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Motivation

* Microbial identification Is crucial for the
study of infectious diseases.

* Bacterial taxonomy Is usually based on
phenotypic characters

« A new approach based on bacteria
genotype Is under development

« 16S rRNA “housekeeping” gene for
taxonomic purposes
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Goal

e Genotypic features based taxonomy

 Topographic representation of the
bacteria clusters

- Finding misclassification = discovery of new
pathogens

- Classifying organisms with an unusual
phenotype
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Methodologies

General framework
Building Dataset
Sequence Alignment
Evolutionary Distance

Soft Topographic Map Algorithm



General framework

1 downloading and filtering gene sequences from NCBI databases
2 sequence alignment (Needleman-Wunsch)
3 computing dissimilarity matrix (evolutionary distance)

4 clustering (SOM on pairwise distances) and visualization (UMatrix style
map)
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Building Dataset
) Number of Number of
' Pamilie; Type Stra;ﬂs

Chromatiales 3 Families |25 Type Strains

14 Orders Xanthomonodales 11 Type Strains

Thiotrichales 3 Families | 11 Type Strains

Methylococcales | 1 Families | 7 Type Strains

Pseudomonadales | 2 Families | 7 Type Strains

Vibrionales 1 Family | 3 Type Strains
Enterobacteriales | 1 Family |39 Type Strains

Acidithobacillales | 2 Families | 2 Type Strains

Cardiobacteriales | 1 Family | 3 Type Strains
Legionellales 2 Families | 2 Type Strains

Oceanospirillales 11 Type Strains

Alteromonadales | 1 Family |13 Type Strains

Phylum BXII (Proteobacteria)
Class Ill (Gammaproteobacteria)
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Aeromonadales | 2 Families | 7 Type Strains

147 16S rRNA gene sequences Pasteurellales 6 Type Strains

downloaded from GenBank databas

147 Type Strains



Sequence Alignment

e Sequence alignment allows to compare
homologous sites of the same gene between
two different species

 Two well known alignment algorithms used:

— ClustalW: multiple-alignment
- Needleman-Wunsch: pairwise alignment
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Evolutionary Distance

 The simplest type of distance is the number of
nucleotide substitutions per site.

- Warning: it underrates real distances

e Jukes and Cantor method was used: it
provides a better estimate of evolutionary
distances

 Evolutionary distances are elements of the
symmetric dissimilarity matrix:
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Soft Topographic Map Algorithm (1)

» Extension of Kohonen's SOM for pairwise data

« The position of bacteria clusters in the topographic
maps Is based on the optimization, through
deterministic annealing technique, of a cost function
that takes its minimum when each data point is
mapped to the best matching neuron

Topographic map showing
relationships among Bacteria
clusters

Dissimilarity matrix
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Soft Topographic Map Algorithm (2)
1) Tnitialization Step: Neighborhood function:
a) put e,<n,,Vvt,r,€[0,1] h =exp|— [r—sf i r.s
b) compute lookup table for h, ” 20°
c) choose initial value of B ,
Baa ,1NCreasing temperature
factor n ,threshold e P(x,eC,)=
2) Training Step:
a) while B<PBp.. (Annealing cycle)
3 i:)p (;Eatst((i)lt/lc((:)}risll)?te Partial assignment cost :
P(x,£C)V1,r o= h Y 0 |d =3 2 aod] VO

B) M step: compute

a vt,r
C) M step: compute Weighting factor:
new Vt r ZhrsP<xt€C5)
== Yit,r

tr )
ii. until |lef*—e|<e an—zzh P(x.cC)
lil. put B<np t s
b) end while

Assignment probability :
exp(—Be,)

Z exp(—Be,,)’




Input vector

Soft Topographic map

The topographic map is a lattice (two
dimensional in our case) that self organize in
the pattern space



Soft Topographic Map Algorithm (3)

* The algorithm that “moves” this lattice Is
called deterministic annealing

- The advantage of deterministic annealing Is
to find a global minimum of the
approximation error

Neighborhood function :

,Vr,s

1) Initialization Step:
a) put e, <n,,Vt,r,€[0,1]
b) compute lookup table for h,
c) choose initial value of B8 ,

_|r—s|2

h, ,=exp 2

Assignment probability :

P(x,eC =P o

- 2 exp(—Be,)

Bsna , 1DCreasing temperature
factor n , threshold e
2) Training Step:
Determ I n istic a) Whlle B<pB final (Annealing CYCIE)

. i. repeat (EM cycle)
annealing A) E step: compute

P(x,eC,)Vt,r
B) M step: compute
a Nt,r
C) M step: compute
e ,Nt,r
ii. until |leje"—ep|<e
iii. put B<np
b) end while

Partial assignment cost :

1
etrzzhrszat's dm_zzaz”sdm” Vi,r
s ¢ e

Weighting factor:
2. h,P(x,&EC,)

=s7’v N
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Experimental Results

 From 8x8 up to 45x45 map dimensions

 We trained 20 maps of each geometry in order to
avoid the dependence from the initial conditions

 The results obtained using the two alignments
methods do not present any significant difference

12x12 map 16x16 map 20x20 map
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Experimental tests

Map size Average processing time (min.)
 Hardware resources o 06
9x9 1
16 nodes cluster, dual 10x10 2
processor Xeon 3.4 GHz, 4 11x11 2
GB RAM, 6 TB storage, 12x12 4
Myrinet-Fiber communication 13%13 A
14x14 6
15x15 9
e Software 16x16 12
17x17 16
« Languages: Java, Python 16x18 L
19x19 23
20x20 30
e Libraries: BioJava, Jama .... 25X25 90
30x30 240
35x35 360
40x40 660

45x45 1380



010542 012568
0.08336 011766 . . .
012332
012029 0.08783 0.1187 011708 0.08434
@@ ;
004577 0.09520 008358 011759 00443
0.08482 0.03891 0.08625 0.06472 010568333 012008 011777
A A OJC
0.0540 010350 @ 004041 0.0701 009182
0.08834 011547 0.05009 0.05965 0.024185 0.12045 012042
‘ @® @® ©OJIOJC]
011672 @ 10,0430 @ 0.04304 0.033 0.0242 0.02371 042339 0.0581
01042 010811 0.05628 1.033356 0.030644 0.014576667
0O® OO =
XAXE @~ = Mixed Clusters
0.091305 007418 0.05859 0.031014 0038938667
a.0az1 0.07662 * 00679 0.04457] 0.0248 0.0391 0.11000 0.051955334 0.08411 D
0.00912 0.06738 0.05372 0.0769 0.0301625 0.041585 042007 0.07330667 0.009155 0.0073625
@® ©®
E 0.0804 E 0.0818 * 008463 0.03881 0.12488 0.09782
0112045 013137 008826 008945 0.04208
‘IZI X
011656 * 008531 * 0.08186 011354 01 UB_‘TQ 00479
—_—
0122755 01217275 008177 0.11924 @ @ @ W @ @
2N
. . 0.0906ES1 T 008556 78 008845336
0.0609 011582 2. 012348
0.03053 10333 0118253335
. 011782 0.10585
0.08976 01244
[Noo| ©0oo| oeX| [@e (X J HER
@ E 008068317 0.08566578 0.088463336 0.0} 01017 0.1025¢ 0123 2: 014810565

0.0834



Map Evaluation

Usually topology measures are
considered, but in our case there
IS not a space that contains the

atterns (sequences) .
Y We only have

99 & * Ve

4 ek $¢ '
I distances
Dﬁ 243%]] A between

‘ - patterns, and
T sarion > no metrics!
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Map evaluation

ﬁﬁﬁ .
This
sequence...

...Is compared with...

...the sequence of the
Typestan] 1 | 2 | 3 _

same objects
0.06286| 0.11215 :
_n-= obtained from the

dissimilarity matrix

This comparison is made using the Spearman coefficient in
order to obtain a similarity value among the two sequences

Of course the two sequences should
be the same in a good map



Map Evaluation
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Bacteria in mixed clusters
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Map evaluation

 We have an index for each map and we can
see that some geometry are better than other

Spearman
coefficient

Low number of mixed clusters
Low value of Spearman Coefficient

Bacteria in
mixed clusters

The “Best” E
Map

8x8 10x10 12x12 14x14 16x16 18x18 20x20 30x30 40x40
Map size

Processing time
(min.)
o




o

Number of
Families

Chromatiales 3 Famailies
Xanthomonodales | 1 Family
Thiotrichales 3 Families

Methylococcales | 1 Families

Order Name
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Pseudomonadales | 2 Families

Vibrionales 1 Family

Enterobacteriales | 1 Family
Acidithobacillales | 2 Families
Cardiobacteriales | 1 Family

Legionellales 2 Families

el o

Oceanospirillales | 4 Families

Alteromonadales | 1 Family

Aeromonadales | 2 Families
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Pasteurellales 1 Famailies

AR V7 v v ve X




Comparison with the
phylogenetic tree
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Conclusions

Soft Topographic Map for clustering and
classification of bacteria

Genotype based taxonomy
Detecting singular situations

~urther analysis with other
nousekeeping genes or using other
distance algorithms, e.g. Normalized
Compressed Distance




