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Recent research showed the vast amount of phenotypic variation among strains of
Saccharomyces cerevisiae that originate from diverse natural habitats and that are
used in distinct industrial processes. The evolution of these phenotypes is driven by
biotic and abiotic environmental factors whereas a diversifying selection occurs due
to unique pressures imposed after expansion into new environments.

The objective of the present work was to gain a deeper understanding of the
phenotypic diversity of a strain collection comprising 172 strains from different
geographical origins that are partially used for distinct technological applications.
We further aimed to develop computational data mining algorithms to predict a
strain’s most probable technological applications based on phenotypic results from
30 tests.

RESULTS

Principal Component Analysis of phenotypic data of 172 S. cerevisiae strains

METHODS

Phenotypic characterization

Phenotypic screening was performed considering a wide range of physiological traits that are also important from an oenological point of view, using liquid (L) and solid
(S) culture media. Twenty-three phenotypic tests were performed in microwell plates (in quadruplicate), using white grape must supplemented with the compounds
mentioned in the results section. The final optical density (A,,) was determined after 22 h (30 "C) and classified from 0 - 3 (0: no growth; classes 1, 2 and 3: A;,,= 0.2-
0.4, A= 0.5-1, A, > 1, respectively). Seven phenotypic tests were performed by inoculation of 1 ul of a cell suspension (A4, = 10) of each strain in Malt Extract Agar
supplemented with the compounds indicated in the results section. After incubation (2- 6 days, 26 °C) growth was visually scored and assigned to a class from O - 3. H,S
production was evaluated by growth in BiGGY medium, whereas the results were sored (0 — 3) according to the color of the colony.

Data analysis

Principal Component Analysis (PCA), available in the “The Unscrambler X” software (Camo) was used for phenotypic variability analysis. Fisher's exact test was applied to
the phenotypic data set, with Bonferroni correction and control of false discovery rate (FDR). Yules coefficient of association was calculated with the objective of find
relevant associations between phenotypic data and the strain’s origin or technological applications. A set of standard predictive data-mining methods, such as naive
Bayesian classifier and k nearest-neighbours algorithm, as implemented in the software Orange (Curk T, et al. 2005), were used for the inference of prediction models.
Area under the receiver operating characteristics curve (AUC) was used for prediction scoring, which estimates the probability that the predictive model would correctly
differentiate between distinct origins of strains or technological applications.
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Relationship between phenotypic results and the strain’s origin or technological Prediction of technological applications based on phenotypic results

Y/ application

Confusion matrix indicating prediction of the technological application for 172 strains, obtained with naive Bayesian

Relevant associations (adjusted p < 0.1) between phenotypic results and strain’s origin or technological application, using classifier, in comparison with their real technological applications (AUC = 0,70)
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associated with some technological group: (i) absence of growth in wine + glucose was moderately associated
to commercial wine strains; (ii) class 1 of growth in wine + glucose were associated with sake strains; (iii) class
2 of growth in wine + glucose were associated to natural isolates;
*** The inability of commercial wine strains to growth at high percentages of ethanol was supported by the
finding of two associations: class 0 of growth at ethanol 14 % (v/v) in liquid medium, and growth at ethanol
14 % (v/v) in solid medium.
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*+* The majority of strains were correctly assigned to their technological application or origin for the groups
of commercial wine strains and natural strains from wine and vine (77% and 73%, respectively);
** Significantly lower associations were obtained for the remaining groups, which can be explained by the

small number of strains included in these groups.

Conclusions

We found a large phenotypic variability between strains, more associated with the technological application of
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