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The occurrence of phenotypic dependencies involving combinations of functionally variant loci 
and/or external perturbation is called genetic interaction, which influences human disease in 
largely unknown ways. Evolutionarily, genetic interaction contributes population phenotypic 
variance that is subject to natural selection and underlies differential phenotypic robustness and 
variable buffering of disease between individuals. Genomic mutant collections are a powerful 
resource to quantify gene interaction globally for better predicting complex phenotypes across 
different species and cell types. Cell proliferation is the fundamental fitness phenotype of single-
cell eukaryotes like S. cerevisiae, and it is resolved with highest precision by growth curves. To 
promote growth curve analysis for the genomic library of ~ 6000 mutant S. cerevisiae strains, we 
developed a time-lapse imaging instrument to monitor cell proliferation for over 60,000 cultures 
per experiment. Data, fit (R2 > 0.995) to a logistic growth curve model, yield cell proliferation 
parameters (CPPs) to quantify genetic interactions rigorously and precisely. Custom software 
automates generation and fitting of growth curves from cell array images, measurement of gene 
interaction from CPPs, clustering of gene interaction profiles, and gene ontology enrichment to 
compare differential buffering of perturbations. The approach is called quantitative high 
throughput cell array phenotyping (Q-HTCP) with phenomic modeling. Growth curves are 
obtained from serial imaging of dilute cultures spotted onto agar, via a custom robotic cell array 
scanner integrated with a commercial robotic incubator and custom program logic control (PLC) 
for experiment management and data organization. Cell array imaging enables visualization of raw 
data to assess quality and directly examine selected spot cultures in a traditional way. The system 
capacity is 189 arrays x 384-cultures/ array. Fine resolution of genetic interaction aids 
identification of protein complexes and molecular pathways, and detection of relatively small or 
subtle phenotypic effects that may be otherwise elusive in a disease-modeling context. Disease-
relevant perturbations explored thus far with Q-HTCP include response to chemotherapeutic 
agents, quiescence maintenance in stationary phase (chronological survival), and modeling of 
cystic fibrosis (CFTR) disease mutations in the yeast homolog, Yor1. The presentation shares 
recent efforts to make Q-HTCP user friendly, requiring only limited technical skill, including a 
standardized experimental structure to streamline analysis, assure quality control, and integrate 
results from independent studies. The new Q-HTCP tools are illustrated here using a recent 
publication that can be referenced for much greater biological depth and detail (see ref. 1). 

New instrumentation and software for high-resolution, high-throughput yeast fitness profiling to measure 
genetic interaction globally, discover phenomic modules, and model genetic buffering of disease 

John Rodgers, Sean Santos, Jingyu Guo, Ryan Mancinone, Remy Cron, Anya McDaniel, John L. Hartman IV
Department of Genetics, University of Alabama at Birmingham, Birmingham, AL
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Cell Array IDs Media Types Q-HTCP Folder Cell array Media 
1 A 1 1 A
2 B 2 1 B
3 C 3 1 C

D 4 1 D
5 2 A
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10 3 B
11 3 C
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Figure 1. Overview of phenomic modeling and quantitative high throughput cell array phenotyping (Q-HTCP). The flow chart summarizes the 
experimental pipeline that is described in greater technical detail  and illustrated with example results throughout.
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Figure 2. A prototype Phenomic Imager is integrated with a Cytomat 6001 robotic incubator (ThermoFisher) for Q-HTCP data collection. (A) A 

commercial robotic incubator (Cytomat 6001, ThermoFisher) is (B) interfaced via custom program logic control (PLC) software with (C) a prototype 

imaging instrument, called the Phenomic Imager for automated Q-HTCP image collection. The Phenomic Imager consists of an Entry Transfer Station (not 

pictured), where new cell arrays are manually placed to enter the system. (D) An Epson robotic arm transfers cell arrays between the Entry Transfer 

Station and the (E) Imaging Stage, which is moved across a (F) Line Scanner by a (G) a servomoter. (H) LED backlighting is used for illumination during 

imaging. When imaging is complete, the cell array is moved to the (I) Cytomat transfer station, from where it is is shuttled to and from storage positions 

within the incubator by the Cytomat shovel and transfer system. The PLC creates an image folder for each new cell array within the active Experiment 

Job. The cell arrays are imaged in intervals established at the time of the Job creation, and serial images are stored in each designated folder until the 

Job is terminated by the user. Multiple Jobs can run concurrently. The max cell array capacity is 189.
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Figure 2. A Phenomic Imager prototype is integrated with a Cytomat 6001 robotic incubator (ThermoFisher) for Q-HTCP data collection. (A) A commercial robotic 
incubator (Cytomat 6001, ThermoFisher) is (B) interfaced via custom program logic control (PLC) software with (C) a prototype imaging instrument, called the Phenomic 
Imager for automated Q-HTCP image collection. The Phenomic Imager consists of an Entry Transfer Station (not pictured), where new cell arrays are manually placed to 
enter the system. (D) An Epson robotic arm transfers cell arrays between the Entry Transfer Station and the (E) Imaging Stage, which is moved across a (F) Line Scanner 
by a (G) a servomoter. (H) LED backlighting is used for illumination during imaging. When imaging is complete, the cell array is moved to the (I) Cytomat transfer station, 
from where it is is shuttled to and from storage positions within the incubator by the Cytomat shovel and transfer system. The PLC creates an image folder for each new 
cell array within the active Experiment Job. The cell arrays are imaged in intervals established at the time of the Job creation, and serial images are stored in each 
designated folder until the Job is terminated by the user. Multiple Jobs can run concurrently. The max cell array capacity (for the 6001 model) is 189, but other models 
have higher or lower capacity.
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ØEASY Image Analysis and Growth Curve 
Fitting

ØEZview QC and spot culture review

ØStudiesQHTCP phenomic profile 
comparisons

Figure 3. Overview of Q-HTCP software components and 
workflow. Cell array production and imaging are discussed 
elsewhere. Experiment images are transferred to ExpJobs 
directory. EASY software is a GUI that executes MATLAB code for 
image analysis and growth curve fitting results. EZview is another 
MATLAB GUI for sorting and visualizing the original cell array data 
based on time, perturbation type and parent cell array, and also 
generating growth curves from the spot cultures.  StudiesQHTCP 
is a collection of different software that is called from shell 
scripts. Results facilitate review of overall quality of Cell 
Proliferation Phenotypes (the results from EASY), generate 
Interaction Z-scores, produce interaction plots, cluster phenomic 
profiles from mutually informative fitness perturbations, produce 
heatmaps for visualizing interaction patterns, and apply Gene 
Ontology tools to assess biological modules that contribute to 
differential buffering.

Phenomic Analysis Software

EZview software for assessing cell array image quality and inspecting individual spot cultures

Setup
Must complete EASY analysis first

Analyze
>MATLAB Editor> ’Open’> navigate to
“QHTCP/EZview/EZviewGui.m”
>Click ”Run/PlayButton”
>Click ‘Change Folder”
>From the Directory Popup, navigate to 
“QHTCP/ExpJobs/YourExperiment/Results/
matResults/…. .mat” (see screenshot 
below)

>Click ‘open’ and EZview GUI will launch

A

B

C

D

F G H J K L

Fig.6

EI

EZview software: reviewing cell array image quality and inspecting individual spot cultures

Setup
Must complete EASY analysis first
Analyze
>MATLAB Editor> ’Open’> navigate to
“QHTCP/EZview/EZviewGui.m”
>Click ”Run/PlayButton”
>Click ‘Change Folder”
>From the Directory Popup, navigate to 
“QHTCP/ExpJobs/YourExperiment/Resul
ts/matResults/…. .mat” (see screenshot 
below)
>Click ‘open’ and EZview GUI will launch

Figure 4. EZview software for visualizing cell array quality and spot culture data. Instructions for launching EZview are 
provided at right. When the GUI is launched, the same experiment will appear in all three zones. Other experiments are loaded 
by clicking (A) the ‘Exp’ button in a zone and navigating to ExpJobs/YourNewExperiment/Results/matResults/…v.mat. For the 
experiment (See Fig. 1 for experiment definition) loaded in a given zone one can: (B) enter the time point (as an integer in the time 
series of images for that array) for viewing; the timestamp for the image will also update in the display (T= # hrs). The scroll bar or 
arrows below the entry can be used to change the time stamp for the zone; (C) enter the desired perturbation for viewing 
(numbered according to order of ‘DrugMedia_’ file), and the media type will be displayed; (D) enter the parent cell array 
(according to listing in ‘MasterPlate_’ file). Each image in an experiment has a unique combination of possible inputs from the 
entries given in A-D, which appears in the (E) Image Area. (F) A heatmap of the CPPs (K or L) from the growth curve and fit of the 
corresponding spot cultures is produced for each image displayed, and one can toggle between the “K/L” button above the 
Heatmap Area to view either set of CPPs for the chosen cell array. Clicking the “P” button above the heatmap area will pop a new 
window with an enlarged image, including a numerical heat scale, which can be saved as a pdf. Clicking on a spot culture or its 
heatmap will generate a corresponding plot of all its data and the fitted growth curve in the (G) Growth Curve Area. Clicking on a 
new spot will update the data in the growth curve area, and the curve will overlay on curves in the adjacent (H) Overlay Area. The 
‘P’ button in the overlay area will pop up an enlarged image including a legend for all curves, which can be saved as a pdf. All 
overlain curves can be removed from a zone by clicking on its (I) ‘Clear’ button. (J) The CPP area plots the CPP values (K, L, and r; 
hollow circle markers) at all perturbation conditions for the current spot culture plotted in the growth curve area. The average 
CPPs for the parental reference strain (blue line) are also plotted. (K) The active zone is indicated by red highlighting and can be 
changed by clicking on a different zone. The ”RF Tab” pops up a table of all Reference Data for the experiment in the zone. (L) The 
Gene Directory lists all genes in the experiment zone that is active. Click on a gene will update all other areas in the active zone. 
Clicking the “Info” button at the top of the Gene Directory pops up information about the current gene. The “Gene/Orf” button 
toggles the listing between genes and ORFs.

StudiesQHTCP software: characterizing phenomic profiles and differential genetic buffering

Setup
Ø Create a new subdirectory in the StudiesQHTCP folder by copying and renaming the template
Ø Provide Experiment Names for Labeling by entering them in the StudiesQHTCP/YourStudy/Code/StudyInfo.csv file
Ø Run the ExpFrontend.m script from within each Exp folder to create an entry in the DataArchive.

Analyze
Ø Run the Z_InteractionTemplate.R script from the Code folder
Ø Run REMc/GOtermFinder, GTA-Pairwise Comparison(s), and generate TermSpecificHeatmaps

Figure 5. ‘StudiesQHTCP’ is a software pipeline run from shell scripts to streamline and automate Q-HTCP workflows. EASY software produces a ‘!!ResultsStd_’ file, 
with CPPs derived from the image analysis and fitting, labeled with the experiment design information about the strains (‘MasterPlate_’ file) and perturbations 
(‘DrugMedia_’); this stage of the analysis occurs in the ‘ExpJobs’ directory. StudiesQHTCP software allows for comparison of phenomic profiles from 2 - 4 different 
experiments. The setup for a study is to provide labels for the experiments to easily distinguish them in study outputs, and to import the ‘!!ResultsStd_’ files for the respective 
experiments. After setup, running the ‘Z_InteractionTemplate.R script will produce Interaction Z-scores for all experiment folders containing a ‘!!ResultsStd_’ file, along with 
additional files including and Interaction Plot for every gene, Rank Plots of interactions for all genes, and quality control results to assess CPP distributions across all cell 
arrays (see Fig. 1). The resulting ‘ZscoresInteraction.csv’ file for each experiment is called by additional scripts for clustering (Recursive Expectation-Maximization clustering; 
REMc), Gene Ontology enrichment, and production of heatmaps for visualizing gene interaction patterns and genetic modules. 

G(t) = K/(1 + e-r(t-L))
G(t) is the growth curve coordinate at time, t; 
r is an exponential rate constant; 
L is the time at which half carrying capacity is reached, when 
population increase is maximum, with inflection in the ‘S-curve’.

Interaction Z-scores are calculated from CPP response to perturbation intensity

Interaction Z-scores from a genomic library of yeast mutants provide a global view of genetic buffering
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L 
(h

rs
)

K

A B C

D

E

F

G H Figure 6. Growth curves yield cell proliferation parameter/phenotypes 
(CPPs), which are used to calculate genetic interactions and assess 
genetic buffering networks. (A-D) Spot culture image density over time is 
converted to CPP values by fitting to a logistic growth equation (see  Fig. 1) for 
768 replicate cultures of the parental reference strain. Example interaction 
plots are inset below C. (E-F) Distributions of CPPs are shown for the entire 
yeast knockout library, under (E) glycolytic or (F) respiratory metabolic 
conditions. (G-H) Genetic interactions are calculated for each gene deletion 
strain by comparing the CPP response of the deletion strain to that of the 
reference strain medians across all doxorubicin concentrations, which can be 
viewed as (G) rank plot distributions or (H) a scatterplot comparing  genetic 
interactions in a Warburg context (i.e., glycolytic vs. respiratory metabolism).  
Exacerbating/enhancing  interactions have a positive value for L, and negative 
for K, and alleviating/suppressing interactions have a negative value for L and 
positive for K. See the inset below panel C for interaction plots.
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−8 −4 −3 −12 10 3 4 14
−8 −1 −7 −12 9 2 8 15
−4 −3 −8 −8 2 2 7 7
−3 2 −7 −12 4 −2 12 9
−7 1 −6 −10 3 1 10 7
−5 2 −6 −7 7 1 11 8
−1 0 −14 −11 0 0 12 12
−5 −4 −9 −12 3 2 10 15
−1 −1 −8 −12 0 1 12 15
−2 0 −7 −12 0 1 14 15
−1 −2 −3 −12 2 0 9 15
1 −1 0 −12 0 1 9 15
1 −1 −2 −12 4 5 14 15
−6 3 −4 −6 5 −1 6 5
−4 1 −1 −8 5 0 2 10
−6 3 0 −6 8 −2 2 10
−11 −2 −1 −9 11 3 6 5
−9 −2 −3 −11 11 −1 8 9
−5 −3 −1 −9 10 2 6 7
−6 −4 −1 −8 8 6 4 8
1 1 0 −11 3 −5 2 7
−2 1 −1 −6 2 −3 0 9
−1 1 −1 −8 3 −3 1 8
−4 3 −3 −10 5 −4 5 8
−2 1 −1 −12 5 −4 6 11
1 1 1 −9 4 −2 3 10
1 1 1 −10 4 −3 5 13
−3 1 −1 −12 6 −3 2 14
−1 −2 −2 −12 6 −2 5 14
0 1 1 −12 7 −4 4 15
−7 2 −4 −12 3 1 −2 15
−2 1 −6 −9 1 −1 0 13
−4 2 −5 −12 4 −2 4 15
−4 −6 0 −12 7 −1 1 15
−6 −1 −4 −12 7 2 3 15
−1 −1 −2 −12 8 2 3 14
−1 −2 0 −12 5 4 7 15
−2 −1 −1 −12 4 9 3 15
−2 −5 −2 −12 4 5 4 14
−2 −5 −1 −10 4 6 3 14
−4 −10 −2 −7 4 9 2 6
−4 −11 −1 −8 7 8 1 10
−6 −11 −3 −8 10 5 8 9
−2 −10 −3 −9 6 7 8 8
0 −15 −4 −10 1 5 3 11
−3 −14 −9 −12 6 6 3 15
−2 −10 −1 −12 3 8 1 14
1 −11 0 −11 5 10 2 14
−4 −9 −1 −11 10 5 7 12
−3 −8 −4 −12 8 9 6 15
1 −1 0 −9 −1 8 0 2
−1 −1 −2 −12 4 3 9 7
−1 0 −2 −9 0 −2 4 10
0 1 −1 −10 1 0 3 9
0 0 −1 −10 2 −1 3 10
−1 0 −2 −11 2 2 7 8
−1 −1 −2 −11 0 0 4 10
0 −1 −2 −11 1 2 5 11
0 −3 −1 −4 0 1 1 2
0 −2 −1 −6 1 0 2 3
−1 −2 0 −6 1 2 0 3
−1 −3 −1 −5 1 3 1 4
0 −2 −1 −5 0 3 2 4
−1 −4 −1 −7 2 3 3 3
−1 −2 −1 −5 5 3 2 2
−2 −2 −2 −9 4 1 2 7
−1 −1 0 −9 1 4 −1 7
−4 −3 −1 −5 5 3 1 7
−1 −5 0 −5 5 0 1 9
−1 −3 −2 −4 3 2 4 7
0 −3 −1 −5 4 6 3 6
−1 −3 −2 −3 1 5 2 8
−1 −2 −1 −5 2 4 1 6
−1 −2 −2 −3 2 5 1 6
−1 −2 −1 −2 3 4 2 6
−5 −5 0 −5 0 6 −2 7
0 −2 0 −6 −2 6 −2 7
0 −2 0 −7 0 6 −1 8
0 −1 0 −5 0 6 −1 8
0 −3 0 −3 0 5 −2 8
1 −3 0 −2 −1 7 −3 10
−1 −2 0 −2 1 7 0 7
1 −4 0 −2 0 8 1 9
−1 −3 −3 −1 1 5 −1 6
−3 −3 0 0 4 2 −2 11
0 −2 0 1 3 3 1 9
−2 −2 −1 −7 2 4 2 10
−2 −2 −1 −4 3 1 0 11
0 −3 −1 −5 4 3 2 12
0 −2 0 −5 0 5 0 13
0 −2 −1 −4 2 8 0 14
0 −5 −2 −9 2 6 2 11
−2 −4 −1 −7 4 9 3 11
1 −3 0 −12 0 7 −1 9
0 −5 0 −8 1 9 −1 8
1 −4 0 −9 0 8 0 10
0 −5 0 −12 0 9 −1 14
0 −3 −1 −10 −1 6 −1 15
−1 −4 0 −11 1 6 0 14
0 −3 −1 −10 0 7 0 14
0 −8 0 −12 0 2 1 14
−2 −2 −3 −12 3 1 4 15
−2 −2 −2 −12 4 0 3 14
0 0 −2 −12 −1 1 3 15
−2 0 −1 −12 1 2 4 15
−1 0 −1 −12 3 3 0 15
0 0 −1 −12 3 6 1 15
0 0 −1 −12 0 −1 0 12
0 1 0 −12 −1 0 −1 12
0 0 −2 −11 0 1 0 11
0 0 0 −12 −1 1 0 15
0 0 0 −12 1 1 1 14
0 0 −1 −10 0 0 2 13
0 0 0 −10 −1 0 2 14
1 0 0 −10 −1 1 0 14
−1 0 0 −9 0 1 0 13
1 −1 2 −10 3 −1 1 14
1 1 1 −8 0 −1 2 12
1 0 1 −8 −1 1 1 13
−1 0 0 −11 −3 1 −1 14
0 −1 −1 −11 −2 4 0 15
0 0 −1 −12 −1 3 1 15
1 −1 0 −8 −2 3 −2 14
0 −1 0 −8 −1 2 −1 11
0 −1 0 −8 1 4 −1 12
0 −3 1 −9 3 2 0 12
1 −1 0 −11 3 5 0 13
1 −2 0 −10 0 5 1 11
0 −1 −1 −9 1 7 0 12
1 −1 0 −9 0 6 0 13
1 −1 1 −9 0 6 0 13
−4 −1 0 0 15 11 0 0
−10 −3 −1 0 15 14 6 −5
−9 −6 −2 −4 18 16 7 −4
−18 3 0 1 21 13 1 −4
−19 2 0 1 25 14 0 −1
−8 0 0 3 27 10 0 6
−8 2 −2 −6 21 12 4 5
−13 2 −4 −2 22 7 6 −1
−11 0 −1 −1 20 9 6 −2
−15 −4 −4 −11 18 16 8 8
−9 −8 0 −12 16 21 4 15
−9 −6 −3 −9 20 17 7 13
−7 −6 −1 −8 19 19 8 9
−5 −4 −1 −11 20 18 7 10
−13 0 −18 −12 28 15 9 15
−13 2 −14 −12 20 9 11 15
−10 1 −4 −12 22 7 9 15
−12 2 −3 −10 23 15 11 10
−10 2 −2 −12 27 15 11 15
−12 −17 0 35 34 0
−6 3 −1 −8 23 34 12 −2
−1 −6 0 −12 17 34 11 15
−6 −8 −1 −12 21 34 9 9
−11 −5 −3 −12 25 34 10 13
−18 −23 0 3 34 0
−18 −23 0 7 34 0
−7 −23 −18 −3 6 34 15 4
−10 −23 0 2 34 0
−7 −23 0 4 34 0
−10 −23 0 4 34 0
−11 −23 0 6 34 0
−15 −12 0 16 34 0
−12 −15 0 17 34 0
−17 −23 0 10 34 0
−14 −23 0 11 34 0
−14 −17 0 12 34 0
−17 −23 0 20 34 0
−14 −23 0 21 34 0
−9 −21 0 11 30 0
−8 −23 0 13 34 0
−7 −23 0 13 34 0
−9 −23 0 17 34 0
−5 −23 0 16 34 0
−3 −18 0 0 10 34 0 −1
−1 −20 0 8 34 0
−6 −22 0 6 31 0
−2 −22 0 7 31 0
−6 −23 0 8 34 0
−5 −21 0 8 34 0
−5 −22 0 10 34 0
−10 −8 −12 −5 −11 19 −9 10
−2 −22 −24 −12 5 27 −3 15
−1 −8 −22 −8 1 14 5 13
−2 −8 −14 −12 4 23 11 15
−3 −19 −17 −12 12 20 14 15
−11 −23 −14 −12 3 34 12 15
−5 −23 −11 −9 4 34 12 10
−3 −22 −10 −12 4 29 15 15
−10 −16 −5 −7 14 23 8 5
−3 −21 −8 −10 8 25 16 8
−1 −14 −7 −8 7 23 14 4
−1 −23 −1 −12 2 28 0 15
0 −20 0 −12 6 24 2 15
0 −15 0 −12 3 28 0 15
1 −17 1 −12 4 28 1 15
−1 −14 0 −12 8 34 6 13
−1 −23 −1 −12 8 34 1 15
−2 −23 −1 −12 4 34 0 15
−1 −23 0 −12 4 34 1 15
−3 −21 0 −11 11 34 3 15
−4 −23 0 −11 5 34 2 14
−3 −22 1 −12 8 34 2 11
1 −3 −1 −1 3 32 1 9
1 −4 0 2 31 0
−2 1 0 3 31 0
−2 −10 2 0 9 19 4 −5
0 −19 0 0 5 20 0 1
0 −15 0 −2 4 20 5 4
−7 −18 0 7 25 0
−10 −17 0 9 26 0
−6 −13 −1 −2 6 30 1 2
−4 −14 0 6 26 0
−2 −20 0 5 27 0
−2 −20 0 5 26 0
−1 −17 −1 0 3 28 −2 2
−1 −17 0 5 29 0
−2 −17 0 −1 6 32 0 8
−1 −16 0 −2 5 25 −1 8
−2 −16 0 −1 8 26 1 4
−7 −13 −2 −12 11 17 5 14
−6 −11 −3 −10 5 11 4 12
−3 −10 0 −12 8 12 4 12
−1 −17 −2 −12 4 17 1 15
0 −18 0 −12 2 20 0 15
−1 −13 −1 −11 0 18 0 13
0 −12 0 −12 2 21 1 15
1 −5 1 −12 6 22 1 13
−2 −11 −1 −12 7 18 1 14
−5 −11 −1 −12 8 19 2 15
−3 −11 −2 −12 12 22 3 15
−2 −13 −2 −10 8 22 3 12
−2 −11 −1 −11 7 22 4 11
1 −8 8 −8 5 14 10 2
2 −1 −1 −9 4 11 5 5
−3 −6 −1 −8 7 12 4 5
−3 −4 0 −9 10 12 8 5
−1 −9 −1 −12 10 19 8 13
−1 −4 −3 −12 9 21 11 15
0 −3 3 −10 2 14 11 8
1 −7 0 −12 5 13 11 15
2 −5 0 −12 0 17 3 14
2 −2 2 −12 5 17 2 14
0 −3 0 −12 3 13 2 10
0 −5 0 −12 5 16 6 10
0 −4 0 −11 6 12 5 13
−12 −5 −2 −7 11 7 3 5
−8 −4 −3 −4 8 6 2 8
−11 −3 −1 0 10 11 2 4
−8 −9 1 −1 11 3 4 3
−5 −10 0 0 14 8 3 5
−6 −10 −5 −6 6 6 4 −1
−3 −10 −2 −5 8 10 6 4
−1 −7 −1 −5 7 12 5 −4
0 −7 −3 −4 5 13 7 −1
−3 −4 −1 −4 9 10 2 9
0 −3 0 −4 7 9 3 10
0 −2 0 0 12 6 2 6
0 −3 1 −2 8 6 2 6
−2 −3 0 −2 10 8 2 7
−2 −8 0 −1 5 9 3 5
−1 −6 0 −1 2 9 0 3
1 −8 1 −2 3 10 1 2
0 −5 0 −3 3 11 3 2
−1 −4 0 0 6 4 0 2
−1 −2 2 −1 5 5 0 1
0 −1 0 −1 3 8 3 3
0 −4 −1 −1 3 8 2 1
0 −3 0 −1 1 7 2 2
−1 −3 0 −2 2 5 3 2
−1 −4 0 0 3 5 1 3
−1 −3 0 −2 2 6 2 5
0 −3 0 −1 3 5 1 4
−5 −12 0 0 15 22 −2 3
−6 −13 −1 −6 11 23 4 9
−3 −12 0 −5 12 24 2 7
−8 −4 0 −6 12 15 2 10
−1 1 0 −4 9 18 1 8
−1 −2 −1 −1 11 15 4 8
−1 −11 0 −3 4 14 0 6
−1 −7 −1 −2 5 15 1 11
0 −6 1 0 3 14 1 9
0 −6 0 −1 7 16 0 4
−2 −9 0 −1 11 16 0 8
−1 −5 0 −2 8 19 1 8
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YOR170W
SAS2
BDF2
YBL083C
BSC1
SAC6
IRC3
SEC66
INP53
ENT2
DNF1
RCE1
AMN1
OAF1
IPK1
MPT5
HSL1
SIR3
PUS4
PMS1
GAL11
SAD1
RDI1
WWM1
SPC3
ERV14
PTK2
YGL214W_2
YLL006W−A
YLR264C−A
YTM1
TCP1
DUT1
NUP53
FYV12
STP1
ALG6
DOA4
LAG1
YCL026C
GDT1
BZZ1
SIR4
SPO11
PAU8
YMR304C−A
ECL1
APE2
FKH2
RSC6
SRO9
RNR2
YJR037W
SCC4
NOP9
NUF2
EXO70
UTP15
YCK3
RHO4
KAP95
CDC20
SPC34
YNL057W
YBR277C
YCR025C
POP6
ERG8
YCR087W
RPS21B
RIB5
BRX1
AVO1
BUL2
PMA1
TSR4
SEC16
SAK1
YER119C−A
DOP1
PCM1
IQG1
SEC21
DCV1
ATG15
SSP1
DPH6
PUT1
ADY2
ECM34
KEL1
CMG1
LRE1
FKS1
EAF6
DPC25
DNF2
SRP72
PIP2
YTH1
ALG3
PSF2
TAH18
GLN1
CDC3
YAH1
PAP1
MPS1
TRZ1
ERG11
RIM2
GPI2
UBA1
YDL159W−A
MFA2
GGA2
FAS2
SCS2
WRS1
CDS1
ARC18
RIB7
CKA2
SRP1
RNA14
YHC1
TOM40
ORC5
NBP1
MAK21
RPC37
YGR190C
STN1
CFD1
GIM5
LEO1
NEM1
CDC25
YNL109W
WHI5
SKI2
MUP3
BRO1
VPS53
YML012C−A
GOS1
SOH1
TRS130
PKH3
PPM1
TEX1
YND1
IPT1
COG8
HTS1
TAF8
TUB4
SEC27
SNU23
KIN28
UBP2
USB1
LEE1
PNG1
NUP157
THI6
ILS1
SIR2
SEC10
MNN1
YAL016C−B
SLM2
YOR292C
RTN1
DUG3
YNL195C
YGL118C
POA1
SPO1
ARE1
AAN1
SLM1
IME1
AGX1
EDE1
LEA1
MSI1
PST2
YDR537C
ENT5
UBX2
YGL214W_1
ANK1
YMR294W−A
PIG1
UBP8
NCP1
MGA2
YML101C−A
ECM4
PPH21
APL5
ZWF1
SGF11
RPL13A
CAM1
GIP3
MHF2
FCY22
CTF3
SNC2
GIR2
PEX32
UBP16
YJL182C
YLR311C
DPC29
RPG1
YCS4
ELO1
CDC45
LYS4
YPL071C
LAA1
RPS9A
ARP3
BNA3
RSF1
ACF2
MSH2
APQ13
YIL054W
GPP1
EFM3
SIR1
APC2
HEL2
YDR095C
LSP1
HRD1
FRE6
IBD2
KTR6
DIG1
TRS85
IRC14
SAR1
RPS12
UBI4
TIF34
MUD2
GVP36
RPB5
RET3
UBA2
SYT1
NPA3
TMA22
LDB16
ELG1
LCL1
RRT16
THP2
SYP1
CEG1
YFH1
ANY1
TSR3
ACB1
WHI2
SVF1
YNL143C
RPT2
DSE2
RPC34
SGV1
SET6
ALG1
CDC39
CAP1
SWI1
GPI13
ABD1
COX15
SMC2
RPN13
RKM2
RPS11A
APL6
BUD26
FRE4
VTH1
YDL199C
TAZ1
RPL23A
YMR193C−A
TRM9
YGR025W_2
ENT1
RAM2
ARC35
TUB2
RRP15
GPN2
VAC14
GDS1
PPZ1
SWM2
RPL36A
PIH1
YBL073W
ARV1
POP8
TGS1
CIK1
JJJ3
RPS16B
MED1
CCT2
BUD27
RPS29B
GRX8
YEL067C
YGR164W
FLC1
SWC7
RRF1
DOS2
CKI1
PYC1
PHO81
CPT1
VOA1
SPO7
YJL064W
YNL179C
RXT3
GPB2
CDC5
YJL211C
YLR282C
YRO2
ERP1
YPR146C
SOL4
MYO4
AIP5
AYR1
RTS2
ORM1
SNQ2
LOS1
HHF2
TIM8
ATP4
CDH1
SEM1
AIM44
YLR236C
ECM30
SIF2
HMG2
YLR296W
UBC12
DPB4
HOS4
MRX20
FAT1
YLR287C
PEX17
PUT7
SPO77
CUL3
NKP2
STB3
YJL136W−A
SPH1
NCE101
RIE1
BUD6
YNL050C
IVY1
HOM2
SOP4
YLR232W
KAP114
PAU11
CWC15
MTO1
ECM22
PIR5
ARG8
FRT1
HST4
SNA3
YLR279W
TAD1
STF2
CSN9
ADH4
JJJ2
CIN2
NMA2
ASP1
YJL152W
ZIP2
YER175W−A
SDT1
YER053C−A
YOR293C−A
HRP1
RPL40B
YPR130C
LEM3
ESC1
SUR2
RMR1
GDA1
UBP12
SIZ1
PMP3
RVS161
NIP1
OPI9
RPL32
RPL38
TRF5
VPS52
RPP2A
NCL1
YKL053W
IMP4
APM3
TIF4631
VPS69
BUD13
RPL19A
LIP1
GIM3
NUP170
RPL16B
DCP1
POB3
VPS51
SLG1
PRE5
FYV1
CGI121
RPB3
CPR7
RSR1
ZIM17
YER034W
JHD1
BNA5
YML089C
MRI1
RPL34A
RPS6A
VPS63
TAF14
SDH2
FBP1
PSD1
NDC80
HUR1
MDM30
RPL39
RPL20A
IWR1
NUP84

Type of Media

G
en

e 
N

am
e

0 1 0 1 −1 −1 −1 −3
0 1 0 1 −1 −1 −1 −3
0 0 0 1 −1 0 −1 −3
1 0 0 1 −1 −1 −1 −2
1 0 1 1 −1 −1 −1 −3
0 0 0 1 −1 0 −1 −3
1 0 0 1 −1 −1 −1 −3
0 0 0 1 −1 0 0 −3
1 1 0 1 −1 −1 0 −3
0 0 0 1 −1 −2 −1 −2
1 0 0 1 −1 −1 −1 −2
1 0 0 1 0 −1 −2 −2
1 1 0 0 0 −2 −1 −2
1 1 0 0 0 −1 −1 −2
0 1 0 1 0 −1 0 −2
1 1 0 1 0 −1 −1 −2
0 1 0 1 0 −2 −1 −2
0 1 0 1 0 −1 −1 −2
1 1 0 1 0 −2 −1 −3
1 0 0 0 −1 −2 0 −3
1 0 1 0 0 −1 0 −2
0 0 0 1 −1 −1 −1 −2
0 0 −1 1 −1 −1 −1 −2
0 0 −1 1 −1 0 −1 −2
0 1 −1 1 −1 0 −1 −2
−1 1 −1 0 −1 0 −2 −3
−1 1 −1 0 −1 −1 −1 −3
−1 1 −1 0 −1 −1 −1 −2
0 0 −1 1 0 −1 −1 −2
0 1 −1 1 0 −1 −1 −2
0 0 −1 1 0 −1 −2 −2
0 1 0 1 −1 −1 −2 −3
0 1 0 1 0 −1 −2 −3
0 0 1 1 −1 0 −1 −2
1 1 1 1 0 0 −1 −2
1 0 1 0 −1 0 −1 −2
0 1 1 0 0 0 −1 −2
−1 1 1 1 −1 0 0 −3
0 0 0 1 −1 −1 −1 −4
0 0 0 1 −1 −1 −1 −3
0 0 0 1 0 −1 0 −4
1 0 0 1 0 0 −1 −4
1 1 0 1 −1 −1 −1 −4
0 0 −1 1 −1 −1 −1 −4
1 1 −1 1 0 −1 −1 −4
0 0 −1 1 0 1 −2 −3
1 0 1 1 −1 1 −1 −3
1 0 1 0 −1 1 −2 −2
1 0 1 1 −1 2 −1 −3
1 0 1 1 0 1 −1 −2
−1 0 −1 1 1 0 0 −4
−1 0 0 1 0 1 1 −4
−1 0 −1 0 0 0 0 −3
0 0 −2 2 1 −1 0 −3
0 0 −1 1 0 1 0 −3
1 0 −1 1 0 1 1 −3
−1 1 −1 1 2 −1 0 −3
0 0 0 1 1 −1 0 −3
−1 0 −1 1 2 0 0 −4
−1 1 −1 1 2 0 0 −4
1 1 0 1 3 −1 −1 −2
1 1 1 1 1 1 −1 −4
1 0 1 1 2 1 −1 −3
1 0 1 1 1 0 0 −3
1 0 0 1 1 0 0 −3
−1 0 −1 1 −1 −1 0 −3
−1 1 −1 1 0 −1 0 −2
−1 0 −1 1 0 −1 0 −3
0 0 −1 1 0 −1 0 −3
−1 1 −1 1 0 −2 0 −3
0 1 −1 1 0 −2 0 −2
0 0 −3 2 −1 −2 0 −2
−1 0 −1 1 0 −1 1 −3
0 0 −1 1 0 −1 1 −4
0 0 −2 1 0 −1 2 −4
0 1 −1 1 −1 −2 1 −4
1 1 −1 1 −1 −2 1 −3
1 0 −1 1 0 −1 1 −3
1 0 −1 0 −2 −1 2 −2
1 0 −1 0 −1 −1 2 −3
0 0 −1 1 −2 −1 1 −2
0 0 1 −1 −1 −1 1 −2
0 0 1 0 −1 −1 1 −2
0 0 1 0 0 −2 2 −2
1 0 0 0 −1 −1 2 −3
0 0 0 1 −1 0 2 −3
0 0 0 0 −1 −1 1 −4
1 1 0 1 −1 −1 1 −4
1 0 0 0 −3 −2 1 −4
0 0 0 1 0 −1 0 −3
1 0 0 1 0 −1 1 −2
1 −1 0 1 0 0 0 −3
0 0 0 0 0 0 0 −3
0 0 0 0 0 0 0 −3
1 0 0 0 0 1 0 −2
1 0 1 1 0 −1 0 −3
1 0 1 1 0 −1 0 −3
1 0 0 1 0 −1 −1 −3
2 1 1 1 0 0 0 −3
1 0 1 0 0 0 −1 −3
2 0 1 1 0 0 0 −4
2 0 1 0 0 0 1 −3
2 0 0 0 0 −1 1 −3
1 0 1 0 −1 0 2 −3
2 0 2 1 −1 0 1 −3
2 1 1 0 0 −2 0 −3
2 1 1 0 0 −1 0 −3
2 1 1 1 0 −1 0 −3
2 1 1 1 0 −2 0 −3
2 1 1 1 0 −1 0 −3
1 1 0 0 0 −1 0 −2
2 1 1 0 0 −1 −1 −2
2 1 1 1 0 −1 0 −2
2 1 1 0 1 −2 0 −2
2 0 2 0 1 −2 1 −2
2 1 1 0 1 −1 1 −3
2 0 2 0 0 0 1 −2
2 1 1 0 1 0 1 −3
2 0 0 0 0 −1 3 −4
2 1 0 −1 1 −1 2 −2
1 0 0 −1 0 0 0 −3
2 0 0 0 2 0 2 −3
1 1 0 1 −1 1 −2 −5
1 1 0 1 −1 1 −1 −6
0 0 −1 1 −1 2 −1 −5
0 1 1 1 −1 0 0 −5
1 0 0 1 −1 1 0 −5
0 0 −2 2 0 1 0 −7
−1 0 −2 2 2 1 0 −6
0 1 −1 1 0 1 −1 −6
0 0 −1 2 1 1 0 −6
0 1 −1 1 1 2 0 −5
1 1 0 0 1 0 0 −5
1 1 0 0 1 −1 0 −5
1 1 0 1 0 0 0 −6
1 0 0 1 0 1 0 −5
1 0 0 2 1 1 0 −6
1 1 0 1 2 1 1 −6
0 0 0 1 0 2 −1 −5
0 1 0 1 1 2 0 −4
1 0 0 1 1 1 0 −5
1 1 1 1 1 2 0 −4
0 1 1 1 2 0 −1 −5
0 1 0 1 3 0 0 −5
0 1 0 1 3 2 −1 −6
1 0 0 1 −1 −2 −1 −5
1 1 1 1 0 −1 −1 −5
2 0 1 1 −1 −1 −1 −4
2 0 1 1 0 −3 0 −5
2 1 1 1 0 −3 0 −4
3 1 2 0 0 −2 0 −3
2 1 1 1 0 −1 0 −4
2 1 2 1 0 −2 0 −4
2 1 2 1 0 −2 0 −4
1 1 1 1 0 −1 1 −6
1 1 1 1 0 −1 0 −6
1 1 1 1 1 −2 0 −5
1 0 0 1 1 −1 1 −5
2 1 0 1 1 −1 1 −4
1 1 0 1 1 −1 0 −4
1 1 0 1 2 −1 1 −4
1 1 1 1 1 −1 0 −4
2 0 1 1 1 0 0 −4
1 1 1 1 2 0 0 −4
1 1 1 1 1 0 0 −4
2 0 1 1 −1 −1 0 −7
2 1 2 2 0 −2 −2 −7
3 0 1 2 −1 2 −2 −6
3 0 1 1 0 0 0 −6
−1 0 0 1 −2 −1 2 −5
−1 1 0 0 −3 −1 3 −5
−1 1 0 1 −2 −1 1 −4
−1 0 0 1 −1 0 1 −5
−1 0 −1 0 −3 0 2 −6
−1 0 −1 1 −2 −1 4 −6
1 1 −1 2 −1 −2 2 −5
1 1 −1 1 0 −2 3 −5
0 0 −2 2 0 −1 4 −5
0 0 −1 0 −1 0 4 −3
1 0 0 0 −1 0 3 −4
0 0 0 0 −1 −1 4 −5
0 0 −1 1 1 −1 4 −4
1 0 −1 1 0 −2 4 −3
0 0 −1 1 −1 0 3 −7
2 0 0 0 −1 0 3 −5
2 1 2 2 0 0 2 −7
0 0 0 1 0 −2 −1 −2
0 0 0 1 0 −2 0 −3
0 1 0 1 1 −3 −1 −3
−1 0 0 1 0 −3 −1 −2
−1 1 0 1 0 −2 −1 −3
0 1 −1 1 0 −4 −1 −2
0 1 −1 1 −1 −3 −1 −3
0 1 1 0 1 −4 −1 −3
0 1 1 0 0 −3 −1 −2
1 0 0 1 −1 −2 −1 −2
1 1 0 1 −1 −2 −1 −2
1 1 0 1 0 −3 −1 −2
1 1 0 1 0 −2 −1 −1
0 0 −1 1 0 −2 −1 −2
1 0 0 1 0 −2 −1 −2
1 1 0 1 0 −2 −1 −3
1 1 0 1 0 −2 0 −3
1 1 0 1 0 −3 −1 −3
1 1 0 0 −1 −3 −1 −3
1 0 0 0 0 −3 0 −2
1 1 0 0 −1 −2 0 −3
1 1 0 0 −1 −2 −1 −2
2 1 1 0 −1 −2 −1 −3
2 1 1 0 0 −3 −1 −2
2 1 1 0 −1 −3 0 −2
2 1 1 0 0 −3 0 −2
2 1 1 0 0 −2 −1 −3
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0 1 0 1 3 −4 1 −6
0 1 −2 2 3 −3 2 −7
0 1 1 1 4 −5 2 −8
1 1 1 1 4 −4 3 −6
3 1 2 2 2 −6 3 −8
1 0 0 0 2 −7 −1 −5
1 2 1 1 1 −5 0 −5
2 1 2 2 2 −5 0 −6
0 2 −2 2 3 −5 2 −8
−1 2 −1 2 5 −6 1 −8
−1 2 −1 1 1 −7 1 −8
0 1 −4 2 3 −7 2 −6
0 2 −1 −1 4 −6 3 −5
−1 2 0 1 5 −6 2 −4
0 1 0 1 5 −7 4 −7
−1 2 0 1 8 −8 −2 −6
−3 −1 −1 2 8 −2 1 −8
−2 2 −2 2 7 −4 3 −9
0 2 1 1 9 −3 3 −9
−1 1 0 0 8 −4 2 −5
0 1 0 1 6 −2 4 −4
2 0 −1 2 −3 0 3 −10
1 0 −2 2 −2 0 5 −7
0 1 1 1 −1 2 5 −9
2 0 0 2 6 1 6 −11
0 0 −4 1 −1 −1 2 −3
0 0 −4 2 −1 −1 4 −4
0 0 −3 1 −1 −1 3 −3
2 0 −3 1 −1 0 5 −2
−1 0 −3 2 1 −2 4 −1
0 1 −4 2 0 −2 4 −2
0 0 −2 2 1 −2 4 −2
0 1 −4 2 −2 −1 8 −5
−1 1 −4 1 1 −1 9 −3
1 0 −11 2 −1 −1 7 −4
−2 1 −8 2 0 −1 10 −3
−1 2 −5 2 2 −5 5 −7
−1 1 −3 1 1 −5 6 −7
−2 2 −2 2 3 −6 5 −6
0 1 −3 1 1 −3 6 −6
0 1 −3 2 2 −2 7 −7
1 1 −5 2 9 −3 9 −6
0 0 −3 −1 6 −1 6 −3
0 1 −6 1 6 −3 11 −1
0 1 −20 0 −3 −1 −4 −5
1 0 −23 0 −1 −1 −2 −3
−1 0 −23 1 0 −2 −4 −7
0 2 −19 0 3 −4 1 −9
−2 1 −21 1 3 −2 5 4
−3 1 −20 −2 9 −4 10 2
−7 3 −13 1 9 −2 5 −1
−6 2 −13 0 12 2 6 2
−2 3 −11 1 5 −6 14 −6
−3 3 −8 0 6 −5 11 −5
1 0 −18 3 8 −6 14 −5
−16 1 −3 0 20 −5 8 1
−16 1 −3 1 19 −3 9 0
−3 2 0 0 12 −4 1 2
−1 0 0 1 11 −3 3 1
−5 2 −5 2 10 0 5 −6
−7 3 −2 1 9 −2 2 −2
−5 2 −1 0 10 −2 3 −1
−5 2 −1 2 9 1 1 −6
−4 2 0 1 11 2 4 −2

  1−0−1 

−10 0 5 10
Value

Color Key

K L
D/glyc EG/resp D/glyc EG/resp

shift Int_z shift Int_z shift Int_z shift Int_z

K L
D/glyc EG/resp D/glyc EG/resp

shift Int_z shift Int_z shift Int_z shift Int_z
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 1

YHR086W−A
RIX7
SPC29
CDC19
NSE5
ESA1
PSF3
KRE9
CEM1
VPS16
VPS34
TSR1
BUD25
HFI1
LIA1
UAF30
CTF4
ASC1
CTK3
TOM5
GCV3
LOA1
YDL163W
POR1
RPL22A
TRK1
GUF1
RPS8A
SCH9
PFK26
PEX5
SCL1
SAC7
YDL118W
THR1
PDR5
MMS4
BSD2
YKR073C
SAP155
SIS2
MSN5
CCR4
YOL050C
YLR374C
FOL2
EGD1
BUD16
SPT10
HIT1
NAT3
TFB1
CDC7
KRS1
PTR3
YGL188C−A
YJR018W
PDX3
YOR309C_1
SUI2
TRK1
SGD1
ERG2
RNT1
SEC12
WBP1
RSA1
ERG12
PGA3
YOL134C
FEN2
TIM54
CDC1
NUP82
HYM1
ERG13
YJL018W
SHP1
SNF2
PRP22
ARH1
ASF1
RPP1A
ZUO1
RPC17
GND1
ADH1
DAL81
GLC7
GLE1
REG1
GCR2
YNL198C
TAT1

Type of Media

G
en

e 
N

am
e

−10 −8 −12 −5 −11 19 −9 10

−2 −16 −23 11 6 1 −4 8

−1 −20 −16 −11 7 −6 11 10

−2 −18 −14 −11 7 −2 11 10

−3 −18 −19 −7 10 −5 15 8

−2 −19 0 −8 8 −2 15 3

−2 −14 −8 −10 13 2 11 12

0 −19 0 −11 7 8 14 12

−5 −10 −23 −7 8 4 11 10

−4 −8 −23 −3 7 8 10 8

−9 −11 −24 −6 12 8 6 12

−1 −8 −22 −8 1 14 5 13

−6 −8 −21 −5 9 7 21 3

−11 −4 −23 −8 17 14 19 10

0 −15 −4 −10 1 5 3 11

−4 −10 −2 −7 4 9 2 6

−4 −11 −1 −8 7 8 1 10

−6 −11 −3 −10 5 11 4 12

−6 −11 −3 −8 10 5 8 9

−2 −10 −3 −9 6 7 8 8

−4 −3 −8 −8 2 2 7 7

−10 −5 −6 −8 7 0 5 12

−1 −1 −2 −12 4 3 9 7

−5 −3 −1 −9 10 2 6 7

−6 −4 −1 −8 8 6 4 8

−4 −3 −1 −5 5 3 1 7

−1 −5 0 −5 5 0 1 9

−1 −4 −1 −7 2 3 3 3

0 −3 −1 −5 4 6 3 6

1 −15 0 0 −2 4 1 2

0 −13 −1 1 2 0 0 4

2 −9 1 −1 4 0 1 9

1 −1 0 −9 −1 8 0 2

2 −1 −1 −9 4 11 5 5

−5 −5 0 −5 0 6 −2 7

0 −2 0 −6 −2 6 −2 7

0 −2 0 −7 0 6 −1 8

0 −1 0 −5 0 6 −1 8

1 −3 0 −12 0 7 −1 9

0 −5 0 −8 1 9 −1 8

1 −4 0 −9 0 8 0 10

0 −5 −2 −9 2 6 2 11

−2 −4 −1 −7 4 9 3 11

−2 −2 −1 −7 2 4 2 10

−2 −2 −1 −4 3 1 0 11

0 −3 −1 −5 4 3 2 12

0 −2 0 −5 0 5 0 13

0 −2 −1 −4 2 8 0 14

−12 −5 −2 −7 11 7 3 5

−8 −4 −3 −4 8 6 2 8

−8 −4 0 −6 12 15 2 10

0 −3 3 −10 2 14 11 8

0 −3 0 −12 3 13 2 10

0 −5 0 −12 5 16 6 10

1 −8 8 −8 5 14 10 2

−3 −10 −2 −5 8 10 6 4

−3 −6 −1 −8 7 12 4 5

−3 −4 0 −9 10 12 8 5

−2 −9 0 −1 11 16 0 8

−1 −5 0 −2 8 19 1 8

−1 −11 0 −3 4 14 0 6

−1 −7 −1 −2 5 15 1 11

0 −6 1 0 3 14 1 9

−3 −4 −1 −4 9 10 2 9

0 −3 0 −4 7 9 3 10

−1 1 0 −4 9 18 1 8

−1 −2 −1 −1 11 15 4 8

−6 −8 −1 −12 21 34 9 9

−6 3 −1 −8 23 34 12 −2

−8 2 −2 −6 21 12 4 5

−15 −4 −4 −11 18 16 8 8

−12 2 −3 −10 23 15 11 10

−9 −6 −3 −9 20 17 7 13

−7 −6 −1 −8 19 19 8 9

−5 −4 −1 −11 20 18 7 10

−7 −23 −18 −3 6 34 15 4

−5 −23 −11 −9 4 34 12 10

−10 −16 −5 −7 14 23 8 5

−3 −21 −8 −10 8 25 16 8

−1 −14 −7 −8 7 23 14 4

1 −3 −1 −1 3 32 1 9

−2 −13 −2 −10 8 22 3 12

−2 −11 −1 −11 7 22 4 11

−6 −13 −1 −6 11 23 4 9

−3 −12 0 −5 12 24 2 7

−3 −18 0 0 10 34 0 −1

−5 −12 0 0 15 22 −2 3

0 −19 0 0 5 20 0 1

0 −15 0 −2 4 20 5 4

−6 −13 −1 −2 6 30 1 2

−1 −17 −1 0 3 28 −2 2

−2 −17 0 −1 6 32 0 8

−1 −16 0 −2 5 25 −1 8

−2 −16 0 −1 8 26 1 4

  2−0.0−0 

−10 −5 0 5 10
Value

Color Key
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MSS18

RIM9

AFT1

MRP17

CBP2

HIS7

GEP4

ISA2

KEI1

CMC1

MAC1

CMC1

KNH1

PET112

CRD1

SYO1

MRPL49

HTL1

CYC1

FSH1

COR1

NGL2

CBP4

QCR9

LIP2

COA2

SIN3

TOP3

ILV1

CTK1

SPT7

TDH1

APT1

OMS1

YLR235C

POP2

POP2

MNN11

SAM37

RPA34

PLC1

PRY1

LPD1

RAD6

YGL218W_1

RCF1

HTZ1

RMD8

RMD1

COX13

SSA1

CLG1

QCR6

MAK31

RKR1

PBP1

PDA1

PUS1

NAB6

PDR1

YAL004W

FMP25

HHT1

RPC40

CCR4

HAL5

NPT1

MUS81

YBR099C

PBY1

WHI3

SOD1

HAL5

RPL2B

Type of Media

G
en

e 
N

am
e

−1 −1 −21 −12 2 −1 11 15

−1 −1 −23 −12 2 2 10 15

−1 −1 −20 −12 2 0 7 15

−4 −4 −23 −12 3 2 7 15

−5 −2 −21 −12 3 1 12 15

−5 −1 −19 −12 3 1 11 15

−8 −3 −23 −12 4 0 12 15

−1 1 −22 −12 8 −3 11 15

0 1 −17 −11 8 3 12 12

0 −1 −20 −12 0 1 2 15

−1 0 −19 −12 −1 2 4 15

0 0 −17 −12 0 1 3 15

−3 −2 −14 −12 2 2 3 15

−3 −2 −17 −11 4 0 6 13

0 −2 −18 −12 4 2 9 15

−10 −2 −22 −12 7 1 2 15

−8 −2 −17 −12 6 0 1 15

−8 −3 −13 −12 9 1 9 15

−1 0 −23 −10 0 0 0 14

2 0 −21 −12 −3 0 1 15

−2 −3 −25 −12 3 1 −7 15

−1 0 −14 −11 0 0 12 12

−1 −1 −8 −12 0 1 12 15

−2 0 −7 −12 0 1 14 15

−1 −2 −3 −12 2 0 9 15

1 −1 0 −12 0 1 9 15

1 −1 −2 −12 4 5 14 15

−6 −5 −6 −12 7 4 7 13

−4 −2 −4 −9 6 4 7 10

−8 −4 −3 −12 10 3 4 14

−8 −1 −7 −12 9 2 8 15

−7 2 −4 −12 3 1 −2 15

−2 1 −6 −9 1 −1 0 13

−3 1 −1 −12 6 −3 2 14

−1 −2 −2 −12 6 −2 5 14

−6 −1 −4 −12 7 2 3 15

−1 −1 −2 −12 8 2 3 14

−2 −5 −1 −10 4 6 3 14

−1 −2 0 −12 5 4 7 15

1 −1 2 −10 3 −1 1 14

1 1 1 −10 4 −3 5 13

−1 −1 −2 −11 0 0 4 10

0 −1 −2 −11 1 2 5 11

−2 −2 −3 −12 3 1 4 15

−2 −2 −2 −12 4 0 3 14

0 0 −2 −12 −1 1 3 15

−2 0 −1 −12 1 2 4 15

0 0 −1 −12 0 −1 0 12

0 1 0 −12 −1 0 −1 12

0 0 −2 −11 0 1 0 11

0 0 0 −12 −1 1 0 15

0 0 0 −12 1 1 1 14

0 0 −1 −10 0 0 2 13

0 0 0 −10 −1 0 2 14

−1 0 0 −11 −3 1 −1 14

0 −1 −1 −11 −2 4 0 15

0 0 −1 −12 −1 3 1 15

1 −1 0 −8 −2 3 −2 14

0 −1 0 −8 −1 2 −1 11

0 −1 0 −8 1 4 −1 12

1 0 1 −8 −1 1 1 13

1 0 0 −10 −1 1 0 14

−1 0 0 −9 0 1 0 13

−1 0 −1 −12 3 3 0 15

0 0 −1 −12 3 6 1 15

0 −3 1 −9 3 2 0 12

1 −1 0 −11 3 5 0 13

0 −3 −1 −10 −1 6 −1 15

−1 −4 0 −11 1 6 0 14

0 −3 −1 −10 0 7 0 14

1 −2 0 −10 0 5 1 11

0 −1 −1 −9 1 7 0 12

1 −1 0 −9 0 6 0 13

1 −1 1 −9 0 6 0 13

  2−0.0−1 

−10 −5 0 5 10
Value

Color Key
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RPL13B
XRS2
SPT20
HEM3
YKL083W
SSY1
GCD10
PEP3
VPS33
AIM22
YKL118W
ADK1
ORC1
YOR331C
YCL007C
RVB1
ORC3
YML6
SDS22
CSE4
NPL6
YNL114C
TFB5
SNF6
HFA1
MMS22
CTK2
ADA2
UMP1
YBR100W_1
YDJ1
MMS4
NBP2
PGD1
IES6
KCS1
RTT109
ARP8
ARP4
YDR341C
YGR272C
SIT4
VPS15
RAD57
SSZ1
YLR339C
RPA49
YGL074C
RCL1
PTC1
SPB1

Type of Media

G
en

e 
N

am
e

−11 −8 −2 −12 8 −19 4 15

−2 −21 0 −12 3 −7 0 15

−7 −4 −22 −12 16 15 21 15

−13 2 −14 −12 20 9 11 15

−13 0 −18 −12 28 15 9 15

−10 1 −4 −12 22 7 9 15

−10 2 −2 −12 27 15 11 15

−5 −8 −23 −12 8 8 6 15

−3 −5 −24 −12 7 7 6 15

−4 −4 −22 −12 4 6 6 15

−8 −8 −22 −12 8 5 5 15

−9 −8 −23 −12 14 5 4 15

−8 −9 −20 −12 5 −2 12 15

−3 −5 −22 −12 8 6 18 15

−5 −8 −20 −12 9 7 20 15

0 −19 −15 −12 7 2 11 15

−2 −17 −15 −12 7 2 14 15

0 −20 −18 −12 7 0 15 15

−3 −18 −12 −12 9 −4 14 15

−2 −16 −9 −12 8 2 14 15

−8 −10 −13 −12 4 7 6 15

−6 −8 −15 −12 9 9 6 15

−3 −14 −9 −12 6 6 3 15

−7 −4 −16 −12 9 3 11 15

−5 −4 −9 −12 3 2 10 15

−9 −9 −3 −11 15 1 4 14

−11 −5 −3 −12 16 1 10 15

−4 2 −5 −12 4 −2 4 15

0 1 1 −12 7 −4 4 15

0 −8 0 −12 0 2 1 14

−4 −6 0 −12 7 −1 1 15

0 −5 0 −12 0 9 −1 14

−2 −5 −2 −12 4 5 4 14

−2 −1 −1 −12 4 9 3 15

−4 −9 −1 −11 10 5 7 12

−3 −8 −4 −12 8 9 6 15

−3 −10 0 −12 8 12 4 12

−2 −10 −1 −12 3 8 1 14

1 −11 0 −11 5 10 2 14

−2 −8 −14 −12 4 23 11 15

−9 −8 0 −12 16 21 4 15

−1 −9 −1 −12 10 19 8 13

−1 −4 −3 −12 9 21 11 15

−1 −17 −2 −12 4 17 1 15

−7 −13 −2 −12 11 17 5 14

−2 −11 −1 −12 7 18 1 14

−5 −11 −1 −12 8 19 2 15

0 −4 0 −11 6 12 5 13

1 −7 0 −12 5 13 11 15

2 −5 0 −12 0 17 3 14

2 −2 2 −12 5 17 2 14

  2−0.0−4 

−10 −5 0 5 10
Value

Color Key
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SFP1
ARP5
SEC31
MMF1
RPP1
MED7
RAD55
RAD54
RPL27A
CTF13
RAD51
RPR2
RAD50
SAS10
MEX67
ERG24
TIF35
BEM4
MRE11
YDL152W
RAD52
MNN10

Type of Media

G
en

e 
N

am
e

−11 −5 −3 −12 25 34 10 13

−1 −6 0 −12 17 34 11 15

−2 −22 −24 −12 5 27 −3 15

−3 −19 −17 −12 12 20 14 15

−11 −23 −14 −12 3 34 12 15

−3 −22 −10 −12 4 29 15 15

−1 −13 −1 −11 0 18 0 13

0 −12 0 −12 2 21 1 15

−3 −11 −2 −12 12 22 3 15

1 −5 1 −12 6 22 1 13

0 −18 0 −12 2 20 0 15

0 −20 0 −12 6 24 2 15

−1 −23 −1 −12 2 28 0 15

0 −15 0 −12 3 28 0 15

1 −17 1 −12 4 28 1 15

−1 −14 0 −12 8 34 6 13

−1 −23 −1 −12 8 34 1 15

−2 −23 −1 −12 4 34 0 15

−1 −23 0 −12 4 34 1 15

−3 −21 0 −11 11 34 3 15

−4 −23 0 −11 5 34 2 14

−3 −22 1 −12 8 34 2 11

  2−0.0−5 
−10 −5 0 5 10
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Color Key
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ERG3
SPT14
CAT8
TRM10
VMS1
SGF29
KOG1
ARP2
YNK1
ZAP1
GAA1
RPL36B
MTR3
UPS1
CTR9
RPL7A
GRC3
BUD28
HPR1
PRE9
NGG1
DEP1
ALT1
IFM1
TOM22
GCN5
UME6
MRP21
SPT8
DSN1
SIN4
RSC1
ATG11
IES3
IES2
YLR294C
YPR050C
CKB2
MAK10
MET18
MDM35
DUN1
DBF2
LSM1
SPT21
RPS0B
BUR2
RPB9

Type of Media

G
en

e 
N

am
e

0 1 −8 −6 2 −1 7 −14

1 1 −6 −8 4 −4 11 −13

1 0 −6 −8 −1 0 8 −20

−1 1 1 −11 −2 0 −3 −7

2 0 −1 −11 −1 2 1 −5

−1 0 −1 −10 0 −1 1 −1

1 1 0 −5 0 −4 1 −4

1 1 1 −6 1 −4 2 −3

0 0 3 −9 −3 −1 11 −8

0 1 6 −8 6 −5 11 −5

−3 4 3 −8 11 −4 8 −6

−2 2 0 −9 10 2 8 0

−17 −3 2 −5 1 −5 1 0

−11 5 −5 −7 10 −6 7 3

−5 3 −2 −6 11 −6 6 2

−10 3 −1 −5 10 −3 11 −4

−12 −3 8 −12 3 3 13 −9

−11 −2 −1 −9 11 3 6 5

−9 −2 −3 −11 11 −1 8 9

−4 3 −3 −10 5 −4 5 8

−2 1 −1 −12 5 −4 6 11

−1 0 −2 −11 2 2 7 8

−3 2 −7 −12 4 −2 12 9

−7 1 −6 −10 3 1 10 7

−5 2 −6 −7 7 1 11 8

−2 2 −1 −9 5 −4 5 −1

−2 2 −4 −7 3 −6 8 2

0 −2 −1 −6 1 0 2 3

0 1 0 −5 2 −5 2 2

1 1 −1 −6 1 −5 5 5

−2 −2 −2 −9 4 1 2 7

−1 −1 0 −9 1 4 −1 7

1 1 0 −11 3 −5 2 7

−2 1 −1 −6 2 −3 0 9

−1 1 −1 −8 3 −3 1 8

−1 0 −2 −9 0 −2 4 10

0 1 −1 −10 1 0 3 9

0 0 −1 −10 2 −1 3 10

1 1 1 −8 0 −1 2 12

1 1 1 −9 4 −2 3 10

−6 3 −4 −6 5 −1 6 5

−3 2 −1 −3 6 −2 1 3

−6 3 −2 −3 5 0 2 6

−3 2 −2 −3 4 −1 1 7

−4 1 −1 −8 5 0 2 10

−6 3 0 −6 8 −2 2 10

−15 2 −15 −5 17 −3 10 7

−16 2 −17 −6 17 2 21 −2

 2−0.0−6 
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Value

Color Key
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REA1

CBF5

YRA1

PHS1

PHO85

DBP6

DBP9

ECO1

SSL1

TRS120

TIM22

CEF1

CDC37

CDC28

VAS1

SNU71

EPL1

PRP2

RRP43

RSC58

PMI40

PRP43

YRB2

TEL2

CKS1

TFA2

SEC6

CDC14

AFG3

RFC5

GRR1

SWI3

MCD1

Type of Media

G
en

e 
N

am
e

−12 −17 0 35 34 0

1 −4 0 2 31 0

−2 1 0 3 31 0

−7 −18 0 7 25 0

−10 −17 0 9 26 0

−2 −20 0 5 27 0

−2 −20 0 5 26 0

−4 −14 0 6 26 0

−1 −17 0 5 29 0

−10 −23 0 2 34 0

−7 −23 0 4 34 0

−10 −23 0 4 34 0

−11 −23 0 6 34 0

−1 −20 0 8 34 0

−6 −22 0 6 31 0

−2 −22 0 7 31 0

−6 −23 0 8 34 0

−5 −21 0 8 34 0

−5 −22 0 10 34 0

−18 −23 0 3 34 0

−18 −23 0 7 34 0

−9 −21 0 11 30 0

−8 −23 0 13 34 0

−7 −23 0 13 34 0

−9 −23 0 17 34 0

−5 −23 0 16 34 0

−15 −12 0 16 34 0

−12 −15 0 17 34 0

−17 −23 0 10 34 0

−14 −23 0 11 34 0

−14 −17 0 12 34 0

−17 −23 0 20 34 0

−14 −23 0 21 34 0

  2−0.0−7 

−10 −5 0 5 10
Value

Color Key

(REMc 1st Round)

(REMc 2nd Round)
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RPL40B
TPT1
YPR130C
UBP14
LEM3
OPI7
ESC1
LSB3
SUR2
RPL21B
RMR1
NST1
RPL38
RTC3
TRF5
GID12
VPS52
VPS54
POB3
RPB2
SWA2
HHY1
VPS69
DOA1
SCD6
UBA2
EPS1
TRP5
NPA3
LCL1
MAS1
SIZ1
MLP1
PMP3
YFR024C
DCV1
CDC24
NIP1
RVS167
RVS161
CIN8
VRP1
RPL32
FES1
OPI9
ATP16
PTH1
GDA1
YNL089C_2
MFA2
APM3
CKA2
RPP2A
NUP60
ARF1
MON2
VPS53
GIM3
PUF3
GOS1
PAC10
SOH1
NUP170
GCS1
RPL16B
RPS24A
DCP1
YPT6
VPS51
SMT3
SLG1
EOS1
FYV1
LIP1
MET22
CBC2
IST3
STO1
NDE1
CGI121
YDR433W_2
RPB3
RPL34A
RPL19B
RPS6A
VPS63
ZIM17
SPC72
YBR196C−A
NUP84
MDM30
HUR1

Type of Media

G
en

e 
N

am
e

1 1 0 1 0 −5 −1 −6

1 1 1 1 0 −4 −1 −6

1 1 0 1 0 −3 −1 −6

0 2 0 2 0 −4 −1 −7

0 1 0 1 0 −4 0 −7

0 1 0 2 0 −3 0 −7

0 1 1 1 0 −4 0 −7

0 0 0 2 −1 −4 −1 −7

1 1 −1 2 0 −4 −1 −7

−1 1 0 1 −1 −4 −2 −6

1 1 0 2 0 −6 0 −8

0 2 0 2 0 −5 0 −7

0 1 −1 2 1 −4 0 −6

0 1 0 1 1 −5 1 −6

−1 2 −1 1 2 −6 1 −6

0 2 −1 2 1 −4 1 −7

−1 2 −1 2 1 −3 1 −7

−1 1 −1 1 2 −4 0 −6

1 2 1 1 1 −5 0 −5

1 1 0 1 1 −3 0 −5

2 1 2 2 2 −5 0 −6

−2 1 0 2 3 −1 −1 −8

−1 1 −1 2 3 −2 −1 −7

0 1 −1 2 1 −2 0 −7

1 1 0 2 −1 −2 −2 −7

1 1 0 1 −1 −2 −1 −7

1 1 0 1 0 −3 −2 −6

−1 1 0 1 −1 −2 −1 −7

−1 2 0 1 −1 −2 −2 −6

−1 1 −1 1 −2 −4 −2 −6

1 0 −2 2 −2 −2 −1 −6

0 1 −1 2 −1 −4 −1 −9

0 1 0 2 −1 −3 −1 −9

0 1 −2 2 −1 −3 −1 −9

2 1 1 1 −2 −2 −2 −8

2 1 2 2 0 −2 −2 −7

1 1 1 1 0 −1 0 −6

1 1 0 1 −3 −5 −3 −10

0 1 −1 2 −1 −4 1 −9

1 1 −1 2 0 −4 2 −9

−1 1 −1 2 1 −4 2 −10

0 1 −1 2 2 −4 4 −12

0 1 0 1 2 −4 4 −11

−1 1 1 1 1 −7 0 −11

0 1 0 2 −1 −6 0 −11

2 0 −1 2 −3 0 3 −10

0 1 1 1 −1 2 5 −9

0 1 −1 1 0 −4 0 −5

0 1 0 2 0 −3 0 −5

0 1 0 1 0 −3 0 −4

−1 1 0 2 0 −3 −1 −4

1 1 0 1 1 −6 1 −4

−2 2 −1 1 2 −4 0 −5

−2 3 0 2 3 −4 0 −7

0 2 0 1 4 −5 −1 −4

0 1 −1 2 0 −2 1 −5

−1 2 0 1 1 −3 1 −6

0 1 0 1 1 −3 2 −5

−2 2 0 1 1 −1 1 −5

−1 1 −1 1 1 −1 3 −6

−2 2 −3 2 2 −4 3 −5

−1 2 −1 1 2 −3 4 −4

0 1 0 1 3 −4 1 −6

0 1 −2 2 3 −3 2 −7

0 1 1 1 4 −5 2 −8

1 1 1 1 4 −4 3 −6

3 1 2 2 2 −6 3 −8

2 2 2 1 1 −4 4 −5

0 2 −2 2 3 −5 2 −8

−1 2 −1 2 5 −6 1 −8

−1 2 −1 1 1 −7 1 −8

0 1 −4 2 3 −7 2 −6

0 1 0 1 5 −7 4 −7

−5 1 1 2 2 −6 −1 −7

−1 1 −1 1 4 −4 2 −5

−2 2 −1 1 5 −4 1 −5

−1 2 0 1 5 −6 2 −4

−4 2 −1 1 7 −3 0 −4

−1 2 0 1 8 −8 −2 −6

−3 −1 −1 2 8 −2 1 −8

−2 2 −2 2 7 −4 3 −9

0 2 1 1 9 −3 3 −9

−1 2 −5 2 2 −5 5 −7

−1 1 −3 1 1 −5 6 −7

−2 2 −2 2 3 −6 5 −6

0 1 −3 2 2 −2 7 −7

2 0 0 2 6 1 6 −11

1 1 −5 2 9 −3 9 −6

−5 2 −5 2 10 0 5 −6

−5 2 −1 2 9 1 1 −6

1 0 −18 3 8 −6 14 −5

−2 3 −11 1 5 −6 14 −6

 2−0.1−5 

−10 −5 0 5 10
Value
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LCB4
FAP1
TRS85
LDB16
IRC14
IDH2
YNL266W
VPS74
TMA22
SAR1
YBR134W
RPS12
TMA20
UBI4
CEG1
YBR089W
TIF34
OST2
SPC3
GVP36
YJL009W
RET3
PMS1
GAL11
IPK1
CLB2
SYT1
IFH1
POP6
SEC26
ERG8
BRL1
SAK1
PRP4
GYP1
SMM1
RPL40A
YGL214W_2
ERV14
YAR1
RPS21B
PRP39
RIB5
SME1
SRO9
ZPR1
SRP21
TCP1
IQG1
SEN1
CDC20
FAF1
SPC34
TSA1
YNL057W
MAL31
ATG15
DPB3
YBR277C
DUG2
YCR025C
GLN4
YCR087W
CSL4
AVO1
YLR264C−A
ARF2
BRX1
YRB1
YFH1
PMA1
YKR004C−A
YNL143C
RGP1
RGD3
SSP1
DPH6
SLX4
LRE1
AIM17
UBP12
YDR199W
ADY2
PUT1
KSP1
RSR1
YER034W
GIM4
JNM1
CIK1
MRI1
YML089C
FBP1

Type of Media

G
en

e 
N

am
e

0 0 −1 1 −1 −1 −1 −4

−1 0 −1 1 −1 −1 −1 −4

1 0 0 2 −1 −1 −1 −4

−1 1 −2 2 −2 0 −1 −5

−1 −1 0 1 −2 −1 −1 −4

0 −1 0 1 −3 −1 0 −4

0 0 −2 2 −3 −1 −1 −4

−1 0 0 1 −2 −1 −2 −7

−1 0 −1 1 0 0 −2 −6

−1 1 0 1 −2 0 −3 −4

0 1 0 1 −2 −1 −2 −4

0 0 1 1 −3 1 −3 −5

1 0 0 1 −2 0 −1 −6

0 1 1 1 −2 1 −2 −5

1 0 0 1 −4 0 −4 −6

1 0 0 1 −3 1 −3 −3

1 0 0 1 −2 1 −3 −4

1 0 0 1 −1 2 −3 −3

1 0 1 1 −1 2 −1 −3

2 1 2 1 −3 −1 −3 −4

2 0 1 1 −2 1 −2 −4

3 0 3 1 −2 1 −2 −5

0 0 0 1 −1 −1 −1 −4

0 0 0 1 0 −1 0 −4

1 0 0 1 0 0 −1 −4

2 0 1 1 −1 −1 −1 −4

0 1 0 2 −1 −1 −1 −6

1 0 0 1 −1 −2 −1 −5

1 1 0 0 1 0 0 −5

1 1 0 0 1 −1 0 −5

1 1 0 1 0 0 0 −6

1 0 0 1 0 1 0 −5

1 1 1 1 0 −1 1 −6

1 0 0 1 1 −1 1 −5

0 0 −1 1 0 −1 1 −4

1 0 −1 1 0 −1 1 −3

0 0 −2 2 1 −1 0 −3

0 0 −1 1 0 1 0 −3

−1 0 −1 1 1 0 0 −4

−1 0 0 1 0 1 1 −4

0 0 0 1 0 2 −1 −5

0 1 0 1 1 2 0 −4

1 0 0 1 1 1 0 −5

0 0 −1 1 0 1 −2 −3

2 0 1 1 0 0 0 −4

1 1 1 1 1 2 0 −4

1 1 1 1 1 1 −1 −4

1 0 1 1 2 1 −1 −3

2 0 1 1 1 0 0 −4

1 1 1 1 2 0 0 −4

1 1 0 1 −1 1 −2 −5

1 1 0 1 −1 1 −1 −6

0 0 −1 1 −1 2 −1 −5

0 1 1 1 −1 0 0 −5

1 0 0 1 −1 1 0 −5

3 0 1 2 −1 2 −2 −6

3 0 1 1 0 0 0 −6

0 0 −2 2 0 1 0 −7

−1 0 −2 2 2 1 0 −6

0 1 −1 1 0 1 −1 −6

0 0 −1 2 1 1 0 −6

0 1 −1 1 1 2 0 −5

1 0 0 2 1 1 0 −6

1 1 0 1 2 1 1 −6

0 1 0 1 3 2 −1 −6

−1 0 −1 1 2 0 0 −4

−1 1 −1 1 2 0 0 −4

0 1 1 1 2 0 −1 −5

0 1 0 1 3 0 0 −5

1 0 2 1 −2 −2 −1 −6

2 0 1 1 0 −3 0 −5

2 0 1 1 −1 −1 0 −7

3 0 3 1 −1 −3 0 −5

2 1 2 2 0 0 2 −7

−1 0 0 1 −2 −1 2 −5

−1 1 0 0 −3 −1 3 −5

−1 0 0 1 −1 0 1 −5

−1 0 −1 0 −3 0 2 −6

2 0 0 0 −1 0 3 −5

1 0 0 0 −1 0 3 −4

0 0 −1 1 −1 −3 1 −6

1 1 −1 2 −1 −2 2 −5

1 1 −1 1 0 −2 3 −5

−1 0 −1 1 −2 −1 4 −6

0 0 −1 1 −1 0 3 −7

1 0 −2 2 −2 0 5 −7

0 0 −4 2 −1 −1 4 −4

0 0 −2 2 0 −1 4 −5

0 0 −1 1 1 −1 4 −4

−3 1 −1 1 4 0 3 −4

1 0 −11 2 −1 −1 7 −4

0 1 −4 2 −2 −1 8 −5

−1 0 −23 1 0 −2 −4 −7

 2−0.1−4 

−10 −5 0 5 10
Value
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LEC1

PKH3

NGR1

PPM1

HTS1

FRQ1

MRP35

GGA2

SKI7

DPC25

EAF6

FAS2

UBP1

PSF2

ENT2

RDI1

SEC66

PSY1

COG8

NFI1

APC9

HSL1

OSH3

SDD2

IZH3

YLR046C

MSH2

NCL1

DPL1

RPS30B

COG6

DBR1

YML012C−A

SKI2

DOA4

INP52

RRT16

ELG1

VPS13

HEK2

DNF2

NCB2

ROM2

NUP2

VIP1

BUL2

SAD1

ESF2

TSR4

LSM3

SEC16

PRP42

YER119C−A

STH1

PCM1

DOP1

MCM10

SEC21

UBA1

PRI1

NOG1

RSC6

SCS2

WRS1

GTS1

CDS1

SEI1

YIF1

VHT1

SVF1

SYP1

IBD2

HSL7

RPS2

BUD13

RPS16B

CPR7

Type of Media

G
en

e 
N

am
e

0 1 0 1 −1 −2 −1 −3

0 1 0 1 −1 −2 −1 −3

1 1 0 1 −1 −2 −1 −3

0 1 −1 1 −1 −2 −1 −3

1 1 0 1 −1 −3 −1 −3

1 1 0 1 −1 −2 −1 −3

1 1 1 1 0 −2 0 −4

1 0 1 1 0 −2 0 −4

1 0 0 1 0 −3 0 −3

−1 1 0 1 0 −2 −1 −3

0 1 0 1 1 −3 −1 −3

0 1 1 1 0 −2 −1 −4

1 1 0 1 0 −2 −1 −3

1 1 0 1 0 −2 0 −3

1 1 0 1 0 −2 −1 −3

1 1 −1 1 0 −1 −1 −4

0 1 0 1 0 −1 0 −2

−1 1 −1 1 −1 −3 −2 −3

0 1 −1 1 −1 −2 −2 −3

0 1 −1 1 −2 −3 −2 −3

0 1 0 1 −1 −1 −2 −3

0 1 0 1 0 −1 −2 −3

0 1 −1 1 −1 −2 1 −4

−1 1 0 1 −2 −1 1 −4

0 1 0 1 −2 0 −1 −4

1 1 0 1 −1 −1 1 −4

−2 1 0 1 −2 0 −1 −3

−1 1 −1 1 0 −2 −1 −4

0 1 −1 1 1 −2 −1 −4

−1 1 −1 1 0 −2 0 −3

−1 1 −1 1 1 −3 0 −4

0 1 0 1 1 −2 1 −4

0 1 0 1 1 −2 2 −4

−1 0 0 1 2 −2 2 −3

0 0 −2 1 0 −1 2 −4

−2 1 0 1 −2 −4 −1 −4

−1 1 0 1 −2 −2 −1 −4

0 1 0 1 0 −3 −2 −5

1 0 1 1 −3 −3 −2 −5

0 1 −1 1 0 −4 −1 −2

0 1 −1 1 −1 −3 −1 −3

0 1 −1 1 −2 −4 0 −3

0 1 0 1 0 −5 −1 −4

0 1 0 1 1 −5 −1 −4

1 1 1 1 0 −4 0 −3

1 1 1 1 0 −1 −1 −5

1 1 0 1 −1 −1 −1 −4

2 1 1 1 0 −3 0 −4

3 1 2 0 0 −2 0 −3

2 1 1 1 0 −1 0 −4

2 1 2 1 0 −2 0 −4

2 1 2 1 0 −2 0 −4

1 1 1 1 1 −2 0 −5

1 1 0 1 1 −1 0 −4

1 1 0 1 2 −1 1 −4

2 1 0 1 1 −1 1 −4

1 1 1 1 1 −1 0 −4

1 1 1 1 1 0 0 −4

1 1 0 1 1 −2 1 −3

2 1 1 1 0 −1 0 −3

2 1 1 1 0 −1 0 −3

2 1 1 1 0 0 0 −3

1 1 1 1 1 −4 0 −5

1 1 1 1 2 −3 0 −4

1 1 1 1 1 −3 −1 −3

2 1 1 1 1 −3 −1 −4

2 0 2 1 −1 −4 −1 −4

3 1 3 1 −1 −3 −1 −4

3 0 2 1 −2 −2 −1 −4

3 1 2 1 −1 −2 −1 −3

0 1 0 1 −4 −1 −3 −4

1 0 0 1 −4 −2 −3 −4

1 0 0 1 −3 −3 −3 −5

1 0 0 1 −3 −2 −4 −5

0 1 1 1 4 −4 0 −4

−1 1 0 1 4 −2 0 −2

0 1 0 1 6 −2 4 −4

 2−0.1−3 

−10 −5 0 5 10
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CFT2

USB1

YLR140W

HRB1

SUR1

PWP1

BFR1

ARC18

MRD1

RIB7

IMP4

POM34

YKL053W

CSE2

SRP1

ARC35

ORC5

RNA14

SRB4

ENT1

CWC25

SRP68

TIF4631

STP1

IME1

RPS7B

RPL13A

TPI1

IDH1

GDS1

PPZ1

TRM7

SPO11

KAP95

CDC25

NUF2

SUP35

YJL135W

VAC14

RAM2

RRP15

TUB2

RGC1

SMC2

RPT2

COX15

DED1

THP2

APC2

MSN4

TRS130

CDC45

SEN2

SEC10

YGL118C

LAA1

REE1

DET1

SGF11

ARP3

SCO2

YNL193W

MON1

RXT3

YAE1

PEX2

YJL211C

SPO1

PMA2

SEM1

RIE1

SWE1

ZNF1

MRS3

CDH1

NOC4

ATP4

ALD6

YJL136W−A

SIF2

YDR010C

BTN2

SNQ2

TIM8

DSD1

APC1

SQT1

ARC15

TSC3

AVT5

KEL1

RPC34

LEO1

WSS1

NEM1

PRE5

RPL19A

YCL041C

TAF14

BUD31

RPS11A

APL6

SRF1

RPS1A

VTH1

YDL199C

RPS28B

BUD26

IRC4

FRE4

POP8

SWM2

SAP190

TRM9

FMP27

YGR025W_2

RPS18B

TGS1

CIK1

MED1

SRB2

CCT2

BUD27

HMO1

RPS29B

HOS2

SEC1

RFA1

ARV1

AFG2

YMR242W−A

IWR1

RPS10A

NSR1

SDH2

TAF13

ARP7

NDC80

NET1

PMR1

BUD19

Type of Media

G
en

e 
N

am
e

−1 2 1 −1 −1 −4 −1 −3
−1 2 0 0 −1 −3 −2 −3
−1 2 0 0 −2 −3 −1 −4
−1 2 −1 1 −2 −4 −1 −2
−1 2 −1 −1 −1 −5 1 −3
0 1 0 0 −1 −4 −1 −5
0 0 0 0 0 −3 0 −5
0 2 0 1 0 −4 −1 −4
1 1 0 1 1 −3 0 −4
1 1 0 1 0 −4 −1 −3
−1 2 0 1 1 −4 −1 −3
−2 2 −1 1 1 −2 −1 −3
−1 2 0 1 1 −2 −1 −5
−1 2 0 1 2 −2 0 −4
1 1 1 −1 0 −5 0 −3
1 1 1 0 2 −4 1 −2
1 1 1 0 1 −4 1 −2
1 1 0 −1 0 −4 1 −2
0 1 0 0 0 −4 1 −1
0 1 0 0 2 −4 −1 −3
0 2 1 0 2 −4 0 −2
−1 1 1 1 2 −3 0 −3
0 1 1 1 2 −2 0 −4
0 1 −1 1 0 −2 0 −2
0 1 0 0 0 −2 −1 −1
−1 2 1 1 1 −3 −1 −1
−1 2 0 1 1 −3 0 −1
−1 2 0 0 1 −3 −1 0
−1 1 −2 0 1 −3 2 −1
−1 2 0 0 1 −4 2 −1
−2 3 0 1 2 −3 1 −2
−1 2 −1 1 1 −2 1 −2
0 0 0 0 −1 −1 1 −4
1 0 0 −1 0 0 0 −3
0 1 0 0 1 −1 1 −2
1 1 0 0 0 −1 0 −2
2 1 0 −1 1 −1 2 −2
0 1 1 1 1 −5 1 −1
0 1 0 0 2 −4 1 0
1 1 0 0 4 −5 0 −2
1 1 1 0 3 −5 0 −1
1 1 1 −1 3 −4 1 −3
0 0 0 −1 2 −5 −1 0
0 2 1 −1 1 −4 0 0
3 1 3 0 −1 −4 0 −3
1 0 1 0 1 −4 1 1
1 1 1 1 0 −2 1 0
−1 1 0 −1 −2 −2 −1 −6
−1 1 0 0 −2 1 −3 −3
−4 2 1 0 −1 −2 −2 −2
−3 1 2 0 1 0 1 −3
0 2 1 −1 −2 −3 −1 0
−1 2 1 −1 −2 −3 −1 −1
0 1 0 0 −2 −2 −1 0
−1 2 0 1 −2 −2 −1 −1
−1 2 1 0 −1 −1 −1 1
−1 1 0 0 −1 −4 −2 2
0 1 0 0 0 −3 −2 1
−1 1 −1 0 0 −3 −1 0
−1 2 0 1 0 −5 1 2
−2 2 −3 2 −1 −3 −1 1
−2 1 0 2 −2 −2 −2 1
−1 1 0 0 −2 −1 0 3
−1 2 0 1 −2 −1 −1 4
−1 1 1 2 −2 0 −3 3
−3 2 0 1 −1 0 −1 4
−2 2 −1 1 −1 1 1 2
−1 2 −1 1 −2 −3 −3 −2
1 1 −4 2 −3 −2 −2 −2
0 1 0 −1 2 −4 −1 4
0 1 −1 0 1 −2 0 3
−1 1 −1 −1 1 −3 0 5
1 0 0 0 1 −4 0 4
0 1 1 0 1 −3 1 4
−1 1 −1 1 3 −4 1 4
−1 1 0 1 4 −3 1 5
−1 1 0 −1 −1 −3 −2 4
−1 2 0 0 1 −2 −2 6
−1 1 0 −1 1 −3 −1 2
−1 1 0 −1 2 −1 1 3
0 2 0 2 0 −1 −1 3
0 0 0 1 −1 −1 0 4
0 1 −1 0 0 −1 −1 5
−1 1 0 1 1 0 0 4
0 1 0 1 0 −1 −1 5
1 1 0 0 2 −2 1 −7
1 1 0 0 1 −4 3 −6
1 1 −1 0 1 −5 3 −9
1 0 0 0 2 −7 −1 −5
0 1 −3 1 1 −3 6 −6
0 0 0 0 −1 −1 4 −5
3 1 3 0 0 −4 5 −4
−2 2 −2 −2 2 −3 3 −3
−1 1 −1 −1 2 −2 2 −2
−2 2 −2 0 3 −2 1 −4
0 2 −1 −1 4 −6 3 −5
−1 1 −1 1 4 −3 1 −4
−1 2 0 0 3 −4 2 −3
0 0 −3 −1 6 −1 6 −3
−1 1 0 0 8 −4 2 −5
1 0 1 1 6 −3 0 −2
−2 1 0 1 2 −5 −3 −1
−1 2 0 0 4 −4 −2 1
−2 1 −1 1 3 −4 −1 0
−1 2 1 1 3 −4 −1 −1
0 1 0 1 3 −3 0 −1
−1 1 0 1 4 −4 0 −1
−3 1 0 0 4 −7 0 0
0 2 0 0 4 −6 0 0
−1 2 0 0 4 −5 0 0
−5 2 0 −1 3 −5 0 −2
−2 2 −1 0 4 −4 1 −1
−2 3 0 0 4 −4 2 −1
−2 2 0 0 3 −2 1 −1
−2 3 −1 0 3 −2 0 0
−2 2 −1 0 2 −2 0 0
−2 2 0 0 4 −2 0 1
−5 3 −1 1 6 −3 2 −3
−4 2 −1 1 5 −1 2 −3
−6 2 −2 1 4 0 1 1
−3 3 −2 2 6 −3 3 1
−4 0 0 0 6 −4 1 1
−3 2 0 0 6 −2 0 0
−3 1 −1 1 7 0 1 2
−2 1 −1 1 5 −1 1 3
−1 0 −3 2 1 −2 4 −1
1 2 −1 0 2 −5 3 0
1 1 −3 1 2 −4 4 3
−1 −1 −1 1 7 −5 5 −1
0 2 1 0 5 −4 4 2
−3 2 0 0 12 −4 1 2
−7 3 −2 1 9 −2 2 −2
−5 2 −1 0 10 −2 3 −1
−4 2 0 1 11 2 4 −2
0 1 −20 0 −3 −1 −4 −5
0 2 −19 0 3 −4 1 −9
−3 1 −20 −2 9 −4 10 2
−7 3 −13 1 9 −2 5 −1
−6 2 −13 0 12 2 6 2
−3 3 −8 0 6 −5 11 −5
−16 1 −3 0 20 −5 8 1
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LEA1

YAR035C−A

SIP2

YHR210C

YDR537C

PST2

SAP185

SNF11

GRX8

BUD8

YEL067C

SLZ1

YGR164W

LYS4

RPS22B

YPL071C

YLR296W

ARO8

UBC12

PSY3

HSM3

RTN1

MIC27

DUG3

ALK1

YNL195C

YGR269W

PEX32

DSD1

UBP16

RPS9A

LEE1

YCL021W−A

PNG1

YET1

NUP157

PAC2

THI6

SLM2

TYW1

TAL1

MNN1

RGL1

YAL016C−B

YKL200C

YOR292C

TSR3

ERP5

PIG1

TAD1

MNT2

STF2

YJL163C_1

CSN9

RPN13

YJL195C

RKM2

IRC20

SMF2

CTF3

OST5

SNC2

FUS3

EDC1

CAM1

EFT2

BRP1

FKS1

ALG3

SAS4

ENT5

RBD2

UBX2

EBS1

HCM1

SUA7

PIP2

YND1

OPI10

SIR2

YBL086C

AGX1

MID1

YGL214W_1

UFE1

YMR294W−A

SET6

GIP3

YLR311C

TMA10

DAS1

GIR2

FZF1

DPC29

PAU11

HSP42

YDR250C

ECM4

CAC2

PPH21

RPL24A

MGA2

TAZ1

URA7

RPL23A

PHO90

YML101C−A

ZWF1

NKP2

PEX30

YLR287C

PEX17

URA2

SPO77

CUL3

EAT1

SLM6

RPL20A

Type of Media

G
en

e 
N

am
e

0 0 0 1 −1 −3 −2 0
1 0 −1 1 −1 −3 −1 0
0 0 0 1 −1 −3 −1 0
0 1 0 0 −1 −2 −1 0
0 1 0 1 −1 −3 −1 0
0 0 0 1 −1 −2 −2 0
1 1 0 0 −1 −2 −2 1
0 0 0 1 −2 −2 −2 1
0 0 0 1 −2 −2 −2 2
0 0 0 1 −2 −3 −1 2
0 1 −1 1 −2 −2 −1 1
−1 0 1 0 −2 −2 −2 1
0 1 0 1 −2 −2 −2 1
−1 0 0 0 −1 −2 0 1
−2 1 0 0 −1 −2 −1 1
−1 0 1 0 −1 −2 −1 1
0 0 0 0 −1 −2 0 1
0 0 0 0 0 −2 0 1
0 1 0 0 −1 −3 −1 1
0 0 −1 0 0 −2 0 1
−1 0 0 1 −1 −3 −2 −1
−1 1 1 1 −1 −3 −1 0
−1 0 0 1 −2 −2 −1 0
−2 1 0 1 −2 −2 −2 −1
−2 1 0 0 −2 −2 −2 0
−1 1 0 1 −2 −3 −3 0
−1 0 0 1 −2 −2 −3 −1
−1 0 0 1 0 −3 0 −1
−1 1 1 1 −1 −2 1 −1
−1 0 0 0 −1 −2 1 0
−3 0 1 1 −1 −2 −1 0
0 0 0 0 −3 −2 −2 −1
0 0 0 1 −2 −2 −3 0
0 0 0 1 −2 −2 −2 0
0 0 0 0 −3 −2 −2 −2
1 0 −1 1 −1 −2 −2 −1
1 0 0 1 −1 −2 −2 −1
0 0 0 1 −1 −3 −2 −1
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Yeast phenomic model for the influence of Warburg metabolism on 
doxorubicin-gene interaction. Shaded areas indicate influences that are 
relatively Warburg-dependent, being red or green if their effects are 
relatively specific to a respiratory or glycolytic context, respectively. 
Processes that influence doxorubicin cytotoxicity in a more Warburg-
independent manner are unshaded. Arrowheads indicate processes for 
which genes predominantly transduce doxorubicin toxicity, based on their 
loss of function suppressing its growth inhibitory effects. Conversely, a 
perpendicular bar at the line head indicates a process that buffers 
doxorubicin toxicity, as genetic compromise of its function enhances the 
growth inhibitory effects of doxorubicin.

the model to be a useful tool for decision-making in
precision oncology.
Many genes are implicated in oncogenesis and in

chemotherapeutic response, with varying degrees of
tissue-specific influence and yeast-human homology.
The ability to assess mutation, differential gene ex-
pression, and other molecular correlates of cancer
and chemotherapeutic efficacy is growing, but the
direct assessment of drug-gene interaction (i.e.,
phenotypic/cell proliferative responses) remains a
challenge due to the complex genetics and tissue-
specific aspects of cancer. In contrast to this
daunting complexity, yeast is a single-cell eukaryotic
organism that is uniquely amenable to precise and
genome-wide measures of drug-gene interaction, and
from which fundamental contributions to our
understanding of human disease are well established
[226–230]. We show that yeast, which naturally ex-
hibits aerobic glycolysis, can be used to explore the
potential of the Warburg effect to influence the anti-
cancer efficacy of doxorubicin, and thus potentially
other chemotherapeutic agents [1, 231]. From an un-
biased systems perspective, we observed that a less
extensive genetic network is required to buffer
doxorubicin in glycolytic vs. respiring cells. The
doxorubicin-gene interaction network suggested GO-
enriched genetic vulnerabilities that may occur in
cancer cells due to genomic instability, including de-
fective chromatin regulation, protein folding and
modification, mitochondrial function, and DNA topology;
while impeding the ability to buffer doxorubicin toxicity
in a respiratory context, such vulnerabilities can be

relieved of by the Warburg transition to glycolytic metab-
olism. Also specific to respiratory conditions, the yeast
model predicts that doxorubicin is less toxic to cells if
functions for fatty acid beta-oxidation, spermine metabol-
ism, and translation reinitiation are compromised by mu-
tation (Fig. 12 and Tables 1 and 2). On the other hand,
cells that transition to glycolytic metabolism need dTTP
biosynthesis and protein complexes including the
Cul4-RING E3 ubiquitin ligase, and the Ubp3-Bre5
deubuiquitinase, as well as Dom34-Hbs1, which func-
tions in ‘no-go’ mRNA decay, in order to buffer
doxorubicin (Fig. 12 and Table 2). These findings in-
dicate that the metabolic status of cancer cells further
influences the vulnerabilities to chemotherapy that
may emerge from genetic alterations occurring in
cancer. Thus, along with monitoring Warburg status
in conjunction with cancer genetic profiling, yeast
phenomic models that predict potential influences of
Warburg status on chemotherapy response and cancer
vulnerabilities emerging from somatic mutations
unique to each individual patient, may help better
predict therapeutic outcomes and thus be useful to
develop more efficacious treatment algorithms.
Since the Warburg metabolic status is not monitored

clinically, we thought the most relevant genes from the
yeast phenomic model for predicting genetic modifiers
of doxorubicin cytotoxicity in pharmacogenomics data
would be those influencing doxorubicin cytotoxicity
similarly in either metabolic context. Functionally
enriched genes in this category represented DNA repair
and histone H3-K56 acetylation, along with deletion
suppressing pathways, including sphingolipid

Fig. 12 Yeast phenomic model for the influence of Warburg metabolism on doxorubicin-gene interaction. Shaded areas indicate influences that
are relatively Warburg-dependent, being red or green if their effects are relatively specific to a respiratory or glycolytic context, respectively.
Processes that influence doxorubicin cytotoxicity in a more Warburg-independent manner are unshaded. Arrowheads indicate processes for
which genes predominantly transduce doxorubicin toxicity, based on their loss of function suppressing its growth inhibitory effects. Conversely, a
perpendicular bar at the line head indicates a process that buffers doxorubicin toxicity, as genetic compromise of its function enhances the
growth inhibitory effects of doxorubicin
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GO annotations associated with deletion enhancement or suppression of doxorubicin cytotoxicity, with respect to Warburg-dependence. Representative GO terms 
are listed, which were identified by REMc/GTF (orange), GTA (purple), or both methods, for HLD (left, red), HLEG (right, blue), or both media types (black), and for 
enhancement (above dashed line) or suppression (below dashed line) of doxorubicin cytotoxicity. Distance above or below the horizontal dashed line indicates the GTA 
value for terms identified by REMc or the GTA score if identified by GTA. See Additional files 5 and 6, respectively, for all REMc and GTA results.

and glycolytic media, like other DNA repair genes (see
below). In further contrast, genes associated with replica-
tion-dependent nucleosome assembly (RLF2, CAC2, MSI1)
by the chromatin assembly factor complex, CAF-1, [50]
were HLD-specific suppressors (Fig. 5a, b).

Prior studies have reported enhanced doxorubicin
cytotoxicity due to nucleosome disassembly and “chro-
matin trapping” by the FACT complex, referring to
binding and resulting damage to disassembled chromatin
in the context of doxorubicin exposure [20]. POB3-

Fig. 4 GO annotations associated with deletion enhancement or suppression of doxorubicin cytotoxicity, with respect to Warburg-dependence.
Representative GO terms are listed, which were identified by REMc/GTF (orange), GTA (purple), or both methods, for HLD (left, red), HLEG (right,
blue), or both media types (black), and for enhancement (above dashed line) or suppression (below dashed line) of doxorubicin cytotoxicity.
Distance above or below the horizontal dashed line indicates the GTA value for terms identified by REMc or the GTA score if identified by GTA
(see the “Methods” section). See Additional files 5 and 6, respectively, for all REMc and GTA results
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[REMc]

GTF

GTA

TSH

Figure 7. Assessment of differential buffering of doxorubicin toxicity by comparing phenomic profiles in fermentable and non-fermentable media to model the 
Warburg phenomenon of cancer metabolism. (A-D) Significant interaction Z-scores (see Fig. 6) were combined and clustered by recursive expectation-maximization 
clustering (REMc). ‘Shift’ refers to the effect on fitness of the deletion, without perturbation (e.g., ‘sick’ or ‘slow-growing’ mutants). ‘Int_z’ is the genetic interaction z-score.  
First round clustering showed (A) deletion enhancers (negative K-interactions and positive L-interactions) and (B) deletion suppressors (negative L interactions). Second 
round clustering showed more specific, detailed patterns of interaction for (C) enhancers and (D) suppressors, including those specific to one media type or common to 
both types. (E) GOTermFinder (GTF) analysis was applied to all REMc clusters, GoTermAveraging (GTA) was used to discover additional GO functions in the same 4 
categories (not shown). Term Specific Heatmaps (TSH) were also useful to view interaction patterns for all genes assigned to a term (not shown, but see ref. 1). All are 
automatically generated by the the StudiesQHTCP software. (F) GO functions were summarized and select findings (G) illustrated in model form.
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−1 2 1 −1 −1 −4 −1 −3
−1 2 0 0 −1 −3 −2 −3
−1 2 0 0 −2 −3 −1 −4
−1 2 −1 1 −2 −4 −1 −2
−1 2 −1 −1 −1 −5 1 −3
0 1 0 0 −1 −4 −1 −5
0 0 0 0 0 −3 0 −5
0 2 0 1 0 −4 −1 −4
1 1 0 1 1 −3 0 −4
1 1 0 1 0 −4 −1 −3
−1 2 0 1 1 −4 −1 −3
−2 2 −1 1 1 −2 −1 −3
−1 2 0 1 1 −2 −1 −5
−1 2 0 1 2 −2 0 −4
1 1 1 −1 0 −5 0 −3
1 1 1 0 2 −4 1 −2
1 1 1 0 1 −4 1 −2
1 1 0 −1 0 −4 1 −2
0 1 0 0 0 −4 1 −1
0 1 0 0 2 −4 −1 −3
0 2 1 0 2 −4 0 −2
−1 1 1 1 2 −3 0 −3
0 1 1 1 2 −2 0 −4
0 1 −1 1 0 −2 0 −2
0 1 0 0 0 −2 −1 −1
−1 2 1 1 1 −3 −1 −1
−1 2 0 1 1 −3 0 −1
−1 2 0 0 1 −3 −1 0
−1 1 −2 0 1 −3 2 −1
−1 2 0 0 1 −4 2 −1
−2 3 0 1 2 −3 1 −2
−1 2 −1 1 1 −2 1 −2
0 0 0 0 −1 −1 1 −4
1 0 0 −1 0 0 0 −3
0 1 0 0 1 −1 1 −2
1 1 0 0 0 −1 0 −2
2 1 0 −1 1 −1 2 −2
0 1 1 1 1 −5 1 −1
0 1 0 0 2 −4 1 0
1 1 0 0 4 −5 0 −2
1 1 1 0 3 −5 0 −1
1 1 1 −1 3 −4 1 −3
0 0 0 −1 2 −5 −1 0
0 2 1 −1 1 −4 0 0
3 1 3 0 −1 −4 0 −3
1 0 1 0 1 −4 1 1
1 1 1 1 0 −2 1 0
−1 1 0 −1 −2 −2 −1 −6
−1 1 0 0 −2 1 −3 −3
−4 2 1 0 −1 −2 −2 −2
−3 1 2 0 1 0 1 −3
0 2 1 −1 −2 −3 −1 0
−1 2 1 −1 −2 −3 −1 −1
0 1 0 0 −2 −2 −1 0
−1 2 0 1 −2 −2 −1 −1
−1 2 1 0 −1 −1 −1 1
−1 1 0 0 −1 −4 −2 2
0 1 0 0 0 −3 −2 1
−1 1 −1 0 0 −3 −1 0
−1 2 0 1 0 −5 1 2
−2 2 −3 2 −1 −3 −1 1
−2 1 0 2 −2 −2 −2 1
−1 1 0 0 −2 −1 0 3
−1 2 0 1 −2 −1 −1 4
−1 1 1 2 −2 0 −3 3
−3 2 0 1 −1 0 −1 4
−2 2 −1 1 −1 1 1 2
−1 2 −1 1 −2 −3 −3 −2
1 1 −4 2 −3 −2 −2 −2
0 1 0 −1 2 −4 −1 4
0 1 −1 0 1 −2 0 3
−1 1 −1 −1 1 −3 0 5
1 0 0 0 1 −4 0 4
0 1 1 0 1 −3 1 4
−1 1 −1 1 3 −4 1 4
−1 1 0 1 4 −3 1 5
−1 1 0 −1 −1 −3 −2 4
−1 2 0 0 1 −2 −2 6
−1 1 0 −1 1 −3 −1 2
−1 1 0 −1 2 −1 1 3
0 2 0 2 0 −1 −1 3
0 0 0 1 −1 −1 0 4
0 1 −1 0 0 −1 −1 5
−1 1 0 1 1 0 0 4
0 1 0 1 0 −1 −1 5
1 1 0 0 2 −2 1 −7
1 1 0 0 1 −4 3 −6
1 1 −1 0 1 −5 3 −9
1 0 0 0 2 −7 −1 −5
0 1 −3 1 1 −3 6 −6
0 0 0 0 −1 −1 4 −5
3 1 3 0 0 −4 5 −4
−2 2 −2 −2 2 −3 3 −3
−1 1 −1 −1 2 −2 2 −2
−2 2 −2 0 3 −2 1 −4
0 2 −1 −1 4 −6 3 −5
−1 1 −1 1 4 −3 1 −4
−1 2 0 0 3 −4 2 −3
0 0 −3 −1 6 −1 6 −3
−1 1 0 0 8 −4 2 −5
1 0 1 1 6 −3 0 −2
−2 1 0 1 2 −5 −3 −1
−1 2 0 0 4 −4 −2 1
−2 1 −1 1 3 −4 −1 0
−1 2 1 1 3 −4 −1 −1
0 1 0 1 3 −3 0 −1
−1 1 0 1 4 −4 0 −1
−3 1 0 0 4 −7 0 0
0 2 0 0 4 −6 0 0
−1 2 0 0 4 −5 0 0
−5 2 0 −1 3 −5 0 −2
−2 2 −1 0 4 −4 1 −1
−2 3 0 0 4 −4 2 −1
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Color Key

Ø Q-HTCP technology streamlines fitness profiling, via growth curves, to quantify genetic interaction globally and at 
high resolution, thus enabling studies of genetic buffering of fitness perturbations using yeast mutant collections.

Ø Q-HTCP has capacity to monitor growth curves for over 60,000 cultures per experiment.
Ø The software system analyzes time series images of cell arrays and and fits spot culture data to a logistic growth 

function to obtain cell proliferation parameter phenotypes (CPPs), which are in turn used for calculating genetic 
interaction z-scores for all genes, i.e., a phenomic profile.

Ø Phenomic profiles are compared using clustering, heatmap visualization, and Gene Ontology info.
Ø In this way, high resolution phenomic profiles can be obtained for any drug perturbation, or for gene-gene interaction.
Ø Select human diseases can be modeled in yeast by obtaining phenomic profiles for disease-relevant perturbations to 

generate hypotheses about genetic buffering for subsequent testing in a targeted manner directly in a human cell or 
animal model. Combinations of perturbations can be compared to model disease context and differential buffering. 

Ø Q-HTCP is designed for relative simplicity, e.g., for use by undergraduate-level students.
Ø The Q-HTCP enhancements presented facilitate transparency by simplifying the sharing and analysis of raw image 

data across labs. EZview is an additional visualization tool to explore cell array image quality and growth curve data. 
Ø Q-HTCP provides a high-quality standard for fitness data that is scalable and could enable aggregating high 

resolution genetic interaction data across different laboratories, enhance data sharing and increase the rigor, 
reproducibility, expansion and integration of phenomic models.
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