Wheat straw incorporation and nitrogen fertilization increase antibiotic resistance gene abundance and dissemination potential in agricultural soil
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Results
Description of samples and metagenomes
A total of 24 soil samples were collected from the experimental field as previously described (Wang et al., 2018). Briefly, 12 soil samples were collected in July 2015 after the maize was harvested or while the maize was growing (M), and 12 soil samples were collected in January 2016, while the residues of wheat (W) harvested in the summer were chopped and evenly spread over each treatment area. Our previous studies based on 16S rRNA sequencing revealed that the bacterial diversity in samples after straw turnover (winter season) was greater than that in samples without straw turnover (summer season), possibly because of the higher organic matter content in the winter season after corn residues spread back to the field (Wang et al., 2018). To achieve even sequencing coverage efforts for the different metagenomes, that is, the fraction of the total extracted DNA that was sequenced, approximately 10 Gbp and 20 Gbp of shotgun metagenomic data were acquired for samples collected in summer and winter, respectively. The coverage of the 24 metagenomes achieved by sequencing ranged from 18–36% for the summer samples and 17–30% for the winter samples, as revealed by Nonpareil (Table S1). Considering the relatively low coverage achieved by sequencing efforts, the following analyses of taxonomic, functional, ARG and MGEs annotations were carried out at the read level because the assembly process might have lost valuable information since many of the reads would not be assembled into the contigs at relatively low sequencing coverage. The variances of coverage between different samples are within a twofold change and are considered adequate for between-sample comparisons (Rodriguez and Konstantinidis, 2014). Approximately 94%-99% of the sequenced reads with read lengths of 139-149 bp passed the trimming threshold and were used for downstream analyses (Table S1).

References
Rodriguez, R.L. and Konstantinidis, K.T.  2014.  Nonpareil: a redundancy-based approach to assess the level of coverage in metagenomic datasets. Bioinformatics 30(5), 629-635.
Wang, F., Chen, S., Wang, Y., Zhang, Y., Hu, C. and Liu, B.  2018.  Long-Term Nitrogen Fertilization Elevates the Activity and Abundance of Nitrifying and Denitrifying Microbial Communities in an Upland Soil: Implications for Nitrogen Loss From Intensive Agricultural Systems. Front Microbiol 9, 2424.


[image: ]
Figure S1. Heatmap of significantly differentially abundant functional categories at SEED level 2 (medium categories) between different N amendment treatments. N0, N200, N400 and N600 represent N amendments of 0, 200, 400 and 600 kg N ha−1 yr−1, respectively.
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Figure S2. Relative abundance of ARGs in maize (A) and wheat straw (B) amended with N at 0 (N0), 200 (N200), 400 (N400) and 600 (N600) kg N ha−1 yr−1.
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Figure S3. Relative abundance of different categories of ARGs at the drug class level in soils with different straw incorporation and N amendments.
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Figure S4. Relative abundance of different categories of ARGs at the gene family level in soils with different straw incorporation and N amendments.
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Figure S5. Relative abundance of beta-lactamase resistance genes in soils with different straw incorporation and N amendments. (A) Boxplot of the relative abundance of beta-lactamase resistance genes in soils with maize and wheat incorporation. (B) Heatmap of the relative abundance of different classes of beta-lactamase resistance genes in maize- and wheat straw-returning soils with N amendment at 0 (N0), 200 (N200), 400 (N400) and 600 (N600) kg N ha−1 yr−1. *** p < 0.001.
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Figure S6. Relative abundance of MGEs in maize (A) and wheat straw (B) amended with N at 0 (N0), 200 (N200), 400 (N400) and 600 (N600) kg N ha−1 yr−1.
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Figure S7. Relative abundance of different categories of MGEs at the gene family level in soils with different straw incorporation and N amendments.
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Figure S8. Spearman correlation of the richness of ARGs and bacterial communities at the species level.
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Figure S9. NMDS plot of the relative abundance of ARG profiles at the gene family level. Soils with different straw types are denoted by different colors, and the different N amendments are denoted by different symbols.
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Figure S10. NMDS plot of the relative abundance of MGE profiles at the gene family level. Soils with different straw types are denoted by different colors, and the different N amendments are denoted by different symbols.
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