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Summary 
 

Bacteria and Archaea exhibit a huge diversity of metabolic capabilities 
with fundamental importance in the environment, and potential 
applications in biotechnology. However, the genetic bases of these 
capabilities remain unclear due largely to an absence of technologies 
that link DNA sequence to molecular function. To address this 
challenge, we are developing a pipeline for high throughput annotation 
of gene function using mutagenesis, growth assays and DNA 
sequencing. By applying this pipeline to annotate gene function in 50 
diverse microbes we hope to discover thousands of new gene 
functions and produce a proof of principle ‘Functional Encyclopedia of 
Bacteria and Archaea’. 

FEBA Gene function annotation workflow 

Progress so far 
 

• Synthesis of a library of barcoded transposons for mutagenesis 
• Development of a sequencing pipeline for high throughput Tn-Seq 

and Bar-Seq. 
• Proof of principle mutagenesis and sequencing of P.Stutzeri to 

reveal new gene functions in this bacteria. 
• Generation of transposon mutants for 8 new bacterial species 

Challenges in gene function annotation 

FEBA Bacteria 

FEBA Growth conditions 
Tn-Seq and Bar-Seq protocols 

Candidate bacteria were selected primarily based on phylogenetic diversity, but include several 
organisms with relevance to D.O.E. missions. Successfully cultured bacteria (1) will be subject 
to transposon mutagenesis through which we aim to obtain at least one mutant strain for every 
gene in the genome (2). Successfully mutagenized organisms will be subject to high 
throughput growth assays to determine wild-type phenotypic capabilities, and RNA-Seq to 
annotate gene structures (3). Mutant populations will then be subject to growth under relevant 
conditions followed by high-throughput sequencing using the Tn-Seq and Bar-Seq approaches  
(4 and below). Downstream computational analyses will determine fitness effects of each 
mutation and infer gene function. 

Computational annotation of gene function relies on transfer of 
information between closely related sequences. As these are often 
absent, a ‘typical’ genome has >25% genes with no annotated function. 
New experimental tools capable of high-throughput annotation of novel 
gene functions are therefore required. Novel annotations would provide 
direct biological insights and serve as a resource for improving 
traditional automated annotation approaches. 

Gene function annotation using Tn-Seq 

In a proof of principle study, Deutschbauer et al. (ref 1) used 
transposon mutagenesis, growth assays and sequencing to annotate 
the function of >25% previously ‘unknown’ genes in S. Oneidensis. 
Here we propose to scale this approach to 50 diverse organisms. 
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A) Transposon mutagenesis generates complex mutant populations with at least one 
inactivating mutation for every gene in the genome. Mutant populations are grown under 
a diverse set of growth conditions. Cells with inactivating mutations in genes important 
for survival in a condition will fall to low frequency in the final population. Changes in the 
abundance of individual strains are determined by high throughput sequencing and used 
to infer gene function. B) Bar-Seq. For more rapid characterization of mutant populations,  
transposons have been engineered to contains 20 random nucleotides flanked by 
common priming sites. These can be monitored by a simple PCR and sequencing assay. 
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