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Title

Quantitative models of bacterial evolution inferred from large number of draft genomes

Computational analysis of large (>1000) collections of draft genomes of bacterial strains.

The current collection of microbial genome sequences includes around 40,000 sequences, and
is growing exponentially. Most of these genomes are not in complete form (fully assembled
chromosomes), but are left in draft form, consisting of incompletely connected contigs of various
number and sizes.

We recently proposed (see Ref. [1-3]) a suite of computational algorithms aimed at extracting the
"basic" (or “core”) genome shared by most strains of a given bacterial or archaeal species [1-2].
This basic genome [2] can then be used to detect vertically and horizontally transferred genomic
segments in order to quantify their relative contributions to genome evolution. We proposed to
expand our computational analysis originally developed and tested for a small number (<100) of
high quality "finished" genomes to a large number (>1000) of lower quality "draft" genomes. To
accomplish that we leverage scalable computing resources of Blue Waters.

In the course of this project, we constructed the high quality basic genome of the bacterial species
Staphylococcus aureus. We then used this basic genome to detect pairwise similarities among
2949 S. aureus draft genome sequences. Our original estimate is that it will require 14,000 node
hours. We ended up using our allocation to compute pairwise similarities among ~1.2 million pairs
of genomes (27% out of 4.3 million). It looks like we underestimated the run time by a factor of 4.



We saved 3 output files from each run from his program, discarding everything else because of
file size concerns. These files are small, but there are over a million of them which causes
operating systems to struggle doing even the simplest things. We ended up running in super-
batches of 100,000 pairs and making sub-batches of 1000 to make them more manageable.
The collected and compressed (tarred and gziped) batches total to something like 8 Ghytes or
S0, so the final size is not a problem. The data were copied into the home directory, and also into
the sciteam project directory: /projects/sciteam/bacv/S_aureus_runs_spring_2016/

Both of these are not purged after 30 days like the scratch area. We also rolled off copies onto a
local drive for safe keeping.

Description of Code(s)

The reference genome and SNP analysis code is a package or ensemble consisting of (1) a
multiple, whole genome sequence aligner, progressiveMauve, which is an open source work
provided by the Darling Lab (http://darlinglab.org/mauve/user-guide/progressivemauve.html),
written in C++, and (2) a custom post-processing script (python) which performs the SNP analysis
on aligned genomes.

This ensemble is executed for every pair of draft genomes for a given species. The input to
one instance of the ensemble is a pre-selected reference (core) genome sequence, and the two
draft genome sequences of the pair under consideration. progressiveMauve is invoked to
perform a multiple alignment of the three genomes, and creates multiple alignment file that is
subdivided into segments. When that completes, the postprocessing script reads the alignment
and calculates a number of SNP statistics, which are stored in files of a few kb or less. Our code
is "embarrassingly parallel”, that is calculations for each of the pairs can be performed
independently.
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