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Figure 2: Flowchart showing overview of methods; a combined approach of protein structure
modelling with multiple sequence alignments, to map conserved sequence onto protein; and
production of phylogenetic trees.

Phylogenetic trees

Sequence data collection

Lsr2 protein sequences were obtained from UniProt in 2 batches and saved in FASTA format (data
accessed 26/11/21), 1 batch included sequences with >90% identity to Mtb Lsr2 (148 sequences),
and the second batch included sequences with >50% identity to Lsr2 (286 sequences). Sequences

shorter than 100 amino acids (protein fragments), were not included.

The corresponding nucleotide sequences for each protein sequence were obtained using ncfp
(31). This tool was used instead of back-translating as it finds the corresponding codon for each
amino acid in the query sequence using available sequencing reads; this will result in more
accurate phylogeny estimations. Not all nucleotide sequences were found for each protein
sequence; the corresponding nucleotide sequence were found for 82 of the sequences with >90%
identity to Mtb Lsr2, and 187 of the sequences with >50% identity to Mtb Lsr2.

Sequence processing

The header line of the sequences in FASTA format began with NCBI sequence identifiers which
were replaced with species name using the python script (seqid_to_species_name.py) (32), and
CSV files containing 2 columns (1 with sequence identifies, and 1 with the corresponding species
names). This was done so that the leaves of the tree would be labelled with the species name

rather the sequence identifier.
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Leighton Pritchard
Sticky Note
A flowchart gives the opportunity to show how the data was processed. You might need one flowchart, as here, or several, depending on the context of your project.

Leighton Pritchard
Sticky Note
Here, the nodes/boxes in the flowchart do double-duty. They act both as the description of a process (e.g. "Collect protein sequences") and as a description of the data (e.g. >90% seq = 92).

This diagram would be improved if the boxes/nodes described the dataset, and the arrows/edges were labelled with the processes that converted the data from one box into the data in the next box.

Leighton Pritchard
Sticky Note
Note that data can flow in two directions from the same box, if more than one analysis is being run.

Leighton Pritchard
Sticky Note
Note that data can come via two or more routes into the same box, if data is being combined.

Leighton Pritchard
Sticky Note
This figure legend is adequate. It is a general description of what is in the figure (a flowchart) with enough detail to understand it. Overall, the figure could be improved if it were more immediately obvious which sets of arrows constituted an analytical pathway, and these were indicated in the legend (e.g. separate backgrounds for "mapping sequence to structure" and "making a phylogenetic tree."

Leighton Pritchard
Sticky Note
This is a very good description of how data was acquired. It states the place the sequences came from and when they were obtained, their format, and the criteria for selection. It also states why some sequences were excluded.

There is still potential for improvement. A URL for UniProt could have been provided, as could the criteria/search terms leading to the sequences. It would have been nice to indicate that the sequences were downloaded manually or - if they were not - to provide the command or a link to the script that did it.

Leighton Pritchard
Sticky Note
This is a good description of the conversion from protein to nucleotide sequence. It states the tool used (ncfp) with citation. The text justifies the choice, and notes that coding sequences could not be found for some inputs.

Improvements are possible. The version number or commit hash for ncfp should have been stated. The command(s) or parameters used to run ncfp should also have been provided (or a link to the script that called the tool).

Leighton Pritchard
Sticky Note
This is a good description, but the script used should be provided as part of the thesis. This can be linked to in a GitHub repository.


Sequences the same species name were removed, so there is only one representative species in
the set. Sequences with unknown species names were also removed. This left 33 >90% identity

sequences, and 81 >50% identity sequences.

The sequences in >50% identity set were also used to create 2 additional sets (pathogenic and
non-pathogenic species). The species were classified as pathogenic if there was paper providing

evidence of human or animal infection.
Producing phylogenetic trees and annotation

All tools used for producing the tree are available on use.galaxy.eu (33), with the exception of
TrimAL, which is available on Phylemon2. Unless specified, default parameters were used. The
nucleotide and protein sequence datasets were uploaded onto Galaxy. MAFFT (34) was used to
produce multiple sequence alignments, using the multiple protein sequence FASTA as input. The
tool Thread Nucleotides onto a Protein Alignment (Back-Translation) (35) was used to thread the

nucleotide sequences onto the multiple sequence alignment.

The multiple sequence alignments were trimmed using the tool TrimAl (36) with the parameter
gappyout, to remove poorly aligned sequences; this tool was run using the webserver Phylemon2
(37).

RAXML (38) used the codon-aware alignment to produce a maximume-likelihood tree and bootstrap
analysis. The parameters used are as follows. The model type nucleotide and substitution model
GTRGAMMA were used, 500 bootstrap replicates were performed, a random seed for rapid
bootstrapping was supplied, and the algorithm Rapid bootstrapping and best ML tree search was
used. This process was done twice in total, using the >90% identity sequence alignments and the

>50% identify sequence alignments, producing two trees.

The trees were annotated using iTOL (39), overlaying the phenotype of pathogenic or non-

pathogenic onto the tree, and annotating species genus and displaying bootstrap values.

Protein structure modelling

Mtb (strain H37Rv) Lsr2 protein FASTA sequence was obtained from UniProt, (accession =
POWIP7 and date accessed 2/11/21).

AlphaFold2Colab (40) is a Jupyter Notebook for Google Colaboratory which uses AlphaFold to
predict protein structures. The Lsr2 protein sequence was input into AlphaFold2Colab (version 1.2)
and run with default settings, producing a predicted structure for Lsr2 monomer. The outputs
include PDB files of the protein structure, local Distance Difference Test (IDDT) per position of Lsr2
protein sequence, and a Predicted Aligned Error heatmap. The functional domains of the monomer

were grouped and coloured using PyMOL (41).


Leighton Pritchard
Sticky Note
This is a clear description, but does leave some ambiguity. How was the retained sequence chosen (the first one seen? randomly? another way?). It is always better to be precise in your methods description.

If this filtering were performed by a script, it could have been linked here.

Leighton Pritchard
Sticky Note
This part of the methodology is too unclear, because it is not clear how the definition of pathogenicity was applied. Which papers were considered? How were they found? What criteria needed to be met in each paper?

Leighton Pritchard
Sticky Note
This part of the methods section is under-described. There should be version numbers and citations for every piece of software (TrimAL, Phyemon2 etc. are missing these). The parameters are also missing for nearly all the operations here.

In general, it is best to order all commands in a reproducible way (a workflow or script) and link it from the thesis. This means you don't need to write the parameters, etc. in the text.

Leighton Pritchard
Sticky Note
This paragraph includes many of the parameters we need to see, though the formatting would be better as just stating the command that was run. The version number is also missing for RaxML.

Leighton Pritchard
Sticky Note
This description is the level of detail that we require.

Leighton Pritchard
Sticky Note
Other than a missing version number for PyMOL, this is what was needed.


To produce the protein dimer structure, the sequence was duplicated, with a colon in the middle,
and run again with AlphaFold2Colab (date accessed 02/11/21). Each subunit was differently
coloured using PyMOL and the DNA binding residues ‘RGR’ were shown in stick-view and
labelled.

Alphafold2Colab was also used to produce a Lsr2 oligomer structure of two bonded Lsr2 dimers.
The sequences previously used for the Lsr2 dimer structure were duplicated with another colon
interspacing them, and the resulting sequence were used for the oligomer prediction, each subunit
of the oligomer structure was then coloured in PyMOL. In order to compare the AlphaFold oligomer
prediction with the experimentally derived oligomer dimerization domain structure, another model
of the Lsr2 oligomer was produced using the Lsr2 protein dimer structures through duplicating and

translating the dimer structure in PyMOL.

Sequence conservation on protein structure

Multiple sequence alignments were used to map sequence conservation onto the protein dimer
structure. 4 sets of amino acid sequences were aligned using MAFFT: the >90% identity
sequences, the >50% identity sequences, the pathogenic sequences, and the non-pathogenic

sequences.

The multiple sequence alignments were used as inputs and protein sequence conservation was
calculated using ConSurf (42) using Mtb Lsr2 sequence as a reference. This produced an Lsr2
monomer structure with residues coloured based on ConSurf Grade, a measure of evolutionary
rate categorised into low (conserved) and high (variable) scores. The conserved and variable

residues of the monomer were mapped onto the protein dimer structure.


Leighton Pritchard
Sticky Note
Although I find the first sentence awkward, this is sufficient to explain what was done.

Leighton Pritchard
Sticky Note
This is not particularly clear to me, as written. An option here might have been to save the notebooks and include them (or link them) as supplementary information/an appendix.

Leighton Pritchard
Sticky Note
The association between the names for these sequence sets and the processes that generated them could be clearer for me. Generation of these sets could have been described in the flowchart figure, and referred back to.

MAFFT is missing a version number, citation, and parameter values.

Leighton Pritchard
Sticky Note
ConSurf is missing a version number. Otherwise, this is an adequate description.

It might have helped here to give precise labels to sequence sets, and distinct predicted structures from AlphaFold, but I can follow what was done.




