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Abstract
Fusariumbasal rot (FBR) of onion is a serious disease problem worldwide. TheFusariumspecies causing FBR can also produce
mycotoxins that are potentially harmful to humans and animals. In this study, a multiple reaction monitoring technique with ultra-
high-performance liquid chromatography–tandem mass spectrometry (MRM UHPLC-MS/MS) was developed and validated for
onion matrix to studyFusariummycotoxins in the harvested onions. This study was focused on fumonisins B1, B2, and B3 (FB1,
FB2, and FB3), beauvericin (BEA), and moniliformin (MON), which are the main mycotoxins produced byFusarium oxysporum
andFusarium proliferatum. In the in-house validated protocol, the onion samples were extracted with methanol:water (3:1) using
magnetic stirring for 15 min. FBs and BEA were determined directly from the filtered extracts, whereas MON required sample
concentration prior to analysis. No cleanup of extracts was needed prior to analysis. The target mycotoxins were separated on an
Acquity UPLC system BEH C18 column with gradient elution. Mycotoxins were identified and quantified using13C-FB1 as
internal standard. Minor matrix effect was compensated using multi-point matrix-matched calibration curves with uninfected
onion sample. For the mycotoxins studied, a good linearity was obtained (R2 � 0.99) and the recoveries were in the range of 67–
122%, with the highest standard deviation for MON, 22%. The limits of quantification were from 2.5 to 10 ng gŠ1 in onion
matrix. The method was successfully employed for the analysis of mycotoxins in harvested onions showing FBR symptoms and
found to be infected withF. oxysporumandF. proliferatum.
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Introduction

Cultivated onion (Allium cepa) suffers from infections caused
by various pathogens, mostly by fungi in the generaFusarium
andBotrytis. Fusariumbasal rot (FBR) is a serious disease
problem worldwide in onions, causing substantial losses dur-
ing the growing season and in the storage. The rot starts from
the roots and basal plate, and then spreads upwards inside the
bulb and gradually spoils it (Galvan et al.2008; Carrieri et al.
2013; Sasaki et al.2015a). The pathogenicFusarium

oxysporumf. sp.cepaeandFusarium proliferatumare among
the Fusariumsp. that have been reported to cause FBR in
many countries where onion is grown (Bayraktar and Dolar
2011; Taylor et al.2013; Sasaki et al.2015a, b). Also in
Finland,F. oxysporumand F. proliferatumare among the
most commonFusariumspecies observed in onion sets and
onion harvest, and the primary source of the pathogenic
Fusarium strains is the use of imported onion sets
(Haapalainen et al.2016).

Infections withF. oxysporumandF. proliferatumnot only
spoil the onion quality but also cause a potential risk of onion
contamination with mycotoxins, which are known to have
many harmful effects on humans and animals (Desjardins
and Proctor2007; Lee and Ryu2015; Fremy et al.2019).
Traditional Fusarium mycotoxins, like trichothecenes,
fumonisins (FBs), and zearalenone (Hietaniemi et al.2004,
2016; Shephard et al.2007; Mahnine et al.2012; Marin
et al.2013; Al-Taher et al.2017), have been extensively stud-
ied in cereals and feed, and many risk assessment studies and
legislation are available on them (EC 1881/2006; Shephard
et al.2007; Lee and Ryu2015). In contrast, not much research
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F I G U R E 5 The responses of RCP probabilities along covariates in the 5RCP model with spatial random effects and covariates (GP;
model M4). The rows correspond to the RCPs fromk = 1 to k = 5 and the columns correspond to the environmental covariates. For details of
the statistic plotted,	 � , see Section 3.2.4. GP, Gaussian processes; RCP, regions of common profile

Mean richness Lower CI Upper CI

RCP 1 51.6 50.8 52.5

RCP 2 38.4 37.7 39.4

RCP 3 40.0 39.3 40.7

RCP 4 25.7 25.1 26.3

RCP 5 24.2 23.7 24.7

Note:For a map of likely location of each RCP type, see Figure 4 (left column).
Abbreviations: GP, Gaussian processes; NWS, north-west shelf; RCP, regions
of common profile.

TA B L E 2 The posterior mean (and 95% central credible
interval) for expected species-richness for each RCP for the NWS
spatial model (using GP effects for the covariates, model M4)

For these data, the major environmental driver is depth (Figure 5). This matches ecological understanding of the
region, and of marine ecosystems in general (Hill et al., 2017; Koslow et al., 1997). In the NWS data, there appears to be:
a shallow water group (RCP 1) located near the coast; two mid-depth groups (RCPs 3 and 4) that are spatially segregated
but not in terms of their depth preference; one deeper water group (RCP 5), and; one group located near the start of the
more rapid change in the depth gradient (RCP 2).

The species-richness patterns varied across RCPs and hence depth. Species-richness is defined as the number of dif-
ferent species at a sampling location, and here we quantify this as the expected richness within an RCP group:

� J
j=1 � kj

(Table 2). We also calculated the total absolute difference in species profiles between two RCPs:
� J

j=1 �� kj Š � k� j � (Table 3).

https://github.com/jpvanhat/SpatClustMixtures
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F I G U R E 6 The posterior expected probability of each RCP at all spatial locations for years 1986…1997. These maps are created using
the spatiotemporal model with covariates effects added using GPs (model M5). Only years when data were collected are presented. GP,
Gaussian processes; RCP, regions of common profile

(Hill et al., 2017; Koslow et al., 1997). Interestingly, the analysis suggests that the temporal component of variation in the
data is relatively minor. This is in spite of the changing human utilization in the area.

Our computational strategy is efficient enough to allow estimation for our example application, which has� 850 sam-
ples and� 250 measurements (species presence/absence) per sample given five RCP clusters. The size of this modeled
dataset is large compared with earlier spatial clustering examples in the literature (Alfó et al., 2009; Green & Richard-
son, 2002; Lawson et al., 2017; Neelon et al., 2014; Torabi, 2016; Wall & Liu, 2009). To enable inference, we performed
approximate Bayesian inference, as defined by a Laplace approximation and MCMC for conditional posterior of latent
variables and species profiles (Sections 3.2.1 and 3.2.2). According to the simulation study, these methods provide good
approximation for the posterior of latent variables, posterior probabilities of RCP regions and the posterior of species pro-
files. Full MCMC (Section 3.2.3), however, was infeasible for the NWS data in a reasonable time. The time requirement of
Laplace approximation and the full MCMC increases asO(n3) but the constant factor is considerably smaller for Laplace
approximation (only tens of optimization steps) compared with full MCMC (thousands of sample proposals). The time
requirement of sampling only latent variables and species profiles increase asO(n2) whereas the time needed to sample
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