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Abstract
Diploid industrial yeast Saccharomyces cerevisiae has demonstrated distinct characteristics that different from 

haploid laboratory model strains. However, as a workhorse for a broad range of fermentation-based industrial 
applications, it was poorly characterized at the genome level. Observations on the haploid model strain performance, 
particularly as a host strain for new strain development, are often inconsistent with the response of the diploid 
industrial yeast strains. An industrial yeast model system is urgently needed for efficient development of the next-
generation biocatalysts toward a sustainable production of advanced biofuels and chemicals.   
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Introduction
Industrial yeast Saccharomyces cerevisiae, commonly diploid, 

is a workhorse for fermentation-based industrial applications but 
poorly characterized at the genome level. On the other hand, haploid 
S. cerevisiae strain S288C is a well-known model strain widely used 
worldwide for life science research communities [1].  The simpler 
structure and well-characterized model strains are easy to use and serve 
as a valuable resource and reference system for human, animal, and 
many other life forms including microbes. For example, model strain 
S288C is commonly used for investigation in industrial applications, 
including lignocellulosic biomass conversions to chemicals and fuels. 
However, when it is used as a host strain for improved biocatalyst 
development in advanced biofuels production, the performance of 
the laboratory model strain derivatives is often inconsistent with that 
observed from strains derived from diploid host industrial yeast. 

Recent studies found some significant differences in the genetic 
background between the haploid model strain and diploid industrial 
yeast strains. Genome expression of model strain S288C commonly 
displayed a transient response to environmental stimuli, including 
varied chemical challenges [2,3]. Diploid industrial yeast strains 
NRRL Y-12632 and Y-50049 of S. cerevisiae typically showed more 
persistent genome expression response to challenges of major toxic 
chemical compounds, such as varied furan aldehydes liberated from 
lignocellulosic biomass pretreatment [4-6]. Another critical issue for 
advanced biofuels production involves in utilization of biomass sugars 
embedded in cellulosic materials. Traditional yeast is unable to utilize 
pentose sugars (C-5) such as xylose. A significant international effort 
has been taken to enable its C-5 sugar utilization capability through 
genetic engineering. When using the haploid model strain of S. 
cerevisiae as a host, such genetic engineering transformed strains with 
heterologous xylose transporters showed no significant improvement 
with a poor growth and limited xylose uptake and utilization [7,8]. In 
contrast, using similar xylose transporter genes applying on tolerant 
NRRL Y-50049 as a host, a significant expression of xylose uptake and 
utilization was obtained from the newly derived genotypes that distinct 
from those observed from the haploid strains [9-12]. Mechanisms 
behind these observations are currently unknown. On a different 

aspect, the laboratory strain S288C was also found to have a slower rate 
of genome evolution than naturally collected yeast strains [13].

In general, diploid yeast is more robust than the haploid yeast strains. 
A recent genomic study suggested the industrial yeast may have more 
tolerant signaling pathways than the model strain [14]. Reprogrammed 
glycolysis and pentose phosphate pathways including cofactor 
regeneration balance of a tolerant strain NRRL Y-50049 in response 
to toxic chemical challenges has been revealed [5,12]. A new class of 
aldehyde reduction gene family was defined from a diploid type yeast 
strain NRRL Y-12632 [5,15-17]. At least 44 pathways were reported to 
be affected significantly by the chemical challenges [18]. Key regulatory 
elements and tolerant signaling pathways were identified for the 
industrial yeast that may not necessarily be observed in the laboratory 
model strains [6,14]. Development of the next-generation biocatalyst is 
a continued challenging effort toward a sustainable bio-based economy. 
Since most lab strains responded differently from the industrial yeast, 
over-use and over-emphasis on strain performance observed from lab 
strains and their derivatives can be misleading and hinder the efforts of 
efficient new strain development. The current haploid laboratory model 
strains are not suitable as a host strain in biocatalyst development for 
lignocellulosic biomass conversion. A well-rounded model system for 
the industrial yeast is urgently needed for the community to successfully 
address challenges involved in production of fuels and chemicals from 
lignocellulose materials.

Numerous industrial yeast strains have been sequenced in varied 
depth at the genome level including both haploid and diploid strains 
[14,19]. With recent advances on investment of diploid yeast strains, 
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NRRL Y-12632 and Y-50049 can be potential candidate model/reference 
for new strain development for industrial applications. High quality re-
sequencing of the targeted genomes and updated annotations are needed 
for these strains. To this end, a collaborative teamwork incorporating 
with systems biology is necessary to establish a comprehensive database 
aiming the next-generation biocatalyst development for biofuels and 
chemical production using lignocellulosic materials. 
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