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1. Introduction

TRAMS is a program, written using Python 2.7.3, for functional annotation of genomic SNPs as
synonymous, nonsynonymous or nonsense. It separates nonsynonymous SNPs in start and stop
codons as non-start and non-stop SNPs, respectively and SNPs in multiple overlapping features are
annotated separately for each feature. Multiple nucleotide polymorphisms (MNPs) within a codon
are combined before annotation.

2. Installation

TRAMS was developed using Python version 2.7.3, but works under any version of the 2.7 series.
The users need to install python, biopython and Numpy to use this program. These are available to
download from:

Python 2.7  http://www.python.org/download/,

BioPython http://biopython.org/wiki/Download

NumPy http://sourceforge.net/projects/numpy/files/NumPy/
TRAMS http://sourceforge.net/projects/strathtrams/files/Latest/

The distributions of Python 2.7.3, NumPy and BioPython 1.60 are covered by different third party
licences.

We provide a quick guide for installation of Python 2.7.3, NumPy and BioPython 1.60 but the users
are highly encouraged to carefully read the instructions and detailed procedure from the download
pages (mentioned above) for WINDOWS, Linux and Mac OS platforms.


http://www.python.org/download/
http://sourceforge.net/projects/strathtrams/files/Latest/
http://sourceforge.net/projects/numpy/files/NumPy/
http://biopython.org/wiki/Download

Windows
TRAMS is available to download as a single file executable for WINDOWS users who do not need to
install Python, BioPython or NumPy.

However, if they wish to use TRAMS as Python script, they can download WINDOWS installers for
Python 2.7.3, NumPy and BioPython 1.60 from the above websites in the mentioned order.

Linux

Some Linux distributions such as Ubuntu may have Python 2.7.x pre-installed and the users can
find out the version by using the command python in the console. The detailed download and in-
stallation instructions for different Linux distributions are available at the Python, BioPython and
NumPy download pages (mentioned above). Here, we provide quick commands for Ubuntu using
apt-get package manager:

sudo apt-get install python-numpy python-biopython

Mac OS

Mac OS often have Python pre-installed but if you need to install python, NumPy or BioPython,
fink may be useful. The detailed instructions to use fink are available at http://finkers.wordpress.-
com/installing-fink/#install-fast.install.

To install Python, NumPy and BioPython on a MacOS, following command can be used:
fink install biopython-py27

That should be sufficient. See the BioPython installation instructions for more information:
http://biopython.org/DIST/docs/install/Installation.html#htoc28.

3. Using the program

i. Input file format: TRAMS uses a tab delimited text file containing SNP locations, reference
nucleotide and SNPs in variant strains along with a reference genome sequence in GenBank or
EMBL format.
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Figure 1: Input file format for TRAMS

As shown in the Fig, 1, the first row in the SNP input file is the header, followed by the data from
the second row containing SNP positions in the reference genome (first column), nucleotide in the


http://biopython.org/DIST/docs/install/Installation.html#htoc28
http://finkers.wordpress.com/installing-fink/#install-fast.install
http://finkers.wordpress.com/installing-fink/#install-fast.install

reference strain (second column) and SNP alleles in the variant strains (3 column onwards). SNPs in
multiple strains can be added to the same input file as separate columns. If a base is not a SNP in a
certain strain, it can either be left blank or kept the same as the reference base. In both cases the
base will be ignored for that strain in the annotation file. There is no limit to the number of strains
that can be added that may be dependent on the memory of your computer.

The GenBank and EMBL formats are recognized directly by the file extensions (.gbk or .embl,
respectively).

We have separately provided two scripts to convert the SNPs tables extracted from Mauve
(mauve2trams.py ) and vcf files (vef2trams.py) into TRAMS input. Please see the user manual for
generating TRAMS input files from vcf and Mauve output files for details.

ii. Running the program:

Windows: TRAMS Windows executable can be run without any installation requirements. Double-
click on the icon to start the program. A console window will open and prompt for the SNP input
table and the reference genome file. Make sure the program is placed in the same directory as the

input files. The output files will also be placed in this same directory.

ot cmd.exe - TRAMS.exe

Microsoft Windows RP [Uersion 5.1.26881
(C> Copyright 1985-2801 MHicrosoft Corp.
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Figure 2: A snapshot of the TRAMS console from the executable file

You can also run the program, both the executable and the python script, using the following
command line:

TRAMS.exe -s SNP_Table.txt -r Reference.gbk or
TRAMS.py -s SNP_Table.txt -r Reference.gbk

-S name of the input file
-r Reference genome in GenBank or EMBL format
The users can use “-h” to display the help message.
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Figure 3: Running TRAMS using the command line

TRAMS script will need the correct versions and the necessary modules (Python 2.7.3, BioPython
1.60 and NumPy) for proper functioning. Using the script with different versions (e.g. Python 3.0)
cannot be guaranteed to work. The script will not run under Python 2.6, since TRAMS uses the
'argparse' module, which is absent from 2.6. Once the necessary software is installed the script can
be run in the same way as the windows executable, using the same command line code. See the
installation instructions for more details on setting up the system for TRAMS.

iii. Output files

TRAMS will produce three output files. These are placed in the working directory of the program is
running (where the input files are saved). The file names used are the same as the SNP tables, but
with prefixes. In the following, the name “SNP_table.txt” is used for demonstration purposes.

Annotation_SNP_table.txt: This file contains the annotation of every SNP in the SNP table in tab
delimited format. The first column contains the SNP positions. The following columns describe the
feature the SNP is located in (if any), stating feature type, locus tag, gene name, gene product,
feature start, feature end, feature strand, base, codon and amino acid. After this the SNP type,
mutant base, new codon and new amino acid are given for each strain. If a base in a strain is the
same as in the reference strain, the row will be empty for that strain.

If multiple SNPs occur in a single codon, all but the last one in that codon will be labelled “MNP”
(Multiple Nucleotide Polymorphism). The annotation of the last SNP in the codon will then take
the cumulative effect of all SNPs into account. Mutant types used to annotate SNPs and MNPs in
TRAMS are synonymous (no change in amino acid), nonsynonymous (different amino acid),
nonsense (normal codon replaced by stop codon), nonstop (stop codon replaced by normal codon)
and nonstart (start codon at start of feature replaced by a normal codon). For this annotation,
codon table 11 is used (Bacterial and Plant Plastid) as provided in the BioPython module.
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Figure 4: A snapshot of annotation file

Summary_SNP_table.txt: The summary file provides a brief overview of the results of the
annotation process. Most importantly, it states the number of SNPs in each strain and how they
are divided over different feature and SNP types.
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Tool for Rapid Annotation of Microbial SNPs (TRAMS): a sinple
program for rapid annotation of genomic variation in prokaryotes
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+ Strain 13129:
39238 SNPs found
Huber of SNPs found CD3 features: 34360
(of which in pseudogenes: 148)
- MNFPs: 3089
- Synonymous: 22830
- Nonsynonymous: S350
— HNonsense: 33
— Nonstart: 7
- Honstop: 21
Intergenic: 4370
tENA: B

+

Strain 3529:

277583 SNFs found

Huwber of SMNPs found CDS features: 24517
(of which in pseudogenes: 35)

- MNFPs: 1391

- Synonymous: 17143

- HNonsynonymous: 5953

— Nonsense: 15

— Nonstart: 2

- Nonstop: 7

Intergenic: 3260 -

For Help, press F-l [ 4
Figure 5: A snapshot of the summary output

Overlap_SNP_table.txt: Since TRAMS annotates SNPs once for each feature they occur in, they will
be annotated more than once when features overlap. This is reported in the overlap file, where a



list of SNPs that occur more than once is given. This file is in tab-delimited format and contains the
first and last of the range of overlapping SNPs of each feature overlap. It then gives some

information on the two overlapping features.
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Figure 6: A snapshot of list containing overlapping SNPs

Algorithm

The way TRAMS annotates SNPs is outlined in the diagram below. The sequence is divided into
regions containing either a feature or a featureless region (intergenic). SNPs are annotated region
by region, ensuring that SNPs in overlaping features are annotated once for every feature that
spans their position. Multiple SNPs in a single codon are combined, resulting in the annotation of

their cumulative effect on the codon rather than their effect in isolation.
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