PR RRRRRRER
ONOUTARWNROWOVLON O

19
20
21

22
23
24
25
26
27

28
29

30
31

Supplementary of the Paper (Article)
Spectroscopic Identification of Bacteria Resistance

to Antibiotics by means of Absorption of Specific
Biochemical Groups and Special Machine Learning
Algorithm

Claudia P. Barrera-Patifio 1, Jennifer M. Soares 1, Kate C. Branco !, Natalia M. Inada 1,

Vanderlei Salvador Bagnato 1%~
1 Sao Carlos Institute of Physics, University of Sao Paulo, Avenida Trabalhador
Sao-carlense n® 400, Parque Arnold Schimidt, Sdo Paulo, Sao Carlos CEP 13566-
590, Brazil
2 Biomedical Engineering, Texas A&M University, 400 Bizzell St, College Station,
TX 77843, United States of America.
* Correspondence: cpbarrerap@ifsc.usp.br, bagnatovs@tamu.edu

I. Spectra data analyses with machine learning unsupervised algorithms

1. Dendrogram calculation for Carbohydrates, Fatty Acids and Proteins windows into FTIR
spectrum results for Control, Amoxicillin-induced (AMO), Gentamicin-induced (GEN),
Erythromycin-induced (ERY).

Here we reported the use the Euclidean distance and single-linkage method to construct a
dendrogram model used to developed the study in order to be implemented for the separation
of antibiotic resistant and sensitive S. aureus strains [1], with the purpose to selected FTIR
absorption spectra as inputs (features) for the classifiers Principal component analysis (PCA) in
R [2-11], which allows that one multidimensional dataset will be simplified into several PCs to
identify and distinguish various spectral groups with similar spectra [11,12].
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Figure S1. Dendrogram representation results for each one of one hundred FTIR spectrum into
the Carbohydrates window for the four species groups a) Control, b) Amoxicillin-induced, c)
Gentamicin-induced and d) Erythromycin-induced.
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Figure S2. Dendrogram representation results for each one of one hundred FTIR spectrum into
the Fatty Acids window for the four species groups a) Control, b) Amoxicillin-induced, c)
Gentamicin-induced and d) Erythromycin-induced.
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Figure S3. Dendrogram representation results for each one of one hundred FTIR spectrum into
the Proteins window for the four species groups a) Control, b) Amoxicillin-induced, c)
Gentamicin-induced and d) Erythromycin-induced.

2. PCA-center calculation results for Control, Amoxicillin-induced (AMO), Gentamicin-induced (GEN),
Erythromycin-induced (ERY) into the three windows FTIR spectrum.

When all spectrum samples are process into the PCA-center we obtain the statistical
representation and significance by scaling method of the FTIR spectrum. It lets to us to do the
identification the representative results from PCA-center and spectrum are possible do the
recognition of different behavior (figures 4-6). From the results we observed to the Carbohydrates
spectrum window different intensity peaks shown in this region with a shape that differ one with
another in absorbance intensity with the three windows studied for each four groups. In the case
of Fatty Acids window, the intensity representation is obtained in a smaller values and number
of picks and the distribution of them changes. To Proteins window also shown a particular shape
and intensity values, that varies in relation with the previous windows.
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Figure S4. (a) PCA-center results for spectrum FTIR to Carbohydrate’s window with (b) ~82% of
statistical accuracy in first and second component in PCA-center (c). Spectrum center of one
hundred FTIR data of S. aureus for each specie groups, Control, Amoxicillin-induced (AMO),
Gentamicin-induced (GEN), Erythromycin-induced (ERY) into the window of Carbohydrates.
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Figure S5. (a) PCA-center results for spectrum FTIR to Fatty Acids window with (b) 95,5% of
statistical accuracy in first component in PCA-center. (c) Spectrum center of one hundred FTIR
data of S. aureus for each specie groups, Control, Amoxicillin-induced (AMO), Gentamicin-
induced (GEN), Erythromycin-induced (ERY) into the window of Fatty Acids.
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Figure S6. (a) PCA-center results for spectrum FTIR to Proteins window with (b) 83,8% of
statistical accuracy in first and second component in PCA-center. (c) Spectrum center of one
hundred FTIR data of S. aureus for each specie groups, Control, Amoxicillin-induced (AMO),
Gentamicin-induced (GEN), Erythromycin-induced (ERY) into the window of Proteins.

II. Spectra data analyses with machine learning supervised algorithms

1. Confusion matrix results obtained from PCAs for the three windows.

The diagonal elements of this matrix show the number of correctly classified spectra, while
the off-diagonal elements indicate the number of misclassified ones.
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Figure S7. Confusion matrix results to identified and classified resistance to antibiotic induced from FTIR
absorption spectra in the hidden samples SK into Carbohydrates interval window for the species: Control,
AMO, ERY, GEN. In this calculation where selected 80% of data to train the models join to 20% of the data
for testing into MC. (a) CM plot results. (b) Prediction results table from CM with 0.938 of accuracy. (c¢) CM
calculation table with statistical parameter: accuracy, sensitivity, sensibility, results obtained to hidden
sample SK. This same process was done with all hidden samples studied here.
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