Enriching and mining soil and grain metagenomes
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ABSTRACT 1ll. APPROACH 2. Enrichment of soil microbial community with the insect-derived substance
stimulated growth of bacteria containing insecticidal genes

Insecticidal microbes and their products have been successfully used as effective and environmentally safe

solutions against agricultural pests for more than half a century. However, identifying new insecticidal proteins + The soil and grain dL_JSt microbial Commur_‘ities were i”_CUbath “{ith the insect-derived )
that can overcome resistance is important to the long-term durability of this cropping system. Conventional substance (IDS) enrichment. The control incubations included either LB or a base media Insecticidal
approaches to discover novel insecticidal toxins are largely based on spore-selection and strain isolation without the insect-derived substance addition. classes « 23 soil samples were collected from three
techniques. Metagenomics allows tapping into the world of uncultured microbes. Soil is an extremely rich source + The microbial community composition and diversity was accessed using the V4 16S rRNA - Class 1 locations in an agricultural field: in-row, field-edge
of novel proteins, but high microbial diversity and relatively low representation of microbes that produce T : 200 # and dirt road
insecticidal proteins in soil are ibitive for ing genes for ir icidal proteins. To this ag-sequencing . . . ’ ° Class 2
limitation, we have developed enrichment techniques and metagenomics pipelines coupled with . Me?agenomes (~10M paired-reads with lllumina .NemlseQ) were [‘)rqduced from soil 5_ I Class 3 i X X »
metatranscriptomics approaches to identify novel insecticidal toxins from soil and other environmental samples enrichment and analyzed for the presence and diversity of insecticidal genes 100 2 Mcesse « Soil samples were enriched in 2 ways: 1) addition
such as grain dust samples. We used a mix of organic nitrogen and carbon nutrients to facilitate the growth of + Metatranscriptomes (~20M paired-reads with lllumina NextSeq) were produced from grain s - 2 M cesss of the IDS and 2) selecting for spore-forming
insecticidal bacteria. The resulting microbial community may have reduced diversity and increased § dust enrichments. Transcript abundances were evaluated for genes homologous to & — members by heat-treatment
representation of the desired taxa, which can more y be used in based . We will : ticidal : : t ichi tsin LB & . Class 6
present the results of mining metatranscriptomes and metagenomes from soil and grain microbial communities in insecticidal genes in comparison to enrichments in : % 0y . Class 7 . .
response to enrichments using the Second Genome discovery platform to specifically identify insect toxin genes. 2 + Metagenomes obtained from the IDS enrichment
IV. RESULTS 3 Class 8 contained significantly higher number of
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. e » Class 9 insecticidal genes than metagenomes obtained
OBJECTIVES 1. Addition of IDS resulted in increased biomass and changes in soil - § from the same soil samples enriched for spore-
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bublic 8 T Figure 1. The growth of Bacillus thuringiensis HD-1 and soil bacteria was stimulated by the addition and in LB
metagenomes of IDS to Ringer’s solution. OD was measured after 24 hours of incubation at 30°C, and each Z-score + RNA samples were collected 20 hours after the start of
Protein , treatment had 8 replicates. IDS was added at three concentrations or modifications (IDS 1-3). The 1 incubation
Annotation Eﬂ Assay data using known biomass yield in the IDS treatments 2 and 3 was similar to the yield in LB. ation . -
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Metatranscriptomes obtained from the IDS enrichment
contained significantly higher number of transcripts for
specific insecticidal genes than metatranscriptomes
obtained from the enrichment in LB
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Prediction Woves M Class 11 changes observed here are not due to changes in
Pipeline 125 050 025 1) 10s community composition (under investigation)
Samples
. 100 == ! e Figure 4. Insecticidal genes had significantly higher transcript abundances in the
Il. The manually curated ontology system in the SG KnowledgeBase Ringors+ Rigers  Ringarss Ringers 0 IDS enrichment relative to the LB enrichment (ANOVA p<0.05). Only genes that
facilitates cross-study comparisons DS DS Samples were fully assembled are shown here. The transcript abundances in each library
were normalized to gene length and to library sequencing depth.
SG Figure 2. Alpha diversity (left) and relative OTU abundances at the family level (right) in soil samples
N::x‘:::«:e logy incubated in Ringers’s with the addition of IDS or in Ringer’s solution alone. CONCLUSIONS

= — Incubation of soil microbial community with the addition of IDS resulted in

NG decreased number of OTUs and increased Shannon diversity compared to the The IDS has the potential to promote the growth of insecticidal taxa from soil samples, resulting in the

increased number of insecticidal genes in metagenomes. Moreover, the IDS may up-regulate

Public datasets itv in Ri ,
Metadata - o community in Ringer's alone transcription of insecticidal genes in the grain dust microbial community.
> e Knofﬂidge i o - Relative abundances of OTUs from family Enterobacteriaceae (unclassified at the « These enrichments in insecticidal gene sequences in metagenomes and also in metatranscriptomes
Second Genome Data staging e genus level) increased significantly in the IDS enrichment: from 0.1 % to ~50% will help discover novel insecticidal proteins.
x; —_ . Other significant increases in the IDS enrichment were seen for OTUs from families * The Second Genome Discovery platform is applicable to other fields for the discovery of microbial

Client datasets Xanthomonadaceae, Micrococcaceae, and Rhizobiaceae proteins beneficial for agriculture and human heaith.

. OTUs that identified as B. thuringiensis increased in relative abundance in the IDS

« Data is obtained from public and private datasets and includes nucleotide and amino acid N o, N . o, ACKNOWLDGEMENTS
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