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All proliferating cells, from tumor
cells to microbes used in industrial
biotechnology production, evolve.
In adaptive evolution the genotypic
underpinnings of the fittest pheno-
types, selected in a given environ-
ment, are influenced by metabolic
network. Simultaneously, the adapt-
ability of a particular genotype de-
pends on genome structure. Yet, the
interplay of genome structure and
metabolic network in cellular
adaptive evolution has been over-
looked so far. In Adage -project this
interplay will be elucidated by com-
bining eukaryotic synthetic biolo-
gy, genome-scale metabolic model-
ling, adaptive laboratory evolu-
tion (ALE), evolutionary data
analysis, and machine learning.
Synthetic biology tools enable
engineering structural and metabol-
ic network variant strains of yeast
Saccharomyces cerevisiae, a eukary-
otic model organism and common
industrial production host. By sub-
sequently exposing the variant
strains to ALE, the contributions of
genome structure and metabolic
network become dissectible. The
nutritional conditions for ALE al-
lowing disclosing differential adap-
tive potentials will be designed us-
ing genome-scale metabolic model
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simulations. The resulting evolved
lineages will be phenotyped and an-
alysed using deep next-generation
sequencing for uncovering the dif-
ferential adaptive potentials and de
novo mutations. The de novo muta-
tions specific for a particular engi-
neered variant reveal the interplay
between the genome structure and
metabolic network. Associated re-
sponses of cellular regulatory cir-
cuitry will be uncovered with ma-
chine learning on omics data (me-
tabolomics, gene expression) of the
evolved lineages.

By revealing fundamental infor-
mation on the links between ge-
nome structure, metabolic network,

and other cellular regulation,
Adage-project will provide a sub-
stantial leap towards predicting
adaptive evolution and controlling
evolutionary  trajectories  with
chemical environments or genome
engineering. The project outcomes
will contribute towards tackling
global grand challenges. Effectively
steering adaptive evolution would
allow, for example, crop and food
fermentation process improvement
for food security. Understanding
the regulation of adaptability will
enable developing more stable in-
dustrial biotechnology microbes
promoting sustainable use of
resources.
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