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Abstract Fusicladium eriobotryae is the causal agent of loquat scab, the main disease damaging fruit,
leaves and young twigs of this crop. A two growing seasons study (2015-2016 and 2016-2017) was carried
out in two loquat orchards (cv “Algerie”) to determine the inoculum sources of F. eriobotryae by direct
observation of conidia, pathogen isolation on culture media and detection using a new real time PCR
protocol developed in this study. One-year-old twigs, fruit peduncles and fruit mummies were randomly
sampled three times per growing season on each orchard, and inflorescences only at flowering. Conidia of
F. eriobotryae were not found and the isolation of the pathogen was neither possible from any sample in
both seasons. Specific primers FUG2F and FUG2R, were designed to detect and quantify DNA of F.
eriobotryae on plant material, with a limit of detection (LOD) established at 48.6 fg/ul. The DNA of the
pathogen was not detected by real time PCR in fruit mummies neither inflorescences, but it was detected
in fruit peduncles and twigs in the season 2016-2017 with concentrations ranging from 50 to 2742 fg/ul,
confirming that this two loquat organs might act as potential inoculum sources for F. eriobotryae. The
detection of F. eriobotryae only in this season agrees with the predictions of an epidemiological model for
this pathogen. Our results indicate that in years with a high disease pressure, fruit twigs and peduncles

might act as a source of inoculum of new infections the following year.
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Introduction

Loquat (Eriobotrya japonica Lindl.) is a fruit tree grown in regions with subtropical climate, including
China, Japan and the Mediterranean basin, being Spain, Israel, Italy and Turkey the major producing
countries in this area (Caballero and Ferndndez 2002; Lin 2007; Janick 2011). Loquat scab is the main
disease affecting loquat in Spain and the whole Mediterranean region (Sanchez-Torres et al. 2009; Gladieux
etal. 2010; Gonzélez-Dominguez et al. 2017). This disease damages fruits and leaves, and young twigs can
also be affected when the disease is severe (Sanchez-Torres et al. 2009; Gladieux et al. 2010). The
symptoms first appear as circular chlorotic spots, which become olive-coloured and velvety as they increase
in size (Sanchez-Torres et al. 2007b; 2009). Scabby fruits are unsuitable for sale, resulting in significant
economic losses (Soler et al. 2007). Fusicladium eriobotryae (Cavara) Sacc. is the causal agent of loquat
scab. This pathogen has been reported in the Mediterranean region and also in USA and Chile (Raabe and
Gardner 1972; Sanchez-Torres et al. 2009; Acufia 2010). Fusicladium spp. are the anamorphic stages of
the ascomycete genus Venturia De Not., but the sexual stage of F. eriobotryae has never been found in
nature (Gladieux et al. 2010). Within the genus Venturia, many species have been also described as causal
agents of scab in other fruit trees such as Venturia inaequalis (Cooke) G. Winter and Venturia pyrina
Aderh., causal agents of apple and pear scab, respectively, Venturia carpophila E.E. Fisher on peach
(Prunus domestica L.) or Fusicladium oleagineum (Castagne) Ritschel & U. Braun on olive (Olea europea

L.) (Gonzalez-Dominguez et al. 2017).

Several studies have elucidated some of the most relevant aspects relative to the biology and epidemiology
of F. eriobotryae (Prota 1960; Ptskialadze 1968; Salerno et al. 1971; Raabe and Gardner 1972; Sanchez-
Torres et al. 2009; Gonzalez-Dominguez et al. 2013; 2014a; 2014b). These studies confirmed F.
eriobotryae as a pathogen only dispersed by rain that requires mild temperatures and long wet periods to
infect loquat trees. Once infection has occurred, the fungus grows under the cuticle and conidiophores erupt

through it producing new conidia (Sanchez-Torres et al. 2009; Gonzélez-Dominguez et al. 2014b).

Based on the above information, Gonzélez-Dominguez et al. (2014a) described the life cycle of this
pathogen. The conidia produced by the oversummering lesions (the pathogen does not overwinter, because
loquat blooms in autumn, develops fruit in winter, and ripens in early spring) serve as the only form of
primary inoculum, which are dispersed by rain splash, infecting twigs, young leaves and/or loquat fruits.

Secondary infections are caused by conidia produced on lesions during the entire tree-growing season as
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long as favourable environmental conditions occur. However, these authors pointed out the lack of

knowledge regarding the potential inoculum sources of F. eriobotryae in loquat orchards.

For some other Venturia spp., the overwintering (or oversummering) process has been seldom studied
(Gonzélez-Dominguez et al. 2017). Considering the Venturia spp. in which only the asexual stage is known,
F. effusum G. Winter overwinters on pecan trees mainly on the surface of twigs and nuts as stromata, which
sporulate profusely in early spring (Demaree 1924). In the case of F. oleagineum (Castagne) Ritschel & U.
Braun, the most important inoculum sources are the infected leaves remaining in the olive canopy (Graniti
1993; Viruega et al. 2013), because the fungus does not produce conidia on fallen, scabbed leaves (Viruega
et al. 2013). Regarding F. eriobotryae, Gonzalez-Dominguez et al. (2014a) hypothesized that the fungus
probably oversummers as mycelium and/or conidia in lesions on branches and leaves and in mummified
fruits. Rodriguez (1983) and Gisbert et al. (2006) previously stated that flowers are susceptible to F.
eriobotryae; however, symptoms on inflorescences have not been properly described and the pathogen has
never been isolated from them. Thus, specific experiments and methodologies should be developed to better
understand the importance of these tree organs as inoculum sources, the ability of the fungus to sporulate

on them, and their epidemiological role.

Isolation of F. eriobotryae by conventional methods from infected tissue on culture media is difficult due
to its slow growth, making the process time-consuming (up to 6 weeks) and prone to contaminations by
other fungal species (S&nchez-Torres et al. 2009). New methodologies based on molecular tools provide
several advantages over traditional detection methods because of its specificity, sensitivity and fastness.
Polymerase chain reaction (PCR)-based protocols have become a valuable tool for the detection and
diagnose of plant-pathogenic fungi. Sanchez-Torres et al. (2009) designed specific primers at the region of
glyceraldehyde 3-phosphate dehydrogenase gene (G3PD), which were able to clearly separate strains of F.
eriobotryae from other related species, namely F. carpophilum, V. inaequalis, and V. pyrina. Moreover, a
nested-polymerase chain reaction protocol (nested-PCR) has been recently developed by Gonzalez-

Dominguez et al. (2015) for F. eriobotryae-specific identification from infected loquat tissues.

An additional step in molecular DNA based methods is the development of quantitative real time PCR
(gPCR) protocols for quantifying phytopathogenic fungi. Two gPCR protocols were developed and
validated to quantify V. inaequalis in apple infected leaf tissue by Déniels et al. (2012) and Gusberti et al.

(2012). However, a qPCR-based protocol has not been set up yet to detect F. eriobotryae in loquat, which
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could be useful to develop epidemiological studies for this species. Thus, the general aim of this work was
to determine the inoculum sources of F. eriobotryae in loquat orchards. The specific objectives were: (i) to
develop a gPCR protocol to detect and quantify F. eriobotryae on plant material and (ii) to analyse samples
of different tree organs and growing seasons by means of; direct observation of conidia, pathogen isolation,
and detection using gPCR. The results will contribute to elucidate the epidemiological role of the primary

inoculum sources of F. eriobotryae.

Material and methods

Design of specific primers to detect F. eriobotryae using qPCR

Specific primers were designed to detect DNA of F. eriobotryae using qPCR, based on a partial sequence
of the G3PD gene. G3PD nucleotide sequences of different F. eriobotryae isolates and other Venturia
species were downloaded from NCBI (Table 1) and aligned with the software MEGA v.7 (Kumar et al.
2016) with default options. The alignment of sequences obtained was used to identify conserved and
variable regions. Species-specific primers were designed on the basis of F. eriobotryae regions of
divergence. Primer conditions were set as follows: G/C content between 40 and 60%, maximum (self)
complementarity of 3, maximum 3’ (self) complementarity of 0 (no primer dimer formation), melting
temperature of 60°C (£1°C), primer size of 20 bp (x2) and PCR product size between 75 and 125 bp. The
characteristics of each primer were evaluated with the DNAMAN software (Lynnon BioSoft, Montreal,

Canada) and were synthesized by Isogen Life Science (Utrecht, The Netherlands).

Primers specificity

Specificity of the primers was tested with a subset of isolates of F. eriobotryae, V. inaequalis, V. pyrina
and F. oleagineum, because of its high genetic similarity (Gladieux et al. 2010), and with other fungal
species commonly found in the process of isolation from loquat samples (Table 1). In the case of F.
eriobotryae, isolates were representative of different locations. Reaction conditions such as annealing
temperature, MgCl. or primer concentrations were adjusted experimentally to optimize the amplification.
Optimized gPCR reactions were prepared containing 2 pL of DNA extracted from each sample, 1x of
SYBR Green Master Mix: SYBR_Premix Ex Tag_Il (Tli RNase H Plus) (Takara Bio Inc., Shiga, Japan)
and 0.4 uM of each primer. The reaction mix was adjusted to a final volume of 20 pL with sterile distilled
water. qPCR analysis were performed using the Rotor-Gene 6000 real-time rotary analyser (Qiagen, Hilden,

Germany) and the program consisted of a first denaturation at 95°C for 10 s, followed by 50 cycles of
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denaturing at 95°C for 5 s and annealing at 60°C for 45 s. The generated data were analysed using Rotor-

Gene 6000 Series software v. 1.7 (Qiagen).

Real time PCR sensitivity

Sensitivity of gPCR assay was assessed by determining the minimum amount of F. eriobotryae that could
be detected. A standard curve was constructed with F. eriobotryae isolate FeVV40 (Table 1). For DNA
extraction, fungal mycelia of FeVV40, grown on potato dextrose agar (PDA, Biokar-Diagnostics, Zac de
Ther, France) for 6 weeks at 25°C in darkness, was scraped from the surface of the plate with a sterile
scalpel. Total DNA was extracted using the DNeasy Power Plant Pro Kit (Qiagen) following the
manufacturer’s instructions and mycelia was previously homogenized with 4 steel beads of 2.38 mm and 2
of 3 mm diameter (Qiagen) using a FastPrep-24TM5G (MP Biomedicals, California, USA) at 5 m/s for 20
s twice. Total DNA extracted from the isolate was quantified with Invitrogen Qubit 4 Fluorometer (Thermo
Fisher Scientific, Waltham, Massachusetts, USA) and sevenfold serially diluted, yielding concentrations
from 48.60 ng/pL to 4.86 fg/pL. gPCR analyses were performed with the different dilutions as explained
above and the standard curve was generated following the MIQE guidelines (Bustin et al. 2009), by plotting
quantification cycle (C,) values obtained for each specific DNA concentration, versus the logarithm of the
initial concentration of isolate DNA. The mean DNA concentration and the standard deviation were
determined from four DNA repeats per DNA concentration. The amplification efficiency (E) and the
coefficient of determination (R?) of the standard curve were obtained using the Rotor-Gene 6000 Series
software v. 1.7 (Qiagen) and the limit of detection (LOD) was calculated from the last dilution in which
DNA of F. eriobotryae was successfully amplified, accompanied by a melting curve peak temperature

specific to F. eriobotryae.

Loquat trees sampling

A two growing seasons study (2015-2016 and 2016-2017) was carried out in two loquat orchards located
at Callosa d’En Sarria, Alicante province, south-eastern Spain. Both plots were planted with the cultivar
Algerie; orchard A, covered with a polyethylene mesh, was 20 years old, occupied 0.49 ha, and was drip
irrigated (two drippers per tree) and; orchard B, uncovered, was 25 years old, and occupied 0.32 ha. Prior
to the experiments and during both growing seasons, both orchards did not receive fungicide applications
to manage scab, but otherwise received standard cultural practices. Different loquat organs were randomly

sampled three times per growing season on each orchard at: flowering, fruit development and fruit maturity
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stages (Table 2). Per each sampling date and orchard: 10-one year old twigs, 10 fruit peduncles and 10 fruit
mummies were selected. Ten inflorescences were also collected at the first sampling date, performed during
the flowering period. Each sample was divided into two subsamples; one was used for direct conidia

observation and isolation of F. eriobotryae and the other was stored at —20°C for molecular detection.

Conidia observation and fungal isolation

2 g of each subsample were washed in 20 mL of sterile water and briefly vortexed for 5 s. The liquid
suspension obtained was centrifuged for 15 min at 5000 rpm. The supernatant was discarded and the
resulting pellets were collected in 2 mL tubes to centrifuge again for 5 min at 10000 rpm. Each pellet was
used to direct conidia observation under microscope and it was subsequently stored at —20°C for molecular
procedures. The washed subsamples were placed in a humid chamber for 3 days to enhance F. eriobotryae
growth and sporulation. Then, small tissue fragments were surface sterilized with ethanol 70% and plated
on potato dextrose agar (PDA, Biokar-Diagnostics) supplemented with 0.5 g/L of streptomycin sulphate
(Sigma-Aldrich, St. Louis, Missouri, USA) for the pathogen isolation. The plates were incubated at 20°C
in darkness for 15 days and daily assessed for the presence of F. eriobotryae based on culture morphology

(Schubert et al. 2003; Sanchez-Torres et al. 2007a).

DNA extraction

All the samples stored at —20°C (plant material and pellets obtained from the washings) were used for the
molecular detection. Forty mg per sample were used to perform the total DNA extraction using the DNeasy
Power Plant Pro Kit (Qiagen). Prior to perform the DNA extraction following the manufacturer’s
instructions, plant material samples were homogenized as previously described and pellet samples were
grinded using a 0.5 mL volume of ceramic beads of 0.5 mm diameter (Zymo Research, Irvine, California,

USA). Extracted DNA was kept at —20°C until its use in qPCR analysis.

Detection of F. eriobotryae in plant material and pellet samples by gPCR assay

gPCR analyses were conducted with the designed specific primers to detect and quantify F. eriobotryae
using the Rotor-Gene 6000 real-time rotary analyser (Qiagen). Reactions were prepared following the
optimized conditions established when designing the primers, containing 2 pL of DNA extracted from each
sample (plant material and pellets obtained from the washings). Each set of reactions included two

replicates of each sample, a negative control (water) and a positive control with DNA extracted from a pure
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culture of F. eriobotryae FeV40. To detect the presence of PCR inhibitors in the DNA extractions, an extra
set of reactions was included, with two more replicates per each sample, adding 2 pL FeVV40 DNA (internal
positive controls). All gPCR reactions were performed as previously established. The DNA concentration
of the pathogen in each sample was quantified using the standard curve, based on Cq values obtained in the
gPCR reactions. The mean DNA concentration and the standard deviation were determined from the two
DNA replicates per sample. Melting curves were examined to ensure that unespecific products were

amplified.

When the internal positive controls (reactions with DNA of the sample and DNA of FeV40) were not
amplified, the DNA of the sample was diluted 1/10 to avoid the inhibitions observed (Schrader et al. 2012).
The new dilutions were used for a new gPCR reaction adding the extra set of reactions with the DNA of
FeV40 (internal positive controls) at the same conditions as indicated above. When the internal positive
controls did not show any amplification, the same DNA dilution was used to perform a nested-real time
PCR. The first reaction of the nested-real time PCR was a conventional PCR reaction and was carried out
in a thermocycler Veriti™ 96 well Thermal Cycler (Applied Biosystems, Foster City, California, USA)
with  the primers G3PD-For 5-TCGGTCGTATTGGACGTATC-3' and G3PD-Rev 5°-
GACCTTGGCCATGTATGCTA-3’ (Sanchez-Torres et al. 2009). Reactions contained 1x PCR Buffer, 2.5
mM MgCl,, 0.8 mM of dNTP, 0.4 mM of each primer, 1 U Hot Began Taq DNA polymerase (Canvax
Biotech, Cdrdoba, Spain) and 1 L. DNA sample. The reaction mix was adjusted to a final volume of 20
ML with sterile distilled water. A negative control (water) and a positive control (DNA of FeV40) were also
added. The programme used consisted of an initial step of 1 min at 95°C, followed by 20 cycles of
denaturation at 95°C for 5 s, annealing at 60°C for 30 s and elongation at 72°C for 40 s. A final extension
was performed at 72°C for 10 min. The PCR product obtained was used as template DNA for the second
round, which was a qPCR reaction carried out with the specific primers designed in this study at the same
conditions described before. A negative control (water), a positive control (DNA of FeV40) and internal

positive controls (DNA of the sample and DNA of FeV40) were also added.

Disease progress of loquat scab predicted by an epidemiological model

To predict the disease progress during the two growing seasons in which samples were collected, a
mechanistic weather based model, specific for loquat scab, was run as described by Gonzalez-Dominguez

et al. (2014a). The model splits the disease cycle of F. eriobotryae into different state variables; changes
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from one state to the following one is based on the environmental conditions and run by means of
mathematical equations. Briefly, the model assumes that conidia of F. eriobotryae are always present, and
predicts that any measurable rain (i.e., R > 0.2 mm in 1 h) triggers an infection process. The model predicts
the development of each infection in time following an infection rate (dependent on hourly values of
temperature and leaf wetness) (Gonzalez-Dominguez et al. 2014a). The accumulated value of these
infection rates was used to estimate the progress of the disease during both growing seasons (Gonzalez-

Dominguez et al. 2018).

The model was run from 15t October 2015 to 30" March 2016, and from 1% October 2016 to 28 May 2017.
A software developed by the Regional Agrometeorological Service (http://riegos.ivia.es/) was used to
operate the model and hourly weather data was obtained from a weather station located in Callosa d’En

Sarria, Alicante, southeastern Spain.

Results

Primers design, specificity and sensibility

Complete homogeneity of the studied G3PD region was observed within the isolates of F. eriobotryae. On
the basis of F. eriobotryae regions of divergence compared with other related species, two primers were
designed named FUG2F 5’-GAATGAGAAGACCTACGACC-3’ and FUG2R 5’-
AAGTCAGTAGTCTGTATGA-3". The gPCR assay performed under optimized conditions with a melting
temperature of 60°C, showed standard fluorescence amplification representing exponential growth and
amplified a specific product of 110 bp for all F. eriobotryae isolates tested (Table 1). Amplicons were not
obtained from samples of V. inaequalis, V. pyrina and F. oleagineum, neither from samples of other fungal
species commonly found in the process of isolation (Table 1). The standard curve, constructed with serial
dilutions of the DNA of the isolate FeV40, revealed that the primers designed in the present study were
quite accurate over a linear range and high correlations between Cq and DNA quantities were obtained with
R? value of 0.99832 and reaction efficiency of 1.00 (Fig. S1). The standard curve showed that the minimum
concentration of F. eriobotryae DNA detectable was at Cq value of the dilution D6 thus, the limit of

detection (LOD) was established at 48.6 fg/uL.

Conidia observation and fungal isolation
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Conidia of F. eriobotryae were not observed in the pellets obtained from any of the samples. However, a
high presence of conidia of other fungal saprophytes belonging to different genera, such as Alternaria,
Aspergillus, Cladosporium and Penicillium were observed, especially abundant in fruit mummies and
twigs. Similar results were obtained from isolations on culture media, where it was not possible to obtain

colonies of F. eriobotryae, but saprophytes were also prevalent.

Molecular detection of F. eriobotryae

Analysis for gPCR inhibitors in the extracted DNA from the different plant material and pellet samples
indicated the presence of inhibitions in orchards A and B in both growing seasons. Those samples were
diluted 1/10 and analysed again with gPCR. The dilution performed successfully solved the inhibitions in
almost the all samples, except for the fruit mummies. Thus, a nested-real time PCR was performed with the
DNA diluted from all the fruit mummy samples (plant material and pellets obtained from the washings),
including the ones that did not show inhibition. After nested-PCR analysis, all internal controls were

positive, solving the inhibitions previously observed.

Real time PCR results confirmed the presence of F. eriobotryae in plant material and pellet samples during
the second growing season (2016-2017). DNA of F. eriobotryae was detected in twigs during the second
sampling (in one sample of plant material and one pellet sample, both collected in orchard B), and during
the third sampling (in five samples of plant material and three pellet samples, both also collected in orchard
B). During the third sampling, the DNA of the pathogen was detected in fruit peduncles (in one sample of
plant material, collected in orchard A and in two pellet samples from orchard B). The concentration of F.
eriobotryae DNA in twig samples ranged from 50 to 2742 fg/uL, except for one plant material sample and
one pellet sample, where the observed concentrations were close to the LOD (Table 3). The DNA of the
pathogen detected in fruit peduncles samples was not possible to quantify due to the low reproducibility

obtained in the results (Table 3).

Disease progress of loquat scab predicted by the epidemiological model

During the first (2015-2016) and the second (2016-2017) season, 217 mm and 961 mm of rain were
recorded, respectively (Fig. 1a; 2a). The accumulated infection rate predicted by the model was higher for
the second growing season compared with the first one (Fig. 1b; 2b). During the first growing season, the
accumulated infection rate increased slightly only in two periods: during the last two weeks of October and

at the end of March (Fig. 1b). However, during the second growing season two noticeable increases in the

10
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accumulated infection rate were observed in mid-October, from November 20" to December 20", and
during the third week of January (Fig. 2b). The model predicted a final value of the accumulated infection
rate 3 times higher for the second season, compared with the first one. A daily increase of the accumulated
infection rate higher than 0.2 (considered as high risk) was observed 5 times the first growing season and
11 times the second one (Fig. 1b; 2b). Fusicladium eriobotryae DNA was detected in the second and third

sampling of the second growing season (Fig. 2b).

Discussion

The identification of inoculum sources of fungal pathogens is an important step to elucidate the
life cycle of these organisms. This study contributes to determine which organs of loquat trees might act as

potential inoculum reservoirs of inoculum for F. eriobotryae in loquat orchards in Spain.

A specific pair of primers (FUG2F and FUG2R) were designed to detect and quantify F. eriobotryae by
gPCR analysis. The two primers developed here showed a high specificity to detect F. eriobotryae,
amplifying a large number of isolates but not from other related fungal species. A specific primer Fusicl
F, used in combination with the universal primer EF1-986R, was previously designed for a nested-
polymerase chain reaction in the elongation factor EFl-a gene (Gonzélez-Dominguez et al. 2015).
However, a gPCR-based protocol had not been set up yet to detect F. eriobotryae in loquat. Sdnchez-Torres
et al. (2009) designed primers in the region of G3PD gene, sowing high variability between F. eriobotryae
and close related species such as V. inaequalis. These results showed the G3PD as the most suitable region
for the design of highly specific primers thus, the primers used in the present study were designed in that

region.

The standard curves developed showed that this set of new primers were able to detect DNA of F.
eriobotryae when concentrations were equal or greater than 48.6 fg/uL. Déniels et al. (2012) and Gusberti
et al. (2012) developed and validated two qPCR protocols to quantify V. inaequalis in apple infected leaf
tissue, with a limit of detection of 100 fg and 50 fg per reaction, respectively. Based on the present results,
the specific primers designed to detect F. eriobotryae were sensitive enough to be used in the gPCR analysis

performed in this study.

It was not possible to observe conidia of F. eriobotryae neither from liquids obtained washing
different loguat organs, or attempting fungal isolation from these organs. However, mycelial saprophytes

belonging to the genera Alternaria, Aspergillus, Cladosporium and Penicillium were found; these

11
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saprophytes were more abundant in twigs and fruit mummies than in fruit peduncles and inflorescences.
Fusicladium eriobotryae is a slow-growing pathogen, with a maximum in vitro growth rate of 0.49 mm/day
at 20°C (Gonzalez-Dominguez et al. 2013), making very difficult its isolation by conventional techniques
due to the contamination by other fast-growing saprophytes (Sanchez-Torres et al. 2009). For this reason,
a real time PCR assay was designed to detect and quantify the DNA of F. eriobotryae in each type of loquat

organ as a more reliable alternative to microscopic examination.

Gonzéalez-Dominguez et al. (2014a) assumed that F. eriobotryae oversummers in mummified fruits that
remain in the tree after harvest. However, in the present study, the DNA of this fungus was not detected in
any sample of fruit mummies collected during the two growing seasons 2015-2016 and 2016-2017. Loquat
mummies are not comparable to those caused by pathogens such as Monilinia spp. in stone fruit (Villarino
et al. 2010), or Botrytis cinerea on grapevine (Ciliberti et al. 2015), in which the fungus causes a quick
generalized colonization and rot of the fruits, thus becoming important sources of inoculum. In loquat, F.
eriobotryae grows only subepidermically, causing superficial lesions that progress slowly (Gonzalez-
Dominguez et al. 2013). In this case, the mummies are fruits that remain attached to the trees, but suffer a
progressive decomposition process mainly caused by the action of saprophytes such as Alternaria,
Cladosporium, Rhizopus, etc. Tissues in these fruits are highly degraded and likely not colonized by the
pathogen, difficulting both the isolation and the detection by DNA. The efficiency of PCR reactions could
have also been influenced by chemical compounds of different nature present in this type of plant tissue,
co-extracted with the DNA of the sample (Schena et al. 2013). To avoid the risk of false negatives, internal
controls were added in the gPCR analysis to detect PCR inhibitors. Inhibition problems were observed
when analysing fruit mummy and some twig samples. The dilutions and the nested gPCR analysis
performed with the DNA of the false negatives solved the inhibitions observed in twig and fruit mummy
samples, respectively, avoiding the previous difficulties in the detection of F. eriobotryae DNA in these
type of organs. Some other studies have also experienced inhibitions when detecting DNA of pathogenic
fungi in problematic samples such as soil or necrotic tissues (Cullen et al. 2001; Bilodeau et al. 2012; Pilotti
et al. 2012; Ghasemkhani et al. 2016). Further research would be necessary to set up a protocol able to
detect F. eriobotryae in tissues where the presence of inhibitors is more likely without using DNA dilutions

or nested qPCR approaches.

Fusicladium eriobotryae DNA was neither found in inflorescences samples collected in both

growing seasons. Moreover, before the inflorescences were sampled, the epidemiological model predicted
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2 and 3 days with high risk of F. eriobotryae infection (i.e., daily increase in the accumulated infection
rate>0.2) in the first and the second season, respectively, indicating that environmental conditions were
suitable for infections. The ability of this pathogen to infect loquat inflorescences has been remained
unclear; despite Rodriguez (1983) and Gisbert et al. (2006) stated that inflorescences are susceptible to this
pathogen, inflorescence symptoms have not been properly described and F. eriobotryae has never been
isolated from them. The results obtained in the present study suggest that loquat inflorescences should not

be considered inoculum sources of this pathogen.

Fusicladium eriobotryae DNA was detected and quantified using gPCR analysis in plant material
and pellet samples of twigs collected during the second and the third sampling dates of the second growing
season. Both samplings were preceded by a period of high disease pressure, consequence of the several rain
events recorded in this period (Gonzalez-Dominguez et al. 2014a). Despite the fact that gPCR assays are
unable to discriminate between DNA from viable and non-viable cells, the results obtained in the present
study suggested that loquat twigs could be a primary inoculum source of F. eriobotryae. This organ has
been considered the main source of inoculum in case of V. carpophila (Scherm et al. 2008; Lalancette et
al. 2012). The pathogen DNA was also detected in some samples of fruit peduncles during the third
sampling date of the second growing season. This result suggests that fruit peduncles might also act as a

source of inoculum of new infections the following year.

Currently, cultural practices recommend to reduce the inoculum level focusing on the removal of fruit
mummies, as suggested for other pathogens which cause fruit diseases (van Leeuwen et al. 2002). This
management practice has resulted in an effective reduction of primary inoculum of the pathogen early in
the season; however, based on the results of this work, the treatment of twigs and fruit peduncles at the end

of the season could be also considered in the years with a high pressure of the disease.
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Figure captions

Fig. 1 Daily weather data (rain, temperature, and relative humidity) (a) and predicted seasonal dynamics of
the accumulative infection rate of Fusicladium eriobotryae (b), during the first growing season 2015-2016.
Rhombus indicates the sampling dates

Fig. 2 Daily weather data (rain, temperature, and relative humidity) (a) and predicted seasonal dynamics of
the accumulative infection rate of Fusicladium eriobotryae (b), during the second growing season 2016-
2017. Rhombus indicates the sampling dates. Filled symbols indicate the sampling dates where DNA of F.
eriobotryae was detected

Fig. S1 Standard regression curve plots of the gPCR analysis. A dilution series of Fusicladium eriobotryae

FeV40 DNA spanning six orders of magnitude (1/10, 1/100, 1/1,000, 1/10,000, 1/100,000 and 1/1,000,000)
amplified with the primers FUG2F and FUG2R was used to generate the standard curve

16



460
461
462

463
464
465
466
467
468
469
470
471

Table 1 Fusicladium eriobotryae isolates and other fungi used in this study to determine the specificity of
the species-specific primers

Fungal species Source* Host Location Collection code GenBank®  Year
Fusicladium carpophilum CBS  Prunus sp. Switzerland CBS 497.62 EU744580.1 1961
F. eriobotryae IVIA  Eriobotrya japonica Valencia, Spain CA1l EU744567.1 2008
IVIA E. japonica Valencia, Spain CAC31 EU744568.1 2008
IVIA E. japonica Valencia, Spain CAC32 2008
IVIA E. japonica Valencia, Spain CAC31 EU744569.1 2008
IVIA E. japonica Valencia, Spain CAC32 EU744570.1 2008
IVIA E. japonica Valencia, Spain CAC61 2008
IVIA E.japonica Valencia, Spain CAC62 EU744571.1 2008
IVIA E.japonica Valencia, Spain  E5 EU744574.1 2008
IVIA E. japonica Valencia, Spain E6 EU744575.1 2008
IVIA E.japonica Valencia, Spain  FE-40 EU744572.1 2008
IVIA  E. japonica Valencia, Spain  FE-41 EU744573.1 2008
IAM  E. japonica Valencia, Spain  FE-52¢ - 2011
IAM  E. japonica Granada, Spain  FE-65° - 2011
IAM  E. japonica Castellén, Spain  FE-107¢ - 2011
IAM  E. japonica Valencia, Spain  FE-112° - 2011
IAM  E. japonica Alicante, Spain  FE-118° - 2011
IAM  E. japonica Castellén, Spain  FE-124° - 2011
IAM  E. japonica Castell6n, Spain  FE-132° - 2011
IAM  E. japonica Alicante, Spain  FE-137¢ - 2011
IAM  E. japonica Alicante, Spain  FE-142°¢ - 2011
IAM  E. japonica Alicante, Spain  FE-257¢ - 2011
IAM  E. japonica Alicante, Spain  FE-270° - 2011
IAM  E. japonica Valencia, Spain  FEV-40° - 2011
IVIA E. japonica Valencia, Spain  ST1 EU744566.1 2008
Venturia inaequalis CBS  Malus sylvestris The Netherlands CBS 330.65¢ - 1965
CBS M. sylvestris The Netherlands CBS 476.61 EU744577.1 -
CBS M. sylvestris The Netherlands CBS 593.70 EU744578.1 -
CBS M. sylvestris The Netherlands CBS 595.70¢ EU744576.1 1970
CBS M. sylvestris The Netherlands CBS 815.69¢ - 1965
CBS M. sylvestris The Netherlands CBS 813.69°¢ EU744579.1 1969
V. pyrina CBS  Pyrus communis The Netherlands CBS 331.65°¢ EU744582.1 1965
Aspergillus sp. IAM  E. japonica Valencia, Spain  ASP°¢ - 2008
Cladosporium sp. IAM  E. japonica Valencia, Spain  CLA® - 2008
Alternaria sp. IAM  E. japonica Valencia, Spain ALT-1¢ - 2008
Phomopsis sp. IAM  E. japonica Valencia, Spain  PHO-1°¢ - 2008
Mycosphaerella sp. IAM  E. japonica Valencia, Spain  MHY ¢ - 2008
Phyllosticta sp. IAM  E. japonica Valencia, Spain PHYL® - 2008
Stemphylium sp. IAM  E. japonica Valencia, Spain STEM® - 2008
Pestalotiopsis sp. IAM  E. japonica Valencia, Spain PEST ¢ - 2008
Penicillium sp. IAM  E. japonica Valencia, Spain  PENI® - 2008

3solates were obtained from: CBS, Westerdijk Fungal Biodiversity Institute, Utrecht, the Netherlands;
IAM, Culture Collection of the Instituto Agroforestal Mediterraneo, UPV, Valencia, Spain; IVIA, Instituto
Valenciano de Investigaciones Agrarias, Valencia, Spain

bGenBank accession number of ITS sequences used for primer design
¢ Isolates used to determine specificity of the gPCR protocol

- No information available
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472 Table 2 Sampling dates and phenological states of the two orchards in both growing seasons
473

Phenological state

Growing season Date Orchard A Orchard B
2015/2016 27/11 605-6072 601-605
27/01 701-709 701
11/04 805-807 801-805
2016/2017 18/11 605-607 601-605
7/02 701-709 701
11/04 805-807 801-805

474

475  *Phenological state according to Martinez-Calvo et al. (1999). State 601 corresponds to beginning of
476  flowering: 10% of flowers open, state 701 corresponds to the fruit with a 10% of the final size and state
477 801 corresponds to the beginning of fruit colouring (colour break)
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Table 3 Detection of Fusicladium eriobotryae in twigs and fruit peduncles samples collected from orchard A and B during the second growing season 2016/2017
Twigs Fruit peduncles
Plant material Pellet Plant material Pellet
Sampling Number of Concentration of Number of Concentration of Number of Concentration of Number of Concentration of
date detections DNA (fg/uL) detections DNA (fg/uL) detections DNA (fg/uL) detections DNA (fg/uL)
07-feb 1 (orchard B) 27421667 1 (orchard B) 15+3,5 1 (orchard A) -a 2 (orchard B) -
11-abr 5 (orchard B) 48+8 1 (orchard B) 32,5+9,5
96,5+24,5
12,543,5
226458
50+25
2 DNA of Fusicladium eriobotryae detected but not possible to quantify
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