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Loss of alcoholic fermentation in a yeast lineage
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Most recent common ancestor probably
lost ADH1 and PDC1



The Wickerhamiella/Starmerella (W/S) clade

Adapted from Shen XX, Opulente DA, Kominek J, Zhou X et al., CELL, 2018

Sacharomyces cerevisiae

Yarrowia lipolytica

Saccharomycotina 
phylogeny

Ecology:

Metabolism:

Thrive in sugar (fructose) rich environments

Prefer fructose over glucose (fructophily)

Sophorolipid producers (eco-friendly biosurfactants)

Strong mannitol and erythritol producers

Weak fermenters But some do ferment!



Loss and reacquisition of alcoholic fermentation
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HGT- horizontal gene transfer 

bacteria

Starmerella
bombicola



Incidence of HGT in the W/S clade

Kominek J, Droering D, et al., CELL, 2019

Carbohydrate metabolism
Alcoholic fermentation (ADH1, ADH6, PDC1, SFA1)
Sucrose assimilation (SUC2)

Metabolism of cofactors and vitamins
Thiamine biosynthesis

Biosynthesis of secondary metabolites
Siderophore biosynthesis (operon)

Functional categories of bacterial genes in the W/S clade

Aminoacid metabolism
Metabolism of cofactors and vitamins
Carbohydrate metabolism
Xenobiotics
Lipid metabolism
Metabolism of terpenoid and polyketide
Biosynthesis of secondary metabolites

Shen XX, Opulente DA, Kominek J, Zhou X et al., CELL, 2018

Gonçalves C. et al., 2018, eLife

Analysis of HGT in 
332 yeast genomes



Pyrimidine moiety Thiazole moiety
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TPP (active form of thiamine) is an essential cofactor

Thiamine biosynthetic pathway in yeasts
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Essential cofactor:
Carbohydrate metabolism
Aminoacid metabolism



Bacterial genes form a thiamine salvage pathway in W/S yeasts

Pyrimidine moiety Thiazole moiety

Thiamine

Thiamine

Thiamine-P

TPP

Amino
HMP

N-formyl-
AminoHMP HMP HMP-P HMP-PP HET-P HET

Dur31Thi80

Ten
A

Ylm
B

Thi
D

Thi
D

Thi
M

Thi5

Thi6

Thi4

ThiE

HET HMP Thiamine

HET HMP

Yeast Bacteria

Natural thiamine degradation

Th
i20 Th
i20

Th
i20 Th
i6

Pyrimidine moiety Thiazole moiety

Thiamine

Thiamine

Thiamine-P

TPP

Amino
HMP

N-formyl-
AminoHMP HMP HMP-P HMP-PP HET-P HET

Dur31Thi80

Ten
A

Ylm
B

Thi
D

Thi
D

Thi
M

Thi5

Thi6

Thi4

ThiE

HET HMP Thiamine

HET HMP

Yeast Bacteria

Natural thiamine degradation

Th
i20

Th
i20

Th
i20 Th
i6

Thiamine salvage genes are 
organized in cluster in all W/S-

clade species

St. bombicola
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Independent acquisitions of a thiamine operons/genes

independent acquisition of tenA

te
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Actinobacteria

Putative donor lineage: Bacteroidetes

Putative donor lineage: Betaproteobacteria
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Adaptation and function of thiamine “operons”

• How did these “operons” evolve in the new eukaryotic
setting?

• Are they functional?

Operons/Polycistronic mRNAs are rare in 
eukaryotes



Adaptation and function of thiamine “operons”

Gonçalves C & Gonçalves P, 2019, PNAS
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Adaptation and function of thiamine “operons”
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Adaptation and function of thiamine “operons”

W. galacta
W. domercqiae
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Adaptation and function of thiamine “operons”

W. galacta
W. domercqiae
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Summary
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All THI clusters are functional

New promoters?
Gene fusion

Actinobacteria
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