
understand gene expression strategies of lytic phages, by directly analyzing their genomes through 
bioinformatic methods. We address this question on a recently sequenced lytic bacteriophage 7 – 11 that infects 
bacterium Salmonella enterica. 
 
We identify novel promoters for the bacteriophage-encoded sigma factor, and verify the predictions through 
homology with another bacteriophage (phiEco32) that has been experimentally characterized in detail. 
Interestingly, standard approach based on multiple local sequence alignment (MLSA) fails to correctly identify 
the promoters, but a simpler procedure that is based on pairwise alignment of intergenic regions correctly 
identifies the desired motifs; we argue that such search strategy is more effective for promoters of 
bacteriophage-encoded sigma factors that are typically well conserved but appear in low copy numbers, which 
we also verify on two additional bacteriophage genomes. Identifying promoters for bacteriophage encoded 
sigma factors together with a more straightforward identification of promoters for bacterial encoded sigma 
factor, allows clustering the genes in putative early, middle and late class, and consequently revealing the 
temporal regulation of bacteriophage gene expression. Therefore, direct analysis of bacteriophage genome 
sequences is a plausible first-line approach for efficiently inferring phage transcription strategies and may 
provide a wealth of information on transcription initiation by diverse sigma factors/RNA polymerases. 
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Characterisation of the gut microbiome (GM) has received massive interest during the last decade. Focus has 
mainly been on the prokaryotic members of the GM, while characterisation of the diversity and structure of the 
viral communities has received limited attention. Recent advances in next-generation technologies have opened 
new opportunities for mapping the diversity, evolution and influence of bacteriophages on the bacterial 
communities of the human gut. However, little attention has been given to the efficiency of current protocols 
dealing with extraction of faecal bacteriophages prior to viral metagenomic studies. We have optimized two 
methods for extraction based on tangential-flow filtration (TFF) and polyethylene glycol (PEG) approaches using 
an adapted method from published protocols (LIT) as reference. We analysed their efficiency to up-concentrate 
viral-like particles (VPL’s) and recovery of spiked phages as well as their impact in the viral community structure.  
 
Compared with LIT, our optimized protocols TFF and PEG yielded up to 20 times more VPL’s. Likewise, their 
efficiency to up-concentrate spiked populations of different tailed-phage representatives of the Myoviridae, 
Podoviridae and Siphoviridae families, was at least 286, 13 and 8 times more efficient than LIT, respectively. 
Virions extracted with TFF and PEG yielded 17-60 times more viral DNA per volume compared to LIT. 
Metagenomic analysis of viromes showed that double-stranded DNA viruses constituted 96.6, 95.6 and 94.5% of 
the relative distribution in viromes extracted with LIT, PEG and TFF, respectively. Compared with LIT protocol, 
PEG and TFF had 12% higher relative abundance of reads identified as Caudovirales. A separate assessment of 
the Caudovirales sequences showed that the distribution of Myoviridae was up to 11% higher in viromes 
extracted with LIT. Interestingly in TFF and PEG, this shift was found to be compensated by an increase in the 
distribution of unclassified Caudovirales and Siphoviridae (mostly those assigned as unclassified Siphoviridae 
phages), remarkably this latter group has been previously considered as one of the most abundant and 
prominent bacteriophage family found in the human gut. 
 
Through this study we intended to share an efficient way to extract, quantify and recover bacteriophages from 
stool samples. Due to the directness of these protocols, suitable adaptations can also be applied in order to 
perform studies that could eventually be compromised by small volumes of faecal matter collected  (e.g. mice 
studies). The optimization of these protocols was focused on minimizing the loss of phages and VPL’s at each 
step of extraction, thereby increasing DNA yields prior to libraries preparation, reducing alterations in the 
distribution of phage communities and consequently the viral DNA extracted. 
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