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Abstract (144/150 words)

Fungal endophytes grow in the apoplastic space, in constant contact with the plant cell wall
(CW) that hinders microbe progression, while representing a source of nutrients. Although
numerous fungal CW modifying proteins have been identified, their role during host
colonization remains underexplored. Here we show that the root-infecting plant pathogen
Fusarium oxysporum (Fo) does not require its complete arsenal of cellulases to infect the host
plant. Quite the opposite, Fo mutants impaired in cellulose degradation become hypervirulent
by enhancing the secretion of virulence factors. On the other hand, the reduction on cellulase
activity had a severe negative effect on saprophytic growth and microconidia production during
the final stages of the Fo infection cycle. These findings enhance our understanding on the
function of plant CW degradation on the outcome of host-microbe interactions and reveal an
unexpected role of cellulose degradation in a pathogen's evolutionary success.

Teaser (123 /125 character):
Unexpectedly, fungi compromised in their capacity to degrade plant cellulose are hypervirulent
but impaired in sporulation.
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MAIN TEXT (12,054/15,000 words)

Introduction

Most plant-microbe interactions are initially established at the apoplast. Here, the plant CW
constitutes a source of nutrients and a physical barrier for the intruder, making its modification
an important aspect of microbe colonization of the host. The main components of plant CWs
are the para-crystalline fibres of cellulose embedded in a matrix of hemicellulose, pectin, lignin
and suberin (7-3). lons and wall remodeling proteins modify the interactions between CW
polysaccharides in muro changing the physicochemical properties and, consequently, the
structure and function of the CW (4, 5). The CW composition is not homogenous among
different plant species, tissues or even within a single cell (6). This molecular complexity forces
plant-colonizing microbes to metabolically regulate the secretion of a broad set of CW
modifying proteins (CWMP) required to loosen and digest the plant CWs they encounter (7,
8). The majority of these CWMPs are CW degrading enzymes (CWDEs), including glycosyl-
hydrolases, Iytic polysaccharide monooxygenases, pectate and pectin lyases, and esterases,
which are further divided into different subgroups based on sequence similarity in the catalytic
domain (9-13). Although all plant-colonizing microbes encode for CWMPs, it has been
suggested that the role of these enzymes is more prominent in pathogens, which rely on their
activity during host infection (74—18). However, so far the large functional redundancy of
CWDEs has largely prevented a complete assessment of their role (19), since deletion of
individual CWMEs genes do not generally affect the virulence of the pathogen (20). Fungi have
evolved transcription factors that co-regulate the expression of CWMP groups based on the
composition of their environment. Therefore, it has been suggested that targeting such master
transcriptional regulators should allow the assessment of the role of a given group of CWMPs
(21).

In their co-evolution journey, while microbes adapted to loosen and break the host CWs, plants
evolved to perceive these degradation products as damage-associated molecular patterns
(DAMPs). These DAMPs, together with microbe-associated molecular patterns (MAMPSs) such
as fungal chitin (22), activate the plant pattern-triggered immunity against the intruder (23, 24).
The best characterized CW-derived DAMPs are pectin-derived oligogalacturonides (OGs),
resulting from pectinase activity (25—-28). Cellulose degradation products, i.e., like cellobiose,
have also been shown to induce plant defense and are, therefore, considered potential
DAMPs, although their release upon microbe colonization has not yet been proven (25-27).

The plant CW characteristics directly influence the communication between the two organisms.
This is particularly relevant for plant response to microbes that mainly live in the apoplast, such
as vascular fungi belonging to the Fusarium oxysporum (Fo) species complex, which are
further classified into different formae speciales (ff.spp.) based on their host preference (29).
Fos are soil-borne microbes that colonize the roots of many plant species, being responsible
for the devastation of many economically important crops throughout the world (29). Fos are
considered pathogenic when they cause plants to wilt and eventually die, which occurs
because water flow and nutrient uptake are blocked by fungal proliferation inside the xylem.
To reach the vascular system, Fo grows predominantly in the root apoplast (30, 37), making
this fungus an ideal model to study CW-microbe interaction.

Cellulose is the most abundant and most recalcitrant component of the CW that provides
mechanical strength to the plant cells thanks to its paracrystalline structure (7). Consequently,
its synthesis is tightly regulated in response to intruders, including Fo (32-34) cellulose is one
of the main targets of microbial CWMPs. Pathogens secrete a broad range of cellulolytic
enzymes (glycosyl-hydrolases (GHs) and lytic polysaccharide monooxygenases (AAs)) (76),
suggesting that this family of enzymes should be essential for infection. An optimal degradation
of complex carbohydrates requires a hierarchical metabolic response. In the case of crystalline
cellulose, AAs disrupt the outermost crystalline part of the cellulose fiber, thereby allowing the
remaining cellulases to participate in the degradation process (9, 70, 35). The transcriptional
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regulation of fungal cellulases has been reported to be dependent on a conserved zinc
binuclear cluster transcription factor named CLR1. CLR1 regulates the expression of
cellulolytic enzymes in Neurospora crassa and other ascomycetes and is, therefore, required
for growth on cellulose as the sole carbon source (7, 36, 37).

Here we investigated the impact of cellulose degradation during microbe infection by
identifying and targeting the orthologues of N. crassa CLR1 in Fo f.sp. conglutinans (Fo5176)
and lycopersici (Fol4287), pathogens of Arabidopsis thaliana and Solanum lycopersicum,
respectively (38, 39). Unexpectedly, our data show that crystalline cellulose degradation is not
only dispensable, but disadvantageous, for Fo infection, as shown by the increased virulence
displayed by clr1 mutants. Using the model pathosystem Arabidopsis thaliana-Fo5176 ((33,
34, 40, 41), we show that the clr1 mutant compensates for cellulose degradation deficiency by
increasing the secretion of various virulence factors to compromise plant immune responses.
On the other hand, the reduction of cellulose degradation capacity severely compromised
fungal metabolism during its saprophytic growth, with dramatic consequences for its
microconidia production. Taken together, our findings expand the current understanding of
plant-microbe interactions, showing that the cellulose is not the assumed central physical
barrier against fungi, but a primary source of carbon to complete the pathogen’s life cycle in
the plant.

Results

The transcriptional regulator CLR1 is required for efficient cellulose degradation by
Fo5176

To understand the role of Fo cellulases in root infection, we aimed to obtain a Fo5176 mutant
impaired in cellulose degradation. Considering the large number of putative cellulases
expressed by Fo5176 during root colonization (34) and their high functional redundancy, we
chose to target the transcription factor CLR1, a master regulator of fungal cellulase expression
previously identified in N. crassa (36). Using an in silico analysis, we found CLR1 orthologues
in various Fusarium genomes, sharing a protein sequence identity above 70% and having the
same DNA-binding domain sequence (Fig. 1A and 1B). Therefore, we generated a CLR1 null
mutant in the previously described Fo5176 pSIX71::GFP background, which allows for
monitoring F05176 colonization of the root vasculature (33, 47). We obtained deletion mutants
lacking the entire CLR1 coding region (clr1-1 and clr1-2) and a complemented strain (clr1C)
generated by reintroducing the wild-type pCLR1::CLR1 into the clr1-1 mutant background (Fig.
S1). We first determined whether c/r1 mutants were affected in stress response by growing
them in control conditions (YPD), salt stress (NaCl), osmotic stress (Sorbitol), CW stress
(Congo Red and Calcofluor) (42) as well as on minimal medium. There were no detectable
differences in the colony phenotype of clr1 mutants compared to the wild type (WT) in any of
these conditions (Fig. S2). Next, we evaluated the role of CLR1 in cellulose degradation by Fo
by testing the ability of cIr1-1, clr1C and WT to utilize different carbon sources such as sucrose,
cellobiose and cellulose. Fungal growth on sucrose was similar across all genotypes (Fig. 1C
and S3). The clr1-1 mutant exhibited a significant growth reduction on cellobiose and only
showed residual growth on cellulose compared to WT or clr1C (Fig. 1C, 1D and S3). A similar
phenotype was observed for cir1-2 (Fig. S4A). These data are similar to those described in N.
crassa (36), indicating that the essential function of CLR1 in cellulose catabolism is conserved
across different ascomycetes.

Loss of CLR1 leads to faster colonization of the root cortex and xylem

To determine whether Fo requires cellulose degradation to infect its plant hosts, we performed
plate infection assays as described before (47). We monitored root vascular colonization by
following GFP signal presence in the root vasculature at different days post-transfer (dpt) to
spore-containing plates. Unexpectedly, we counted a significantly higher number of vascular
penetrations of clr1-1 than WT at all time points, correlated with a higher expression of FoSIX1
and an increased in planta fungal biomass at 7dpt measured by qRT-PCR, which was restored
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to WT levels in the clIr1C straine (Fig. 2A-C). A second isogenic mutant, clr1-2, also showed a
higher capacity than WT to reach the host xylem (Fig. S4B). We therefore focused on the clr1-
1 mutant for further characterization. Using confocal microscopy, we observed that clr1-1
advanced faster than WT through the epidermal apoplast as could be seen in the epidermis-
cortex interface at 3dpt with a significant higher frequency than the WT fungus (Fig. 2D and
2F). These results indicate that clr1-1 is more efficient than WT in growing through the host
CWs and reaching the xylem and might explain the higher levels of vascular invasion observed
at later stages of the infection (Fig. 2A-C).

At 7dpt, when the fungus is colonizing the vasculature in all roots, we observed a reduced
expression of genes required for cellulose degradation in clr7-1 compared to WT including
endoglucanase, glycosyl hydrolase family 5 member, two AA9 enzymes, and a periplasmic [J-
glucanase, as well as for sugar metabolism such as a plasma membrane hexose transporter
and an intracellular [J-glucanase (Fig 2G). These are orthologues of N. crassa genes
previously reported to be regulated by CLR1 during growth on cellulose (43). Importantly, we
detected a lower amount of residual cellulose in roots infected with WT compared to those
infected with clr1 (Fig. 2H), in line with the results of growth on cellulose (Fig. 1C). Taken
together, our data reveal that CLR1 is required by Fo for efficient degradation of cellulose
during root colonization but dispensable for reaching the plant vasculature.

Arabidopsis defense response is delayed upon cir1-1 infection compared to WT

The reduction in cellulase activity observed in clr1-1 might reduce the amount and/or nature
of the CW-derived DAMPs generated by this mutant compared to the WTs. Therefore, the
increased virulence of the cellulase-deficient clr1 mutant might be a consequence of an
impaire activation of plant immune responses. To address this hypothesis, we measured the
expression of three genes previously reported to be activated in Arabidopsis roots infected by
Fo5176; At1g51890, WKRY45 and WKRY53 (33, 44). At 2 and 3dpt, the expression of the
three defense genes was lower in plants infected with clr1 than WT (Fig. 3A). These
differences progressively disappeared with the increased vascular colonization. At 7dpt, when
the xylem was abundantly occupied by clr1-1, the plant defense gene expression was higher
than in roots infected with WT (Fig. 3A). These findings suggested that the higher number of
vascular penetrations observed upon clr1-1 infection (Fig. 2A) might be a consequence of
delayed activation of defense related genes during the early stages of the interaction.

We next tested whether external addition of CW-derived DAMPs could reducere the virulence
of clr1-1 to WT levels. We used cellobiose, a cellulose-degradation product confirmed to
induce plant defense (27), to prime the root immune system. We pretreated plants for 25
minutes with this molecule before transferring them to plates containing 2-day-old WT or cir1-
1 mycelium. We confirmed that cellobiose-induced root-defense priming returned the plant
susceptibility of clr1 to WT levels (Fig. 3B).

Different amounts of CW degradation products accumulate upon cir1-1 infection

The reduced cellulose degradation and the concomitant absence or decrease of cellobiose in
the apoplast during clr1-1 infection might explain the delay in perception of this mutant by the
root and its increased virulence t. To test this idea, we measured the oligosaccharides derived
from plant CW degradation by Fo5176 using HP-SEC-MS/MS (45). By employing different
commercial standards to identify the different hexoses and saturated OGs (Fig. 4A), we
identified cellobiose in Fo5176-infected but not mock-treated roots confirming its predicted role
as DAMP. Our results showed a shift in the di-hexose profiles from sucrose- to cellobiose-
enriched at 2dpt and 3dpt, respectively (Fig. 4B). From 3 dpt on the amount of di-hexoses,
mainly cellobiose, was higher during infection with clr1-1 compared with then WT (Fig. 4B and
S5). The HP-SEC-MS results indicate that the impaired capacity of the root to detect cir1-1
can not be explained by a reduced release of cellobiose by the mutant. Therefore, we studied
the OGs produced by Fo5176 and identified acetylated OGs as a main product of plant CW
degradation by both clr7 and WTi (Fig. 4B, 4D, 4E and S5). Moreover, less OGs were detected
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during cir1 infection compared to WT-infected roots, especially at 3 and 4dpt (Fig 4C-E and
S5). This difference was statistically significant for GalsAc and Gal.ox (Fig. 4E and 4D). The
decreased accumulation of OGs during the early stages of plant infection is in line with the
compromised perception of clr1-1 by the root. We detected significant differences in the
amount of plant CW-degradation products in WT- and clr7-1 infected roots, that might act as
DAMPs. Therefore, we next tested whether WT-generated DAMPs can restore plant
susceptibility to cir1-1 by performingplate infection assays using the same number of
microconidia concentration of the clr1-1, WT or both (50% WT+50% clr1-1). We expected to
see a decrease in clr1-1 virulence proportional to the concentration of WT spores in the mixed
treatment if DAMP accumulation is the main reason for the differential plant susceptibility to
clr1-1 and WT6. By contrast, we found that the 50%-mixed infection displayed the same
pathogenicity as clr1-1 alone (Fig. S6A), observing a decrease in xylem penetration only when
90% of the spores were WT (Fig. S6B). Our data indicate that although clr7-1 infection
generates different amounts of CW-degradation products than WT, they alone do not explain
cir1-1 higher pathogenicity.

clr1-1 secretes more virulence factors than WT during root colonization

Pathogenicity relies on the ability of microorganisms to evade the MAMP- and DAMP-induced
host defenses using secreted and cell-surface localised virulence factors (46). We performed
proteomic analysis of the secretomes of WT and clr1-1 during plant infection to determine
whether differences in their profile of secreted virulence factors could explain the higher
virulencey of clr1-1. Seedlings growing in hydroponics were inoculated with either WT or clr1-
1 microconidia. 362 fungal proteins were identified, 75% with predicted secretory signal
peptides. Of these, more than 50% belong to groups considered as virulence factors in other
plant pathogens such as F. graminearum (46), including glycosyl hydrolases (26%),
peptidases (13%), redox-related proteins (10%) and pectin and pectate lyases (4%) (Fig. 5A).

As expected, we found a significant reduction in the abundance of proteins required for
cellulose degradation in the clr1-1 secretome (Fig. 5B and Table 1), including GHS5 (g17181),
GH6 (g15944), and GH7 (g873) which are predicted to exhibit cellulolytic activity (47), as well
as AAO9s that make crystalline cellulose accessible to cellulases (70). These data confirm the
downregulation of cellulase-related genes observed in clr1-1 and explain its reduced capacity
to degrade cellulose (Fig. 1C, 2D, 2F, 2G, and S3).

In contrast, we found an increased presence of other virulence factors in the secretome of cir1-
1 compared to that of WT (Fig. 5B and Table 1). Interestingly, clr1-1 releases increased
amounts of a protein (g2038) annotated as a cutinase, which was reported to be essential for
virulence of necrotrophic fungal pathogens (48). Additionally, we found an increase in pectin
and pectate lyases in the clr1-1 secretome (49—-517). Similarly, a set of 8 peptidases previously
described as critical virulence factors (52), were more abundant in the clr7-1 secretome. These
included 4 subtilases and fungalysin, among others (Table 1). The subtilases are able to
degrade plant proteins with antifungal activity, such as 31-3 glucanases (53). The fungalysin
proteins compromise host defense by cleaving class IV plant chitinases, preventing the release
of the MAMP chitin and, as such, have been reported to be necessary for the virulence of
several plant pathogenic filamentous ascomycetes, including Ustilago maydis, F. oxysporum f
sp. lycopersici (Fol), F. verticillioides and Colletotrichum graminicola (54-57). Finally, we
noticed an enrichment in a chitin deacetylase, whose orthologs impede chitin-triggered
immunity in cotton by converting chitin oligomers into ligand-inactive molecules like chitosan
(58). Our data indicate that clr71-1 reduces the plant detection of its chitin, which could explain
its increased virulence and the reduced host defense (Fig 5A). To test this possibility, we
performed a chitin-dependent defense priming assay as previously done for cellobiose (Fig
5b). Indeed, when roots were pre-treated with chitin, the plant susceptibility to clr1 was
indistinguishable from that observed against WT Fo5176 (Fig. 5C).
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We next investigated the role of sugar availability on the up-regulation of the virulence factors
enriched in the clr1-1 secretome. We measured the expression of six of these genes (16048,
g2038,97764,91489,915789 and g11385) in WT and clr1 grown on sucrose media or on roots
at 7dpt. We observed an increase in the expression in all the cases except with the subtilisin
(g1489) in plants infected by clr1-1 compared to WT, while no differences were observed
between the strains grown on sucrose (Fig. 5D-E). These results suggest that c/r1-1 increases
both the expression and secretion of various virulence factors to compensate for its decreased
ability to utilize cellulose as a primary carbon source.

CLR1 is essential to complete F. oxysporum life cycle

Our data indicated that CLR1 is not required for F05176 to reach and enter the xylem and
question the biological relevance of this transcription factor in Fo growth in planta. To shed
light on this, we studied the temporal transcriptional regulation of CLR17 in infected roots. CLR1
expression increased significantly from 4dpt on, especially after 5dpt (Fig. 6A), growing
exponentially until 7dpt, when Fo5176 had already proliferated in the vasculature. This
suggests that cellulases might have a critical role in the final infection stages. We therefore
explored CLR1 function during the final phase of the host-fungus interaction, saprophytic
growth, which is an important part of the Fo life cycle. When Fo5176 was grown for 4 days on
dead or living plants, we observed 3 times more expression of CLR1 under saprophytic than
under hemibiotrophic growth conditions (Fig. 6B). The last step of a fungal life cycle is the
production of spores. Therefore, we tested the impact of CLR1 on microconidia production on
dead seedlings. Our data showed that the WT and clr1C produced five times more
microconidia than cir1-1 (Fig. 6C). Taken together, these findings indicate that CLR1 is
essential for saprophytic growth and spore production of Fo on dead plant tissue.

The role of CLR1 in Fo infection is conserved among different pathosystems

The F. oxysporum species complex contains different host specific plant pathogens, for some
of which we also found CLR1 orthologues with a protein sequence similarity of 95.69% with
the Fo5165 CLR1 and the same DNA-binding sequence (Fig. 1A and 1B). Thus, we asked
whether the increased virulence displayed by clr1-1 in the Arabidopsis-Fo5176 interaction is
conserved among pathosystems. To answer this question, we generated a CLR7 null mutant
in the tomato-infecting Fo, Fol4287, and the corresponding clr1C complemented line (Fig. S7).
Similar to Fo5176, tomato plants infected with Fol strains, a higher virulence of clr7-1 mutant
compared to the WT was observed, while cIr1C was similar to WT (Fig. 7). These results
suggest that CLR1 is not essential for F. oxysporum infection, both in Fo5176-Arabidopsis and
Fol4782-tomato interactions.

Discussion

Microbes need to loosen and digest the plant CWs in order to colonize their hosts. As the
major and most recalcitrant CW component, cellulose is a key target for a plethora of
transcriptionally coordinated microbial CWMPs (34, 36, 37, 59—63). In this work, we studied
the function of cellulases in the life cycle of a plant fungal pathogen. The identification and
characterization of CLR1 in Fo confirms the conservation of this transcription factor as a
master regulator of cellulose degradation in ascomycetes (Fig. 1, fig. 2H and fig. S3) (8, 36,
37, 43). Our work expands the current knowledge on the role of CLR1 during plant biomass
degradation by demonstrating its function in planta. Interestingly, genes described in N. crassa
as CLR1-dependent in cultures with cellulose as the only carbon source behaved similarly in
Fo during root infection, suggesting that both metabolic situations require similar levels of
CWMPs (Fig 2G; (37)). Unexpectedly, loss of CLR1 led to a significant increase in virulence
both in the Arabidopsis and tomato pathogenic forms of Fo (Fig 2, fig. S4, and fig. 7). Although
the clr1 mutant is not completely impaired in cellulases secretion (Table 1), our data indicate
that Fo not only does not need their CLR1-dependent cellulases, but benefit from their absence
to infect their hosts. More precisely, we show here that clr1 crosses the root epidermal layer
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and reaches the vascular system of Arabidopsis roots faster, while degrading less crystalline
cellulose, than WT (Fig. 2A-F, and H). This indicates that crystalline cellulose degradation is
not a requirement for Fo to grow through the apoplast of the root layers and that the impairment
of c¢Ir1 in cellulose degradation is a consequence of the notable decrease in the expression
and secretion of most, but not all cellulolytic enzymes (Fig. 2G, fig. 5B and 5E, and Table 1).

Our previously reported transcriptomic data indicated that the days 2 and 3 of the root-Fo5176
interaction are critical time points for disease development (34). The drastic decrease of
sucrose levels detected in infected roots at these time points (Fig 4A-C) suggests that the
initial steps of root colonization have an extraordinary impact on plant metabolism.
Accordingly, we observed a significant impairment in plant response to cir1 infection at these
same time points (Fig 3A), indicating that the lack of a canonical set of CWDEs stunts the
perception of the pathogen by the plant. However, although pre-treatment with cellobiose
reduced the virulence of the clr1 mutant (Fig3B), its detection in higher amounts in c/r1-infected
roots as compared to WT excludes this cellulose degradation product as the main reason for
the delay in the perception of cir1 by the plant. The high amounts of cellobiose detected in
clr1-infected roots and the reduced capacity of clr1 to grow on cellobiose as the only carbon
source could be explained by the markedly reduced expression levels of the enzyme [-
glucosidase, which is required for the final step of cellobiose hydrolysis (64). Importantly, the
identification of cellobiose as a CW degradation product during microbial colonization confirms
its predicted but never confirmed function as DAMP (27). Together with cellobiose, we
identified various OGs in Fo-infected roots (Fig. 4B-D). Interestingly, most of the OGs identified
in roots infected either with WT and clr1 were acetylated, which differs from what was reported
in leaves infected by the necrotrophic fungus B. cinerea (65). Aerial and soil-borne plant
pathogens might thus use a different battery of CWDEs to adapt to the different CWs
encountered in leaves and roots, with some functional similarities since certain OGs such as
GalAox were detected in both infected organs. Acetylated OGs have been shown to impair the
activity of some pectinases, eliciting the plant defense response (66, 67). Thus, the reduced
amount of GalAczox and GalsAc detected in clr1-infected roots (Fig. 4D and E) might explain
the delay in fungal perception by the plant .

Plant pathogens modulate their secretome to adapt to the host and the available nutrient
sources (8, 68). Together with the decreased amount of cellulases in the clr1 secretome, we
found an enrichment of secreted virulence factors, which might partially explain the fact that
co-infection with WT does not reduce the hypervirulence of the mutant (Fig. S6A and B).
Intriguingly, the most enriched protein in the clr1 secretome was a putative cutinase. Cutinases
are essential for virulence of aerial plant pathogens (48) where the cuticle is a substantial
barrier on the leaf and stem surfaces. In roots, only the root caps have been shown to have a
cuticle (69). However, both pathogenic fungi and mutualistic mycorrhizae recruit the fatty acid
biosynthesis program to facilitate host invasion. As reported for these microbes (34, 70), we
observed an upregulation of the expression of these fatty acid biosynthesis genes in Fo during
Arabidopsis root infection. In addition, cutinases from plant pathogens were shown to cleave
suberin in vitro (71), a plant compound that prevents the spread of microbial pathogens (72).
Because suberin blocks apoplastic transport both at the endodermis and at the root surface
(73), the increased amounts of cutinase might explain the ability of ciIr1 to cross the root
epidermal layer and reach the xylem faster than WT (Fig 2).

We also found a set of peptidases enriched in the clr1 secretome, some of which have been
reported to affect host responses by degrading defense related proteins (52, 74). Among them,
fungalysins have been reported to be involved in cleavage of plant chitinases and therefore be
essential for the pathogenicity of different fungi, including Fol (56, 75). Interestingly, the cir1
mutant also seems to undermine host defense responses by secreting more chitin
deacetylases, which should decrease the amount of MAMPs available for plant perception
(58). In fact, we found that pretreatment with chitin oligomers reduces cir1 virulence to WT
levels, implying that not only DAMP, but also MAMP perception is severely compromised
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during clir1 infection. The other group of virulence factors significantly enriched in the cirt
secretome are the pectin and pectate lyases, which have a fundamental role in vascular wilt
diseases (50). These enzymes generate unsaturated OGs that might be used efficiently as
nutrients by Fo because most OGs detected in the secretomes were saturated. In line with
this, the only unsaturated OG identified in the assay, GalAs;Ac-H2Oo0x, was less abundant in
the clr1 secretome (Fig. S5). Interestingly, we did not find differences in the levels of
polygalacturases (PGs) despite the higher levels of saturated OGs observed in infected roots.
Most likely, the higher levels of pectin and pectate lyases detected might provide additional
substrates for PGs, whose activity would not be limitant in this reaction. Indeed, the
overaccumulation of subtilisin in the clr1 secretome could create more cleavage sites for the
PGs by activating type | pectin methyl esterases (76). The lower amount of saturated OGs
observed in clr1-infected compared to WT-infected roots might thus be a consequence of (a)
the higher cellulose degradation during WT infection that makes the cellulose-embedded
pectin more accessible for deconstruction by pectinases or (b) the increased capacity of cir?
to uptake, and use these OGs. We favour the second hypothesis considering that the majority
of pectins is not bound to cellulose (77). Overall, the increase in the secretion of different
virulence factors might explain the delay in the perception of cir1 by the plant at the early
stages of infection (Fig. 3Aa).

Sucrose was highly available for Fo at the beginning of its interaction with the root (2dpt), when
Fo is entering the epidermal apoplast (34), while the CW-derived oligomers were not
detectable (Fig. 4). At 3dpt when some hyphae have reached the cortical apoplast (Fig.2F
(34)), sucrose levels had decreased dramatically and cellobiose and OGs were detectable,
indicating that from 2 to 3 dpt the CW becomes the primary carbon source for the fungus. At
this stage, energy acquisition might become limiting in clr1 due to its reduced capacity to
degrade cellulose. In this metabolic context, the enrichment in pectin and pectate lyases
detected in the clr1 secretome might represent a metabolic adaptation to exploit energy
through the alternative carbon source pectin. Moreover, the higher levels of peptidases
secreted by cir1 could also provide additional carbon and nitrogen sources to the fungus (78).
This hypothesis is supported by the fact that the increase in the expression of virulence factors
in clr1 compared to WT was only observed during growth in planta but not on carbon-rich
axenic medium (Fig. 5D and E).

Finally, the composition of the medium strongly affected conidia production by Fo. A positive
role of cellulose in conidia formation was reported previously (79), accordingly, CLR1
expression was upregulated starting at 4dpt, when Fo has already entered the xylem (Fig. 6A
and 2A), and remained significantly high when the fungus was growing on dead plants
compared to alive ones (Fig. 6B). Thus, CLR1 activation is likely a way to prepare the fungal
metabolism for the next step in the Fo life cycle, i.e. formation of conidia on the decaying plant
tissue which will spread the fungus to encounter new hosts. Indeed, we showed that ciIrf was
severely compromised in asexual reproduction because microconidia formation on dead
plants decreased drastically (Fig. 6B and 6C). Our data suggest that cellulose degradation is
fundamental for the pathogen to fully exploit host resources for the production of dissemination
structures.

In conclusion, we show for the first time that the impairment in cellulose degradation does not
pose any obstacles for plant infection by the vascular pathogen Fo. We further demonstrate
that this organism exhibits an extraordinarily high degree of metabolic plasticity that
compensates the decrease in cellulase production during host colonization by triggering the
expression of alternative CWDEs. However, the deficiency in obtaining energy from cellulose
significantly decreases the capacity of the fungus to replicate, disseminate, and invade new
hosts. Our findings imply that CLR1 is highly conserved among ascomycetes because it is vital
for saprophytic survival in natural environments. Evolutionary pressure thus makes the use of
cellulases imperative for successful completion of the pathogen’s life cycle.
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Material and Methods

Plant material and growth conditions.

Arabidopsis thaliana ecotype Col-0 and tomato Monika (provided by Syngenta Seeds, Almeria,
Spain) were used in the analysis of fungal pathogenicity. Growth conditions were 16-h light
(24°)/8- h dark cycle at 21° C for all Arabidopsis experiments. In the case of plate experiments,
seedlings were grown upright with 2 MS media (pH adjusted to 5.7 with KOH but without
buffering). When the experiment was performed in a hydroponic system, the seeds were
germinated on 2 mm foam plugs floating in 330 ml pots on Y2 MS + 1% sucrose media at pH
5.7 adjusted by KOH. The media was exchanged 6 days after germination to 2 MS and
seedlings were further grown. Tomato cultivar susceptible cultivar Monika (provided by
Syngenta Seeds, Almeria, Spain) planted in vermiculite, and maintained in a growth chamber
(28 °C; photoperiod 14 h light/10 h dark)

Fungal strains and culture conditions.

Fusarium oxysporum strain 5176 (Fo5176) was originally isolated in Australia from infected
Arabidopsis plants (38). The strains were routinely cultured in potato dextrose broth (PDB) at
28°C with orbital shaking at 170 rpm. Where necessary the following antibiotics were added
to the culture medium: hygromycin B (55 pg/ml), G418 (100 ug/ml) and phleomycin (5.5ug
/ml). For microconidia collection, 3 to 5 day-old cultures were collected by filtration through a
nylon filter (Monodur; mesh size 10 ym). Filtrates were centrifuged at 12000 g for 10 min, the
pellet containing the microconidia was washed using deionized water, resuspended in water
to reach the desired concentration.

Identification of CLR1 in Fusarium species

Fusarium genes encoding the predicted CLR1 proteins were identified by sequence similarity
searches against the Neurospora crassa CLR1 (NCUO07705) (36) using BLASTp
(http://blast.ncbi.nlm.nih.gov/). The software CLC Genomic Workbench v.12 was used to
perform the comparison analysis of CLR1 sequence in different ascomycetes.

Fungal transformation.

As described above, we identified the CLR1 proteins in Fo5176 (FOXB_08021) and Fol4287
(FOXG_08626). Targeted gene deletion of the entire CLR1 gene in the Fo5176-pSIX1::GFP
background (33) and the Fol4287-3XmClover3 genetic backgrounds was performed using the
splitC'marker method (80) with the neomycin resistance cassettes following the protocol
previously described (63). For the complementation of the cir1 deletion mutants, a coll
transformation with the native CLR1 in the phleomycin resistance cassette was performed as
reported (87). The oligonucleotides used to generate PCR fragments for gene replacement,
complementation or identification of mutants are listed in Table 1. PCRs were routinely
performed with the High-Fidelity Template PCR system (Roche Diagnostics, Barcelona,
Spain) using an MJ Mini personal thermal cycler (Biol['Rad, Alcobendas, Spain). The amplified
flanking sequences were PCR fused with partially overlapping truncated versions of the
neomycin (Neo"). Transformants were purified by monoconidial isolation (82).

Fungal Growth in different carbon sources.

Fo5176 was grown on %2 MS media (Murashige and Skoog media, Difco). Carbon sources
were added to 0.5% wt/vol. Conidia were inoculated into 3 ml liquid media at 10® conidia/mL
and grown at 28° in dark and shaking (180 rpm), 3 days for sucrose and cellobiose (Fluka)
and 7 days for cellulose (Sigmacell, cellulose type 50). After 1 day drying at 60°, the material
was weighted or its nucleic acids were extracted. For the nucleic acid extraction, we followed
a previous protocol (83). The nucleic acids were quantified by spectrophotometry using a
NanoDrop.

Fungal growth in in vitro stress conditions
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Drops containing serial dilution (1x107, 1x10°¢ and 1x10%) of freshly obtained microconidia were
spotted on YPD agar plates supplemented with Congo red (5 pg/mL) or 5 pg/mL CalcoFluor
White prepared in 0.5% KOH for testing cell wall stress as in (84). Minimal media was used
for evaluating growth under nutrient deficiency, for (82)1M sorbitol was used to test
hyperosmotic stress. Plates were incubated at 28 °C for 2 days in general or 4 days for salt
stress and Calcofluour white before imaging. .

Arabidopsis plant infection assays.

Arabidopsis infection assays were performed as described previously (33, 47). In summary, 8
days-old seedlings grown as described above were transplanted to plates with 100 pl of 107
microconidia/ml of F05176-pSIX1. The number of vascular penetrations per root was analyzed
using the signal from the GFP under a stereomicroscope, when it showed a clear, linear and
root central pattern. The experiment in which the plants were pretreated with cellobiose 100
MM or chitin 100ug/ml were based on (27). Roots of 10 days old seedlings were treated with
cellobiose or chitin for 25 minutes, hereafter they were transferred on a %2 MS media plate with
3 days-old Fo mycelia. The number of vascular penetrations were monitored as explained
above.

Tomato plant infection assays.

Tomato root infection with Fol was performed as previously described by (82). Briefly, 2 week-
old seedlings were inoculated with Fol by immersing the roots into a fungal microconidia
suspension (5x10° conidia/ml), planted in vermiculite, and maintained in a growth chamber
(28 °C; photoperiod 14 h light/10 h dark). Plant survival was recorded daily up to 29 days, as
previously described (85), calculated by the Kaplan—Meier method, and compared among
groups using the log-rank test. All infection assays included 10 plants per treatment.

Confocal microscopy

Plates infection assays were performed as described above, at 3 dpt images were taken with
a Zeiss LSM Axioobserver microscope, using the LD C-Apochromat 40x / 1.1 W Korr M27
objective and Immersol W (Zeiss) between lens and coverslip. GFP (fungus) was excited at
488 nm and emitted fluorescence was detected at 514 nm. The roots were stained with
propidium iodide (PI; 10 uM, Sigma-Aldrich) and imaged with 536 nm and 617 nm excitation
and emission wavelength, respectively.

Cellulose, OGs and hexoses and quantification in infected roots.

Plates infection assays were performed as indicated above. For cellulose quantification, roots
were harvested at 7dpt and processed as described before to measure the crystalline cellulose
(33, 86). To quantify OGs and hexoses, roots collected at different dpt were weighted, covered
with 100% ethanol for several days and then dried using a freeze-dryer (Christ, Alpha 2-4).
The roots were grinded in water (1ml), centrifuged (10 minutes at 10.000g) and the
supernatant was collected to be analyzed via High-performance size-exclusion
chromatography (HP-SEC-MS). The analysis was performed as indicated before (65). Briefly,
samples were diluted at 1 mg/ml in ammonium formate 50 mM, formic acid 0.1%.
Chromatographic separation was performed on an ACQUITY UPLC Protein BEH SEC Column
(125A, 1.7 ym, 4.6 mm X 300 mm, Waters Corporation, Milford, MA, USA). Elution was
performed in 50 mM ammonium formate, formic acid 0.1% at a flow rate of 400 I/min and a
column oven temperature of 40 °C. The injection volume was set to 10 |. MS-detection was
performed in negative mode with the end plate offset set voltage to 500 V, capillary voltage to
4000 V, Nebulizer 40 psi, dry gas 8 I/min and dry temperature 180 °C. Major peaks were
annotated following accurate mass annotation, isotopic pattern and MS/MS analysis, as
previously described (45).

Real-time quantitative PCR.

LN2 frozen samples were grinded using a TissueLyser Il (Quiagen) and glass beads. 1 ug of
total RNA/sample extracted by Isol-RNA lysis reagent (5 PRIME) was used to generate first-
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strand cDNA using Thermo Scientific Maxima™ H Minus cDNA Synthesis Master Mix with
dsDNase (Thermofisher), following manufacturer’s instructions. Quantitative PCR reactions
were performed in a LightCycler 4801l apparatus (Roche) using Fast SYBR Green Master Mix
(Thermofisher) in a 10 pl reaction. Relative transcript levels were quantified with respect to a
reference gene GAPDHG600B for plants (87) (Czechowski et al. 2005) or FoBTUB
(FOXG_06228) for Fo5176 (33). The 22T method was used to quantify the relative expression
of each gene. Primers are indicated in Table S1.

Protein identification in Fo5176 secretome .

10-day old hydroponically-grown seedlings were treated with 20 pl of 107 microconidia/ml of
either Fo5176 WT or cir1, as described before (34). At 3dpt,, the roots were removed and the
liquid media was collected. We next followed the protocol from (88) with some modifications:
to remove big particles present in the media, we filtered it with a 45 microns sterile filter
(Starlab) before concentration with . centricons (Amicon Ultra 3k, Merck Millipore) to 1.5 ml
volume. 150 microliters of these 1.5 ml were sent to proteomic analysis.

For each sample, proteins were precipitated with trichloroacetic acid (TCA; Sigma-Aldrich) at
a final concentration of 5% and washed twice with cold acetone. The dry pellets were dissolved
in a 45 pl buffer (10 mM Tris + 2 mM CaCl2, pH 8.2). Reduction and alkylation of the proteins
was performed by adding 2 mM of Tris(2-carboxyethyl) phosphin —hydrochlorid (TCEP) and
15 mM of iodoacetamine (IAA). After 30 min at 60°C the samples were cooled to room
temperature and 4 ug of Sequencing Grade Trypsin (Promega) for digestion were added. The
digestion was carried out at 37°C for 4 hours. The samples were dried to completeness and
re-solubilized in 20 pl of 3% acetonitrile, 0.1% formic acid for LC-MS/MS analysis. Before
injection the samples were diluted 1:20 in the same solvent.

Mass spectrometry analysis was performed on an Orbitrap Fusion Lumos (Thermo Scientific)
equipped with a Digital PicoView source (New Objective) and coupled to a M-Class UPLC
(Waters). Solvent composition at the two channels was 0.1% formic acid for channel A and
0.1% formic acid, 99.9% acetonitrile for channel B. For each sample 1 uL of diluted peptides
were loaded on a commercial MZ Symmetry C18 Trap Column (100A, 5 ym, 180 um x 20 mm,
Waters) followed by nanoEase MZ C18 HSS T3 Column (100A, 1.8 ym, 75 ym x 250 mm,
Waters). The peptides were eluted at a flow rate of 300 nL/min by a gradient from 5 to 22% B
in 80 min, 32% B in 10 min and 95% B for 10 min. Samples were acquired in a randomized
order. The mass spectrometer was operated in data-dependent mode (DDA) acquiring a full-
scan MS spectra (300—1'500 m/z) at a resolution of 120’000 at 200 m/z after accumulation to
a target value of 500'000. Data-dependent MS/MS were recorded in the linear ion trap using
quadrupole isolation with a window of 0.8 Da and HCD fragmentation with 35% fragmentation
energy. The ion trap was operated in rapid scan mode with a target value of 10°000 and a
maximum injection time of 50 ms. Only precursors with intensity above 5’000 were selected
for MS/MS and the maximum cycle time was set to 3 s. Charge state screening was enabled.
Singly, unassigned, and charge states higher than seven were rejected. Precursor masses
previously selected for MS/MS measurement were excluded from further selection for 20 s,
and the exclusion window was set at 10 ppm. The samples were acquired using internal lock
mass calibration on m/z 371.1012 and 445.1200. The mass spectrometry proteomics data
were handled using the local laboratory information management system (LIMS) (89).

For protein identification and label free protein quantification, the acquired raw MS data were
processed by MaxQuant (version 1.6.2.3), followed by protein identification using the
integrated Andromeda search engine (90). Spectra were searched against a provided Fo5176
database (40) concatenated to the Araport database
(https://www.arabidopsis.org/download/index-

auto.jsp?dir=%2Fdownload_files%2F Sequences%2FAraport11_blastsets, version 2020-06-
18), concatenated to its reversed decoyed fasta database and common protein contaminants.
Carbamidomethylation of cysteine was set as fixed modification, while methionine oxidation
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and N-terminal protein acetylation were set as variables. Enzyme specificity was set to
trypsin/P allowing a minimal peptide length of 7 amino acids and a maximum of two missed-
cleavages. MaxQuant Orbitrap default search settings were used. The maximum false
discovery rate (FDR) was set to 0.01 for peptides and 0.05 for proteins. Label free
quantification was enabled and a 2 minutes window for match between runs was applied. In
the MaxQuant experimental design template, each file is kept separate in the experimental
design to obtain individual quantitative values. Protein fold changes were computed based on
Intensity values reported in the proteinGroups.txt file. A set of functions implemented in the R
package SRMService (97) was used to filter for proteins with 2 or more peptides allowing for
a maximum of 4 missing values, and to normalize the data with a modified robust z-score
transformation and to compute p-values using the t-test with pooled variance. If all
measurements of a protein are missing in one of the conditions, a pseudo fold change was
computed replacing the missing group average by the mean of 10% smallest protein intensities
in that condition.

Fo5176 microconidia production in Arabidopsis.

We performed plate infection assays as indicated above. 5 days after the plant was dead, we
weighed the whole plant and we added 1.2 ml of H2O. The samples were shaken gently for 1
minute and the plant material removed. The number of microconidia in solution counted with
the Thoma cell counting chamber was shown per mg of dead material.

Statistical analysis.

Statistical analyses were performed and data plotted using GraphPad Prism 9.0.0 (GraphPad
Software, Inc). Each figure legend indicates the statistical analysis which was performed and
the level of significance.
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877  Fig. 1. Cellulose degradation is regulated by CLR1 in F. oxysporum (Fo5176).

878  (A) Pairwise comparison of 5 Fusarium species or Fo species complexes to identify potential
879  orthologous to the Neurospora crassa transcription factor. The percent of protein identity is
880 indicated. (B) Sequence alignment of the DNA-binding domains of the CLR1 proteins identified
881 in (A) The conservation grade is shown. Note the high conservation of the Zn(2)-C6 fungal-
882 type domain, ACEVCRSRKSRCDGTKPKCKLCTELGAECIY, related to the DNA-binding
883  domain. (C) Representative picture of WT, clr1-1 and clr1C growth on sucrose (left panel) or
884  cellulose (right panel). The arrow indicates the presence of mycelia. Scale bar, 1cm. (D)
885  Growth of WT, ciIr1-1 and clr1C on different carbon sources measured as nucleic acid
886  concentration (ng/pl). The strains were growing on sucrose 0.5% or cellobiose 0.5% for 3 days,
887  or on cellulose 0.5% for 7 days. Shown are the box plots: centerlines show the medians; box
888 limits indicate the 25" and 75" percentiles; whiskers extend to the minimum and maximum,
889  n=5. Asterisk indicated differences relative to WT. Welch'’s unpaired t-test; *** p-value<0.001.
890  ** p-value < 0.01.
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Fig. 2. The lack of CLR1 increases Fo pathogenicity.

(A) Cumulative Arabidopsis root vascular penetration by Fo at different days post-transfer (dpt)
to WT, clr1-1 or clr1C microconidia-containing plates. Values are mean +/- SEM, N= 28 plants
from one representative experiment. The experiment was performed 3 times with similar
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results. RM two-way ANOVA on vascular penetration rate: p<0.0001 (fungal genotype),
p<0.0001 (time), p<0.0001 (fungal genotype x time). Asterisk indicated a statistical difference
with respect to WT at 7 dpt, Tukey’s multiple comparison test, **** p<0.0001. (B) and (C)
FoSIX1 expression relative to AtGAPDH or FoTub, respectively, in infected Arabidopsis roots
at 7 dpt as in (A).. Shown are the box plots: centerlines show the medians; box limits indicate
the 25" and 75™ percentiles; whiskers extend to the minimum and maximum. N=4 biological
replicates; Welch's unpaired t-test; * p-value <0.05. (D) Fungal biomass calculated as FoTub
expression relative to AtGAPDH. Box plots shown as above. N=4 biological replicates. (E)
Representative confocal image of WT or cIr1-1 hyphae (green) colonization of Arabidopsis
roots stained with Pl (magenta). Arrows point to hyphae. Scale bars: 20um. (F) Number of WT
or cir1-1 hyphae able to reach the cortical apoplast as shown in (E). Data are represented on
box plots as described above. N212, Welch’s unpaired t-test; *** p-value<0.001. (G) WT and
clr1-1 gene expression in 7 dpt infected roots normalized to the fungal FoTub gene. Bars
represent means +/- SEM, N=3 biological replicates (arrowheads). For each gene, the data
were normalized to WT; Welch’s unpaired t-test; * p-value<0.05. ** p-value<0.01. (H) Cellulose
content in WT and clr1-1 infected roots at 7dpt represented as % of cellulose measured in 7
dpt mock roots. Shown are the box plots as described above. N=8 biological replicates.
Welch’s unpaired t-test; p-value indicated.

21



914

915
916
917
918
919
920
921
922
923
924
925
926
927

4 2dpt 3dpt 4dpt 5dpt . 7dpt
= wr 1
510_: cir1-1
2 N
S
s |
o
s
2 5
L
o T *
Lﬁ j _ B
o got §Baaed
Dgéaaé 91935; BQ e B a 0 &
B a S TS 9 e s 9 s s % & s
.\V _\‘J '39 .\bl .\(') '39 _&b‘ 4") '&Q .\5‘ _\‘) '&9 .\V _\‘) ':g)
FF&FE & &g &&¢ &&8
NN IR S R S IR I S R
\d o o \a \d
B
6_
-0-WT
-o-clir1-1 T

—O0—- WT Cellobiose
—0- cIr1-1 Cellobiose

S
]

N
|

Average vascular penetration/plant

o

T T
1 2 3 4
Days post transfer

Fig. 3. The plant perceives later c/r1-1 than WT.

(A) Expression of WRKY45, WRKY53, and At1g51890 relative to AtGAPDH in Arabidopsis
roots at 2, 3, 4, 5 or 7dpt to plates with WT or ciIr1-1 microconidia. Shown are box plots:
centerlines show the medians; box limits indicate the 25" and 75" percentiles; whiskers extend
to the minimum and maximum, n=4 biological replicates. For each gene, the data were
normalized to WT and the statistical differences are indicated by asterisks; Welch’s unpaired
t-test; * p-value<0.05. (B) Cumulative Arabidopsis root vascular penetration by Fo at different
dpt to WT, clr1-1 or clr1C hyphae-containing plates. Half of the plants were pretreated with
cellobiose for 25 minutes before being exposed to the fungus. Values are mean +/- SEM, N=>14
from one representative experiment. The experiment was repeated three times with similar
results. RM two-way ANOVA on vascular penetration rate: p<0.0001 (fungal genotype and
treatment), p<0.0001 (time), p<0.0001 (fungal genotype x time). Asterisk indicates a statistical
difference with respect to WT at 7 dpt. Tukey’s multiple comparisons test, * p<0.05.
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Fig. 4. clr1-1 infection generates different amounts of plant cell wall-derived molecules
than WT.

(A) Extracted ion chromatograms for m/z 341 of mock root cell wall (yellow) water extract (5
dpt) and cellobiose comercial standard (black) analysed by HP-SEC-MS. Saccharose and
another di-hexose but no cellobiose are detected in cell wall water extract. (B) Representative
extracted ion chromatograms of oligogalacturonides (OGs; blue) and di-hexoses (yellow)
detected along 5 dpt to plates with WT or clIr1-1 microconidia. DP indicates the degree of
polymerization of OGs. The retention time of different standards of DP and cellobiose is
indicated with a vertical dotted line. (C-E) Kinetics of Hexose: (C), GalA2ox (D), and GalAsAc
(E) produced in Arabidopsis roots by WT or cir1-1 infection. Mock indicates the levels of
polysaccharides at 5 dpt. Bars are means +/- SEM, N=3 biological replicates as described in
(B) and 2 replicates for mock samples. Asterisk indicates statistical significance compared to
the WT on each dpt, two-way ANOVA with LSD Fisher test post hoc comparison; ****
p<0.0001** p<0.01, * p<0.05. OGs are named GalA,,GalAAc, or GalAox with the subscript
numbers indicating the degree of polymerization (x) and the number of acetylated groups (y);
ox” indicate the presence of oxidized groups.
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Fig. 5. clr1-1 secretes more virulence factors than WT during Arabidopsis root
infection.

(A) Proteins identified in the secretome of WT Fo at 3 dpt of Arabidopsis seedlings in
hydroponic conditions. A total of 362 fungal proteins were identified in 4 independent replicates
and the percentages of the most representative family proteins found are presented. (B)
Volcano plot of differences in the abundance of proteins identified in the secretome of clr1-1
relative to the WT. Proteins significantly (moderated T-test, p-values < 0.05) less or more
present in the clr1-1 secreteome are shown in green or red, respectively. The name or family
of the most relevant proteins is indicated. (C) Cumulative Arabidopsis root vascular penetration
by Fo at different dpt to WT, clr71-1 or clr1C hyphae-containing plates. Half of the plants were
pretreated with chitin for 25 minutes. Values are mean +/- SEM, N=14 from one representative
experiment. The experiment was repeated three times with similar results. RM two-way
ANOVA on vascular penetration rate: p<0.001 (fungal genotype and treatment), p<0.0001
(time), p = 0.0001 (fungal genotype x time). Asterisk indicates a statistical difference with
respect to WT at 7 dpt. Tukey’s multiple comparisons test, * p<0.05. (D) and (E) Gene
expression of 6 virulence factors relative to FoTub in WT or cir1-1 grown 3 days in sucrose (D)
or at 3dpt in Arabidopsis roots (E). The genes were selected among the ones enriched in the
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963  cir1-1 secretome as shown in (B: : a pectate lyase (g16048), a cutinase (g2038), two subtilisins
964 (g7764 and g1489), a fungalysin (g15798) and chitin deacetylase (g11385) Shown are box
965 plots: center lines show the medians; box limits indicate the 25th and 75th percentiles;
966  whiskers extend to the minimum and maximum, n = 4. For each gene, the data were
967 normalized to WT and the statistical differences are indicated by asterisks. Welch’s unpaired
968  t-test; * p-value<0.05. ** p-value<0.01.
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Fig. 6. CLR1 is crucial for Fo saprophytic growth and spore production.

(A) CLR1 expression analysis relative to FoTub in Arabidopsis infected roots at different dpt
to WT microconidia containing plates. Values represent means +/- SEM from 3 biological
replicates. (B) CLR1 expression relative to FoTub in WT or clr1-1 grown in alive or dead plants
for 4 days. Shown are box plots: center lines show the medians; box limits indicate the 25th
and 75th percentiles; whiskers extend to the minimum and maximum, N=4 biological
replicates; Welch’s unpaired t-test; * p-value<0.05. (C) Microconidia production of WT, clr1-1
and clr1C in dead aerial tissue of infected Arabidopsis plants. Box plots as described above.
N=10 biological replicates. Asterisks indicate statistical difference relative to WT, Welch’s

unpaired t-test. ***p<0.001.
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Fig 7. The lack of CLR1 also increases Fol4287 pathogenicity in tomato plants.
Kaplan—Meier plot showing the survival of tomato plants grown in vermiculite and dip-
inoculated or not (H20) with Fol, Folclr1 or Folclr1C microconidia. N=15 plants from one
independent experiment. *P < 0.05 versus Fol alone according to log-rank test. The experiment
was repeated 3 times with similar results.
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Fig. 8. Model of CLR1 role in the life cycle of F. oxysporum in planta.

Bottom part: During root apoplast colonization, CLR1 is required to degrade and consume the
plant cellulose. In its absence, the clr1 mutant secretes more virulence factors and produces
less oligogalacturonides, which are pectin-derived damage-associated molecular patterns
(DAMPs). The virulence factors secreted by cir1 also reduce the production of chitin-
monomers perceived as microbe-associated molecular patterns by the plant. Consequently,
the host recognizes clr1 less efficiently than WT and clr7 can colonize faster the xylem. Green
arrows represent signalling cascade activation, their intensity reflects how much it is triggered.
Upper part: Once the plant is dead, Fo needs to grow saprophytically and needs CLR1 to use
cellulose as carbon source and produce microconidia.
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Table 1. Fo5176 secretome identified proteins

Proteins identified in clr1-1 and WT Proteins identified in the secretome of WT and clr1-1
infected roots at 3 dpt. Proteins differentially present in clr1-1 secretome relative to WT with a
moderated T-test p<0.05 are highlighted in green and red for less or more abundant in the

mutant, respectively, as in Fig 5B. For the proteins without IPR description, no homologues
were found in the database to assign a putative activity.
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gene_id
g15%944
g873
gl7181
g15991
g13080
g2038
gs5928
g7764
g3515
g4964
g48ss
gl2830
gl2342
gl7742
g3198

g7411

gl0128
gl13ss
g15798

g16180
g10757
g2525
gl1976
gl2120
gl6048
glass
go438
g16997
g15934
g15471
g15630
glse32

g6456
g6198
g5964
g17041
g9531
12993
g15873
g15992
g8603
g6954
g4912
g8786
gl7064
g704
gl768

10337

g1758
g13593

Secretome Identified Proteins

IPR_description

Glycoside hydrolase, family 6, conserved site, 1, 4-beta cellobiohydrolase, Cellulose-binding domain, funga
Cellulose-binding domain, fungal, Glycoside hydrolase, family 7, Concanavalin A-like lectin/glucanase dom:
Glycoside hydrolase, family S, Cellulose-binding domain, fungal, Cellulose-binding domain superfamily, Gly
Glycoside hydrolase, family 61

Glycoside hydrolase, family 61

Alpha/Beta hydrolase fold, Cutinase, monofunctional, Cuti /: byl

Copper amine oxidase, N2-terminal, Domain of unknown function DUF1965 Copper amine oxidase, Coppe
Peptidase S8/S53 domain superfamily, Peptidase S8, subtilisin-related, Peptidase S8, subtilisin, His-active s
Cyclophilin-type peptidyl-prolyl cis-trans isomerase domain, Cyclophilin-like domain superfamily, Cyclophil
FAD/NAD(P)-binding domain superfamily, Glucose-methanol-choline oxidoreductase, N-terminal, Glucose-
WD40/YVTN repeat-like-containing domain superfamily

GDSL lipase/esterase, SGNH hydrolase superfamily

Glucose-meth I-choline oxidored C inal, Gl h I-choli idored: N-termi
Esterase, PHB depolymerase, Cellulose-binding domain, fungal, Alpha/Beta hydrolase fold

Glycoside hydrolase, family 29, Glycoside hydrolase superfamily, Alpha-L-fucosidase, metazoa-type

Glucose-methanol-choline oxidoreductase, N-terminal, Glucose-methanol-choline oxidoreductase, C-termi
FAD/NAD(P)-binding domain superfamily

Glycoside hydrolase/deacetylase, beta/alpha-barrel, Nod8 homology domain

Peptidase M36, fungalysin, FTP domain, Peptidase M4/M1, CTD superfamily

Cellulose-binding domain superfamily, Cellulose-binding domain, fungal, Glycosyl hydrolases family 10, act
Pectin lyase fold/virulence factor, Pectinesterase, catalytic, Pectin lyase fold, Pectinesterase, Asp active sits

LysM domain, LysM domain superfamily

Alpha/Beta hydrolase fold, Esterase, PHB depolymerase

Glycosyl hydrolase, five-bladed beta-propellor domain superfamily, Glycoside hydrolase, family 43, Concar
Pectate lyase PlyH/PlyE-like, Pectin lyase fold, Pectin lyase fold/virulence factor

Peptidase S8, subtilisin, Ser-active site, Peptidase S8, subtilisin, Asp-active site, Peptidase 58/553 domain s
FAD linked oxidase, N inal, FAD-binding domain, PCMH-type, FAD-binding, type PCMH-like superfamil
Pectin lyase fold/virulence factor, Pectin lyase fold, PL-6 family, Right handed beta helix domain

GDSL lipase/esterase, SGNH hydrolase superfamily

Glycoside hydrolase, family 32, Glycosyl hydrolase, five-bladed beta-propellor domain superfamily, Glycos
Proteinase K-like catalytic domain, Peptidase S8, subtilisin, Asp-active site, Peptidase $8/553 domain supe
Protei K-like catalytic d in, Peptidase S8, subtilisin, Asp-active site, Peptidase $8/553 domain, Pept

Heat shock protein 70 family, Heat shock protein 70kD, C inal in superfamily, Heat shock proteir
Glucanosyitransferase, Glycoside hydrolase superfamily

Peptidase S10, serine carboxypeptidase, Alpha/Beta hydrolase fold, Serine carboxypeptidase, serine active
Necrosis inducing protein

$1/P1 nuclease, Phospholipase C/P1 nuclease domain superfamily

EMP46/EMP47, N inal lectin domain, Conc lin A-like lectin/glucanase domain superfamily, Legun
Glycoside hydrolase, family 3, N inal domain superfamily, Glycoside hydrolase, family 3, N-terminal, F
Tuberculosis necrotizing toxin

Glycosyl hydrolase, five-bladed beta-propelior domain superfamily, Glycoside hydrolase, family 43

Rho protein GDP-dissociation inhibitor, Rho GDP-dissociation inhibitor domain superfamily, Immunoglobul
Serine proteases, trypsin family, histidine active site, Peptidase S1A, chymotrypsin family, Peptidase S1, PA
GLEYA adhesm domain, PA14/GLEYA domain

End cl /phosph superfamily

Ran GTPase, Small G‘I’P-bindng, in domain, P-loop ¢ ining nucleoside triphosphate hydrolase, Sma
Pepsin-like in, Aspartic peptidase Al family, Aspamcpept-dase active site, Aspartic peptidase domai
Glycoside hydrolase superfamily

YjgF/YERO57¢/UK114 family, RidA family, RidA, conserved site, RutC-like superfamily

Necrosis inducing protein

Isochorismatase-like superfamily, Isochorismatase-like

Short-chain dehydrogenase/reductase SOR, NAD(P)-binding domain superfamily

Tyrosi copper-binding in, Uncharacterised domain, di-copper centre

Glycoside hydrolase, family 61

Peroxiredoxin, C-terminal, Peroxiredoxin, AhpC-type, Thioredoxin-like superfamily, Thioredoxin domain, A
Glycoside hydrolase, family 61

Thioredoxin-like superfamily, Domain of unknown function DUF353, thioredoxin-like

Cyclophilin-type peptidyl-prolyl cis-trans isomerase, conserved site, Cyclophilin-type peptidyl-prolyl cis-tra
Inorganic pyrophosphatase superfamily, Inorganic pyrophosphatase

Glutathione reductase, eukaryote/bacterial, FAD/NAD(P)-binding domain superfamily, FAD/NAD-linked rec
Alpha/Beta hydrolase fold, Alpha/beta hydrolase fold-1

Inositol oxygenase

Heat shock protein 70kD, C-terminal domain superfamily, ATPase, nucleotide binding domain, Heat shock |
Alpha/Beta hydrolase fold, Cutinase/acetylxyl , Cutinase, functional

RipA-like domain superfamily, Expansin, cellul binding-like in superfamily, Expansin/pollen allerge

Alpha carboni hyd ok in, Carbonic anhydrase, alpha-class, Alpha carbonic anhydrase domain sup
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-1.76
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142
043
-2.99
-4.66
053
0.78
-114
-0.13
157

0.15
-1.65
-3.28
-4.66
-3.20
-3.44

-3.04
417
229
-0.02
739
-5.15
-0.32
2.00

6.26
7.35
5.28
5.46
219
018
-2.56
-2.07
088
3.05
6.17
150
-1.01
235
073
-2.14
-4.70
-168
-0.58
5.64
6.09
-3.69
-0.05
-155

296
-4.98
104
172
-0.02
212
049
056
244
254
-2.24
0.04
-197
-0.28
-2.89
-171
0.80
-169
-135
-2.08
6.23
034
-0.16
-0.41
-0.82
240
207
-0.63
-3.15

2.10
-3.42
-3.21

252
-1.22
-0.95
-2.82
-120
=247
-041
-2.09
-4.11
-0.87
-1.82

083
-164

092
047
347

drl-1 WT log2fC
5.16

841
484

P.Value Adjusted.P.Value

4.69E-06
9.18€-06
9.83E-06

3.78E-05

0050274

0.050921
0.054819
0.056291

0.05664
0.057801
0.060925
0.064091
0.067512
0.068491
0.075069
0.076033
0.077086
0.079683
0.085775
0.088056
0.089572
0.091915
0.093906
0.097666
0.100168
0.104587
0.111758

0.001186
0.001186
0.001186
0.003418
0.005752
0.006069
0.007510
0.085018
0.085018
0.099672
0.108405
0.116412
0.116412
0.120031
0.128718
0.128718
0.128718
0.128718
0.138344
0.138344
0.177098
0.197791
0.197791
0.219565
0.251429
0.278408
0.278408
0.278408
0.278408
0.278408
0.278408
0.278408
0.288834
0.288834
0.288834
0.288834
0.296647
0.321392
0321392
0.321392
0.335491
0.335491
0.338676
0.338676
0.338676
0.338676
0.338676
0.338676
0.338676
0.338676
0.341361
0.341361
0.341361
0.341361
0.359712
0.359712
0.359712
0.360757
0373812
0.386681
0.3998%6
0.399896
0.429309
0.429309
0.429309
0.437049
0.463443
0.468767
0.469929
0.475333
0.478790
0.491041
0.496722
0511626
0.537084
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g3337
g4548
g11299
g15930
gl0243
ga447
g17329
g9446
gl5661
g8037
gs019
gli32
gl15834
gl3117
gl6179
g15705
g16885
g7119
gla3is
g10508
gl6076
gl60
g10104
glasl
gl142s
gl1287
g4077
gled2
g8629
gl5670
g1682
gles22
g2432
g4902
g10652
gla783
g10105
g8299
g73%
£8868
g352
gl10771
g7502
g2577
g16090
g7661
gl7217
g6054
g8752
glo423
g4469
gl5672
g6006
g5159
g9752
gess3
g867
gl5445
g637
g7288
g7659
g4s57
g16950
g8754
gle623
g9543
gl7325
g235
g4767
gl1199
gl6962
g3965
g2649
g15939
g984s
gl0911
g7852
ge3
g8701

Glycosyl hydrolase, five-bladed beu-propellor domain superfamily, Glycoside hydrolase, family 62, arabin¢
ACP-like superfamily, Phosphop i ding ACP in, Trimeric LpxA-like superfamily, AMP-depe
Immunogliobulin-like fold, Glycoside hydrolase family 3 C-terminal domain superfamily, Glycoside hydrolas
Beta-xylosidase, C-terminal Conc lin A-like in, Glycoside hydrolase, family 43, Conc lin A-lik

Pepti M28, PA in, Peptidase M28, SGAP-like

Major facilitator superfamily, Aipha/Beta hydrolase fold, Peptidase S9, prolyl oligopeptidase, catalytic dorr
Oxidoreductase, C-terminal, Oxidoreductase, N-terminal, NAD(P)-binding domain superfamily
Uncharacterised domain, di-copper centre, Tyrosinase copper-binding domain

Glycoside hydrolase superfamily, Glycoside hydrolase family 17

Al ~fucosid type, Glycoside hydrolase superfamily, Glycosyl hydrolase, all-beta, Alpha-L-f
Uncharacterised protein family, glycosyl hydrolase catalytic di in, Glycoside hydrolase superfamily
Chorismate mutase I, pmkarwtu: -type, Gmonsnutemmsedmnsupedamlv,dmlsnmemunsetype
Pepti §53, activati Peptidase $8/553 d superfamily, Sedolisin domain, Peptidase S8/S
Pectin lyase fold, Glycoside hydrolase, family 28, Pectin lyase fold/virulence factor

Pectin lyase fold/virulence factor, Pectin lyase fold

Six-hairpin glycosidase superfamily, Beta-L-arabinofuranosidase, GH127

SUN family

Transcription factor, GTP-binding domain, Translation elongation factor EFTu-like, domain 2, P-loop contai
Glycosyl hydrolase family 32, N-terminal, Glycosyl hydrolase, five-bladed beta-propellor domain superfami
Gluc ethanol-choline oxidoreductase, N-terminal, Glucose-methanol-choline oxidoreductase, C-termi
Leucine-rich repeat, Leucine-rich repeat domain superfamily, Leucine-rich repeat, typical subtype

Glycosyl hydrolase, five-bladed beta-propellor domain superfamily, Concanavalin A-like lectin/glucanase d
Cutinase/acetylxylan esterase, Alpha/Beta hydrolase fold

Six-hairpin glycosidase superfamily, Glycoside hy , family 37, Six-hairpin glycosidase-like superfamily

F; yl pyrophosph ynthase-like, Polyprenyl synthetase, conserved site, Isoprenoid synthase domain
Concanavalin A-lul:e lectin/glucanase domain superfamily, Glycoside hydrolase family 16

Glycoside hydrolase, family 27, Aldolase-type TIM barrel, Alpha galactosidase, C-terminal beta sandwich d¢
Chitin-binding, type 1, conserved site, Chitin-binding, type 1, Glycosyl hydrolases family 18 (GH18) active s
SGNH hydrolase superfamily, Rhamnogalacturonan acetylesterase RhgT-like, SGNH hydrolase-type esteras
DNA/RNA polymerase superfamily, Reverse transcriptase domain, Ribonuclease H superfamily, Endonucle:

Glycoside hydrolase, family 27, Galactose-binding-like domain superfamily, Glycosyl hydrolase, all-beta, Al
Allergen Asp f4

Glycoside hydrolase, family 43, Galactose-binding-like domain superfamily, Glycosyl hydrolase, five-bladec
Concanavalin A-like lectin/glucanase domain superfamily, Glycoside hydrolase, family 32, Glycosyl hydrola
Galactose-binding-like domain superfamily, SGNH hydrolase superfamily, CtCE2-like domain, SGNH hydrol:
Glycoside hydrolase, family 61

Pepndase S28, Alphalaet: hydrolase foid

llulose-bi g-like in superfamily, RipA-like domain superfamily
GNCMWMWHV,GMW&WM family 3, N i 'Glyoos-de‘ drolase family 3C
Pep Il , Peptidase M12A, Metallopeptidase, catalytic superfamily
Berbenne/berbenne-hke FAD-binding domain, PCMH-type, FAD-binding, type PCMH-like superfamily, FAC
Glycoside hyd family 16, Conc lin A-like lectin/glucanase domain superfamily, Glycoside hydrol:
Glycosyl hydrolase, family 13, catalytic domain, Npha—amvlasel&e Glyoosnde hydrolase superfzmw
SurE-like phosphatase/nudeotidase superfamily, Survival protein SurE-like phosph
Galactose mutarotase-like domain superfamily, Glycoside hydrolase-type carbohydrate-binding, Aldose 1-
Aspamcpeptndasedmnswerhmly, eptidase family Al d in, Aspartic peptidase Al family, Pepsin-
Cellulose/chitin-bi
LysM domam, LysM doman superfamlly
Glycoside hydrolase family 12, Concanavalin A-like lectin/glucanase domain superfamily, Glycoside hydrol:
Lactonase, 7-bladed beta propeller, WD40/YVTN repeat-like-containing domain superfamily, Cytochrome ¢
FAD-binding domain, PCMH-type, FAD linked oxidase, N-terminal, FAD-binding, type PCMH-like superfamil

Superoxide dismutase, copper/zinc binding domain, Superoxide di (Ou/Zn)/scperomde dismutase
FAD-bmdng, type PCMH-like superfamily, FAD linked oxidase, N inal, FAD-binding d , PCOMH-typ
L Jriboflavin sy superfamily, L . L . ,' — "

Glycoside hydrolase family 16, Concanavalin A-like Iecm/gluamse domain superhmdv

Pectate lyase, Pectin lyase fold, Pectin lyase fold/virulence factor

Enolase, Enolase, conserved site, Enolase, C-terminal TIM barrel domain, Enolase-like, N-terminal, Enolase
Pectin lyase fold/virulence factor, Pectate lyase PlyH/PlyE-like, Pectin lyase fold

Cellulose/chitin-binding protein, N-terminal

EGF-like, conserved site, EGF-like domain

Acyl transferase/acyl hydrolase/lysophospholipase, Lysophospholipase, catalytic d
o] facetylxylan esterase, Cuti E functional, Alpha/Beta hyd fold
Gahcmoxndase—hke Early set di in, Galactose oxidase, central ds in superfamily, Carbohydrate-bir

Class | glutamine amidotransferase-like, DJ-1/Pfpl

Cell wall mannoprotein 1

Peptidase S10, serine carboxypeptidase, Alpha/Beta hydrolase fold, Serine arboxypeptndase serine active
CAP domain, Golgi-associated plant pathogenesis-related protein 1, SCP in, Cy rich YP
Glycoside hydrolase family 11/12, Glycoside hydrolase family 11, active site 1, Glycosyl hydrolases family 1
Glycoside hydrolase 131, catalytic N-terminal

Pectin lyase fold/virulence factor, Pectate lyase, Pectin lyase fold

Class | glutamine amidotransferase-like, DJ-1/Pfpl

Domain of unknown function DUF1996

Peptidase M14, carb idase A

YP=P
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-0.91
-2.45
-133

258

2.00
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6.27
-3.54
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-2.32
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-0.37
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-0.03
-151
-2.36
0.02
0.76
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-5.14
091
-2.33
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-3.59
-2.81
-147
5.29
3.07
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-0.49
-3.36

-2.83
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-2.65
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-4.06
-0.05
6.59
260
0.60
0.69
-2.75
-0.69

-112

-0.78
-139

136
091

138
-117
-1.97
-127
-1.20

0.115926
0.11779%6
0.118335
0.118371
0.11882
0.121824
0.12213
0.12389%6
0.124627
0.131398
0.136941
0.137409
0.138957
0.139461
0.150138
0.141106
0.14124
0.143716
0.146658
0.151147
0.155742
0.157808
0.165521
0.167525
0.168331
0.169097
0.169741
0.172731
0.17353
0.181262
0.186037
0.186043
0.193975
0.19421
0.201376
0.205739
0.207311
0.208487
0.214457
0.218331
0.21845
0.219194
0.220085
0.221246
0.222285
0.22609
0.2274
0.231102
0.2333%6
0.236887
0.23936
0.242751
0.249115
0.251158
0.251854
0.255368
0.267753
0.272844
0.273407
0.273536
0.273641
0.273857
0.275663
0.277382
0.278097
0.278935
0.28036
0.282088
0.282215
0.287281
0.29632
0.296857
0.296925
0.298277
0.306576
0.30668
0.307031
0.307601
0.311883

0537084
0.537084
0.537084
0537084
0.537084
0537084
0.537084
0.537084
0.537084
0.555750
0.555750
0.555750
0.555750
0.555750
0.555750
0.555750
0.555750
0.559411
0.564788
0.575951
0587278
0.588934
0.602413
0.602413
0.602413
0.602413
0.602413
0.604016
0.604016
0.624922
0.629416
0.629416
0.644992
0.644992
0.662710
0.667896
0.667896
0.667896
0.670561
0.670561
0.670561
0.670561
0.670561
0.670561
0.670561
0.674745
0.674745
0.680154
0.681365
0.686025
0.687685
0.691936
0.701318
0.701318
0.701318
0.705674
0.709457
0.709457
0.709457
0.709457
0.709457
0.709457
0.709457
0.709457
0.709457
0.708457
0.709457
0.709457
0.709457
0.717212
0.724674
0.724674
0.724674
0.724674
0.726461
0.726461
0.726461
0.726461
0.726461
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1005

g9317
gls3
gl2871
g6139
g3321
g4355
g5029
goseq
g10729
g6878
g4892
gl2384
g766
g6772
g923
g8590
g8248
g75%0
gl223s5
gli7l
g9227
g7081
g3363
g6504
g15857
gle113
g8231
gl1972
gl6729
gl3716
g3016
g4763
g13297
gl4asie
g15867
g555
g6631
g4476
g3073
g1020
g39%0
gl3s13
gl3614
gl6649
ga761
glaqsl
gl1320
gl6195
g6459
gl4329
g6295
g15989
g16857
g12185
g3972
g12093
gls024
g8504
gl4243
g12277
gl5710
gl6104
g8486
gs1s
g4593
g6835
g15003
g16506
g5013
gl11706
g4777
g7610
g6361
g900
gl2817
10240
g9271
g10632
g7682

T Idolase/Fruc 6-phosph Idolase, Tr Idolase type 1, Ti Idolase, active site, Aldolase-ty]
Glycoside hydrolase superfamnly, Glycoside hydrolase, family 5

Thioredoxin domain, Thioredoxin-like superfamily

Nucleoside diphosphate kinase, Nudeoside diphosphate kit like in superfamily, Nucleoside dipho
Glycoside hydrolase superfamily, Chiti I, Chiti i ion domain superfamily, Endochitinase-like s1
Pectin lyase fold/virulence factor, Pectin lyase fold, Pectate lyase superfamily protein
Rhamnogalacturonan acetylesterase RhgT-like, SGNH hydrolase-type esterase d in, SGNH hydi su
NADP-depend id tase in, NADP-depend idoreductase domain superfamily, Aldo/ket

P $10, serine carboxypeptidase, Alpha/Beta hydrolase fold

FERM/acyl-CoA-binding protein superfamily, Acyl-CoA-binding protein, ACBP, Acyl-CoA binding protein sug
Glycoside hydrolase superfamily, Glycoside hydrolase, family 5

DinB/YfiT-like putati Il ymes, Protein of unk function DUF1993

Cytochrome bS-like heme/steroid binding domain superfamily, FMN-dependent dehydrogenase, FMN hyd
Glycosyl hydrolase, five-bladed beta-propellor domain superfamily

KreS/Knh1 family

X8 domain, Glycoside hydrolase superfamily, Glucanosyltransferase

Aspartic peptidase Al family, Aspartic peptidase domain superfamily, Peptidase family A1 domain, Asparti
Peptidase G1, Peptidase G1 superfamily, Concanavalin A-like lectin/glucanase domain superfamily
Glycoside hydrolase superfamily, Glycoside hydrolase, family S

Heat shock protein 70kD, C-terminal domain superfamily, Heat shock protein 70 family, Heat shock proteir
Carbohydrate-binding WSC

Chaperone DnaK, Heat shock protein 70kD, peptide-binding domain superfamily, Heat shock protein 70 far
Chitinase insertion domain supedamly, Endodrmnase—lie superfamily, Chitinase II, LysM domain, Glycosi
Tyrosinase copper-binding domain, Uncharacterised domain, di-copper centre

Metallopeptid: .Gﬂ'vtit‘ i supefhmi'v

Beta-Gal ida idase d superfamily, Glycosyl hydrolases family 2, sugar binding domair
Glycosyl hydrolase ﬁmﬂv 32, C-terminal, Glycoside hydrolase, family 32, Glycosyl hydrolase, five-bladed b¢

Glycosyl hydrolase family 53, Glycoside hydrolase superfamily

Glycosyl hydrolase, five-bladed beta-propelior domain superfamily, Glycoside hydrolase, famlly43
lecossdehydrohsefamtylo‘ in, Cellulose-binding domain, fungal, Cellulose-bindi superfz
Pep g 1 idase, Peptidase M12A, Metallopeptidase, catalytic d snperfavmlv

Glycosyl hydmiase famllv 32, C-terminal, Glycosy! hydrolase family 32, N-terminal, Glycosyl hydrolase, five

Metallo-beta-lactamase, Ribonuclease Z/Hydroxyacylglutathione hydrolase-like

Alpha/beta hydrolase fold-1, Alpha/Beta hydrolase fold, Pephdase 533 trpepndyl amnopepmhse—llke,
Thioredoxin-like superfamily, Protein disulp P , Thi Th
Glycoside hydrolase family 17, Glycoside hydrolase supeffamny

Pepti family Al d in, Aspartic pepti superfamily, Aspartic peptidase Al family, Aspergi
Pectin Iyase fold/v-rulence factor, Pectin lyase fold, thoos-de hyd'ohse, famnv 28, Parallel beta-helix repe
S.u e superfamily, S-ad % in, S-adk
Concanavaln A-like Iecxm/glucanase domain superfamuly, Glycoside hydtolase favmty 16

Cellul binding in, fungal, Cellul binding d in superfamily

SGNH hydrolase superfamily, GDSL lipase/esterase

Glycoside hydrolase, family 28, Pectin lyase fold, Pectin lyase fold/virulence factor

Cyclin-like, Palmitoyl protein th , Cyclin-like superfamily, Cyclin/Cyclin-like subunit Ssn8, Alpha/B
Tmcopeptnde-llke helical domain superfamily, CHAT domain

End: clease/phosph superfamily

WD40/YVTN repeat-like-comznmg domain superfamily, Cytochrome cd1-nitrite reductase-like, haem dlc¢

Carboxylesterase type B, conserved site, Alpha/Beta hydrolase fold, Carboxylesterase type B, active site, G

Pepti family A1 domain, Aspartic pepti in superfamily, Aspartic peptidase Al family
Glycoside hydrolase family 16, Concanavalin A-like lectin/glucanase domain superfamily

Glycoside hydrolase family 16, Concanavalin A-like lectin/glucanase domain superfamily

Leucine-rich repeat domain superfamily

Protein of unknown function DUF3455

Armadillo-like helical, Ribosomal protein L19/L19e, Genl, N inal, Rib | protein L19/L15e superfa
Alpha/Beta hydrolase fold, Carboxylesterase type B, active site, Carboxylesterase, type B

Pepti $8/553 domain, Peptidase S8, subtilisin, His-active site, Peptidase $8/553 domain superfamily, Pi
EF-hand domain pair, EF-hand domain, EF-Hand 1, calcium-binding site, Calmoduli

Beta-hexosaminidase, eukaryotic type, N-terminal, Glycoside hydrolase family 20, catalytic domain, Beta-h
NodB homology domain, Glycoside hydrolase/deacetylase, beta/alpha-barrel

Pex, N-terminal, Glycoside hydrolase family 16, Carbohydrate-binding WSC, Zinc finger, RING/FYVE/PHD-ty
Alpha/Beta hydrolase fold, E: , PHB depoh ase

Alpha/Beta hydrolase fold, Tammlfemioyl esteﬂse

Pepti M14, carboxypep A

Pepti S8 propeptide/protei inhibitor 19 superfamily

Dimeric alpha-beta barrel, Antibiotic biosynthesi: d
Cupredoxin, Multicopper oxidase, type 3, Multicopper oxndass conserved site, Multicopper oxidase, type
Galactose oxidase/kelch, beta-propeller, Kelch-type beta propeller

Alphac ic anhydi ok , Alpha ¢ ic anhyd: ds in superfamily, &rbomc anhvdnse,
Ubiquitin-like doman superfamily, Ubiquitin consemd site, Ubiquitin-like in, Ubiqui
Phytanoyl-CoA dioxygenase

431
-2.35

135
212
-149
-185

091

-4.05
274
-2.98
052
-3.99
-163
-117
0.99
-2.39

-161
-3.99
276
166
447
-3.17
-3.71
0.s8s
-114
-103

197
045
-241
-0.18

5.47
167
233
-197
-0.71
5.50

-2.26
471
171
480
-117
109
-150
170
044
-3.36

0.05
-0.01
059
3.65
206
384

6.67
174

-0.95
-124
137
-2.96
-3.27
136
-201
097
-3.39
-2.30
-2.37
049

-198
-2.28
-3.13
317
091
487

-261
134
-0.50
-0.52
-128
031
-0.72
-0.75
5.70
-175
-143
425
038
168
-2.57
454
212
3.02
-3.14
-0.59

-4.40

133
-091
-247

-0.55
0.65
-167
058
-0.63
049
0.72
0.70
047
041
047
038
-0.78
054
0.60
045
-0.66
078
-139
097
045
061

-1. 19
-0.50
0.62
0.70
-0.67

041
0.75
0.40
0.62
110

063
051
071
142
-0.55
042
-0.46
0.69
-0.96
-1.10
038
039
0.79
-0.65
-0.42
0.72
059
036

043
037
029
052
039

0.311893
0.313061
0.324239
0.326933
0.329671
0.330138
0.330284
0.330648
0.339023
0.342724
0.345224
0.346441
0.346861
0.350004
0.353625
0.354715
0.356781
0.357129
0.357526

0.36672
0.367511
0.368259
0.369403
0.372599
0.375991
0.378247
0.404074
0.411034
0.411188
0.411872
0.412039
0.413228
0.413507
0.413768
0.413921
0.415982
0.422837
0.423585
0.429932
0.430242
0.431791
0.434033
0.435786
0.441534
0.441707
0.450854
0.451984
0.460042
0.463385
0.464622
0.466982
0.471606
0.473054
0473113
0.474917
0.477025
0.480106
0.483609
0.484644
0.486969
0.489851
0.493861
0.495765
0.497064
0.500773
0.511013
0.514859

052321
0.523617

0.52708

052854
0.530093
0.533042
0.539878
0.546377
0.555704
0.566007
0571211
0.577051

0.726461
0.726461
0.738856
0.738856
0.738856
0.738856
0.738856
0.738856
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.748118
0.755502
0.755502
0.755502
0.755502
0.757757
0.760385
0.760696
0.792555
0.792555
0.792555
0.792555
0.792555
0.792555
0.792555
0.792555
0.792555
0.792555
0.798634
0.798634
0.800784
0.800784
0.800784
0.800784
0.800784
0.803507
0.803507
0.814020
0.814020
0.822299
0.822299
0.822299
0.822299
0.822299
0.822299
0.822299
0.822299
0.822299
0.823667
0.823667
0.823667
0.823752
0.824772
0.825399
0.825399
0.825399
0.827761
0.840848
0.843343
0.849087
0.845087
0.849087
0.845087
0.845087
0.850049
0.857174
0.863704
0.874630
0.886989
0.891287
0.894970
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1006

g2502
g13805
gl220
glia1s
g9319
g10601
g8790
gl7816
g7410
glizel
g1479%
gli13e
gl0913
g132%0
g10055
gl204
gl1945
g12780
g7792
g10659
g9512
gs0s3
gl631
g6181
g12201
g4080
gl2o1
g12967
g15019
gls861
g3%0
gl027
gl1276
g7350
g13053
gl2382
gs36
g2478
g9067
4585
g7515
g15722
gl4ass3
g6817
gl621
g6251
gl3ges
g6145
g16943
g9676
gl961
g15912
g786
g3852
g5020
g5140
g4369
g7743
g24%94
g15891
g8260
gs563
gl2121
g4480
g8214
g82%6
glo261

Protein of unknown function DUF3455

Signaling mucin MS82

Superoxide dismutase, copper/zinc, binding site, S ide di (Cu/Zn) / superoxide dismutase co
Aldo/keto reductase, Aldo/keto reductase, conservedme NADP-d d idoreductase domain, NAD
Peptidase M28

Glycoside hydrolase, family 27, Galactose-binding-like domain superfamily, Alpha galactosidase, C-termina
SGNH hydrolase-type esterase domain, SGNH hydrolase superfamily

Aspartic peptidase domain superfamily, Aspartic peptidase Al family, Aspartic peptidase, active site, Pepti
Glycoside hydi family 10 domain, Glycoside hy superfamily

FAD linked oxidase, N inal, FAD-binding, type PCMH-like superfamily, FAD-binding domain, PCMH-typ
Isochori; like, Isochori like superfamily

Sialidase superfamily

FAD/NAD(P)-binding domain superfamily, Thioredoxin reductase, Pyridine nudeotide-disulphide oxidored:

WD40/YVTN repeat-like-containing domain superfamily

Peptidase M28, M28 Zn-Peptidase Glutaminyl Cyclase

Sec7 domain, Armadillo-type fold, Sec7, C-terminal domain superfamily, Mon2, dimerisation and cyclophili
Nuclear transport factor 2, eukaryote, Nuclear transport factor 2, NTF2-like domain superfamily
Alpha/Beta hydrolase fold, Peptidase $9, prolyl oligopeptidase, catalytic domai

Concanavalin A-like lectin/glucanase domain superfamily, Glycoside hydrolase family 16

Necrosis inducing protein

Lysophospholipase, catalytic domain, Glycoside hydrolase superfamily, Acyl transferase/acyl hydrolase/lys

Aldehyde dehydrogenase domain, Aldehyde dehydrogenase, C-terminal, Aldehyde dehydrogenase, N-termr
Alpha/beta hydrolase fold-1, Alpha/Beta hydrolase fold
Zinc finger, MYND-type, Alpha/Beta hydrolase fold, Cuti /acetylxylan esterase

FKBP-type peptidyl-prolyl cis-trans isomerase domain

KreS/Knh1 family

PA domain, Peptidase M28, Peptidase M28, SGAP-like

Pectin lyase fold, Parallel beta-helix repeat, Glycoside hydrolase, family 28, Pectin lyase fold/virulence fact
Haem peroxidase, Fungal ligni , Peroxid active site, Haem peroxndase wperfumry

S R ehinns A o R Marh 25
Y P Y

Rib ion p in SBDS, N- inal d i mperfanily,RibosomemawrationpmtehSBDS,'

Serm/threonmepmtem kmase TOR FATC domain, PIK-related kinase, FAT, Armadillo-type fold, FKBP12-r
A e o Amidase sig| (AS) superfamily
Kelch-type beta propelle Keich repeat type 1

Pectate lyase, Pectin lyase fold/virulence factor, Pectin lyase fold

Pep M43, pregnancy-associated pl A, Metallopeptidase, catalytic domain superfamily

Peptidase S8 propeptide/protei inhibitor 19, Peptidase S8, subtilisin-related, Peptidase S8 propeptide/
lecoscdehydrolase family 61

RipA-like domain superfamily

Domain of unknown function DUF1996

Peptidase $8/553 domain superfamily, Peptidase S8, subtilisin-related, Pepti $8/s53 d in, Pepti

RNA recognition motif domain, RNA-binding domain superfamily, Nucleotide-binding alpha-beta plait dom
Alpha/Beta hydrolase fold, Carboxylesterase type B, active site, Carboxylesterase, type B

Translation elongmon factor EF1B, beta/delta subunit, guanine nucleotide exchange domain, Translation «
P-loop ing nucleoside triphosphate hydrolase, ATPase, F1/V1/Aloomplex alpha/bm subunit, nucl
Endonud f clease/phosph superfamily, End lease/ e/phosp

Alpha/Beta hydrohse fold, Carbox\ﬁeﬁm type B

Glycoside hydi , family 3, N inal, Glycoside hydrolase family 3 C-terminal domain superfamily, Im
Glycoside hydrolase family 17, Glycoside hydrolase superfamily

Alpha/Beta hydrolase fold, Carboxylesterase type B, active site, Carboxylesterase, type B, Carboxylesterase

Glycosyl hydrolase, five-bladed beta-propelior domain superfamily, Carbohyd binding module family 6
Alpha/Beta hydrolase fold, Alpha/beta hydrolase fold-1

Cupredoxin, Multicopper oxidase, copper-binding site, Fungal multicopper oxidase, cupredoxin domain 3,
Berberine/berberine-like, FAD linked ondase N-terminal, FAD-bmdng domain, PCMH-type, FAD-binding, 1
Histidine phosphatase superfamily, Histidine phosp! y, clade-1

Protein of unknown function DUF1348, NTF2-like domain superhmllv

MmeE/PrpD, MmgE/PrpD superfamily, 2-methylcitrate dehydratase PrpD, MmgE/PrpD superfamily, domai
Giycoside hydrolase family 16, Giycoside hydrolase, family 16, CRHL, predicted, Concanavalin A-ike lectin/
UROD/MetE-like superfamily, Cob in-indep ynthase, Cobalamin-independent met!

Glycoside hydrolase, family 43, Alpha-L-arabinoft id Glycosyl hydrolase, five-bladed beta-propelic
Pectin lyase fold, Glycoside hydrolase, family 28, Pectin lyase fold/virulence hc:or, Parallel beta-helix repe

-Nucleotidase, C. inal domain superfamily, 5'-Nucleotidase, C inal, Metallo-dependent phosph
SUN family

-2.26

-3.98
-2.29
-3.74
169
115
-2.40
-178
230
101

091
-3.83
345

317
198
-2.32
193
178
-125
411
275

-0.99
106
6.77

-152

-3.56
6.28

-131
165
168

-117

-3.09

-2.60

-0.02
103
397

-0.18
316

-0.11
493

056
-2.55
417
176
219
-3.04
-353
-253

-147
3.28
-167
-1.05
058
130

0.87
202
216
055
0.40
486
4.66
-138
-2.97
091
5.19
345
150
3.96
0.07
-2.08
-2.35
0.19
3.96
-1.08
7.62
-3.78
-2.47
-3.40
149
135
-2.73
-163
258
133
137
0.76
-4.03
329

035

024
-0.31
037

034
-0.19
-0.28
-0.24
023
-0.20

025
-0.28
-0.24

031
-0.28
0.25
0.20
-0.19
0.26
030
0.26
023
0.13
-0.14
023
0.16
025

-0.18
036
0.27

036

-0.16
0.20

-0.18
035

-0.20
0.20

033
015
0.28
032
025

-0.15

-0.20

-0.16

0.578517
0.581939
0.586365
0.589665
0.591307
0.595198
0.595602
0.597356
0.600215
0.612028
0.620129
0.621141
0.622534
0.625204
0.627663
0.629267
0.629356
0.635177
0.642805
0.642815
0.643777
0.647311
0.648049
0.648989
0.649459
0.653682
0.656215
0.661163
0.662531
0.665749
0.677692
0.680597
0.687312
0.687768
0.689261
0.691619
0.691829
0.695967
0.69863
0.702047
0.704676
0.7063
0.707202
0.71365
0.714829
0.714922
0.716133
0.720075
0.721444
0.728791
0.7303
0.732603
0.734201
0.740402
0.759093
0.761934
0.764366
0.764457
0.767287
0.765484
0.773514
0.774865
0.777946
0.779519
0.780829
0.784747
0.786375
0.791069
0.792462
0.794869
0.799972
0.812579
0.812639
0.816069
0.820206
0.822295
0.82521
0.833997
0.8347

0.894570
0.896433
0.897274
0.897274
0.897274
0.897274
0.897274
0.897274
0.897842
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.911256
0.913641
0.913653
0.915406
0.915406
0.916354
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.925858
0.926109
0.926109
0.929303
0.929303
0.929303
0.929303
0.933887
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948523
0.948893
0.948893
0.949646
0.949646
0.949646
0.952598
0.961358
0961358
0.962271
0963335
0.963335
0.963377
0.963377
0.963377
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1007

g7601
g7052
g17239
g16505
g223
gl2827
gl7201
g14035
g12925
g4431
g10876
g10917
gl7675
g9447
g4900
g16730
g3863
glaes
g6907
g4291
g8359
gl4769
g450
gle746
g878s
g16097
g15470
gl2126
g4263
g7674
gl2240
gl0854
gl7018
gas18
g17204
g9171
glosss
g15794

g16281
g15816
g4544
g7572
g4411
82339
g7868
g17213

g6411
gl4330

Cytochrome bS-like heme/steroid binding domain, Succinate dehydrog: /1 reductase flavopro
Peptidase $16, active site, PUA-like superfamily, Peptidase $16, Lon proteolytic domain, Lon, sub bi
Catalase-peroxidase haem, Haem peroxid: Haem peroxidase superfamily, Peroxidase, active site, Perox
Uncharacterised protein family UPFO311

Autophagy-related protein 27
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Fig. $1. Identification of Fo5176 c/r1 mutants and c/r1C complemented.

(A) Left panel, schematic representation of targeted CLR1 gene replacement with the neomycin
cassette (Neo") using the split-marker method. Right panel, complementation of the c/r7 mutants
by co-transformation with the phleomycin resistance cassette (Phleo’) and the WT CLR17 gene.
(B) PCR screening to identify c/r1 and clr1C mutant strains. Genomic DNA of the indicated fungal
strains was amplified by using the primer pair ForCLR1genotyping and RevCLR1genotyping
(indicated with arrows in panel A). The expected PCR fragments for clr1 or cir1C mutants are
2589 or 2870 bp, respectively. (C) CLR1 expression measured by Rt-PCR in the indicated strains
using the primers pair CLR1rtpcrfor and CLR1rtpcrrev. FoTub expression was used as reference.
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Fig. S2. CLR1 deletion does not alter Fo growth on different stress media.

Representative images of WT, c¢lr1-1, and clr1C growth in YFP control media an in various stress
media: Minimal Media (nutrient limitation), YDP with 1 M NaCl (salt stress), YPD with 50 ug/mL
Congo Red or YPD with 40 pg/mL Calcofluor White (cell wall perturbations) or 1 M of Sorbitol
(osmotic stress). The experiment was repeated 2 times with similar results. Plates were spot-
inoculated with 20 pl of decimated dilution from 107 microconidia/ml.
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Fig. S$3. The lack of CLR1 impairs Fo growth in different carbon sources.

Growth WT, cir1-1 and ¢lr1C on sucrose 0.5% or cellobiose 0.5% for 3three days, or on cellulose
0.5% for 7 days measured as dry weight (mg). Shown are the box plots: centerlines show the
medians; box limits indicate the 25" and 75™" percentiles; whiskers extend to the minimum and
maximum, N=9. Asterisk indicated differences relative to WT. Welch’s unpaired t-test; **** p-value
< 0.0001.

38



60— ‘ = WT 15+ ‘= WT

= cir1-1 : |=l cir1-1
a é I=I clr1-2 5 |=| cir1-2
[}
£ 40- E 10+
3 £ g
s é =
m g E dedede ke BERY |
) :
© _ _ :
© 20 E E 5 : @ Q
: *kddk
z é ek dek
dkdkk ddkkk E @
. X : i
Sucrose Cellobiose Cellulose Sucrose Cellobiose Cellulose
C
570 wr
-0- cir1-1
5g 4o cr12 W
3 ] *%
o
g s 34
> 0o
Q) ot
©
g5 2
0 c
z3
1_
0 | | | | |
3 4 5 6 7

Days post transfer

Fig S4. A second independent CLR1 deletion mutant, c/r1-2, displayed the same phenotype
than cir1-1.

(A) and (B) Growth of WT, cir1-1 and c/r1-2 on sucrose 0.5% or cellobiose 0.5% for 3 days, or on
cellulose 0.5% for 7 days measured as dry weight (mg) (A) and nucleic acid concentration (ng/ml)
(B). Shown are the box plots: centerlines show the medians; box limits indicate the 25" and 75%
percentiles; whiskers extend to the minimum and maximum, N=5. Welch’'s unpaired t-test;
asterisks show differences with respect to WT.***p-value<0.001, ****p-value <0.0001. (C)
Cumulative Arabidopsis root vascular penetration by Fo at different days post-transfer (dpt) to
WT, cir1-1 or clr1-2 microconidia plates. Values are mean +/- SEM, N=30 plants from one
representative experiment. The experiment was performed 3 times with similar results. RM two-
way ANOVA on vascular penetration rate: p<0.0001 (fungal genotype), p<0.0001 (time), p < 0.01

(fungal genotype x time). Asterisk indicated a statistical difference with respect to WT at 7 dpt,
Tukey’'s multiple comparison test, ** p<0.01.
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Fig. S5. Kinetics of Hexoses and OGs identified in Arabidopsis roots infected with WT or

cir1-1.
(A) Examples of the modifications observed in the detected OGs: acetylated or methylated

residues and oxidized PG products. (B) Kinetics of Hexoses, and OGs identified by HP-SEC-MS

40



in infected roots at different days post transfer (dpt ) to WT or clr7-1 microconidia. Bars represent
means +/- SEM from 3 biological replicates (2 for mock samples). No significant differences were
observed in the clr1-1 samples compared to WT ones using two-way ANOVA with LSD Fisher
test post hoc comparison at any dpt. OGs are named GalA.Acy, indicating the subscript numbers
indicate the degree of polymerization (x) and the number of acetylated groups (y). “ox” indicate
the presence of oxidized groups, respectively.
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Fig. S6. clr1-1 virulence is not compensated by WT coinfection
(A) Cumulative Arabidopsis root vascular penetration by Fo at different days post-transfer (dpt)
to plates with WT, ciIr1-1 or a 50/50 WT/clr1-1 microconidia mix. Values are mean +/- SEM, N=25
plants from one representative experiment. The experiment was performed 3 times with similar
results. RM two-way ANOVA on vascular penetration rate: p<0.001 (fungal genotype), p<0.0001
(time), p<0.01 (fungal genotype x time). Asterisk indicated a statistical difference with respect to
WT at 7 dpt. Tukey’s multiple comparisons test, ** p<0.01. (B) Root vascular penetration at 7 dpt
to plates with WT, cir1-1 or a mix with 97,5%, 90%, or 75% WT microconidia complemented to
100% with clr1-1 microconidia. Bars represent means +/- SEM, N=22, from one independent
experiment. The experiment was performed 2 times with similar results. One-way Anova was
performed and Tukey's multiple comparisons test; letters indicate statistical difference between
samples; p<0.05.
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Fig. S7. Identification of Fol4287 clr1 and cir1C mutants.

(A). Southern blot hybridization analysis of the WT and of five indicated clr1 transformants.
Genomic DNA was digested with the Hindlll restriction enzyme and hybridized with a probe
obtained by using the primer pair CLR1TERFOR and CLR1TERREV. 6.4 Kb indicates WT
fragment whereas 4.7 the cassette insertion. Transformants marked with an asterisk indicate
strains where targeted replacement of the indicated gene by homologous integration of a single
copy of the Neo' resistance cassette occurred. (B) PCR screening to identify c/r1C mutant strains.
Genomic DNA of the indicated fungal strains was amplified by using the primer pair
CLR1PROMFORNEST and CLR1revgene. The expected PCR fragment for c/r1C mutants is of
3600 bp.
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Table S1. Primers used in this study.

Primer Sequence 5 — 3’

USE

gpdA15B

GGATCCCGAGACCTAATACAGCCCCT

HygBr cassette/Phleor

trpter8B GGATCCAAACAAGTGTACCTGTGCATTC

Neo G TGCCCTGAATGAACTGCAAGA cassette/Neor cassette

Neo Y CCAAGTTCTTCAGCAATATCAC

CLR1PromFor TCCAAGTAAGCATCAAGTCCG

CLR1PromForNest GGTCTTTCTCCTCTCGTGGC

CLR1PromRev TTTACCCAGAATGCACAGGTACACTTGTTT
AGAAACGGTATCGAGGAACGG

CLR1TerFor TGGTCGTTGTAGGGGCTGTATTAGGTCTCT
TCTGGGGTGATATCCTGGG CLR1

Knockout/
CLR1TerRevNest TTTTGAAATGGCCAGGGGGGT Complementation
CLR1TerRev AGAGTAGAGAAGATGAACGGAA

CLR1 rev gene
CLR1 rev nest 2
For CLR1 genotyping

Rev CLR1 genotyping

ATGATGAGCAGCGTTTGGGAG
TTCATGTGGGTCATCGAACTC
GCCGCTACACCAACTCAACT
TGCTGGGCTCAACATCCAACCAA

CLR1_ qPCR-Fwd
CLR1_gPCR-REV
At1g51890_gPCR-Fwd
At1g51890_gPCR-Rev
WRKY45_gPCR-Fwd
WRKY45_gPCR-Rev
WRKY53_qPCR-Fwd
WRKY53_gPCR-Rev
FoSIX1_qPCR-Fwd
FoSIX1_gPCR-Rev
FoBTUB_gPCR-Fwd
FoBTUB_gPCR-Rev
GAPDH_gPCR-Fwd

GCTTGCCCTGTGGATTTGAA
TCCAGGCTTGTTGTTGATGC
CTAGCCGACTTTGGGCTATC
CCAGTTTGTTCTGTAATACTCAGG
GAACAATCCATTCCCCAGGAG
GGAGGGAAGATGTGCATTTGTG
GCGACAAGACACCAGAGTCA
ACCGTTGGATTGAACCAGTC
TCAAGAGGCTGCGGTTGG
GACGCTCAGGGCGACATA
AACTCCGATGAGACCTTCTG
GACATGACAGCAGAAACGAG
AGGTGGAAGAGCTGCTTCCTTC

gPCR
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GAPDH_gPCR-Rev
g16048 gPCR-Fwd
g16048 gPCR-Rev
g2038_gPCR-Fwd
g2038_gPCR-Rev
g7764_gPCR-Fwd
g7764_gPCR-Rev
g1489 gPCR-Fwd
g1489_gPCR-Rev
G9160_gPCR-Fwd
G9160_gPCR-Rev
G4171_gPCR-Fwd
G4171_qPCR-Rev
G5102_gPCR-Fwd
G5102_gPCR-Rev
g17213_qPCR-Fwd
g17213_gPCR-Rev
G13080_gPCR-Fwd
G13080_gPCR-Rev
G6695_qPCR-Fwd
G6695_gPCR-Rev
G7443_gPCR-Fwd
G7443_qPCR-Rev
g11385_gPCR-Fwd
g11385_gPCR-Rev
g15798 gPCR-Fwd
G15798_gPCR-Rev

GCAACACTTTCCCAACAGCCT
GCAGTACCGTGTGATCATGG
CATCGAGAACACTGCTTCCA
TGGCAATAAGATTGCTGCTG
GGTTTATGCCGTTCCTTGAA
TATCGAGGCCGATACCAAAG
AGGTGTCCTGGTTGACCTTG
GCACCGTCCTTGACATCTTT
ACCAGCAATGTGGGGAGTAG
TTGCGCCAAGAACTGTATCC
TGAAGACGAAGCTTGTTGCC
TGACCGCAAGAAATCCGATG
TTGGGCTTGAATTCCTCACG
TCGCCAACGATGTCAACATC
AGCCTTTATCGTGCCATGAC
GCTGGTTCAAGATCAAGGACTG
ATATGCGCCGTTGGTAATGC
ACGGACCTGTTGAGGATGTC
GACGGGTCCAACATGAGAGT
CTCTGCCAAAGTTCCTCCAG
CTGCTGAGAGGTGTTGACCA
TGATGCTGAGTGGGAGTCTG
TGAAGAATCACAGGCACTCG
GGCTGAGTTCCTCAAGATCG
TGATGACGTGGTATCCGAGA
CGTCCTGATAGTCCTTCGCT
CCTACACCACCCTGACCATT

gPCR
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