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Project Goals:  
The Persistence Control Science Focus Area at the Pacific Northwest National Laboratory 
is focused on developing fundamental understanding of factors governing the persistence of 
engineered microbial functions in rhizosphere environments. From this understanding, we 
will establish design principles to control the environmental niche of native rhizosphere 
microbes for the model bioenergy crop sorghum through data-driven genome reduction 
and engineered metabolic addiction to plant root exudates. These principles will lead to 
secure plant–microbe biosystems that promote secure, stress-tolerant, and highly 
productive biomass crops. 
 
Abstract: 
Proteins enact the functionality encoded by genomes and so understanding protein function is 
critical to understanding and predicting how natural and synthetic bacteria would interact with 
communities like native rhizosphere. Prediction of protein function from sequence is possible 
because of evolutionary relationships between proteins with similar functions, and existing 
algorithms can identify the corresponding sequence similarity. However, many proteins have 
similar functions but diverse sequences, which thwart existing methods, and driven by advances 
in sequencing technology the number of protein sequences with no known function or similarity 
to proteins of known function is large and growing rapidly. Additionally, non-genomic data from 
high-throughput functional screens and multi-omics approaches can be invaluable to providing 
information about protein function, but currently no methods exist that integrate such 
information with sequence-based approaches to provide functional annotations for proteins. 
 
Previously we have developed machine learning methods to predict functions for problematic 
protein families including Type III secreted effectors (1, 2), multidrug resistant efflux pumps (3),  
and ubiquitin ligase mimics from bacteria and viruses (4). In the current work we describe 
development of a general, modular pipeline to represent protein sequences as vectors of short 
peptide sequences (called kmers), using both native and degenerate amino acid encoding to 
provide flexibility. The pipeline we describe creates these vectors, clusters them based on 
similarity, analyzes the network structure of the resulting graph, and creates signatures of kmers 
which best characterize protein families. The modular nature of the pipeline will allow 
incorporation of information and relationships derived from non-genomic sources of data such as 
fitness data for multiple environmental conditions being produced by our project using RB-
TnSeq mutagenesis, metatranscriptomics and metaproteomics under different environmental 



conditions, and functional relationships derived from other sources such as sequence co-
evolution. 
 
We describe two applications of our novel pipeline. In the first application we have used high-
performance computing to assess the similarities between over 20 million bacterial protein 
sequences. We encoded the sequences using our pipeline, then calculated pairwise similarity 
using a GPU-based algorithm (5), and used exascale graph analytics to identify clusters of 
closely related sequences (6). The resulting analysis provides a landscape analysis of the 
bacterial protein universe. We show that this method can recapitulate known relationships 
between proteins based on traditional means (such as BLAST and hidden Markov models), 
highlight inconsistencies in the underlying protein database, and provide hypotheses for 
functions of novel proteins thus providing a large-scale sequence landscape. In the second, we 
have developed flexible kmer signatures for rapid and accurate classification of nitrogen cycling 
gene families from metagenomes. We evaluated the performance of our method relative to 
standard annotation methods in terms of sensitivity and specificity and speed of application. 
 
Though still under development, our open-source, modular pipeline represents an advancement 
for analysis of large sets of protein sequences, and determination of complementation landscapes 
for complex microbiomes. The results we present suggest that our approach can provide 
expanded functional information from metagenomes, and will support integration of multiple 
other sources of information such as functional screens and omics data. 
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