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Antibiotic resistance hotspots are found everywhere in environmental 
compartments that are subjected to anthropogenic pressure, such as agricultural 
fields. A factor that may impact the antibiotic resistance genes (ARGs) and 
microbiomes in the environment is the water quality used to irrigate the crops. We 
wanted to study this impact in crop microbiomes and ARGs profiles by collecting 
plants and soil samples from agricultural fields near Barcelona, Spain, differing in 
the source of water they use for irrigation: groundwater, rainwater, or river water 
impacted by TWW effluents. ARGs sul1, tetM, qnrS, blaCTX-M-32, blaOXA-58, mecA, blaTEM 

were quantified by qPCR, along with bacterial 16s rDNA and the integrase gene 
intl1, as proxies for bacterial abundance and anthropogenic pollution, respectively. 
intl1 is putatively implicated in the dissemination of antibiotic resistance [1]. We 
also used high throughput sequencing, to in order to be able to study the 
microbiomes in the different crops’ fields, and plant parts.  
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Our data suggest that the use of reclaimed water in agriculture influenced the 
microbiomes and distribution of ARGs. In addition, other possible variables (soil 
composition, aeration, fertilization regime) may decisively influence microbiomes 
and ARG contents. Further research is being performed to assess the influence of 
the quality of the irrigation water at mesocosmos scale.
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Methods

Soil and plant samples were collected in broad beans’ and tomato fields near 
Barcelona (Fig. 1). The broad beans’ fields control zone was located near Cabrera de 
Mar, northeast of the Barcelona, Spain, while the tomatoes’ fields control zone was 
located in the Littoral Mountains west of Llobregat delta (West of Barcelona, Spain). 
Both were irrigated with groundwater and/or rainwater, and fertilized with horse 
manure. Zone 2 and Zone 3 were located in the Llobregat low valley, receiving 
water from channels fed by treated wastewater (TWW), and chemical fertilizers 
were applied when needed. Tomatoes’ plants were not collect at the Zone 3. DNA 
was extracted using MoBio PowerSoil DNA isolation kit (MoBio Laboratories, Inc.). 
DNA concentration and quality was tested using a NanoDrop Spectrophotometer 
8000 (Thermofisher Scientific, Inc).
Appropriate primer pairs for sul1, tetM, qnrS, blaCTX-M-32, blaOXA-58, mecA, blaTEM. intl1, 
and bacterial 16s rDNA were designed from previous studies [2-5]. qPCRs reactions 
were performed using the Lightcycler 480 II (A F. Hoffmann–La Roche AG, Inc). 
Three pooled libraries of 16s rDNA amplicons from soil, tomatoes, and broad beans 
samples were prepared for sequencing with an Illumina MiSeq 300. Quality control 
of the sequences was done using FastQC [6], Trim Galore![7], and dada2 package[8] 
in R environment (version 3.4.0). Microbiome analyses were performed with the R 
packages phyloseq [9], vegan [10], mixOmics [11], and caret [12].

Figure 4:  (A) Plot with the 20 most important OTUs for the Random Forest classifier. The importance Metric was the Mean Decrease in 
Accuracy. OTUs are idenfitied by their Family level. (B) PLS regression Heatmap of the 20 most  important OTUs for the Random Forest model, 
with 45.8% of the OTUs variance explaining 76.3% of the total variance of the ARGs abundance. OTUs are idenfitied by their Family level. 

Figure 2: (A) Bi-plot corresponding to  a PCA. Sample scores are represented as triangles (Zone 1), circles (Zone 2), or squares 
(Zone 3).  Red, green, Blue and purple symbols correspond to broad beans, Roots, leaves, and Soil respectively. (B) Bi-plot 
corresponding to  a PCA. Sample scores are represented as triangles (Zone 1), circles (Zone 2).  Red, green, Blue and purple 
symbols correspond to Roots, Leaves, Soil, and fruits respectively. ARGs element loadings are represented by the element name 
and an arrow. In  each plot the two first components are represented. The percentage of variance explained by each one is 
indicated.

Figure 1 shows two Principal Component Analysis (PCA) Plots on the  log transformed 
abundance of ARGs. In plot A, corresponding to samples from the broad beans’ 
fields, PC1 explained 57.5% of the total variance,  separating samples from soil and 
plant parts (roots, leaves, broad beans). The Loading plots (arrows and genetic 
element names) suggest that ARGs abundance was associated strongly to PC1, and 
therefore  to soil samples, with the exception of qnrS, which appeared more 
associated to PC2. 
In plot B, corresponding to tomato field samples, PC1, explaining 49.8% of the total 
variance, clearly separated sample types, whereas the second component, PC2 (21% 
total variance), grossly  separated samples from Z1 and from Z2 (circles and 
triangles in Figure 1). Loading plots indicate that ARGs and intl1 are associated to soil 
and root samples. 

Figure 3:  Discrimination of the sampling zones and sample types irrigated with different water sources by a PLS-DA model. 
(A) Plot of sample zones discrimination, the model explains 59 % of the total variance. (B) Plot of the sample types 
discrimination, organized as upper part (fruits, leaves endophytes) and lower part (soil, root endophytes). This model explains 
56% of the total variance. The radius of the grey circles represent the log values of the OTUs relative abundance
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Two Partial Least Squares Discriminant Analysis (PLS-DA) models with the 
Operational Taxonomic Units (OTUs) from the tomato field samples (Fig. 2) were used 
to estimate the contributions of each OTU to the first two components (component 1, 
component 2) of the models. The 69 OTUs (VIPs>1.25) were responsible for the 
maximization the covariance between the predictors and the predicted classes - 
sampling zones and sample types (soil, roots, leaves, or fruits)- represented 59% and 
56%, respectively of the total number of sequences (Fig. 2). The 10 OTUs with the 
top VIP scores by sampling zones represented 8.2 % of total number of sequences. 
10 OTUs with the top VIP scores discriminating sample types represented 2.7 % of 
total number of sequences.

Microbiome composition in broad beans’ field samples was examined by β-diversity 
analysis using the Weighted UniFrac dissimilarity index. The adonis function showed 
significant differences between the microbiomes compositions between sampling 
zones (p=0.001; R2=0.065), sample types (p=0.001; R2=0.299) and zones by 
sample types (p=0.001; R2=0.472). We assume that the effects of by both sampling 
zones and sample types on the microbiomes composition is significant, although 
the groups only explained 6.5 % (sampling zones) and 47 % (sampling zones by 
sample types) of the variance. Beta dispersions results by the sampling zones 
(p=0.94) and sample types (p=0.93) were not significant, confirming that there are 
no significant differences of homogeneity between groups’ dispersions 

The Random Forest assigned a variable importance score to each OTU by estimating 
the Mean Decrease in Accuracy. Fig. 3 A illustrates the 20 most Important OTUs  in 
broad beans’ field samples for the classification. Those 20 OTUs represented 5.57% 
of the total number of reads in soil samples, whereas in the roots endosphere and 
leaves they represented 36, 09% and 33, 89% of the total number of reads, 
respectively, and only 3,26 % of the total number of reads for bean samples.

PLS regressions (Fig. 3 B)  were used to determine whether or not the abundance of 
resistance genes were predicted by the microbiome composition and whether or not 
it did covariate with specific phylogenetic groups. The model explained 76.3% of 
variance of ARGs abundance (predicted) using the 45.2% of OTUs abundance 
variance (predictor)
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Figure 1: map with the agricultural fields were soil, broad beans and tomatoes plants were collected. There were two control 
zones, one for each crop. Tomatoes’ plants were not collected in Zone 3.
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