and were only partially degraded in both cultivars
(Fig. 3B and D). The PMs of the PBS-inoculated control vines
for both cultivars remained fully intact (Fig. 1C and D).

Bacterial colonization of the xylem
is EngXCA1/EngXCA2-dependent.
In both Cabernet Sauvignon and Chardonnay, DengXCA1/2

titers were significantly lower than wild-type titers at the
POI and at 20 nodes distal to the POI, indicating that both
EngXCA1 and EngXCA2 are concomitantly required to
achieve maximal xylem colonization at both points. DengXCA1
and DengXCA2 single mutant titers at the POI and at 20 nodes
distal to the POI were statistically similar to wild-type titers
in both cultivars, indicating that deletion of EngXCA1 or
EngXCA2 in singlet did not have a quantifiable impact on the
ability of X. fastidiosa to proliferate at the POI or to move
away from the POI during the late phase of infection (Fig. 4).
In all trials, bacterial extractions from PBS-inoculated vines

(negative controls) did not yield any X. fastidiosa colonies. All
P values, estimated mean differences, and statistical signifi-
cance values are summarized in Supplementary Tables S5
and S6.

EngXCA1 has a marginal amount
of EGase activity compared with EngXCA2.
Initial attempts to measure EGases activity from X. fastidiosa

itself were unsuccessful; thus, recombinant expression was
used to characterize the activities of EngXCA1 and EngXCA2.
Previous studies indicated that recombinant EngXCA2 ex-
pressed in Escherichia coli possesses robust EGase activity in
vitro when using both CMC and xyloglucan as substrates
(Pérez-Donoso et al. 2010). A radial diffusion assay was used to
determine the zones of CMC hydrolysis for recombinant
EngXCA1 using differential staining with Congo red (Fig. 5A).
EngXCA2 was included as a positive EGase control, and E. coli
harboring the empty pET20b(+) plasmid vector served as
a negative control. The area of the zone of hydrolysis for
EngXCA1 was determined to be significantly different from
that of the pET20b(+) empty vector control (P = 0.02217) and
from that of EngXCA2 (P = 0.01881) (Fig. 5B). Additionally,
the area of the zone of hydrolysis for EngXCA2 was de-
termined to be significantly different from the pET20b(+)

Fig. 3. The DengXCA1/2 double mutant is impaired in pit membrane (PM)
dissolution. The integrity of intervessel PMs in cv. Chardonnay (A and B)
and cv. Cabernet Sauvignon (C and D) grapevines inoculated with wild type
(A and C) and DengXCA1/2 (B and D) during late-stage infection was
analyzed using immunogold-scanning electron microscopy. A and C, All of
the intervessel PMs are completely degraded. B and D, Intervessel PMs are
still in place but display partial degradation. Scale bar in each panel equals
to 5 µm.
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CW polysaccaride composition in PD pathogenesis mechanism and Xf response

Chardonnay more susceptible
• Pectin weakly methyl-esterified
• High fucosylated xyloglican
Good CWDE substrate

C. Sauvignon less susceptible
• Pectin highly methyl-esterified
• low fucosylated xyloglican
Bad CWDE substrate

Plant response depends on the CW composition



Do we have evidences of this pathogenesis mechanism in olive?
involving the cell wall?

Transcriptome profiling Microscope observations

Greenhouse Xf inoculation, qPCR, symptoms

R: Leccino, FS17

S: Cellina di Nardò

XfCO33 subs sandyi

XfDD subs pauca Apulian

XfESVL subs multiplex 

XfCO33 X Leccino
XfCO33 X Cellina

XfDD x Cellina
XfDD x FS17
XfESVL x Cellina

Chronic infections c. 1 year p.i.

Twigs from XfDD - Cellina



Do we have evidences of cell wall involvement in olive?

symptoms
XfCO33 X Leccino no
XfCO33 X Cellina yes

XfDD x Cellina yes
XfDD x FS17 no
XfESVL x Cellina no

Cellina di N. Leccino
Figure 1. Potted olives of the cvs Cellina di N. and Leccino infected with the XfCO33 strain (a) and of the cv Cellina di N. infected with the
strains XfESVL or XfDD (b), one year after the artificial infection. Arrows point to the desiccated twigs.

a)
Mock XfESVL XfDD

b)

XfCO33

X.f. cultivars average Cq 
XfCO33 Cellina 24 

XfCO33 Leccino 30 

XfDD FS17 27 

XfESVL Cellina 28 

XfDD Cellina 23 

 

XfDD and XfCO33 have potentially functional polygalacturonase genes

Transcriptome profiling



Wirthmueller L et al. 2013. 

DAMPs
role

Do we have evidences of cell wall involvement in olive?

Probable leucine-rich repeat receptor-like protein kinase
At1g35710
Probable LRR receptor-like serine/threonine-protein kinase
At4g08850 Giampetruzzi, 2016

cell-wall integrity (CWI) sensing system is perturbed

Wall-associated kinases (WAK) bind pectin and
oligogaracturonides, involved in resistance to 

pathogens

Transcriptome profiling

Cellina

XfCO33

Olea europea WAK (OeWAK) de novo assembled



Do we have evidences of cell wall involvement in olive?

Transcriptome profiling reads mapped vs Picual genome

Leccino
XfCO33

FS17
XfDD



Do we have evidences of cell wall involvement in olive?
Transcriptome profiling vs Picual genome
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Figure 6. Expression profiles (RPM-normalized counts) of “wall-associated

receptor kinase-like” transcripts in the Leccino/Cellina/XfCO33- and

FS17/Cellina/XfDD-inoculated datasets. Profiles of OeWAK transcripts annotated

in the Olea europaea var sylvestris, cv Farga and Picual, genomes are shown in a),
b) and c), respectively.

Wall-associated receptor
kinase-like 1

Wall-associated
receptor kinase-like 8

Wall-associated
receptor kinase 2

a)

b)

c)

Leccino FS17

Cellina

XfCO33

Olea europea WAK (OeWAK) de novo assembled

Figure 7. Gene organization of the OeWAK transcripts annotated in the sylvestris, Farga and Picual
genomes up-regulated in the Leccino/Cellina/XfCO33- and FS17/Cellina/XfDD-inoculated datasets.
Significance of the different coloured bars is shown. Domains characterizing the WAK/WAK-L, GUB,
EGF, TM and S-TKc are also reported when present.
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Do we have evidences of cell wall involvement in olive?

OeWAK expression by quantitative RT-PCR
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Greenhouse olives
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Figure 16. Light microscope images (VICO)  of PMs interconnecting neighboring vascular elements, vessel-to-
vessel (arrowhead) and vessel to fiber-tracheid (asterisk). Magnification 20X. 
 

 
Figure 17. TEM images of olive PMs structures: bordered (left) half-bordered (right) PMs, respectively between 
vessels and between vessel-to-fiber tracheid. PA = pit aperture, PM = pit membrane, PW = primary cell wall and 
middle lamella, SW = secondary wall, T = fiber-tracheid, V = vessel.  
 

In bordered PMs, we observed the primary wall on the two side of the pit, while in the half-bordered it 

was present only on the vessel side (Figure 17). The bacteria were found only in the mature vessels and 

never in the fiber-tracheids, likely due to the structural and chemical differences of PMs interconnecting 

the two types of conduit, the classical bordered-pit between vessels and half-bordered pit between 

vessels and fiber tracheids (Figure 18). Moreover, ultrastructural studies of olive vessels colonized by 

Xylella fastidiosa indicates that the presence of the bacteria into the vessel lumen is associated with a 

degraded condition of the PMs which have a loosely arranged texture and consequent a loss of 

consistency (Figure 18 and 19). As PMs architecture mainly consists of cellulose microfibrils, which 

typically have a homogeneous texture in healthy plants (Figure 19), we infer that this degradation is  

likely attributable to Xf. We did not observe this PMs condition in healthy olives.  

V V

T
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Bordered pit (V-V) Half-bordered pit (V-T)
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V: vessel

T: fiber tracheid

PM: pit membrane

PA: pit aperture

PW: primary cell wall and middle lamella

SW: secondary wallTEM
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Figure 18. TEM images of olive vessels colonized by Xylella fastidiosa. The degraded pit membrane status is 
demonstrated by its uneven texture, thus favoring the passage of bacteria. PM = pit membrane, PW = primary 
cell wall and middle lamella, SW = secondary wall, V = vessel, Xf = Xylella fastidiosa bacteria. 
 
 

  
 
Figure 19. TEM images of bordered PMs of vessels from healthy (left) and Xf-colonized (right) olives. The loose 
of membrane’s homogeneity texture is visualized under the electron microscope with differences in their electron 
density. PM = pit membrane, PW = primary cell wall and middle lamella, SW = secondary wall, V = vessel, Xf 
= Xylella fastidiosa cells. 
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Figure 18. TEM images of olive vessels colonized by Xylella fastidiosa. The degraded pit membrane status is 
demonstrated by its uneven texture, thus favoring the passage of bacteria. PM = pit membrane, PW = primary 
cell wall and middle lamella, SW = secondary wall, V = vessel, Xf = Xylella fastidiosa bacteria. 
 
 

  
 
Figure 19. TEM images of bordered PMs of vessels from healthy (left) and Xf-colonized (right) olives. The loose 
of membrane’s homogeneity texture is visualized under the electron microscope with differences in their electron 
density. PM = pit membrane, PW = primary cell wall and middle lamella, SW = secondary wall, V = vessel, Xf 
= Xylella fastidiosa cells. 
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Do we have evidences of cell wall involvement in olive?
o Yes, we do. Either plant response (OeWAK, LRR-RLK) or TEM studies indicate 

a cell wall involvement

Is this a pathogenesis mechanism in olive?
o Yes, it is. XfDD and XfCO33 possess a battery of CWDEs able to degrade polysaccaride

components of the cell wall and particularily of the PMs and we found evidences of it

Can be part of a mechanism associated to olive resistance to Xf?
o It seems yes. Further studies to decifer the gene expression regulation of OeWAKs

and CW composition in resistant and suceptible cultivars are ongoing
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