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1 Introdu
tionGenomi
sPortals is a web-based integrative 
omputational platform for the anal-ysis and mining of genomi
s data. We aim to integrate the primary genomi
sdata, fun
tional knowledge base and analyti
al tools within a single framework.Genomi
s datasets are organized themati
ally into di�erent portals. Di�er-ent portals 
an 
ontain datasets related to di�erent diseases (eg Breast Can
erand Prostate Can
er), spe
i�
 types of genomi
s data (eg Epigenomi
s andTrans
ription Fa
tors), or di�erent biologi
al pro
esses (eg Development). Thesame dataset 
an be assigned to di�erent portals.A typi
al analysis starts by 
onstru
ting a list of genes by either using theprede�ned lists of pasting a gene list of interest, querying one of the databaseswith genome-s
ale data and produ
ing analysis summaries. One 
an also startby sear
hing for dataset of interest, and then 
onstru
ting the query gene lists.In this 
ase, one 
an also 
onstru
t gene lists by browsing pre-
omputed 
lus-tering results.We would like to note that we have designed the layout with the font sizeof 16 as a referen
e. If required, this default font size 
an be 
hanged in thebrowser to in
rease the readability. In 
ertain 
ases, simply �zoming in� willalso make the text easier to read without pi
tures going out of fo
us.2 Start by 
onstru
ting a gene listThere are many ways to 
onstru
t a gene list.
• Use a prede�ned gene list.
• Sear
h for genes of interest using entrez id, symbol or des
ription.
• Paste a list of genes in the box provided.
• Find prede�ned gene list(s) for your 
hoi
e of genes.
• Find genes with a phrase in their RIFs.
• Find biogrid gene pairs for your gene(s).The above list depi
ts various starting points to generate a list of genes of yourinterest. Rest of the work-�ow is quite similar no matter how one sele
ts a genelist.2.1 Using prede�ned gene list(s)Figure1 shows the interfa
e to sele
t a prede�ned gene list. Cli
king on �GeneList� tab in the left menu would get this page. The lists are organized in di�erent
ategories and we are 
onstantly adding new lists and 
ategories. Let's say weare interested in gene lists in 
ategory �KEGG� with keywords �
ell 
y
le�. Cli
k2



Figure 1: Sear
h a prede�ned gene liston the link �KEGG gene list� to expand the sear
h box as shown below. Type
ell 
y
le in the text box and 
li
k submit.This takes us to the following s
reen (�gure2). Here we see a list of gene listreturned for the keywords. Sele
t one or multiple lists using the 
he
k boxesand 
li
k submit.
Figure 2: Sele
t gene listNow we see summary for the submitted lists. Note that below the summarytable, we are asked to sele
t union or interse
tion of the gene lists sele
ted. Inthis 
ase, be
ause we submitted only one gene list, both union and interse
tionare identi
al. Let's sele
t union and pro
eed to sele
t an experiment for analysis.Experiments are organized into di�erent portals. If we know the portalthe experiment of our interest belongs to, we 
an 
li
k on the portal name tolist all the experiments in that portal. Sin
e this is not the 
ase most times,a sear
h fun
tion is provided to look for experiments of our interest. In the�Filter experiments� box shown below, sele
t organism, sample type, portal ofyour interest and type in keyword. Keyword 
ould be left blank.Let's 
li
k on portal name �Breast
an
er� to pro
eed with our example.Figure5 is a part of the s
reen showing experiments in the portal Breast-3



Figure 3: Summary of gene list

Figure 4: Sele
t or sear
h for experiments
an
er. If we had used the sear
h fun
tion to look for an experiment instead,a similar s
reen would be shown. Below you would see a list of experiments.Let's sele
t �rst experiment (GSE10797) and s
roll down and 
li
k submit.At this point, data is retrieved from database for the sele
ted experimentand gene list(s) as shown in �gure6.One 
ould download the data for his/her own analysis either as a tab delim-ited �le or an eset for analysis in R. In this example, we have 66 samples, 209probes and 103 genes. If we want to analyze only a subset of samples, we 
ouldsele
t samples using the �Step 1� shown above. This step is optional and defaultis to sele
t all the samples. Next we sele
t a sample grouping for the analysis.We 
ould 
hoose to 
luster on genes, samples, both genes and samples or noneusing the 
ombo box shown above. Che
k the box �Compute LR� to 
omputepredi
tive ability pvalue. Let's sele
t �CellType� sample grouping, leave step 1as it is to sele
t all the samples, 
luster on �none� and 
li
k Analyze button.If we had 
he
ked the 
ompute LR box we would see an additional 
olumn�Gene list Statisti
s� with the 
omputed pvalue in the results tables as shownin �gure8.Figure 8depi
ts a typi
al summary table details of whi
h 
an be found in4



Figure 5: show experimentsSe
tion Interpreting Results'.2.2 Sear
h for genes of interest using entrez id, symbol ordes
ription.This se
tion des
ribes how to sear
h for genes in the database and pro
eed withthe analysis of genes found in sear
h results.Figure9 shows gene sear
h page. This 
an be retrieved by 
li
king on the�Gene List� tab in the left menu. Genes 
ould be sear
hed by one of the threeparameters: Gene ID (Entrez ID) e.g. 2099, symbol e.g. �ESR� or des
riptione.g �estrogen�. Type the value in the text box shown above. We 
an limit thesear
h to a spe
i�
 organism if required e.g. human, mouse or rat. For thisexample let's sear
h for symbol �ESR�. To do this, �rst sele
t �Symbol� radio inthe left 
olumn, type �ESR� in the text box. Sele
t human from the Organism
ombo box (default is to look a
ross all organisms) and 
li
k submit.Figure10 shows the sear
h result. Now we have all the genes with symbol�ESR� or similar symbol names. To analyze gene(s) sele
t all the genes of interestand then 
li
k submit. Now we are presented a s
reen to sele
t an experimentto analyze. From this point on, we pro
eed as explained in previous se
tion�Using prede�ned gene lists�.2.3 Paste a list of genes in the box provided.This se
tion des
ribes how to submit your own list of genes for analysis.Figure11 shows the s
reen to submit your own list of genes. You 
an useeither entrez ids (e.g. 2099) or symbols (e.g. esr1). As shown in the �gure,5



Figure 6: Get data
Figure 7: Resultstype/paste a list in the box. We 
ould optionally sele
t an organism (human,mouse or rat) to �lter these genes. By default, all the genes are submitted.Let's genes 10,12,2099 in the box and 
li
k submit.At this point our database is sear
hed for all the genes submitted and �gure12shows the list of genes found.Now we 
an pro
eed as explained in the previous se
tion 2.2�Sear
h for genesof interest using entrez id, symbol or des
ription�.2.4 Find prede�ned gene list(s) for your 
hoi
e of genes.This se
tion des
ribes how to �nd prede�ned gene lists that 
ontain genes ofinterest.There are two links beside title �demo� and �demo gene list�. Cli
king ondemo gene list link shows a few sample genes that we are going to use for thepurpose of this demo. The demo genes are as follows:79575 6



Figure 8: Results with LR
Figure 9: Sear
h genes100969447Now 
opy and paste these genes in the text box above. The radio buttonsprovide option of how we want to sear
h for the gene lists in the database.�Mat
h any gene� would �nd all the gene lists that 
ontain any of the genes weinput whereas �Mat
h all genes� would �nd only the gene lists that 
ontain allof the genes.We also have option of sele
ting whi
h 
ategories of prede�ned gene lists tosear
h.Figure14 shows all the 
ategories of prede�ned gene lists that visible after
li
king �Sear
h in following lists�.By default all the lists are sele
ted.Let's pro
eed with our example using �Mat
h all genes� option and default
ase for sear
hing lists (sear
h all lists).Figure15 shows the result of our query. It shows all the gene lists foundalong with their des
ription.Let's sele
t �rst list (NFkB) and submit.Figure16 shows the resultant s
reen whi
h shows the summary of gene listssele
ted. You might re
all that this is similar to the s
reen shown in �rst se
tion2.1�Using prede�ned gene lists� and rest of the analysis is as des
ribed in thatse
tion.2.5 Find genes with a phrase in their RIFs.This se
tion des
ribes how to �nd genes based on their RIFs.7



Figure 10: Gene sear
h result
Figure 11: Submit a 
ustom list of genesThe �gure17 is self-explanatory. Let's type �argyrophili
 grain disease� inthe box and 
li
k submit.Figure18 shows the result of our sear
h. Sele
t genes of interest and submit.Now we are presented a s
reen to sele
t an experiment for analysis. Pro
eedas explained in previous se
tion 2.2"Sear
h for genes of interest using entrez id,symbol or des
ription".2.6 Find biogrid gene pairs for your gene(s).This se
tion des
ribes how to �nd biogrid gene pairs for your genes.Let's use genes 79575,10096,9447 we used in previous examples. Sele
t�Mat
h any genes� option and 
li
k submit.Figure20 shows result for our sear
h. Cli
k submit and pro
eed with analysisas explained in se
tion 2.2"Sear
h for genes of interest using entrez id, symbolor des
ription".3 Start by sele
ting an experimentIf one is interested in a parti
ular experiment, it is useful to lo
ate the experi-ment �rst and then pro
eed with the analysis.This se
tion des
ribes how to do this. At the time of this writing, thereare 1904 experiments in the database and this number is 
ontinuously growing.Experiments are organized into di�erent portals. If we know the portal theexperiment of our interest belongs to, we 
an 
li
k on the portal name to list all8



Figure 12: Submitted genes
Figure 13: Find prede�ned gene liststhe experiments in that portal. Sin
e this is not the 
ase most times, a sear
hfun
tion is provided to look for experiments of our interest.Start by 
li
king �Experiments� tab on the left menu.Figure 21 shows the experiment tab. The �Filter experiments� box on topprovides sear
h fun
tionality.The table below shows various portals and their des
riptions. Cli
king on aportal name shows the experiments belonging to that portal.3.1 Sear
h for an experimentSear
h is a very important part of this portal given the number of experimentswe have. To lo
ate experiments of interest, a simple and e�e
tive sear
h fun
-tionality is provided.Figure22 shows the s
reen to �lter experiments.Following are the 
omponents of this module:1) Organism: Experiments 
ould be �ltered by sele
ting one of the organismfrom the 
ombo box named �organism�. Three options proved are human, mouseand rat.2) Sample type: Three sample types are provided for sele
tion. Tissue, 
ellline and motif s
ore. Sele
t appropriate from the 
ombo box.3) Data type: Six data types are available for sele
tion from the 
ombo box.4) Portal: All the available portals are listed here. Sele
t a portal if youwant to limit your sear
h to that parti
ular portal.5) Keyword: This 
ould be a name of experiment, a word in des
ription orreferen
e.Let's sear
h for experiments with keyword �miller� a
ross all organisms, sam-ple types and portals as an example. 9



Figure 14: Sele
t 
ategories of prede�ned gene lists to sear
h
Figure 15: Result for �nding prede�ned gene listsFigure 23 shows a part of the result page. As shown above, all the experi-ments found for the sear
h 
riteria are listed in a table. Noti
e the �Query� and�Cluster� buttons in the last two 
olumns of the table. These buttons provide away to analyze the experiments and are explained in detail in following se
tions.3.2 Query experimentCli
king �Query� button shown in �gure 23 opens a new window for that par-ti
ula experiment.e.g. Figure 24 shows the query page for experiment �GSE1045� in portalBreast
an
er. The top table provides a summary of the experiment and bottomtable lists all the properties (sample subgroupings) available for this experiment.These are useful for analysis.These two tables are followed by all the options to 
onstru
t a gene listshown in �Gene List� tab.The pro
edure for analysis is similar to what was des
ribed in se
tion 2�Start by 
onstru
ting gene list� ex
ept that the step to sele
t experiment isskipped as we already have an experiment to work with.3.3 Cluster experimentCli
king �Cluster� button shown in �gure 23 opens a new window for that par-ti
ular experiment. 10



Figure 16: Summary of gene list
Figure 17: Find genes from their RIFs4 Mis
ellaneous modules4.1 Filter samples and sele
t sample grouping for analysisNote: This step is optional and default is to sele
t all the available samples foranalysis.An experiment may have a number of samples whi
h are organized in di�er-ent groups (sample subgroupings).One may wish to restri
t analysis only to a subset of all the available samplesfor an experiment.This se
tion des
ribes how this is a
hieved.Figure 26 shows the s
reen to �lter samples for experiment GSE10797. We
an 
hoose to either in
lude or ex
lude all the samples that satisfy the 
riteriawe are going to de�ne by sele
ting appropriate option using the radio button.All the sample subgroupings are listed in this box. When we 
li
k on asample subgrouping, the link expands to show all the unique values for thesame as shown in �gure 27.Let's say, we want to in
lude only the samples for whi
h Disease is 
an
erand CellType is epithelial.As shown in �gure 28, sele
t in
lude from the radio button, and 
he
k 
an
erbox under Disease and epithelial box under CellType. When you 
li
k Analyze,only the samples for this 
riteria will be used for analysis.Next step is to sele
t sample grouping for analysis.

11



Figure 18: RIF sear
h result
Figure 19: BioGrid5 Interpreting ResultsThis se
tion will des
ribe the results page in detail. For illustration purpose wewill take all genes with �stem 
ell� keyword in GO 
ategory as shown in �gure30. Che
k all the genelists on the resultant page and pro
eed as explained inse
tion 'Using prede�ned gene list(s)'. Sele
t experiment �GSE2225� in portal�Breast 
an
er� and use sample subgrouping �Treatment� and 
luster on �genes�to obtain the results shown in �gure 31.The results page stru
ture is as follows. The �rst table gives a brief des
rip-tion of the sele
ted experiment. The se
ond table summarizes the data retrievedfor the analysis of submitted query gene list and provides links for download.Data 
an be retrieved in the form of spreadsheet and R data obje
t. The thirdtable gives the analysis results whi
h are explained in detail as follows.5.1 Intera
tive Treeview BrowsingUnsupervised 
lustering of the query data was performed using the Bayesianmodel-based pro
edures [1℄ as well as simple hierar
hi
al 
lustering. The fun
-tional annotation of the 
lustering stru
tures was performed using the CLEANframework [2℄, the integrative browsing of the data and fun
tional annotationsis fa
ilitated through the Fun
tional TreeView (FTreeView) whi
h is a Java web-start based 
lustering browser [2℄. Using FTreeView, one 
an identify 
lustersof genes based on their data pro�le and 
orrelation with spe
i�
 fun
tional 
at-egories and use su
h gene lists to query and analyzed genomi
s data in otherdatasets.We would like to note that in the 
ase where no 
lustering option (on thegenes as well as samples) is 
hosen, the TreeView appli
ation would show theheatmap with no dendrograms on either sides. This might make the heatmap12



Figure 20: BioGrid sear
h result

Figure 21: Experiments tabin
omprehensible at �rst. However, one 
an 
li
k on any of the genes or groupof genes and the 
orresponding gene annotations will be displayed in the right-most window. The s
enario is depi
ted in 33 where genes and samples are not
lustered.5.2 Stati
 heatmapsIn addition to intera
tive treeview interfa
e, Cluster analysis results are alsoavailable as stati
 annotated heatmaps saved in pdf �les. The values representedby heatmaps 
orrespond to log transformed ratios.Figure 34illustrates stati
 heatmap 
lustered on sele
ted stem 
ell genesa
ross 6 treatment types. These sample annotations are provided separatelyin the link �legend for all the heatmaps� as shown in �gure 35.13



Figure 22: Sear
h for experiments

Figure 23: Filter experiment result5.2.1 Statisti
al AnalysisFor the sele
ted samples in the dataset, we 
an identify di�erentially expressedsigni�
ant genes. Values represented by heatmaps 
orrenspond to average ex-pression levels for the same sample subgrouping. Red box in the left sidebarindi
ates pvalue less than 0.05.5.3 Gene List Statisti
s5.3.1 Predi
tive Ability Pvalue (LR)To assess the predi
tive ability of the sele
ted sample grouping (in this exmample�treatment�), we sele
t random genes of the same length as that of query genelist from the parti
ular platform. The enri
hment of the statisti
ally signi�
antgenes in the query list was then assessed using logisti
 regression [3℄.
14



Figure 24: Query experiment

Figure 25: Cluster experiment5.4 Kegg Pathways for submitted genesQuery gene lists are in
orporated into KEGG pathway images. One 
an 
li
kon a Pathway ID to view graphi
al representation of the pathway. Signi�
antlyexpressed genes are painted yellow and other genes that were found in thatparti
ular pathway but are not signi�
antly expressed are painted blue.6 Case Study: Chara
terizing experimentally iden-ti�ed proliferation signatureWe demonstrate the utility of the Genomi
s Portals through a 
ase study in-vestigating proliferation gene expression signature in rat mammary epitheliumindu
ed by di�erent fatty a
id diets [4℄. This study established the in
reasedproliferation of mammary epithelium as a 
onsequen
e of several di�erent di-etary regiments in virgin female Spraque-Dawley rats. The study also identi�eda set of 85 genes whose expression levels were 
orrelated with the in
reasedproliferation. 15



Figure 26: Sele
t samples for analysis
Figure 27: Sample sele
tion expanded6.1 Gene Expression dataWe used Genomi
s Portals to study the fun
tional importan
e of these 85 genesin �ve di�erent biologi
al pro
esses examined in 4 gene expression datasets[5, 6, 7, 8℄ whi
h are available in the portal. Here, we present step-by-stepinstru
tions for reprodu
ing the results using Miller et.al. [5℄ dataset whi
h
omprises of 251 primary human breast tumors. This dataset was re-pro
essedand 
urated before being deposited into the ba
k-end databases under the id�GSE3494Entrez�. The 
omparison of interest in this 
ase was between thelargest (top quartile) and smallest (bottom quartile) tumor with the assumptionthat large tumors are �more proliferative� than small tumors.6.1.1 Sele
t a dataset from the portalGo to �Experiments� tab and type 'GSE3494Entrez' in the keyword �eld of'Filter experiments' option. You 
an also �nd this experiment under 'BreastCan
er' portal. Press �submit�. This will fet
h the 
orresponding experimentand then press �Query� button.6.1.2 Paste a query gene listPaste a list of Entrez ids of 85 up regulated proliferation genes found at http://eh3.u
.edu/do
umentation/upregulatedDietsGenes.txt in the box (option3) and press �submit�.6.1.3 Sele
t Sample GroupingThis page provides 
olle
tive information about the sele
ted dataset, gene listsubmitted (and the a
tual number of probes found on this platform) as well assample groupings asso
iated with this dataset. In this example, sele
t �tumorSize-quartiles� as sample grouping in step 2. We do no want to �lter any samples16



Figure 28: Filter sample example
Figure 29: Sele
t sample grouphen
e we 
an skip step 1. Also, sele
t �
omputeLR� and press �Analyze� button.Figure 37depi
ts the snapshot of this step.6.1.4 ResultsCli
k on the �statisti
al Analysis� link and you will get a heatmap as shownin 39. The 
orresponding legends 
an be found by 
li
king on the link �legendfor all the heatmaps� as shown in 38. One 
an see that indeed the genes inthe query list are up-regulated in large tumors (quart-4) and are enri
hed fordi�erentially expressed gene (LRpath p-value<10-9).Similar analysis 
ould be performed on the other 3 datasets using the samelist of 85 up regulated proliferation genes. We have established the universalityof the proliferation signature identi�ed in the rat dietary studies a
ross fourvery di�erent biologi
al systems using the Genomi
s Portals interfa
e. Theentire pro
ess of querying and generating results 
an be 
ompleted in less than10 minutes. More details 
ould be obtained from the manus
ript.6.2 ChIP-seq data for di�erent trans
ription fa
torsIn addition to using gene expression data, we further 
hara
terize our prolifer-ation signature using ChIP-seq data for E2F1 trans
ription fa
tor (TF) [9℄. Inthe original paper, an extended set of genes identi�ed through 
luster analysiswas linked to regulatory domain of E2F trans
ription fa
tors by examining theoverlap with E2F targets established in ChIP-
hip [10℄ and global expressionpro�ling [11℄ experiments, and 
omputationally predi
ted E2F targets. Here,we used Genomi
s Portals to examine the newer ChIP-seq dataset assessingDNA binding of 15 di�erent trans
ription fa
tors, in
luding E2F1, in mouseembryoni
 stem 
ells. Following steps 
an be 
ondu
ted to obtain the respe
-tive heatmaps. 17



Figure 30: Sele
t gene list with �stem 
ell� keyword6.2.1 Sele
t a data set from the portalGo to �Experiments� tab and type 'GSE11431peaks' in the keyword �eld of 'Fil-ter experiments' option. You 
an also �nd this experiment under 'Trans
riptionFa
tors' portal. Press �submit�. This will fet
h the 
orresponding experimentand then press �Query� button.6.2.2 Paste a query gene listPaste a list of Entrez ids of 85 up regulated proliferation genes in the box (option3) and press �submit�.6.2.3 Sele
t Sample GroupingSele
t �Trans
riptionfa
tor� as sample grouping in step 2. We do no want to�lter any samples hen
e we 
an skip step 1 and then press �Analyze�6.2.4 ResultsCli
k on the link �Centered data� under stati
 heatmap 
olumn of the resulttable. Figure 41shows heatmap of 15 Tfs and �gure 40displays 
orrespondinglegends for ea
h of the TFs.We 
an see that in addition to most of the genes having a ChIP-seq peak forE2F1 within the regulatory region examined (-4kb to +1kb around TSS markedby 0), there were several other trans
ription fa
tors su
h as N-my
,T
fp2l1,
-My
 et
. that seem to have unusually many peaks for these gene. We 
an thenfo
us on ea
h of the TFs separately to take a 
loser look. We will illustrate the
ase using n-My
 TF.We 
an sele
t n-My
 TF out of 15 Tfs using �sele
t sample� option in step1 as shown in �gure 42. Expand �Trans
ription Fa
tor� and sele
t n-My
 TFand 
li
k radio button �in
lude� to sele
t this sample. Then sele
t �Trans
rip-tionFa
tor� in step 2. sele
t Cluster on �Genes� and �
ompute LR� options and
li
k �Analyze�. 18



Figure 31: Results of stem 
ell gene list queryThen 
li
k on the link �Centered data� under stati
 heatmap 
olumn of theresult table. Figure 43 shows in
reased binding around TSS of the promoterregion (-4kb to +1kb in this 
ase) for some of these genes.Here, we used the 
omparison to �random� sample by LRpath. Instead ofthe p-values, in this situation Genomi
s Portals by default uses the maximum�peak intensity� 
al
ulated for ea
h gene a
ross its whole regulatory region.Su
h statisti
al analysis 
on�rmed that in addition to E2F1 (p-value < 10-14),n-My
 (p-value < 10-7), T
fp2l1 (p-value < .001), 
-My
 (p-value < .01), andKlf4 (p-value < 0.01) all show signs of in
reased binding to regulatory regionsof these genes.6.3 Tri-methylation of histone a
ross 5 human 
ell linesWe performed similar analysis on two epigenomi
s histone marks, H3k4me3 andH3k27me3 a
ross �ve human 
ell line at di�erent �di�erentiation� stages [12℄.Following steps 
an be 
ondu
ted to obtain the respe
tive heatmaps.6.3.1 Sele
t a data set from the portalGo to �Experiments� tab and type 'GSE11074' in the keyword �eld of 'Filterexperiments' option. You 
an also �nd this experiment under 'Epigenomi
s'19



Figure 32: TreeViewportal. Press submit. This will fet
h the 
orresponding experiment and thenpress �Query� button.6.3.2 Paste a query gene listPaste a list of Entrez ids of 85 up regulated proliferation genes in the box (option3) and press �submit�.6.3.3 Sele
t Sample GroupingIn step1 (sele
t samples for analysis), 
li
k on sample grouping name 'Histone'.This will show 2 options namely H3k4me3 and H3K27me3. We want to analyzethe 2 histones separately. Choose H3K4me3 �rst by 
he
king radio button'in
lude'. This step will �lter samples in the analysis. In this 
ase it will in
ludeonly one type of sele
ted histone. In step2, sele
t �
ell� as sample grouping forfurther analysis. Then 
hoose 
lustering on �Genes� and press �Analyze�. Figure44depi
ts the snapshot of this step.6.3.4 ResultsCli
k on �Centered data� link in the stati
 heatmap 
olumn of the summaryresults table. Similar steps 
ould be performed for other histone type. Figure46 and �gure 47show heatmaps of the 2 histones respe
tively. Figure 45showslegend for 5 
ell types. 20



Figure 33: TreeView with no 
lustering of genes and samplesThe results indi
ate that there is a subset of genes is in our proliferationsignature with strong tri-mehylation of histone 3's lysine 4 a
ross all 5 
ell lines.On the other hand, tri-methylation of histone 3's lysine 27, in addition fordi�eren
es between genes, also shows di�eren
es between di�erent 
ell lines.Referen
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Figure 34: Stati
 heatmap for stem 
ell genes
Figure 35: legend for 6 treatment typesp53 status in human breast 
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Figure 37: Proliferation genes on Miller dataset

Figure 38: Legend for Tumor Size grade24



Figure 39: Statisti
al signi�
an
e of up regulated genes

Figure 40: Legend for 15 TFs25



Figure 41: Heatmap of 15 TFs
26



Figure 42: Sele
t n-My
 TF
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Figure 43: n-My
 TF heatmap
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Figure 44: Filter H3k4me3 histone samples

Figure 45: Legend for 5 
ell types
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Figure 46: Histone H3k4me3 Heatmap
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Figure 47: Histone H3k27me3 Heatmap
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