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Abstract: Saccharomyces cerevisiae, as an eukaryotic model organism and microbial cell factory, has been widely
used in metabolic engineering, system biology and synthetic biology. However, due to the limited knowledge of the
complex cellular metabolism and inherent regulatory networks, it is difficult to obtain desired phenotypes through
rational engineering. Among reported engineering strategies, evolutional engineering plays an important role in the

construction of robust microbial cell factories, particularly when optimizing the whole metabolic or genome-scale
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network. Adaptive laboratory evolution mimics natural evolution in the laboratory via iterative cycles of culture and
selection to isolate desirable phenotypes, such as tolerance of high salt concentration, low pH, high temperature
condition as well as toxicities from substrate at excess and product accumulated to high titers. With recent advances in
genome editing, synthetic biology and systems biology, development in evolution engineering has made great progress,
including the computer-aided system and automatic continuous evolution technology. This review focuses on recent
technological advances in evolution engineering tools for S. cerevisiae. Firstly, recently developed genome evolution
strategies are discussed, including the recombinase-based genome-scale engineering system SCRaMbLE (synthetic
chromosome rearrangement and modification by loxP-mediated evolution) and SCRaMbLE-in, oligo-mediated YOGE
(yeast oligo-mediated genome engineering), oligo-based genome-scale engineering eMAGE (eukaryotic multiplex
automated genome engineering), CRISPR mediated genome-scale engineering systems CHAnGE (CRISPR/Cas9-and
homology-directed-repair-assisted genome-scale engineering), and MAGESTIC (multiplexed accurate genome editing
with short, trackable, integrated cellular barcodes), Target-AID (target-activation induced cytidine deaminase). Then,
yeast-based automated continuous evolution, such as OrthoRep (orthogonal error-prone replication), ICE (in vivo
continuous evolution), eVOLVER (a scalable and automated continuous culture device), and ACE (automated
continuous evolution, pairs OrthoRep with eVOLVER), are further addressed. These rapid editing strategies at the
genome level can generate genetically diverse cell populations to identify key factors and synergies in a short period of
time. Finally, we prospect future challenges and opportunities of evolution engineering approaches in advancing yeast-based

microbial cell factories. Strategies learned from yeast will also guide the development of other microbial cell factories.
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