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Abstract

The fungal pathogedymoseptoria tritici is the causal agent of Septoria tritidotch (STB), a
major wheat disease in Western Europe. Microorgasimhabiting wheat leaves might act as
beneficial, biocontrol or facilitating agents thaduld limit or stimulate the development 6f
tritici. Improving our understanding of microbial commigstin the wheat phyllosphere would
lead to new insights into STB management. Thisuesannouncement provides fungal and
bacterial metabarcoding datasets obtained by sagwpiheat leavediffering in the presence of
symptoms caused ¥ tritici. Tissues were sampled from three wheat commeraradties on
three sampling dates during a cropping season. $\@edind wheat fields were sampled as well.
In total, more than 450 leaf samples were collecié@ pathoged. tritici was quantified using
gPCR. We provide the raw metabarcoding datase¢s Athplicon Sequence Variant (ASV)
tables obtained after bioinformatic processing,itetadata associated to each sample (sampling
date, wheat variety and tissue health conditiorprediminary descriptive analysis of the data,

and the code used for bioinformatic and descripsiatistical analysis.

Key words:
community succession, fungal pathogen, microbialedity, microbiome, leaf microbiota,

phyllosphere, wheat

1. Introduction
Wheat crops are exposed to several fungal plant pathogens, inchydmgeptoria tritici,

the causal agent of Septoria tritigiotch (STB), a major disease in Western Europe
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(Fones and Gurr, 2015). In field conditionsheat leaves host anultitude of other
microorganisms — endophytic, epiphytic, pathogesmnd saprophytic (Btaszczyk et al.,
2021) — some of which interact directly or indidgcwith Z. tritici (Kerdraon et al.,
2019). Several taxa malso have antagonistic or synergistic activity whiiteracting
with other taxa, and could be considered as patebtocontrol agents or facilitating
agents that can Ilimit or stimulate STB developmé@haudhry et al., 2020).
Maximizing the chance of highlighting importantenactions, for instance within co-
occurrence network analysis, requires a thorougtcrgeion of communities, under
different biotic and abiotic conditions (RottjeradaFaust, 2018). In this resource
announcement, we present fungal and bacterial camyndatasets collected on wheat
leaves over the course of a wheat cropping seataking into account: (i) the
physiologic stage of wheat; (ii) the dynamics ofBS@evelopment; and (iii) different
wheat cultivars. We collected leaf samples in ma@amn@tal plots grown with three
wheat cultivars, at three dates over a growingasea®ne of the wheat varieties carried
resistance genes to STB that also potentially imntreecdevelopment of other constituent
taxa of the microbial community. Three types off leactions were collected, which
differed in the presence of symptoms caused.hbyitici: (i) sections with no STB lesion
from a visually healthy leaf; (i) sections with I8I'B lesion from a visually symptomatic
leaf; and (iii) sections with STB lesions. Thidataset could be used to explore the co-
occurrence of microbial species and thereby improwr understanding of the
community dynamics associated with the developno#rd. tritici on wheat leaves.

Weeds in the margins and edges of cultivated wihedds can act as alternative hosts for
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microbial species present in this crop. For thissom, a second dataset composed of
weed leaf samples was collected to get an insigid ithe host range of the
microorganisms associated to wheat leaves and tadtgmnteracting withZ. tritici in the

agrosystem.

2. Methods

2.1. Sampling

2.1.1. Wheat

Samples were collected in 2018 at the Grignon exyatal station (Yvelines, France;
48° 51' N, 1° 58 E) from three varieties of winteown, bread wheatT(iticum
aestivum). Two varieties, Soissons (SOI) and Apache (AP®gre considered
susceptible t. tritici (both rated 5 on the ARVALIS-Institut du Végétal/lES scale,
from 1 to 9, with 9 corresponding to the most r@sis cultivar), while the variety
Cellule (CEL), carrying the gerf@bl16q, was considered to be more resistaate@ 7).
Leaf samples of each variety were collected inethiets of 30 h The three APA and CEL
plots were independent experimental pldescribed in Orellana-Torrejon et al. (2022)
while the three SOI plots wedelineated within a larger (1 ha) wheat field ddssad in
Morais et al. (2016) an#erdraon et al. (2009 Within each plot, five samples were
taken at locations spaced of 1 m apart along a&@n For each sample, three pieces of
leaf were collected: an asymptomatic leaf pieceenakom a leaf without any STB
lesion (G); an asymptomatic leaf piece from a leath STB lesion (GS); and a

symptomatic leaf piece including a portionggorulating lesion (S),e. bearing pycnidia


https://doi.org/10.1101/2022.02.07.479402
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.02.07.479402; this version posted February 7, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

(Z. tritici asexual fruiting bodies). Three sampling campaigase performed: the first
on March 14th (SOI) and15th (APA and CEL); theaseton May 3rd; and the third on
June 13th. In March and May, leaf pieces measureoh $ong. G samples were taken
from the central part of the second leaf (F2) gdlant located as close as possible to
the sampling point. S and GS samples were colldcted the third leaf (F3) of another
plant. S samples were taken from the distal pathefleaf and GS samples were cut
from the basal part (closer to the stem insertiwin)he same leaf. In June, leaf pieces
measured 3 cm long because leaves were broaddr our goal was to collect an
approximately similar amount of tissue on all sangldates. All leaves were found to
be symptomatic in June so we only collected S aBds@mples from the third leaf of

different plants.

2.1.2. Weeds

On July 16th, samples were collected on eight &se®f weeds to produce a
complementary dataset. Some of these weeds prdsspégse symptoms, caused by
undetermined fungal pathogens that had a very prgbability of not beingZ. tritici,
specific to wheat. Five GS and five S samples wakected onLolium perenne
(LOLPE) individuals growing within the SOI field dnon Arrhenatherum elatius
(ARREL) individuals growing on a slope 5 m awaynréhe SOI field. These two weed
species were dominant weeds at the time of samphkidg G samples weralso
collected onSenecio vulgaris (SENVU) individuals growing within the SOI fieldRoa

annua (POAAN) individuals growing on a path along the Si@ld, Hordeum murinum
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(HORMU) andPlantago lanceolata (PLALA) individuals growing between the field
and the path, antrtica dioica (URTDI) and Geranium molle (GERMO) individuals

growing on the slope 2 m away from the 3i@ld. All leaf samples were cut with scissors
and placed in 2 mL autoclaved collection tubes. yT'were then brought back to the

laboratory and stored &0°C prior to freeze-drying.

2.2. DNA extraction

Total DNA was extracted with the DNeasy Plant Mkit (Qiagen, France), using a
protocol slightly modified from that recommended Berdraon et al. (2019). Two
autoclaved DNAase-free inox 420C beads were addedath tubeand sampleswere
ground at 1500 rpm with the Geno/Grinder®for 30 s, then twice 1 min, with manual
shaking between each grinding step. Tubes weredéemifuged for 1 min at 6000 g. Leaf
powder and 200 uL of buffer AP1 preheated to 60°€@ewmixed by vortexing the tubes
for 30 s twice at 1500 g,and centrifuging them Tomin at 3000 g. 250 pL of preheated
buffer AP1 andd.5 uL of RNase A were added to each tube and miyedobtexing the
tubes for 30s twice at 1500 g. After 5 min of rds30 uL of buffer P3 was addeddach
tube, which was then mixed by gentle inversion1f6rs, incubated at -20°Cfor 10 min and
centrifuged for 1 min at 5000 g. The supernatant (450 puL)xmaasferred to a spin column
and centrifuged for 2 min at 20000 g. The filtré280 uL) was transferred to a new
tube, to which sodium acetate (200 pL, 3 M, pH &) aold 2-propanol (600 uL) were
added. DNA was precipitated lnycubation at -20°C for a minimum of 1 h and reacexde

by centrifugation (20 min, 13000 g). The pelletswaashed with cold ethanol (70%),
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dried at 50°Cor about 30min, and dissolved in 100 pL of AE leuff

2.3. Bacterial 16S amplification

The V5-V6 region of the bacterial 16S rDNA gene vaagplified using primers 799F-
1115R (Redford et al., 2010; Chelius and Tripl2@01) to excludehloroplastic DNA.
To avoid a two-stage PCR protocol and reduce PGRebieach primer contained the

lllumina adaptor sequence, a tag and a heteroyespacer, as described in Laforest-

Lapointe et al. (2017) (799F: 15

CAAGCAGAAGACGGCATACGAGATGTGACTGGAGTTCAGACGTGTGCTCTTCC

GATCTXXXXXXXXXXXXHS-AACMGGATTAGATACCCKG-3L: 1115R:5-

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTCCG

ATCTXXXXXXXXXXXXHS-AGGGTTGCGCTCGTTG-3 where HS reesents a 0-7-base-
pair heterogeneity spacer and "x" a 12 nucleotdg. tThé?CR mixture (20 puL of final
volume) consisted of 4 uL of buffer Phusion High Fidelity 5X (ThermoFisher) (1X final),
2 uL each of the forward and reverse primer& (M final), 2 uL of 2 mM dNTPs (200
MM final), 82 uL of water, @ pL of SO, DMO, 2 pL of Phusion Hot Start || Polgrase
(ThermoFisher) and 1 uL of DNA template. PCR cycling reactions were conducted on a
Veriti 96-well Thermal Cycler (Applied Biosystems)sing the following conditions:
initial denaturation at 98°C for 30s followed by &fcles at 98°C for 15 s, 60°C for 30 s,
72°C for 30 s with final extension of 72°C for 10nmTwo bacterial strains\{brio
splendidus et Sulfitobacter pontiacus) were used as positive controls as they were elylik

to be found in our samples. The negative PCR ckninere represented by PCR mix
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without any DNA template. Each PCR plate contaiaesl negative extraction control,
three negative PCR controls, one single-strain positive control and one two-strain positive

control.

2.4. Fungal I TS amplification
The ITS1 region of the fungal ITS rDNA gene (Schethal.,, 2012) was amfiked using

primers ITS1F-ITS2 (White et al., 1990; Gardes Bndns, 1993)To avoid a two-stage

PCR protocol, each primer contained the llluminapdrsequence and a tag (ITSlIfL:-5

CAAGCAGAAGACGGCATACGAGATGTGACTGGAGTTCAGACGTGTGCTCTT

CCGATCTXXXXXXXXXXXXCTTGGTATTTAGAGGAAGTAA-31; ITS2: 5L

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTCCG

ATCTXXXOXXXXXXXXXGCTGCGTTCTTCATCGATGC-3, where "x" is the 12 nucleotide
tag). ThePCR mixture (20 pL of final volume) consisted of 1D of 2X QIAGEN Multi-
plex PCR Master Mix (2X final), 2 pL each of theviard and reverse primers.10uM
final), 4 puL of water, 1 pL of 10 gL BSA and 1 pL of DNA template. PCR cycling
reactions were conducted on a Veriti 96-well Thdr@wcler (Applied Biosystems) using
the following conditions: initial denaturation &€ for 15 min followed by 35 cycles at
94°C for 30 s, 57°C for 90 s, 72°C for 90 swithefi extension of 72°C for 10 min. ITS1
amplification was confirmed bslectrophoresis on a 2% agarose gel. Two marine fungal
strains Candida oceani and Yamadazyma barbieri) were used as positive controls as they
were unlikely to be found in our samples. One passicontrol included 1 pL of 10 AgL
DNA of Candida oceani only and the other included an equimolar mixtureboth

8
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strains. The negative PCR controls were represeoyeBCR mix without any DNA
template. Each PCR plate contained one negativaatixin control, three negative PCR

controls, one single-strain positive control and dwo-strain positive control.

2.5. Sequencing

MiSeq sequencing PCR products purification (CleaRPOMokaScience), library
sequencing on an lllumina MiSeq platform (v2 chemgis2 x 250 bp) and sequence
demultiplexing (with exact index search) were parfed at the PGTB sequencing facility
(Genome Transcriptome Platform of BordeaBierroton, France). Fungal ITS1 amplicons

were sequenced on three runs and bacterial 16S3camplwere sequenced on four runs.

2.6. Bioinformatic treatment

The MiSeq sequences produced were processed t&ngADA2 pipeline version 1.22.0

(Callahan et al., 2016) and implemented in R. Prsnveere identified and removed using
CUTADAPT 3.2 (Martin, 2011) and the trimmed sequences vibe:m parsed to the

DADAZ2 algorithm. Chimeras were removed using theeeeBimeraDenovo functionality

of DADA2. ASVs taxonomic assignment was performesihg an implementation of the

Naive Bayesian Classifier (Wang et al., 2007) ideldl in the DADAZ2 pipeline. The

databases used for taxonomic assignment were tha $i38.1 (Quast et al.,, 2012) and
the UNITE all eukaryotes v8.3 (Abarenkov et al.22D for 16S and ITS sequences,
respectively. Three tables were obtained at theofritlis process: an ASV table with the

sequence count in each sample; a table with thentaric assignment of each ASV
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sequence; and a metadata table describing thectiolieconditions of each sample. The
three tables were joined in a phyloseq object usirtegg phyloseq bioconductor package
v1.38.0 (McMurdie and Holmes, 2013). To filter qubdssible contaminants, the combined
method of the isContaminant function of the DECONTABioconductor package
v1.14.0 (Davis et al., 2018) was used, followedly decontamination method described
in Galan et al. (2016). Moreover, 16S ASVs identified as chloroplastic or mitochondrial
with Metaxa2.2.3 (Bengtsson-Palme et al.,, 2015), according to their taxonomic
assignment in the Silva database, were removedrérhaining ASVs were clasred using
the Lulu algorithm (Frgslev et al., 2017) with ddfgparameters. ASVs that could not
be assigned to a bacterial or fungal phylum weneoreed. Finally, ASVs present in less
than 1% of the samples were removed to maketkatd¢he data were free of sequencing

artifacts and low abundant contaminants (Cao.ef@P1).

2.8. Quantification of Z. tritici by gPCR

The abundance &. tritici in wheat tissues was estimated using the quanBt®&CR assay
developed by Duvivier et al. (2013). The speciit of primers included a forward primer
(5-ATTGGCGAGAGGGATGAAGG-3), a reverse primer (5-
TTCGTGTCCCAGTGCGTGTA-3’), both leading to an amigl#tion product of 101 pb,

and a Tagman fluorogenic probe (5'-ACGACTCGCGGCTREBLTCAACG-3). The
probe was labelled with a FAM fluorescent repordge and a BHQ-1 quencher. The
guantification reaction was performed with the CFX96 Real time System C1000 Thermal

Cycler (BIORAD, USA), using hard shell PCR 96-waNHT/CLR plates. The mix

10
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reaction was composed of reverse and forward psime500 nM per reaction, the probe at
500 nM per reaction in a final volume of 25 pL, w8 pL of DNA introduced per well. All
samples (standard DNA, eDNA to be analyzed, anéthagcontrols) were analyzed with
three replicates. The PCR program was 95°C for itDamd (95°C for 15 s, 60°C for 20 s,
72°C for 40 s) repeated for 40 cycles. The concentration of DNA in the unknown samples
was calculated by comparing cycle threshold (Ctlues of the samples with known
standard quantities &. tritici genomic DNA, using a tenfold serial dilution frdsnng to

5.10° ng per well. Ct values were plotted against thg ¢d the initial concentration of

Z. tritici genomic DNA to produce the standard curve used dample quantity

determination.

2.9. Analysis

Data contained in the phyloseq object were analymeadg the statistic environment R
v4.1.2 (R Core Team, 2020) to characterize the durand bacterial community
composition and to assess the effect of the diffeexperimental factors dhese
communities. The analysis was performed using only the samples obteonedvheat
plants at March and May. Samples obtained in Juaee wot itcluded in the analysis
because there were no healthy (G) samples availaBN¥ counts were transformed using
a clr transformation (Aitchison, 1982) to obtairalecinvariant values, avoiding the
compositional effect introduced duringthe sequeggrocess (Gloor et al., 2017). Then,
the phyloseq R package was used to obtain thedeaciidistance between samples and

to perform a Principal Coordinate Analysis (PCoR)e PCoA was plotted using ggplot2

11
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package v3.3.5 (Wickham, 2016). A permutational tmatiate analysis of variance
(permanova), performed to assess the effect of gkgerimental design on the
communities, was done using the adonis2 functioth@fvegan R package v2.80ksanen
et al.,, 2019) following the experimental formuléas&ue x date x variety/plot”. Alpha
diversity measures were obtained using the phylpseffage and fitted in a generalised
mixed model using the Ime4 R package v1.1-27.148at al., 2015)Z. tritici qPCR

analysis was also fitted in a generalised mixed ehading Ime4.

3. Results

This resource announcement provides two sets ofsequences files, one set obtained
using primers for the fungal ITS region and anothi@ained using primers for the bacterial
16S region. The sequences are available in thevBaa files (see section Availability of
Data and Materials). The raw and filtered ASV tables obtained during the dereplication and
filtering process are provided in the forof phyloseq objects (McMurdie and Holmes,
2013). Each phyloseq object includes the ASV tahlagable with the ASV taxonomic
assignation and a metadata table. The raw ASV dablso include the positives and
negatives control samples used for the filteringe Bamples obtained in June, as well as
samples obtained from weeds growing in the vicioityhe wheat cropare included in the
phyloseq objects but were not analyzed in the ptestedy. Thenetadata table includes,
for each sample, the wheat variety or weed spesaespledthe sampling date, the plot
and the wheat cultivar, the visual assessment ofpsyms and the&Z. tritici DNA

concentration obtained by gPCR (Figure 1A, Table&Sappl. Table S1). The tables

12
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showing the change in number of read®ach sample during the bioinformatic process

are also provided in the Dataverse files.

3.1. Fungal communities

360 samples were sequenced using ITS primers and gave an average of 31,586 raw fungal
sequences per sample with a minimum of 45 readsaaméximum of 246,434 reads per
sample. The amplicon sequence variant (ASV) infeggorocess identified an average of
28,178 high quality sequences per sample distribute2821 unique ASVs in the 360
samples. The ASV table obtained after the filtering process, which deleted contaminants and
low abundant ASVs, was made up of an average 6087sequences per sample distributed
between 391 ASVs and 357 samples. 3 samples dichaa# any sequence after the
filtering process. The minimum number of reads isample was 20 and the maximum
was 223,756. 101 samples of weeds growing clogbetdield were also sequenced using

ITS primers. The bioinformatic process alled to obtain a mean of 45,631 sequences per
sample and a total of 337 ASVs from these weed EEmphe minimum number of reads in

a sample was 1331 and the maximum was 365,035.nTihier of reads in each sample

at each step of the bioinformatic process is keghjin the Dataverse files.

Taxonomic composition — For the wheat dataset, sequences assigned to ttwmisota
represented 74% of the total counts, while sequeeassigned to Basidiomycota represented
25% (Figure 2A) As expected, sequences assigned to the g@mogseptoria were the

most abundant (60% of the sequenceg)noseptoria was also more abundant in

symptomatic than in asymptomatic leaf samplesvas$ also slightly more abundant in

13
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the Soissons (SOI) and the Apache (APA) varietiesn in the Cellule (CEL) cultivar,
which is less susceptible because it carriesth&6q resistance gene.

Alpha diversity — Fungal community richness, evenness and diversitfyered
significantly between dates and tissue health ¢mmdi (Suppl. Figure S1Suppl. Table
S2). Wheat variety had minor effect in all alpha&edsity measures, being significant only
for richness and diversity.

Beta diversity — The composition of wheat foliar fungal communitiegfered
significantly among dates, varieties and tissudthheaonditions (Figure 1B, Suppl.
Figure S1, Table 1, Suppl. Table S2). Tissue wagrbst important factor, explaining
10% of the variance. Samples collected in Juneewet included in the permutational
analysis of variance to avoid apotential bias edusy the absence of healthy leaves (G

samples) at that time.

3.2. Bacterial communities

The 360 samples used for ITS sequencing were also sequenced using 16S primers, obtaining
an average of 40,724 raw bacterial sequences pglsavith a minimum of O read and a
maximum of 92520 reads per sample. The amplicomnesesp variant (ASV) inference
process identified a meaf 31,969 high qualitysequences shardzetween 12,349 unique

ASVs in 350 samples. 10 samples did not generatagérsequences to perform the ASV
inference. The ASV table obtained after the filigriprocess, carried out to delete
contaminants and low abundant ASVs, was composexhaiverage of 13,964 sequences

per sample distributed between 1495 ASVs and 3#@pkes. The minimum number of
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reads in a sample was 2 and the maximum was 71XI®l.samples of weeds growing
surrounding the wheat plots were also sequenced using 16S primers. The bioinformatic
process produced an average of 29,991 sequences per sample and 1,068 unique ASVs from
the weed samples. The minimum numberedds in a sample was 30 and the maximum
was 70,999.The number of reads of each sam@addt step of the bioinformatic process is
supplied in the Dataverse files.

Taxonomic composition — The most abundant bacterial phyla were Proteobadt&@% of
sequence counts), followed by Actinobacteria (35B@cteroidete$12%) and Firmicutes
(11%) (Figure 2B). Proteobacteria were more evidankater sampling dates while
Actinobacteria were more present at the March sgagplissue condition and wheat
variety did not seem to have an important effecttcommunity composition of the
phyla.

Alpha diversity — Bacterial community richness, evenness and diyerdiffered
significantly between tissue healtbnditions (Suppl. Figure SSuppl. Table S8 On the
other side, sampling date had effect on richnedssarnness measures, while wheat variety
only had effect on the diversity measure.

Beta diversity — The composition of the bacterial communities of atHeaves differed
significantly among dates, varieties and tissueddams (Figure 1C, Suppl. Figure S1,
Table 1, Suppl. Table S3). As with the fungal comgrt of the community, date was
the most important structuring factor, explainingme 8% of the variance in the
bacterial community (Table 1). Samples obtainedJume were not included in the

permutational analysis to avoid a potential foskliaused by the absence of healthy leave
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samples on that sample date.

4. Conclusions

Preliminary statistical analyses revealed tbhampling date, wheat variety and STB
symptoms had significant effectsn fungal and bacterial communities of the wheat
phyllosphere. While the three factomssted structured the community, the date of
sampling exhibited the strongest effect. As exmhotee found congruence between the
presence of. tritici, assessed by eye (STB symptoms on the leavespyumPCR
(concentration ofZ. tritici DNA within the leaf tissues). This finding confirnibe
relevance of the sampling strategy to meet thegaedi objectives. Co-occurrence
network analyses could be used to characterize dggmeamics of the community
associated witlZ. tritici and might help identify individual taxa of interest potential
biocontrol or beneficial agents to improve "wheaalth”. The weed dataset could also
be examined foEZ. tritici interactions with different communities presentrmn-crop

plants within and in the margins of the field.

Availability of Data and M aterials

The sequence datasets were deposited in NCBI SRAioproject PRINA803042
(https://www.ncbi.nlm.nih.gov/bioproject/803042) hd biosample accession numbers
are SAMN25610777 to SAMR6611238. Bioinformatic scripts and raw and filteA&SYV
tables in R phyloseq format were deposited in Dty

(https://doi.org/10.15454/QTXFP9). The tables simmwariation in sequence counts during
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the bioinformatic processand the scripts useddfma processing and statistical analysis

were included in the Dataverse deposit.
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Table 1. Permutational multivariate analysis of variance between samples. The

Aitchison distance (Aitchison, 1982) between samphethe abundance matrix is used

as a distance metric. The analysis was performedhi® fungal and bacterial ASV

tables separately using the R vegan package (Ohsanhal., 2019). Factors were:

Tissue, corresponding to Septoria tritici blotcimggyomatology; Date, corresponding to

the sampling dates; and Variety, correspondinght® wheat varieties sampled. The

plots were considered nested to the wheat van&tlues of p = * < .05; ** < .01,

*** < .001.
Fungi Df Sum of squares R2 F P value
Tissue 2 1369.149 0.051 12.319 ***
Date 2 2856.615 0.107 25.702 ***
Variety 2 615.13 0.023 5.534 Fork
Tissue:Date 3 968.617 0.036 5.81 ok
Tissue:Variety 4 370.541 0.014 1.667 ***
Date:Variety 4 803.509 0.03 3.615  ***
Tissue:Date:Variety 6 488.472 0.018 1.465  ***
Tissue:Date:Variety:Plot 48 3510.502 0.1311.316 okx
Residual 285 15838.138 0.591
Total Bacterial 356 26820.673 1
Bacteria Df Sum of squares R2 F P value
Tissue 2 822.805 0.017 3.699  ***
Date 2 6153.514 0.126 27.664 ***
Variety 2 1189.58 0.024 5.348  ***
Tissue:Date 3 856.926 0.017 2.568  ***
Tissue:Variety 4 574.873 0.012 1292 *
Date:Variety 4 1918.814 0.039 4.313 ¥+
Tissue:Date:Variety 6 909.533 0.019 1.363 **
Tissue:Date:Variety:Plot 48 6775.259 0.138 1.269 ***
Residual 268 29806.437 0.608
Total 339 49007.741 1
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Figure 1. Community composition of wheat leaves. A. Abundance of the pathogen
(Zymoseptoria tritici) on wheat leaves measured using gPCR. Communihpasition

IS represented as the relative abundance of eaohdanic unit for each experimental
factor, at the genus level for fungi communitiesd asrder level for bacteriaB, C.
Principal Coordinates Analysis plots showing thenikirity of fungal (B) and
bacterial (C) communities from different samplebeTordination was performed using
the Aitchinson distance (Aitchison, 1982). Plotsreveolored by: the Septoria tritici
blotch symptoms, G corresponding to leaf sampldleaed on asymptomatic leaves,
GS corresponding to green parts of a symptomaat; Bnd S to symptomatic parts of
a leaf; the sampling seasons, March and May; amd wheat varieties sampled,
Apache (APA), Cellule (CEL), and Soissons (SOlI).
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Figure 2. Barplots showing the relative abundance of different taxons along
different dates, wheat varieties and leaves tissue conditions. Barplot A shows the
relative abundance of different fungal genus. BatrBlshows the relative abundance of
different bacterial orders. Barplots are separétgdSeptoria leaf blotch symptoms, G
corresponding to leaf samples collected on asymaticneaves, GS corresponding to
green parts of a symptomatic leaf and S to sympticnpart of a leaf; the sampling
seasons, March, May and June (June is separatedoby because no asymptomatic
samples (G) where available).
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Suppl. Table S1. Analysis of Variance (ANOVA) of the fitted linear mixed model of the
abundance of Zymoseptoria tritici. Z. tritici abundance was obtained by gPCR. Values of p = *
<.05; ** < .01; ** < .001.

Chisq Df Pr..Chisq.

Tissue 201.608 2 E
Variety 18.065 2 it
Date 13.743 2 T~

Tissue:Variety 37.47 4 ok
Tissue:Date 20.069 3 A
Variety:Date 30.747 4 i
Tissue:Variety:Date 35.217 6 i
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Suppl. Table S2. General Mixed models of three alpha diversity fungal community
measur es. Observed richness, Shannon diversity index andsevB8impson evenness index are
modelled. Richness is modeled using a Negative Bialodistribution while Diversity and
Evenness are modelled using a Gaussian distribuied factors are: Septoria leaf blotch
symptoms, G corresponding to green parts of asymgiio leaves, GS corresponding to green
parts of symptomatic leaves and S to symptomatit gfasymptomatic leaves; the sampling
seasons, March and May; and the wheat varietieplsdmApache (APA), Cellule (CEL), and
Soissons (SOI). Plot is considered a random fadtaiues of p = * < .05; ** < .01; *** <

.001.

Richness
Fixed-effects

Estimate Std-error =z Pval
(Intercept) -5.837 0.144 -40.611 HA
VarietyCel 0.222 0.133 1.676 ;
VarietySoi 0.306 0.136 2.247 *
DateMay 0.417 0.113 3.705 oAk
TissueGS -0.825 0.127 -6.476 S
TissueS -2.338 0.14 -16.742 AN
Random-effects
Group Name Variance Std-Dev
Plot Intercept 0.003 0.052
Diversity
Fixed-effects

Estimate Std-error =z Pval
(Intercept) -10.324 0.487 -21.182 HER
VarietyCel 0.791 0.573 1.38
VarietySoi 1.25 0.573 2.18 x
DateMay 2.156 0.273 7.887 HEF
TissueGS -1.971 0.206 -9.557 xAH
TissueS -3.217 0.595 -5.406 i
Randome-effects
Group Name Variance Std-Dev
Plot Intercept 6.948 2.636
Evenness
Fixed-effects

Estimate Std-error =z Pval
(Intercept) -11.708 0.408 -28.669 i
VarietyCel 0.388 0.534 0.726
VarietySoi 0.78 0.545 1.43
DateMay 1.063 0.183 5.802 HkE
TissueGS -1.258 0.202 -6.217 ok
TissueS -2.8 0.629 -4.453 HE
Randome-effects
Group Name Variance Std-Dev

Plot Intercept 0.117 0.342
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Suppl. Table S3. General Mixed models of three alpha diversity bacterial community
measur es. Observed richness, Shannon diversity index andsevBimpson evenness index are
modelled. Richness is modeled using a Negative Bialodistribution while Diversity and
Evenness are modelled using a Gaussian distribufixed factors are: Septoria leaf blotch
symptoms, G corresponding to green parts of asymmggio leaves, GS corresponding to green
parts of symptomatic leaves and S to symptomatit gfasymptomatic leaves; the sampling
seasons, March and May; and the wheat varietieplsdmApache (APA), Cellule (CEL), and
Soissons (SOI). Plot is considered a random fadtaiues of p = * < .05; ** < .01; *** <

.001.

Richness
Fixed-effects

Estimate Std-error =z Pval
(Intercept) -3.621 0.113 -31.979 e
VarietyCel 0.243 0.134 1.812
VarietySoi 0.098 0.13 0.75
DateMay 0.16 0.078 2.059 *
TissueGS -0.66 0.093 -7.118 i
TissueS -0.673 0.097 -6.936 *HE
Random-effects
Group Name Variance  Std-Dev
Plot Intercept 0.013 0.113
Diversity
Fixed-effects

Estimate Std-error z Pval
(Intercept) -5.376 0.077 -69.799 i
VarietyCel 0.014 0.092 0.152
VarietySoi -0.532 0.164 -3.239 *x
DateMay -0.219 0.163 -1.348
TissueGS -0.462 0.101 -4.587 HkE
TissueS -1.116 0.139 -8.011 HAE
Randome-effects
Group Name Variance Std-Dev
Plot Intercept 0 0
Evenness
Fixed-effects

Estimate Std-error =z Pval
(Intercept) -9.634 0.203 -47.413 R
VarietyCel 0.073 0.269 0.272
VarietySoi 0.398 0.271 1.47
DateMay 0.946 0.134 7.035 ¥k
TissueGS -1.051 0.142 -7.384 G
TissueS -1.567 0.168 -9.32 e
Randome-effects
Group Name Variance Std-Dev

Plot Intercept 0.036 0.191
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Supplementary figure S1. Boxplot showing three alpha diversity community
measures for fungal and bacterial data. Observed richness, Shannon diversity index
and inverse Simpson evenness index are plottedplBisxare separated by: Septoria
tritici blotch symptoms, G corresponding to greartp of asymptomatic leaves, GS
corresponding to green parts of symptomatic lesaved S to symptomatic part of
symptomatic leaves; the sampling seasons, MarchMeanyl and the wheat varieties
sampled, Apache (APA), Cellule (CEL), and Soiss@B®lIl). Plot was treated as a
random factor.

Fungal Bacterial
Date Variety Tissue Date Variety Tissue
6001 & ° 1
0 50 1 .
3 400 - 18
c 404 1 g
£ J [ ] | i
G 20 ] ‘ 200 * *
x| , - AT d | _
Marchiay Apa Cel Soi G GS S Marcivay Apa Cel Soi G GS S
L] . °
] ] e |
g 18 . o 100] . ¢ 4
g r ‘ ‘ | ‘ . ‘ ‘
501 - -
>
= 5 i 4 *
*
Marchivay Apa Cel Soi G GS S Marchay Apa Cel Soi G GS 5
1.00 7 7
% 0.75 1 1 [ 0.75 T TT TT*
Q .
c 050 1 1 ® 050 1.9 1°®
5 s |3 |
S 025 1 1 l 0.254 @ 1 L] . . 9
w 0.00 0.00 L] k L . L]

Malrchay AEJa Clel Sloi G GlS S Ma.rcl'w'l:ay A;l}a C'e-l Sll:n G G;S S


https://doi.org/10.1101/2022.02.07.479402
http://creativecommons.org/licenses/by-nc-nd/4.0/

