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only by Hap1. Cluster 4 contains β-oxidation genes and some PPP genes, and Oaf1-Pip2 are 
the major transcription factors for this cluster (Figure 33 B).        

 

Figure 33 Transcript levels prediction and regulatory modules. A) Using a linear model, 
we can predict the transcript levels where the major contributors to the prediction are Ino2,
Gcn4, Gcr2 and Hap1. B) Using clustering we can identify regulatory modules of genes
clustered based on their identified peaks. 4 clusters are identified and based on the medoid 
coefficient we can determine which TFs have most important regulatory role over which
cluster. 
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8.2 DESIGNING GRNAS BASED ON TRANSCRIPTION 
FACTOR BINDING 

This study focuses on using CRISPRi/a to understand the interplay between transcription factor 
binding and binding of dCas9. CRISPRi/a uses a catalytically inactive Cas9, often referred to 
as dCas9 (endonuclease-deficient Cas9) (Perez-Pinera et al. 2013b; Qi et al. 2013). The gRNA 
consists of two regions a scaffold and a spacer. The scaffold interacts with the Cas9 while the 
spacer is complementary to the target DNA sequence. CRISPR interference or activation 
(CRISPRi/a) is a programmable tool for gene regulation. Such regulation enables both 
repression of the target gene when fused to a repressor domain, such as the mammalian 
transcriptional repressor domain Mxi (Bernards 1995), or activation when fused to an activator 
domain, such as the tripartite activator VPR (Chavez et al. 2015). This results in a CRISPR-
based transcription factor (crisprTF) system. Achieving predictive and precise gene regulation 
is, however, challenging, and this is mainly due to the complexity of the regulatory processes 
and our limited understanding of it (Deaner et al. 2017; Jensen 2018). Can our large-scale 
studies of transcription factor binding sites aid in this predictive and precise gene regulation? 

We used T-rEx to identify interesting clusters of genes and observed that many genes involved 
in central carbon metabolism were connected to the transcription factors Gcr1-Gcr2 and Tye7. 
There are 18 genes that are direct targets of these three transcription factors, and 10 were 
selected for further analysis (Figure 34 A). On each of the 10 promoters, there are between 3 
and 5 binding sites for the three transcription factors (Figure 34 B). The promoters of each of 
these genes were cloned together with a GFP gene, which acted as reporter for analyzing the 
transcription factor-dCas9 interaction. dCas9-VPR is often used for gene activation and was 
used in this study. gRNAs were designed to bind either on or next to the identified TF motif, 
and expression of dCas9-VPR without a gRNA was used as control (Figure 34 C). An example 
of how the gRNA targets sites are located is shown for the ENO1 promoter (Figure 34 B) 
where one gRNA target (ENO1-11) is located on top of a Gcr1-Gcr2 binding site, two gRNAs 
(ENO1-02 and ENO1-03) are targeted outside of any TF binding site, one gRNA target (ENO1-
04) is located on top of a Tye7 (and Ino2-Ino4) binding site and one gRNA (ENO1-01) is 
targeted close to the TATA box. Cells were grown in batch cultivations for 35 h and their 
fluorescence was analyzed over time and normalized to the OD. A typical GFP profile of 6 
different strains, 5 of which were expressing gRNAs, can be seen (Figure 34 D). While some 
gRNAs had no effect (ENO1-21), others resulted in upregulation (ENO1-31) or in 
downregulation (ENO1-11 and ENO1-41) of the reporter.  
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the occupancy of the TF binding is, and it drives out the endogenous transcriptional activator 
and cannot compensate for this loss if the transcription factor is a strong activator.  

However, in the case of activation the effect seems to be due to cooperativity. Transcription 
factors can act together in a cooperative manner (see section 1.3) and dCas9 has shown to act 
similarly (Perez-Pinera et al. 2013a). It is then possible that the transcription factors have a 
profound impact on the surrounding and thereby impact the dCas9 binding in a positive 
cooperative manner. These results indicate the importance of choosing the gRNA site in 
relation to other binding sites, as dCas9-VPR targeting activator binding sites has a higher 
probability to decrease expression levels while dCas9 binding outside transcription factor 
binding sites has a higher probability in activating transcription levels (Figure 36).  

 

 

 

 

In summary, T-rEx is a versatile toolbox that can be used for both in detail promoter study, co-
localization studies, identification of common targets, computational modelling as a prediction 

Figure 36 Cooperativity and competition between dCas9 and activating transcription 
factors. Binding of dCas9 close to a TF results in increased expression where also the binding 
strength influences the resulting increase. Binding of dCas9 on top of a TF motif results in 
competition as the dissociation of dCas9 is much weaker than that of the TF, the TF is 
outcompeted, and the expression decreases.   
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tool for gene expression and to identify regulatory modules using clustering functions. The 
high-resolution binding that we can display in T-rEx can aid us in the design of gRNAs. We 
have shown that expression levels of a target gene are in direct connection with the chosen 
gRNA site and the transcription factor binding both in terms of overlap and in binding strength.  
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9 INTO THE FUTURE 
Here I will summarize the work presented in this thesis and provide an outlook into what might 
be next in the endeavor of unravelling the transcriptional regulatory network. 

 

9.1 CONCLUSIONS 
This thesis contributes to the scientific field by providing a holistic view on a subset of the 
transcriptional regulatory networks in S. cerevisiae. We developed a small bioreactor system 
for high-throughput strain characterization. The bioreactor system proved to be comparable to 
a commercially available system. The multiplexing and miniaturizing increased the throughput 
and at the same time reduced the need for materials (such as media) and the complexity for 
setup (Paper I). Setting up a new method, ChIP-exo, for studying protein-DNA interactions 
proved to be a laborious but worthwhile task. The generated data were both of high quality and 
high resolution, and therefore we could identify stress response as a novel functionality for the 
transcription factor Cst6 (Paper II). Working with this high-quality data also required a robust 
system for the analysis. We developed a bioinformatics pipeline with high emphasis on quality 
control that is applicable to any ChIP-exo data set (Paper III). Next, we expanded the set of 
transcription factors to some of the major contributors to lipid metabolism, namely Ino2, Ino4, 
Oaf1, Pip2 and Hap1. By using gene set enrichment analysis, we could identify novel pathways 
for the studied transcription factors and expand their TRNs (Paper IV). We focused on an 
important key regulator of the pentose phosphate pathway, Stb5, to identify its regulatory role. 
Here, the different growth conditions played an important role in the regulation in different 
metabolic states. We found that NADPH became a limiting factor only when glycolysis was 
active, and not in gluconeogenesis (Paper V). We employed statistical methods and regression 
models to understand and predict regulatory pathways. For this analysis, we needed more 
transcription factors and therefore we included the following transcription factors that had been 
implicated in central carbon metabolism: Cat8, Cbf1, Ert1, Gcn4, Gcr1, Gcr2, Hap4, Lue3, 
Rds2, Rgt1, Rtg1, Rtg3, Sip4, Sut1 and Tye7. Linear models allowed good predictive power 
to relevant subsets of the central carbon metabolism. This modelling approach could also 
accurately describe some previously known biological functions which provides strength to the 
overall model (Paper VI). The vast amounts of generated data and the many implications and 
utilizations they can have on the research field encouraged us to create a toolbox for 
transcription factor visualization and analysis. The toolbox can be used for in-depth promoter 
studies or to identify subsets of regulatory pathways (Paper VII). The newest technique for 
engineered gene regulation (CRISPRa/i) has shown promise in metabolic engineering. It is 
however problematic to generate gRNAs with the desired effect. To address this, we used our 
high-resolution transcription factor data to design gRNAs that bind either on or adjacent to 
motifs. We found that the strength of transcription factor binding has a profound effect on the 
gene expression levels and that the transcription factor and the dCas9-VPR either compete or 
cooperate with each other (Paper VIII).           
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9.2 WHERE DO WE GO FROM HERE? 
I started out pondering about life itself, so let’s continue there. A yet largely unanswered 
question is: Can we understand life well enough to design it to our purpose? My firm belief is 
yes. Earth has existed for 4.5 billion years, humans only for 200 000. But in these years, we 
have accomplished so much! And now, 7 billion people live on the planet, and each year offers 
7 billion human-years of ingenuity and advances. Humans and human-built AIs will most 
probably get us there. We have the question, but can we see the full extent of it? Probably not, 
our brains are not made for containing all that information. At the same time, an AI cannot ask 
the questions, yet, and therefore both are required to find the answer. Today we are still far, far 
away, and on our journey life as we have defined it is changing. How do we define life, when 
the border of what we can design and what nature designed is fading? Robots that work 
autonomously and that can reproduce by building new robots, are they alive? When we build 
bio-robots that use biological fragments to function, are they alive? When will biology become 
“just another” technology?  

A question I often get is “why do you want to do this? Why not just use the mRNA 
(transcriptomics data) from different chemostat conditions, then you know what the promoter 
does and how it responds”. Yes, in part this is true. But what we want to do is to map all 
interactions on the promoter. From the mapping we would obtain a vocabulary, telling us which 
interactions occur on the promoter. From this we can build models that can translate this 
vocabulary and finally we will have models powerful enough to tell us how a promoter 
responds in different conditions.  

What we have discovered is something that I think no one else has seen. By combining the 
information from the different chemostat conditions that we have studied, one conclusion 
becomes evident: If a motif exists on a promoter, at some point and in a certain environment, 
the transcription factor that recognizes that motif will bind. The environmental condition for 
this might be highly specific, such as in the Cst6 case, but nevertheless it will be there. This is 
something we also showed in Paper XIV, where we engineered promoters for higher 
expression in acidic environments. We did so by introducing more binding sites of a specific 
transcription factor on the promoter. By using ChIP-qPCR we could show that the introduced 
binding sites were in fact bound by the transcription factor of interest.  
    However, to identify all these conditions and to study all transcription factors is just not 
feasible. Still, this work clearly shows that careful selection of a small number of different 
conditions can greatly enhance our ability to understand transcription factor regulation, and the 
variation in binding a certain transcription factor can have.  
   One thought on how to move the field forward is demonstrated in Figure 37. It starts by 
using ATAC-seq (but maybe upgraded to ATAC-exo) (Buenrostro et al. 2013). This method 
allows to find all transcription factor bindings that occur throughout the genome and at the 
same time identifies all the nucleosome binding events. In the data, we can then remove the 
nucleosome binding and thereby provide a profile of all binding events due to DNA binding 
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proteins  (Li et al. 2019). Unfortunately, as with any method there are drawbacks. We cannot 
identify proteins that bind to other proteins nor if they are bound to nucleosomes, neither can 
we identify which protein that is bound. We therefore do not know the identity of the proteins 
or even if they are transcription factors. One solution to this problem could be DNA-binding 
domain motif models, which through statistical and thermodynamical modelling predict all the 
binding sites of a DNA-binding protein based on the protein structure. So far, the models 
improve based on the available data, such as ChIP-seq (Zamanighomi et al. 2017). This will 
however not allow us to find new binding sites when studying new conditions, but progress 
has been made towards predictive models without preexisting data (Farrel and Guo 2017). 
Identifying the DNA binding protein in ATAC-seq data could be possible by generating a 
transcription factor binding score based on ChIP-exo data and DNA binding domain motif. 
    In this work we have used GO-terms to group genes within metabolic processes in order to 
investigate effects of transcription factors in a more specific manner compared to looking at 
the whole genome. Although this clearly provided advantages for example to identify which 
general processes a transcription factor regulates, there are clearly limitations. For instance, 
Oaf1-Pip2 regulates genes within β-oxidation, but also regulates surrounding processes such 
as fatty acid metabolism and malate metabolism. In fact, this transcription factor pair also 
regulates individual genes, such as ZWF1 whose gene product produces a metabolite (NADPH) 
that is required for regeneration of thioredoxin/glutathione that are in turn needed for the 
detoxification of H2O2 generated in the peroxisomal β-oxidation. This indicates that GO-terms 
are not sufficient for identifying TRNs. Integration of all TRNs into GEMs, which in recent 
years have improved in predictive power (Cardoso et al. 2018; Sanchez et al. 2017), will 
hopefully in time allow us to predict outcomes on a cellular level.  
   This was an initial goal when I started my PhD. However, the TRNs turned out to be more 
complex than anticipated, and there was not enough time to reach to this desirable goal. 
Currently, only the metabolic enzymes are included, GEMs therefore need additional levels of 
integration. The yeast GEM model contains roughly 800 genes, but over 2000 genes were 
found to be bound by any of the 21 transcription factors that we have studied. Gcn4 has in itself 
over 1000 gene targets, where over 100 genes are connected to transcription, and many encode 
themselves transcription factors i.e. CST6, HAP4, INO2, LEU3 and PIP2 (to mention a few). 
Also, Ino2 and Ino4 have around 1000 gene targets. The role of transcription factors with these 
many targets is likely to maintain a basal level of expression, and they only constitute one of 
many transcription factors regulating each target gene. Cbf1 is another transcription factor with 
over a 1000 gene targets. However, in a similar ChIP-exo study using YPD as growth media, 
only 102 targets were identified for Cbf1 (Rossi et al. 2018a), again proving that multiple 
conditions are needed for identifying the true nature of a transcription factors regulatory 
network.            
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In human cells, transcription factors have shown to have a dominant role in the control of 
specific cell states and that they are capable of reprogramming cell states when expressed in 
various cell types (Lee and Young 2013). For instance, reprogramming of somatic cells to 
embryonic stem cells is done by expression of four transcription factors, namely Oct4, Sox2, 
Klf4, and c-Myc (Orkin and Hochedlinger 2011). The human bHLH transcription factor TAL1 
is an oncogenic transcription factor that is overexpressed in 40-60% of the cells in leukemia 
(Sanda et al. 2012). The human transcription factor c-Myc is overexpressed in many tumor 
cells where it accumulates in the promoter regions of most active genes, recruiting the 
transcription elongation factor P-TEFb, and causes transcriptional amplification (Lin et al. 

Figure 37 Illustration of TRN identification in newly studied conditions. Integration of 
ChIP-exo data that reveals the many binding sites in studied conditions with DNA binding
domain motif models allows for the identification of all the possible binding sites a
transcription factor can have. ATAC-seq allows for the identification of all DNA-binding 
events throughout the genome. By detecting the DNA binding protein regions, we can identify
motifs. Combining the TF Motif Score with the identified motif we can rank which 
transcription factor is the most probably bound. Thereafter we use GEM/ME models to predict
the new TRN.   
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2012). Loss of function of the human transcription factor AIRE can lead to autoimmune 
diseases where only a fraction of the tissue antigens are expressed (Akirav et al. 2011). In the 
ageing cell, the Forkhead transcription factor FOXO (in yeast Fkh1 and Fkh2), plays a key role 
in stress response and autophagy. FOXO is shown to regulate lifespan in many species such as 
H. vulgaris, C. elegans and D. melanogaster (Martins et al. 2016) as well as in S. cerevisiae 
(Postnikoff et al. 2012). Translating what we have learnt from yeast to humans will in time 
help us treat diseases in a way that previously was not possible. Understanding how the 
transcription factors act on the promoters and how groups of transcription factors work together 
might give a new level to disease treatment by controlling the regulatory function that is 
underlying the problem. 

When it comes to understanding the life of cells, transcription factors play an essential role and 
is a central part of how life is defined for that cell. So far, we are getting glimpses, snapshots, 
of how life works at specific conditions and time points. But the picture becomes clearer for 
each transcription factor we study. Once the network evolves, it will no longer be a picture, we 
will have a movie, with life in action right before our eyes. And it is our job to decode this 
movie so that everyone can watch it.  

I see a bright future ahead, where advancements in biology, mathematics, computer technology 
and AI will join forces to solve our biggest questions in designing and changing life.     

 



 

71 
 

10  ACKNOWLEDGMENTS 
First and foremost, I would like to thank all the people that has been around me through these 
years and without you this thesis would not have seen the light of day. 

Jens, my main supervisor, for being so open to my ideas and that you always support me, even 
if I go a bit outside the scope of what I am “supposed” to do. I am so grateful to have had this 
opportunity to work with you, your positivity and curiousness inspires. Verena, my co-
supervisor, for being a great mentor, friend and for keeping me on the right track and 
maintaining my scientific research solid. Christer, my examiner, who has read and approved 
most of the things I have done as a PhD student but also for great fika discussions. This work 
would not have been possible without my co-workers and collaborators and so I want to give 
a special thanks to: Michael Gossing taking me in as a fresh PhD student and who taught me 
much about the scientific field, Guodong Liu for being a great mentor, Christoph Börlin my 
rubber duck, Raphael Ferreira for our fun and educational entrepreneurial attempts, David 
Hansson for making D2 Biotech happen, Petter Holland, Yongjun Wei, Liming Ouyang, 
Yasaman Dabirian, Arun Rajkumar and Florian David. I want to thank the SysBio support team 
for making my life easier both in the lab and outside the lab: Martina, Erica, Anne-Lise, 
Angelica, Emelie, Fredrik, Marie, Shaghayegh and Joakim. 

In the SysBio community there are plenty of people that has made my working life fantastic 
through discussions, lunches, social activities and so you are all an inspiration for how a 
scientific community should be: Dina, Stefan T, Yassi, Benjamin, JensC, Martin, Bouke, 
Leonie, Paulo, Yun, Jonathan, Alexej, Ivan, Stefan H, Yating, Jichen, John, Xin, Rui, Kate, 
Sylvain, Promi, Zongjie, Yongjin, Zhiwei, Rosemary, Feiran, Max, Ela, Linnea Ö, Ivan D, Tao, 
Ievgeniia, Tyler, Louis, Dimitra, Eugene, Lucy, Olena, Pinar, Jan, Avlant, Carl, Johan, John, 
Filip, Veronica, Oliver, and many more that I have met throughout my studies. 

I have had the great opportunity to make many friends who I have shared science, skiing, 
climbing, partying, singing, dancing, traveling and many other adventures with and all of you 
deserve a special thanks as you will forever have a place in my heart: Ana, Alex, Flå, Michi, 
Petri, Gattino, Leif, Isa, Ed, Elle, Christoph and Rapha. 

To my family. Mum, Dad and Niklas, thanks for the encouragement, support and for allowing 
me to seek my own adventures to discover who I am. My extended family, Aliz, Melker, 
Hannes, Ebba, Magnus, Frida, Tilli, Rune, Helga, Thomas, Kristina, Maria and Peter. And to 
Lurvas, our happy, fluffy, cuddly companion. 

Adrian, I haven’t known you for that long yet, but I know how much joy you already bring to 
my life. Isabelle, my crazy, happy little wildling you make my life filled with joy and 
inspiration of how wonderful the world is. Linnea, it’s hard to put in words what you have done 
for me and what you mean to me. Your love, enthusiasm, positivity, scientific advices, and 
your eager strive for making our live’s better. You truly bright up my sky and you make me 
into the best person I can be.     



 

72 
 

11  REFERENCES 
Adams CC, Workman JL. 1995. Binding of disparate transcriptional activators to nucleosomal DNA is 

inherently cooperative. Mol Cell Biol 15(3):1405-21. 
Akirav EM, Ruddle NH, Herold KC. 2011. The role of AIRE in human autoimmune disease. Nature Reviews 

Endocrinology 7(1):25-33. 
Anders S, Huber W. 2010. Differential expression analysis for sequence count data. Genome Biol 11(10):R106. 
Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski K, Dwight SS, Eppig 

JT and others. 2000. Gene ontology: tool for the unification of biology. The Gene Ontology 
Consortium. Nat Genet 25(1):25-9. 

Baker HV. 1986. Glycolytic gene expression in Saccharomyces cerevisiae: nucleotide sequence of GCR1, null 
mutants, and evidence for expression. Mol Cell Biol 6(11):3774-84. 

Bergman A, Vitay D, Hellgren J, Chen Y, Nielsen J, Siewers V. 2019. Effects of overexpression of STB5 in 
Saccharomyces cerevisiae on fatty acid biosynthesis, physiology and transcriptome. FEMS Yeast Res 
19(3):foz027. 

Bernards R. 1995. Transcriptional Regulation: Flipping the Myc switch. Current Biology 5(8):859-861. 
Black RA, Blosser MC. 2016. A Self-Assembled Aggregate Composed of a Fatty Acid Membrane and the 

Building Blocks of Biological Polymers Provides a First Step in the Emergence of Protocells. Life 
(Basel) 6(3):33. 

Bohm S, Frishman D, Mewes HW. 1997. Variations of the C2H2 zinc finger motif in the yeast genome and 
classification of yeast zinc finger proteins. Nucleic Acids Res 25(12):2464-9. 

Bourot S, Karst F. 1995. Isolation and characterization of the Saccharomyces cerevisiae SUT1 gene involved in 
sterol uptake. Gene 165(1):97-102. 

Breaker RR. 2012. Riboswitches and the RNA world. Cold Spring Harbor perspectives in biology 4(2):a003566. 
Brindle PK, Holland JP, Willett CE, Innis MA, Holland MJ. 1990. Multiple factors bind the upstream activation 

sites of the yeast enolase genes ENO1 and ENO2: ABFI protein, like repressor activator protein RAP1, 
binds cis-acting sequences which modulate repression or activation of transcription. Mol Cell Biol 
10(9):4872-85. 

Buenrostro JD, Giresi PG, Zaba LC, Chang HY, Greenleaf WJ. 2013. Transposition of native chromatin for fast 
and sensitive epigenomic profiling of open chromatin, DNA-binding proteins and nucleosome position. 
Nature methods 10(12):1213-1218. 

Cafferty BJ, Fialho DM, Hud NV. 2018. Searching for Possible Ancestors of RNA: The Self-Assembly 
Hypothesis for the Origin of Proto-RNA. In: Menor-Salván C, editor. Prebiotic Chemistry and 
Chemical Evolution of Nucleic Acids. Cham: Springer International Publishing. p 143-174. 

Calkhoven CF, Ab G. 1996. Multiple steps in the regulation of transcription-factor level and activity. Biochem J 
317 ( Pt 2)(Pt 2):329-42. 

Cardoso JGR, Jensen K, Lieven C, Laerke Hansen AS, Galkina S, Beber M, Ozdemir E, Herrgard MJ, Redestig 
H, Sonnenschein N. 2018. Cameo: A Python Library for Computer Aided Metabolic Engineering and 
Optimization of Cell Factories. ACS Synth Biol 7(4):1163-1166. 

Chavez A, Scheiman J, Vora S, Pruitt BW, Tuttle M, P R Iyer E, Lin S, Kiani S, Guzman CD, Wiegand DJ and 
others. 2015. Highly efficient Cas9-mediated transcriptional programming. Nature methods 12(4):326-
328. 

Chelstowska A, Butow RA. 1995. RTG Genes in Yeast That Function in Communication between Mitochondria 
and the Nucleus Are Also Required for Expression of Genes Encoding Peroxisomal Proteins. Journal 
of Biological Chemistry 270(30):18141-18146. 

Chen M, Hancock LC, Lopes JM. 2007. Transcriptional regulation of yeast phospholipid biosynthetic genes. 
Biochim Biophys Acta 1771(3):310-21. 

Chen M, Lopes JM. 2007. Multiple basic helix-loop-helix proteins regulate expression of the ENO1 gene of 
Saccharomyces cerevisiae. Eukaryot Cell 6(5):786-96. 

Cherry JM, Adler C, Ball C, Chervitz SA, Dwight SS, Hester ET, Jia Y, Juvik G, Roe T, Schroeder M and 
others. 1998. SGD: Saccharomyces Genome Database. Nucleic Acids Research 26(1):73-79. 

Chirala SS, Zhong Q, Huang W, al-Feel W. 1994. Analysis of FAS3/ACC regulatory region of Saccharomyces 
cerevisiae: identification of a functional UASINO and sequences responsible for fatty acid mediated 
repression. Nucleic Acids Res 22(3):412-8. 

Comer FI, Hart GW. 1999. O-GlcNAc and the control of gene expression. Biochim Biophys Acta 1473(1):161-
71. 



 

73 
 

Cottier F, Raymond M, Kurzai O, Bolstad M, Leewattanapasuk W, Jimenez-Lopez C, Lorenz MC, Sanglard D, 
Vachova L, Pavelka N and others. 2012. The bZIP transcription factor Rca1p is a central regulator of a 
novel CO(2) sensing pathway in yeast. PLoS Pathog 8(1):e1002485. 

Crocker J, Preger-Ben Noon E, Stern DL. 2016. Chapter Twenty-Seven - The Soft Touch: Low-Affinity 
Transcription Factor Binding Sites in Development and Evolution. In: Wassarman PM, editor. Current 
Topics in Developmental Biology: Academic Press. p 455-469. 

Cullen PJ, Xu-Friedman R, Delrow J, Sprague GF. 2006. Genome-wide analysis of the response to protein 
glycosylation deficiency in yeast. FEMS Yeast Res 6(8):1264-73. 

Dang W, Sutphin GL, Dorsey JA, Otte GL, Cao K, Perry RM, Wanat JJ, Saviolaki D, Murakami CJ, 
Tsuchiyama S and others. 2014. Inactivation of yeast Isw2 chromatin remodeling enzyme mimics 
longevity effect of calorie restriction via induction of genotoxic stress response. Cell Metab 19(6):952-
66. 

Davie JK, Trumbly RJ, Dent SY. 2002. Histone-dependent association of Tup1-Ssn6 with repressed genes in 
vivo. Mol Cell Biol 22(3):693-703. 

de Boer CG, Hughes TR. 2011. YeTFaSCo: a database of evaluated yeast transcription factor sequence 
specificities. Nucleic Acids Research 40(D1):D169-D179. 

Deaner M, Mejia J, Alper HS. 2017. Enabling Graded and Large-Scale Multiplex of Desired Genes Using a 
Dual-Mode dCas9 Activator in Saccharomyces cerevisiae. ACS Synthetic Biology 6(10):1931-1943. 

Duarte NC, Herrgard MJ, Palsson BO. 2004. Reconstruction and validation of Saccharomyces cerevisiae 
iND750, a fully compartmentalized genome-scale metabolic model. Genome Res 14(7):1298-309. 

Eisen MB, Spellman PT, Brown PO, Botstein D. 1998. Cluster analysis and display of genome-wide expression 
patterns. Proc Natl Acad Sci U S A 95(25):14863-8. 

Erickson HP. 2009. Size and shape of protein molecules at the nanometer level determined by sedimentation, 
gel filtration, and electron microscopy. Biol Proced Online 11:32-51. 

Farrel A, Guo JT. 2017. An efficient algorithm for improving structure-based prediction of transcription factor 
binding sites. BMC Bioinformatics 18(1):342. 

Fazio A, Jewett MC, Daran-Lapujade P, Mustacchi R, Usaite R, Pronk JT, Workman CT, Nielsen J. 2008. 
Transcription factor control of growth rate dependent genes in Saccharomyces cerevisiae: a three factor 
design. BMC Genomics 9:341. 

Fernandes L, Rodrigues-Pousada C, Struhl K. 1997. Yap, a novel family of eight bZIP proteins in 
Saccharomyces cerevisiae with distinct biological functions. Mol Cell Biol 17(12):6982-93. 

Furukawa K, Heinzle E, Dunn IJ. 1983. Influence of oxygen on the growth of Saccharomyces cerevisiae in 
continuous culture. Biotechnol Bioeng 25(10):2293-317. 

Garcia-Gimeno MA, Struhl K. 2000. Aca1 and Aca2, ATF/CREB activators in Saccharomyces cerevisiae, are 
important for carbon source utilization but not the response to stress. Mol Cell Biol 20(12):4340-9. 

Gietz RD, Woods RA. 2001. Genetic transformation of yeast. Biotechniques 30(4):816-20, 822-6, 828 passim. 
Gitter A, Siegfried Z, Klutstein M, Fornes O, Oliva B, Simon I, Bar-Joseph Z. 2009. Backup in gene regulatory 

networks explains differences between binding and knockout results. Mol Syst Biol 5:276. 
Goffeau A, Barrell BG, Bussey H, Davis RW, Dujon B, Feldmann H, Galibert F, Hoheisel JD, Jacq C, Johnston 

M and others. 1996. Life with 6000 genes. Science 274(5287):546, 563-7. 
Guo Y, Mahony S, Gifford DK. 2012. High resolution genome wide binding event finding and motif discovery 

reveals transcription factor spatial binding constraints. PLoS Comput Biol 8(8):e1002638. 
Hampsey M. 1997. A review of phenotypes in Saccharomyces cerevisiae. Yeast 13(12):1099-133. 
Harbison CT, Gordon DB, Lee TI, Rinaldi NJ, Macisaac KD, Danford TW, Hannett NM, Tagne JB, Reynolds 

DB, Yoo J and others. 2004. Transcriptional regulatory code of a eukaryotic genome. Nature 
431(7004):99-104. 

He B, Tan K. 2016. Understanding transcriptional regulatory networks using computational models. Curr Opin 
Genet Dev 37:101-108. 

Hedges D, Proft M, Entian KD. 1995. CAT8, a new zinc cluster-encoding gene necessary for derepression of 
gluconeogenic enzymes in the yeast Saccharomyces cerevisiae. Mol Cell Biol 15(4):1915-22. 

Hickman MJ, Winston F. 2007. Heme levels switch the function of Hap1 of Saccharomyces cerevisiae between 
transcriptional activator and transcriptional repressor. Mol Cell Biol 27(21):7414-24. 

Hiltunen JK, Mursula AM, Rottensteiner H, Wierenga RK, Kastaniotis AJ, Gurvitz A. 2003. The biochemistry 
of peroxisomal beta-oxidation in the yeast Saccharomyces cerevisiae. FEMS Microbiol Rev 27(1):35-
64. 

Hinnebusch AG. 1988. Mechanisms of gene regulation in the general control of amino acid biosynthesis in 
Saccharomyces cerevisiae. Microbiol Rev 52(2):248-73. 

Hu L, Grosberg AY, Bruinsma R. 2008. Are DNA transcription factor proteins maxwellian demons? Biophys J 
95(3):1151-6. 

Hughes TR, de Boer CG. 2013. Mapping yeast transcriptional networks. Genetics 195(1):9-36. 



 

74 
 

Huisinga KL, Pugh BF. 2004. A genome-wide housekeeping role for TFIID and a highly regulated stress-related 
role for SAGA in Saccharomyces cerevisiae. Mol Cell 13(4):573-85. 

Inukai S, Kock KH, Bulyk ML. 2017. Transcription factor-DNA binding: beyond binding site motifs. Curr Opin 
Genet Dev 43:110-119. 

Jacob F, Monod J. 1961. Genetic regulatory mechanisms in the synthesis of proteins. Journal of Molecular 
Biology 3(3):318-356. 

Jensen MK. 2018. Design principles for nuclease-deficient CRISPR-based transcriptional regulators. FEMS 
Yeast Research 18(4). 

Jewett MC, Workman CT, Nookaew I, Pizarro FA, Agosin E, Hellgren LI, Nielsen J. 2013. Mapping condition-
dependent regulation of lipid metabolism in Saccharomyces cerevisiae. G3 (Bethesda) 3(11):1979-95. 

Juan LJ, Walter PP, Taylor IC, Kingston RE, Workman JL. 1993. Nucleosome cores and histone H1 in the 
binding of GAL4 derivatives and the reactivation of transcription from nucleosome templates in vitro. 
Cold Spring Harb Symp Quant Biol 58:213-23. 

Juhnke H, Krems B, Kötter P, Entian K-D. 1996. Mutants that show increased sensitivity to hydrogen peroxide 
reveal an important role for the pentose phosphate pathway in protection of yeast against oxidative 
stress. Molecular and General Genetics MGG 252(4):456-464. 

Kachroo AH, Laurent JM, Yellman CM, Meyer AG, Wilke CO, Marcotte EM. 2015. Evolution. Systematic 
humanization of yeast genes reveals conserved functions and genetic modularity. Science 
348(6237):921-5. 

Karpichev IV, Durand-Heredia JM, Luo Y, Small GM. 2008. Binding characteristics and regulatory 
mechanisms of the transcription factors controlling oleate-responsive genes in Saccharomyces 
cerevisiae. J Biol Chem 283(16):10264-75. 

Karpichev IV, Small GM. 1998. Global regulatory functions of Oaf1p and Pip2p (Oaf2p), transcription factors 
that regulate genes encoding peroxisomal proteins in Saccharomyces cerevisiae. Mol Cell Biol 
18(11):6560-70. 

Kouzarides T. 2007. Chromatin modifications and their function. Cell 128(4):693-705. 
Lahtvee PJ, Kumar R, Hallstrom BM, Nielsen J. 2016. Adaptation to different types of stress converge on 

mitochondrial metabolism. Mol Biol Cell 27(15):2505-14. 
Langmead B, Trapnell C, Pop M, Salzberg SL. 2009. Ultrafast and memory-efficient alignment of short DNA 

sequences to the human genome. Genome Biol 10(3):R25. 
Larochelle M, Drouin S, Robert F, Turcotte B. 2006. Oxidative stress-activated zinc cluster protein Stb5 has 

dual activator/repressor functions required for pentose phosphate pathway regulation and NADPH 
production. Mol Cell Biol 26(17):6690-701. 

Larsson C, von Stockar U, Marison I, Gustafsson L. 1993. Growth and metabolism of Saccharomyces cerevisiae 
in chemostat cultures under carbon-, nitrogen-, or carbon- and nitrogen-limiting conditions. J Bacteriol 
175(15):4809-16. 

Lee TI, Rinaldi NJ, Robert F, Odom DT, Bar-Joseph Z, Gerber GK, Hannett NM, Harbison CT, Thompson CM, 
Simon I and others. 2002. Transcriptional regulatory networks in Saccharomyces cerevisiae. Science 
298(5594):799-804. 

Lee TI, Young RA. 2013. Transcriptional regulation and its misregulation in disease. Cell 152(6):1237-1251. 
Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G, Abecasis G, Durbin R, Genome Project 

Data Processing S. 2009. The Sequence Alignment/Map format and SAMtools. Bioinformatics 
25(16):2078-9. 

Li Z, Schulz MH, Look T, Begemann M, Zenke M, Costa IG. 2019. Identification of transcription factor binding 
sites using ATAC-seq. Genome Biol 20(1):45. 

Liang H, Gaber RF. 1996. A novel signal transduction pathway in Saccharomyces cerevisiae defined by Snf3-
regulated expression of HXT6. Mol Biol Cell 7(12):1953-66. 

Lin Charles Y, Lovén J, Rahl Peter B, Paranal Ronald M, Burge Christopher B, Bradner James E, Lee Tong I, 
Young Richard A. 2012. Transcriptional Amplification in Tumor Cells with Elevated c-Myc. Cell 
151(1):56-67. 

Ljungdahl PO, Daignan-Fornier B. 2012. Regulation of amino acid, nucleotide, and phosphate metabolism in 
Saccharomyces cerevisiae. Genetics 190(3):885-929. 

Lopes JM, Henry SA. 1991. Interaction of trans and cis regulatory elements in the INO1 promoter of 
Saccharomyces cerevisiae. Nucleic Acids Res 19(14):3987-94. 

Lu H, Li F, Sanchez BJ, Zhu Z, Li G, Domenzain I, Marcisauskas S, Anton PM, Lappa D, Lieven C and others. 
2019. A consensus S. cerevisiae metabolic model Yeast8 and its ecosystem for comprehensively 
probing cellular metabolism. Nat Commun 10(1):3586. 

Ma H, Tu LC, Naseri A, Huisman M, Zhang S, Grunwald D, Pederson T. 2016. CRISPR-Cas9 nuclear 
dynamics and target recognition in living cells. J Cell Biol 214(5):529-37. 



 

75 
 

Mackiewicz P, Kowalczuk M, Mackiewicz D, Nowicka A, Dudkiewicz M, Laszkiewicz A, Dudek MR, Cebrat 
S. 2002. How many protein-coding genes are there in the Saccharomyces cerevisiae genome? Yeast 
19(7):619-29. 

MacPherson S, Larochelle M, Turcotte B. 2006. A fungal family of transcriptional regulators: the zinc cluster 
proteins. Microbiol Mol Biol Rev 70(3):583-604. 

Martins R, Lithgow GJ, Link W. 2016. Long live FOXO: unraveling the role of FOXO proteins in aging and 
longevity. Aging Cell 15(2):196-207. 

Miller SL. 1953. A production of amino acids under possible primitive earth conditions. Science 
117(3046):528-9. 

Minard KI, McAlister-Henn L. 1999. Dependence of peroxisomal beta-oxidation on cytosolic sources of 
NADPH. J Biol Chem 274(6):3402-6. 

Mortimer RK. 2000. Evolution and variation of the yeast (Saccharomyces) genome. Genome Res 10(4):403-9. 
Murillo-Sanchez S, Beaufils D, Gonzalez Manas JM, Pascal R, Ruiz-Mirazo K. 2016. Fatty acids' double role in 

the prebiotic formation of a hydrophobic dipeptide. Chem Sci 7(5):3406-3413. 
Neely KE, Hassan AH, Brown CE, Howe L, Workman JL. 2002. Transcription activator interactions with 

multiple SWI/SNF subunits. Molecular and cellular biology 22(6):1615-1625. 
Ness F, Bourot S, Regnacq M, Spagnoli R, Berges T, Karst F. 2001. SUT1 is a putative Zn[II]2Cys6-

transcription factor whose upregulation enhances both sterol uptake and synthesis in aerobically 
growing Saccharomyces cerevisiae cells. European Journal of Biochemistry 268(6):1585-1595. 

Nielsen J. 2003. It is all about metabolic fluxes. J Bacteriol 185(24):7031-5. 
Nielsen J. 2019. Yeast Systems Biology: Model Organism and Cell Factory. Biotechnol J 14(9):e1800421. 
Nishi K, Park CS, Pepper AE, Eichinger G, Innis MA, Holland MJ. 1995. The GCR1 requirement for yeast 

glycolytic gene expression is suppressed by dominant mutations in the SGC1 gene, which encodes a 
novel basic-helix-loop-helix protein. Mol Cell Biol 15(5):2646-53. 

Nissen TL, Schulze U, Nielsen J, Villadsen J. 1997. Flux distributions in anaerobic, glucose-limited continuous 
cultures of Saccharomyces cerevisiae. Microbiology 143 ( Pt 1)(1):203-18. 

Novick A, Szilard L. 1950. Description of the chemostat. Science 112(2920):715-6. 
Oh CS, Toke DA, Mandala S, Martin CE. 1997. ELO2 and ELO3, homologues of the Saccharomyces cerevisiae 

ELO1 gene, function in fatty acid elongation and are required for sphingolipid formation. J Biol Chem 
272(28):17376-84. 

Orkin Stuart H, Hochedlinger K. 2011. Chromatin Connections to Pluripotency and Cellular Reprogramming. 
Cell 145(6):835-850. 

Osterlund T, Bordel S, Nielsen J. 2015. Controllability analysis of transcriptional regulatory networks reveals 
circular control patterns among transcription factors. Integr Biol (Camb) 7(5):560-8. 

Ozcan S, Johnston M. 1999. Function and regulation of yeast hexose transporters. Microbiol Mol Biol Rev 
63(3):554-69. 

Ozonov EA, van Nimwegen E. 2013. Nucleosome Free Regions in Yeast Promoters Result from Competitive 
Binding of Transcription Factors That Interact with Chromatin Modifiers. PLOS Computational 
Biology 9(8):e1003181. 

Page RA, Okada S, Harwood JL. 1994. Acetyl-CoA carboxylase exerts strong flux control over lipid synthesis 
in plants. Biochim Biophys Acta 1210(3):369-72. 

Perez-Pinera P, Kocak DD, Vockley CM, Adler AF, Kabadi AM, Polstein LR, Thakore PI, Glass KA, Ousterout 
DG, Leong KW and others. 2013a. RNA-guided gene activation by CRISPR-Cas9-based transcription 
factors. Nat Methods 10(10):973-6. 

Perez-Pinera P, Kocak DD, Vockley CM, Adler AF, Kabadi AM, Polstein LR, Thakore PI, Glass KA, Ousterout 
DG, Leong KW and others. 2013b. RNA-guided gene activation by CRISPR-Cas9–based transcription 
factors. Nature Methods 10:973. 

Phelps C, Gburcik V, Suslova E, Dudek P, Forafonov F, Bot N, MacLean M, Fagan RJ, Picard D. 2006. Fungi 
and animals may share a common ancestor to nuclear receptors. Proc Natl Acad Sci U S A 
103(18):7077-81. 

Polish JA, Kim JH, Johnston M. 2005. How the Rgt1 transcription factor of Saccharomyces cerevisiae is 
regulated by glucose. Genetics 169(2):583-94. 

Postnikoff SDL, Malo ME, Wong B, Harkness TAA. 2012. The Yeast Forkhead Transcription Factors Fkh1 and 
Fkh2 Regulate Lifespan and Stress Response Together with the Anaphase-Promoting Complex. PLOS 
Genetics 8(3):e1002583. 

Proft M, Gibbons FD, Copeland M, Roth FP, Struhl K. 2005. Genomewide identification of Sko1 target 
promoters reveals a regulatory network that operates in response to osmotic stress in Saccharomyces 
cerevisiae. Eukaryot Cell 4(8):1343-52. 

Proft M, Struhl K. 2002. Hog1 Kinase Converts the Sko1-Cyc8-Tup1 Repressor Complex into an Activator that 
Recruits SAGA and SWI/SNF in Response to Osmotic Stress. Molecular Cell 9(6):1307-1317. 



 

76 
 

Ptacek J, Devgan G, Michaud G, Zhu H, Zhu X, Fasolo J, Guo H, Jona G, Breitkreutz A, Sopko R and others. 
2005. Global analysis of protein phosphorylation in yeast. Nature 438(7068):679-84. 

Qi Lei S, Larson Matthew H, Gilbert Luke A, Doudna Jennifer A, Weissman Jonathan S, Arkin Adam P, Lim 
Wendell A. 2013. Repurposing CRISPR as an RNA-Guided Platform for Sequence-Specific Control of 
Gene Expression. Cell 152(5):1173-1183. 

Querol A, Fleet GH. 2006. Yeasts in food and beverages. 
Quinlan AR, Hall IM. 2010. BEDTools: a flexible suite of utilities for comparing genomic features. 

Bioinformatics 26(6):841-2. 
Rahner A, Hiesinger M, Schuller HJ. 1999. Deregulation of gluconeogenic structural genes by variants of the 

transcriptional activator Cat8p of the yeast Saccharomyces cerevisiae. Mol Microbiol 34(1):146-56. 
Regenberg B, Grotkjaer T, Winther O, Fausboll A, Akesson M, Bro C, Hansen LK, Brunak S, Nielsen J. 2006. 

Growth-rate regulated genes have profound impact on interpretation of transcriptome profiling in 
Saccharomyces cerevisiae. Genome Biol 7(11):R107. 

Rhee HS, Pugh BF. 2011. Comprehensive genome-wide protein-DNA interactions detected at single-nucleotide 
resolution. Cell 147(6):1408-19. 

Rhee HS, Pugh BF. 2012. Genome-wide structure and organization of eukaryotic pre-initiation complexes. 
Nature 483(7389):295-301. 

Robinson KA, Koepke JI, Kharodawala M, Lopes JM. 2000. A network of yeast basic helix-loop-helix 
interactions. Nucleic Acids Res 28(22):4460-6. 

Robinson KA, Lopes JM. 2000. SURVEY AND SUMMARY: Saccharomyces cerevisiae basic helix-loop-helix 
proteins regulate diverse biological processes. Nucleic Acids Res 28(7):1499-505. 

Rodriguez-Martinez JA, Reinke AW, Bhimsaria D, Keating AE, Ansari AZ. 2017. Combinatorial bZIP dimers 
display complex DNA-binding specificity landscapes. Elife 6:e19272. 

Rohs R, Jin X, West SM, Joshi R, Honig B, Mann RS. 2010. Origins of specificity in protein-DNA recognition. 
Annu Rev Biochem 79:233-69. 

Rossi MJ, Lai WKM, Pugh BF. 2018a. Genome-wide determinants of sequence-specific DNA binding of 
general regulatory factors. Genome Res 28(4):497-508. 

Rossi MJ, Lai WKM, Pugh BF. 2018b. Simplified ChIP-exo assays. Nat Commun 9(1):2842. 
Roth S, Schuller HJ. 2001. Cat8 and Sip4 mediate regulated transcriptional activation of the yeast malate 

dehydrogenase gene MDH2 by three carbon source-responsive promoter elements. Yeast 18(2):151-62. 
Salazar AN, Gorter de Vries AR, van den Broek M, Wijsman M, de la Torre Cortes P, Brickwedde A, Brouwers 

N, Daran JG, Abeel T. 2017. Nanopore sequencing enables near-complete de novo assembly of 
Saccharomyces cerevisiae reference strain CEN.PK113-7D. FEMS Yeast Res 17(7). 

Sanchez B, Li,F., Lu,H., Kerkhoven,E. and Nielsen,J. 2016. Yeast-GEM: yeast 7.6.0. . 
Sanchez BJ, Zhang C, Nilsson A, Lahtvee PJ, Kerkhoven EJ, Nielsen J. 2017. Improving the phenotype 

predictions of a yeast genome-scale metabolic model by incorporating enzymatic constraints. Mol Syst 
Biol 13(8):935. 

Sanda T, Lawton LN, Barrasa MI, Fan ZP, Kohlhammer H, Gutierrez A, Ma W, Tatarek J, Ahn Y, Kelliher MA 
and others. 2012. Core transcriptional regulatory circuit controlled by the TAL1 complex in human T 
cell acute lymphoblastic leukemia. Cancer cell 22(2):209-221. 

Santiago TC, Mamoun CB. 2003. Genome expression analysis in yeast reveals novel transcriptional regulation 
by inositol and choline and new regulatory functions for Opi1p, Ino2p, and Ino4p. J Biol Chem 
278(40):38723-30. 

Scherer S, Davis RW. 1979. Replacement of chromosome segments with altered DNA sequences constructed in 
vitro. Proc Natl Acad Sci U S A 76(10):4951-5. 

Shahzad K, Loor JJ. 2012. Application of Top-Down and Bottom-up Systems Approaches in Ruminant 
Physiology and Metabolism. Curr Genomics 13(5):379-94. 

Solomon MJ, Varshavsky A. 1985. Formaldehyde-mediated DNA-protein crosslinking: a probe for in vivo 
chromatin structures. Proceedings of the National Academy of Sciences 82(19):6470-6474. 

Stukey JE, Mcdonough VM, Martin CE. 1990. The Ole1 Gene of Saccharomyces-Cerevisiae Encodes the Delta-
9 Fatty-Acid Desaturase and Can Be Functionally Replaced by the Rat Stearoyl-Coa Desaturase Gene. 
Journal of Biological Chemistry 265(33):20144-20149. 

Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA, Paulovich A, Pomeroy SL, 
Golub TR, Lander ES and others. 2005. Gene set enrichment analysis: a knowledge-based approach for 
interpreting genome-wide expression profiles. Proc Natl Acad Sci U S A 102(43):15545-50. 

Swift J, Coruzzi GM. 2017. A matter of time - How transient transcription factor interactions create dynamic 
gene regulatory networks. Biochim Biophys Acta Gene Regul Mech 1860(1):75-83. 

Teixeira MC, Monteiro PT, Palma M, Costa C, Godinho CP, Pais P, Cavalheiro M, Antunes M, Lemos A, 
Pedreira T and others. 2017. YEASTRACT: an upgraded database for the analysis of transcription 
regulatory networks in Saccharomyces cerevisiae. Nucleic Acids Research 46(D1):D348-D353. 



 

77 
 

Toke DA, Martin CE. 1996. Isolation and characterization of a gene affecting fatty acid elongation in 
Saccharomyces cerevisiae. J Biol Chem 271(31):18413-22. 

Trzcinska-Danielewicz J, Ishikawa T, Miciałkiewicz A, Fronk J. 2008. Yeast transcription factor Oaf1 forms 
homodimer and induces some oleate-responsive genes in absence of Pip2. Biochemical and 
Biophysical Research Communications 374(4):763-766. 

Turcotte B, Liang XB, Robert F, Soontorngun N. 2010. Transcriptional regulation of nonfermentable carbon 
utilization in budding yeast. FEMS Yeast Res 10(1):2-13. 

Uemura H, Fraenkel DG. 1990. gcr2, a new mutation affecting glycolytic gene expression in Saccharomyces 
cerevisiae. Mol Cell Biol 10(12):6389-96. 

Uemura H, Jigami Y. 1992. Role of GCR2 in transcriptional activation of yeast glycolytic genes. Mol Cell Biol 
12(9):3834-42. 

Varemo L, Nielsen J, Nookaew I. 2013. Enriching the gene set analysis of genome-wide data by incorporating 
directionality of gene expression and combining statistical hypotheses and methods. Nucleic Acids 
Research 41(8):4378-4391. 

Verduyn C, Postma E, Scheffers WA, van Dijken JP. 1990. Physiology of Saccharomyces cerevisiae in 
anaerobic glucose-limited chemostat cultures. J Gen Microbiol 136(3):395-403. 

Westholm JO, Nordberg N, Muren E, Ameur A, Komorowski J, Ronne H. 2008. Combinatorial control of gene 
expression by the three yeast repressors Mig1, Mig2 and Mig3. BMC Genomics 9:601. 

Vik A, Rine J. 2001. Upc2p and Ecm22p, dual regulators of sterol biosynthesis in Saccharomyces cerevisiae. 
Molecular and cellular biology 21(19):6395-6405. 

Wing MK. 2010. bamUtil [cited Dec 2015]. 
Winston F, Carlson M. 1992. Yeast SNF/SWI transcriptional activators and the SPT/SIN chromatin connection. 

Trends Genet 8(11):387-91. 
Workman CT, Mak HC, McCuine S, Tagne JB, Agarwal M, Ozier O, Begley TJ, Samson LD, Ideker T. 2006. A 

systems approach to mapping DNA damage response pathways. Science 312(5776):1054-9. 
Workman JL, Kingston RE. 1998. Alteration of nucleosome structure as a mechanism of transcriptional 

regulation. Annu Rev Biochem 67(1):545-79. 
Wu FX. 2008. Genetic weighted k-means algorithm for clustering large-scale gene expression data. BMC 

Bioinformatics 9 Suppl 6(Suppl 6):S12. 
Yan C, Chen H, Bai L. 2018. Systematic Study of Nucleosome-Displacing Factors in Budding Yeast. Mol Cell 

71(2):294-305 e4. 
Zamanighomi M, Lin Z, Wang Y, Jiang R, Wong WH. 2017. Predicting transcription factor binding motifs from 

DNA-binding domains, chromatin accessibility and gene expression data. Nucleic acids research 
45(10):5666-5677. 

Zampar GG, Kummel A, Ewald J, Jol S, Niebel B, Picotti P, Aebersold R, Sauer U, Zamboni N, Heinemann M. 
2013. Temporal system-level organization of the switch from glycolytic to gluconeogenic operation in 
yeast. Mol Syst Biol 9:651. 

Zaret KS, Carroll JS. 2011. Pioneer transcription factors: establishing competence for gene expression. Genes 
Dev 25(21):2227-41. 

Zhang Z, Dietrich FS. 2005. Mapping of transcription start sites in Saccharomyces cerevisiae using 5' SAGE. 
Nucleic Acids Res 33(9):2838-51. 

Zhou KM, Bai YL, Kohlhaw GB. 1990. Yeast regulatory protein LEU3: a structure-function analysis. Nucleic 
Acids Res 18(2):291-8. 

 

 




	Blank Page



