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Non-Typeable Haemophilus influenzae (NTHi) strains cause @
a broad spectrum of diseases

o Haemophilus influenzae is a human opportunistic bacterial pathogen.

e It can cause many different diseases among the others:
* bacterial otitis media
*  chronic obstructive pulmonary disease (COPD)
* invasive diseases (as meningitides and septicemia).

e It is classified in six distinct capsular serotypes (a, b, ¢, d, e, and f) and one non
capsulated.

e Nontypeable Haemophilus influenzae (NTHI) lack the outer surface capsule.

e The huge genomic variability of NTHi is exploited by the pathogen to adapt to the
host environment, and makes hard the identification of cross-protective candidate

antigens.

L NTHi strains colonize the human nasopharynx, lungs, mucosal epithelium, or middle
ear.

o NTHi invasive strains are fatal in more than 15% of the cases.
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The aim of my PhD project is a @

e To investigate possible relations between epidemiological features
with genomes and genes functionality features.

e The identification of genes or their polymorphisms that correlate
with epidemiologic features.

e To reveal relevant peculiarities of the NTH/ population structure.

Past and First part: Data acquisition extracting relevant information from
present sequencing data
Second part: Statistical analysis setting up the analysis workflow
Future Third part: Data modeling and biological discussion
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Summary

e Introduction: genetic fundamental concepts.
e Data acquisition: extracting relevant information from sequencing data.

e The panel: 103 NTHi bacterial samples from invasive diseases, otitis

associated and carriage.
e Statistical analysis of data.
e Preliminary results.

e Conclusions and perspectives.
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The genome of a bacterium is the whole DNA molecules of the bacterium.
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It could be described by a unique long sequence of 4 nitrogen-containing
nucleo-bases.

On this sequence there are genes spaced apart by intergenic regions.
DNA GENETIC CODE
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Genes encode proteins.

Proteins are polymers of amino-avcids linked by

protein peptide bonds to form the polypeptide chain.

Each three bases encode an amino-acid.
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Some genome mutations modify the encoded proteins™
Polymorphisms of genomes
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A polymorphism is a mutation of a DNA sequence.

The genetic code, in DNA letters (T instead of U), and containing amino acids
in three representations: full name, 3-letter abbreviation, and 1-letter.
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Mutations and the genetic exchange can improve or inhibit the corresponding gene function
and consequently increase or decrease the fitness of the corresponding bacterium.
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Whole genome sequence information is extracted front @
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Two way to investigate the whole genome of a bacterium:

Assembly Mapping
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And reconstructed via mapping algorithms*

The reads of the isolates obtained from the
sequencing processing, subject of our study, are
mapped to a reference closed and annotated
genome.
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Polymorphisms’ examples Polymorphisms considered
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Frequency (# of isolates)

The panel: 103 genomes*

35 otitis media, 34 invasive disease, 34 healthy individuals
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The strains were isolated from infants and children, from different ethnicity, males and females.
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*isolated from a pediatric hospital in Israel between 2005-2012 by Ron Dagan and his lab group.
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Statistical analysis workflow

Searching the linear combinations of loci that best discriminate genomes between 3 groups.

12 matrices (103 isolates x 3459 loci) obtained via mapping (breseq!7 software) one for each
class of polymorphisms.

Filtering
clear off the constant values.

==

Small sample size problem
The number of variables (loci) is far bigger than the
number of observations (genomes).

—

Collective
contribution

PCA Genes hc

So we perform principal
component analysis (PCA) to
reduce the dimensionality
maintaining all the total

So we select loci among the
clusters of most correlated
genes, via hierarchical
clustering, to reduce the

Null space LDA
Null space LDA leads to find
the linear combinations of
loci (null space discriminant

variance. dimensionality.

functions) that have null

Linear (Fisher) Discriminant Analysis (LDA)
Linear (Fisher) Discriminant Analysis consists in a rototranslation
of the variable’s space that leads to find the linear combinations

of loci (Discriminants functions) that maximize

(between-groups variance) / (sum of within-group variances)

so that best discriminate isolates between the 3 groups.

within-group variance but
non-null between-groups
variance.

contribution

Kruskal-Wallis test
tests if the medians are
different between the 3
groups locus by locus.

Comparison and intersection
Selection of the best loci with highest square loadings in the discriminant functions and lowest Kruskal-Wallis (KW) p-values.

*breseq software developed by Deatherage, D.E., Barrick, J.E. (2014) Methods Mol. Biol. 1151:165-188.
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Collective effect of loci

Linear discriminant analysis via principal component analysis or via null space
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| model 1. genomes as vectors I in a p-dimensional vector space.
Applying Linear Discriminant Analysis means to find v that maximizes
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Solution: apply Lagrange multiplier method
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is equal to resolve the eigenvalue problems:
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v are the Discriminant Functions.
Sw must be invertible so its rank must be p, but
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Two solutions
1.via dimensionality reduction
Principal Component Analysis (PCA)

PCA LDA
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2.via null space LDA
the discriminant function are v such that
v Swov =0 and vTSgv #0
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Discriminant Functions
Linear combinations of loci that discriminate between the three groups

The two Discriminant functions that best discriminate between invasive (i), otitis associated (o) and
carriage (c).

e Applying the combination of PCA and LDA!7 e Applying null space LDA

Missing coverage (MC) Frame shift (SHIFT) Missing coverage (MC)
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Thibaut Jombart et al. (2010) BMC Genetics 11(94). Discriminant function 1
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Single effect

Kruskal-Wallis test locus by locus

Kruskal-Wallis is a non parametric test based on ranks values.
Null hypothesis:
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determine the list of loci having a pattern of genetic | | | |
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groups of isolates (invasive, otitis or carriage). Log10(Kru5ka|-Wa||is p—value)
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Comparison and intersection
Between Kruskal-Wallis p-values and Discriminant Functions square loadings
Intersecting the collective and single approaches | want to select those loci that significantly
contribute both individually and dominating a collective effect.
e Applying LDA via PCA e Applying null space LDA
Missing coverage (MC) Frame shift (SHIFT) Missing coverage (MC) Frame shift (SHIFT)
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The selected loci are the ones with the highest square loading DFs and the smallest KW test p-values.
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Example of one selected locus

SulA gene is more often frame-shifted among otitis genomes than carriage or invasive
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Conclusion and perspective s @

e We enlarged the analysis of NTHi whole genomes to a variety of polymorphisms (12
genetic variability marker), including INDELs and rearrangements.

e This analysis allowed us to identify polymorphisms in genic and inter-genic regions of
NTHi genomes as good candidates to discriminate between being associated with otitis
media, invasive disease or carriage.

e NTHi genetic diversity between carriage and disease isolates is limited, making
difficult the identification of genetic features correlated with disease outcome.

e Anyway, signals that possibly identify these signatures can be determined by our
analysis (the example of SulA locus).

Next steps will be:
e To study the power prediction of the resulting discriminant functions.

e To overcome the small sample size problem enlarging the sample size including other
genome sequences that will probably be available during the next year.

e To apply this study to other species with higher number of genomes in the public
domain. For example, in Neisseria meningitidis serogroup b (MenB) epidemiology,
evident genetic differences between carriage and invasive strains are known, so it could
be interesting to validate my procedure through this species.
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