Practical 3: Integrative analysis.ChlP-seq & RNA-seqtogether

Vladimir Teif (vteif@essex.ac.9k

In this practicalsessiorwe will continue tle p53 binding story started previousiytegrating the data
that we have obtained with respect to p53 bind@lP-seq)and gene expressigRNAseq)

Summary of the previous practicalOur previouspracticals werebased on the data reportéa the
studyent i tl ed il nt egr adveals evidegpeeadoemharmcer seguéatioy byi pb3 in
response t o (YDUdgeretah (A@LENacteic Acids Res. 43 (9): 4441462). The full text
of this article is available aftttp://nar.oxfordjournals.org/content/43/9/4447 .larkhis paper is about
chromatin binding of théumoursuppressoprotein p53 Theauthorshavedetermine genomewide
p53 binding profilesin human and mouse cellTheir main findingwas that p53 binding occurs
predominantly withirtranscriptionalenhancersYouhavepreviouslymapped the p53 ChiBeq data,
called peaks to detect p53 binding sitasd checked the overlapping ob® binding sites with
promoters andenhancersNow we will perform an integrative analysisombingthe p53 protein
binding data with gene expressiohangedor the samenouse cells treated with a drugs doxorubicin

The data generated by the authorsttoé article that we use in our practicalare available at the
following GEO accession numbdattps://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727

Plan for this practical:

Understand results of differentigéne expessionanalysisbased on RNAseq

Determine whethestrength 053 binding at gene promoters correlates with gene expression
Perform Gene Ontology (GO) analysis using DAVID

Perform Gene Ontology (GO) analysis using GOrilla

Perform Gene Ontology (GO) analy using EnrichR

Make alist of TFs cebinding with p53 and construct their interaction network

OOk, WNPRE


mailto:vteif@essex.ac.uk
http://nar.oxfordjournals.org/content/43/9/4447.long
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727

Task 1 Understandresults of differential gene expression analysis based on RNs&Q.

Some people say that 90% of bioinformatics is data conversion from one format to another.
Bioinformaticians do not agree with this and cannot tell you what constitutes the remainidg 10%

In this case you are lucky, because | have already processees&idiata from this paper for you,
and it is already in a humaeadable format, very similar to the BED file format in which we have
previously obtained p53 binding peaks. Here is how the differential gene expression data look like:

GeneID Base mean log2(FC) StdErr Wald-Stats P-value P-adj

Cengl 10253.9565478971 2.1733415985728 0.0496837029960621 43.7435510542573 0 0
Plau 2868.70628875291  2.29644968758308 0.0501563933877861  38.8199745804182 0 0
Adamtss 2965.14805964652 -3.5324246968983  0.0745015980961711  -47.4140795253604 0 0
Nrdal 1953.34530631308 3.1725957908854 0.0746751971051276  42.4852683872937 0 0
Ptx3 10991.9420032442 -2.54241242151884 0.0486014725308458 -52.3114278050991 0 0
Icam1 4478.63735905254  2.23008961534929 0.0578959006213177  38.5189554254582 0 0
Notch3 2249.90055725676 2.73860762232716 0.0732767783235185 37.3734719918519 1.05419963864197e-305 1.6483164349909e-302
Epha2 2135.073342786  2.45779451307348 0.0672508448471497  36.5466711780298 2.01401713077518e-292  2.75542718704179e-289
Crip2 1442.08969261518 2.94651026539472 0.0842783818167692 34.9616378705605 8.61827045902016e-268 1.04807744637751e-264
Ti6st 12913.6159391834  -1.45668667038069  0.042416124701033 -34.3427571624717 1.80658921536963e-258 1.97731189622206-255
Mt2 2187.97154447509 -1.97523511200763 0.0620548411881086 -31.8304756597482 2.45248102528859e-222 2.44021862016215e-219
Mki67 8680.16437898843  -1.79983281997386 0.0568558100468329 -31.6560926667095 6.25200113502026e-220 5.70234603523307e-217
Ckap2 5255.93442864738 1.7628614755545 0.0558089037520847  31.5874502047663 5.48925058747985e-219  4.62152674461284e-216

As you can see, tHest column gives us the name of the gene, the third column gives expression log2
fold changebetween two cell conditionand the fifth column gives the P value. These are perhaps the
most interesting columns from the point of view of what changes awdreh is the change upon

cell treatment.

Now let us look at the file containing p53 bound sites that we have created during the firseGhlP
analysis practical:

chrg 13548925 13549101 + 1050.7 0.888 307 1160.7 3 386.91 0.00E+00 143.98 0.00E+00 0.58
chrl2 111963380 111963556 + 1015.2 0.89 319 1121.5 2 560.76 0.00E+00 216.46 0.00E+00 0.55
chr7 139921178 139921354 + 810.2 0.91 292 895.1 5 179.01 0.00E+00 169.87 0.00E+00 0.6

chrg 12634989 12635165 + 654 0.934 157 722.5 1 722.52 0.00E+00 82.94  0.00E+00 1.11
chr4 128252925 128253101 + 600.8 0.864 186 663.7 4 165.92 0.00E+00 52.7 0.00E+00 0.93
chri 156903370 156903546 + 561.7 0.908 263 620.6 5 124.11 0.00E+00 101.82 0.00E+00 0.65
chrl0 90881469 90881645 + 537.8 0.808 241 594.1 2 297.05 0.00E+00 104.72 0.00E+00 0.71
chr?7 87100003 87100179 + 525.3 0.969 150 580.4 2 290.18 0.00E+00 65.18  0.00E+00 1.21
chri7 29227791 29227967 + 500.5 0.877 261 552.9 4 138.23 0.00E+00 38.91  0.00E+00 0.65
chrg 23544523 23544699 + 473 0.866 187 522.5 3 174.18 0.00E+00 20.91  0.00E+00 0.89
chrs 140199090 140199266 + 459.7 0.863 266 507.8 4 126.95 0.00E+00 98.01  0.00E+00 0.62
chrio 117154716 117154892 + 449 0.894 234 496.1 4 124.01 0.00E+00 98.41  0.00E+00 0.71
chrl 54901247 54901423 + 444.¢6 0.914 246 491.2 4 122.79 0.00E+00 135.75 0.00E+00 0.67
chrg 64780293 64780469 + 437.5 0.923 226 483.3 2 241.66 0.00E+00 211.68 0.00E+00 0.73
chris 85690303 85690479 + 428.6 0.895 231 473.5 0.5 947.02 0.00E+00 82.45  0.00E+00 0.71
chr9 117068448 117068624 + 423.3 0.659 221 467.6 9 51.96 0.00E+00 24.36  0.00E+00 0.74
chr3 32263187 32263363 + 419.7  0.925 231 463.7 4 115.93 0.00E+00 99.63  0.00E+00 0.7

chrg 23545199 23545375 + 419.7  0.745 247 463.7 5 92.74  0.00E+00 17.78  0.00E+00 0.66
chrlo 117147028 117147204 + 418.8 0.832 241 462.7 2 231.36 0.00E+00 76.15  0.00E+00 0.67
chr2 167389561 167389737 + 407.3 0.911 198 450 3 149.99 0.00E+00 81.59  0.00E+00 0.84
chr4 149423131 149423307 + 407.3 0.801 236 450 2 224.99 0.00E+00 49.37  0.00E+00 0.69

In the BED file above, each line corresponds to one p53 peak determined wsdghlPhefirst

column gives the chromosome number, the second coluragion start, the third columin region

end, the fourth columin strand (all peaks are assumed to be on the plus strand, because the strand
information actually disappears after we call a petde,fourth column is the score of the peak (the
higher the peak the bigger its score). These are all the columns that we will need.

It is easy to see that the RNs&®q data and ChiBeq data are represented in quite different formats.

For example, the RNA&eq data only contain the gene name, but do not contain the genomic
coordinates of this gene. Since the mouse genome is pretty much annotated, it is possible to get
genomic coordinates for each gene, but doing this manually would be too much work. We need
need to make some trick in order to add the genomic coordinates to the genes. But before we do this,
let us ask ourselves a question: what is it that we want to learn from the combined analysis of RNA
seq and ChlReq? May be we have some hypothesisweawant to check?



For example, say, we have the followingpothesisWe guess that p53 binding at regulatory regions
should affect the genes associated with those regulatory regions. What are the regulatory regions?
Promoters and enhancers. Let us jage the promoters for simplicity. Promoters are the regulatory
regions upstream of the gene. There is no consensus among scientists as to how large the promoters
are. A good estimate for a promoter size is abeRtkb. We have previously used a BED filgth

coordinates of al | pronmtiers embed mot er s, named A
chr4 131977322 131979322 - GXT_12943606 AKO049209 GXL_283229 Phactr4
chr4 42215999 42217999 - GXT_12943623 AK047126 GXL_778728 Gm10931
chr7 109212607 109214607 - GXT_12944438 AKO78509 GXL_287330 Rnfl21
chrl4 5944054 5946054 - GXT_12946537 AK084071 GXL_778563 Gm10021
chr17 95233138 95235138 - GXT_12947170 AK082664 GXL_461852 Gml976
chril7 95148281 95150281 - GXT_12947186 AKO80683 GXL_473176 Mettl4
chri19 39536565 39538565 - GXT_12947662 AKO50051 GXL_171813 Cyp2c38
chr7 109207990 109209990 - GXT_12949553 AKO034806 GXL_287330 Rnf121
chr7 109212649 109214649 - GXT_12949662 AKO089714 GXL_287330 Rnf121
chrx 67694797 67696797 - GXT_12950375 AKO089806 GXL_216606 AKO089806
chril7 95148211 95150211 - GXT_12951740 AKO043389 GXL_473176 Mettl4
chril7 53092628 53094628 - GXT_12951756 AKO040895 GXL_225725 Kcnh8
chri7 33391090 33393090 - GXT_12951767 AKO038946 GXL_660138 zfp955a
chrl7 6957390 6959390 - GXT_12951785 AKO035271 GXL_155066 Ezr

chra 25541413 25543413 - GXT_12953332 AKO85009 GXL_282468 Fut9

This file contains almost 200,000 promoters in the mouse genome. Interestingly, the number of
annotated genes in the mouse genome is just about 60,000.

How is it possible, that there are more promoters than géimes®xample, in the table above we can

spot three instances of gene Rnf121, which has three different promoters. Indeed, many genes have
several alternative transcripts, alternative transcrpstart sites, and each of these alternative
transcription start sites has its own promoter. But the problem is that the file with the resés of
differential gene expressiajuantifies gene expression per gene, not per gene transcript. There is an
eay (and dirty) solution to remove some lines from the fiitemoters_ mm9.bed which contain
duplicated gene names. By doing so, we keep only one promoter per gene. It is easy to do this in
Excel, so | have done it for yoilthe fle promoters_mm9 52k.bed  contains one promoter per

gene, in total about 52 thousand genes.

After | have added promoter coordinates to the Rd¢4 differential expression file, the resulting file
promoters_and_DEseq.bed looks like this:

chr4 42215999 42217999 Gml0931 Gm10931 O NA NA NA NA NA
chr7 109212607 109214607 Rnfl21 Rnfl21 0O NA NA NA NA NA
chril4 5944054 5946054 Gm10021 Gm10021 O NA NA NA NA NA
chri7 95148281 95150281 Mett14 Mettl14 O NA NA NA NA NA

Here the first column is the chromosome numtbiex,second column in region start, the third column

is region end, then goes the gene name and its differential expression data (in this case of the four
genes printed here the expression data is not available, but for most other genes these arg available
We can notice that this resembles the BED format which we have seen a lot previously during the
ChlP-seq practical. And we know how to find the intersection between two files in BED format. This

is what we previously did for the intersection of p53ssitéth different genomic features. Nome
canintersect p53 sites with the promoters linked to their corresponding gene expression data from
RNA-seq.You do not need to do this, because | have already done this follyeuesults of this
calculation arestored in a new file callepeaks_intersect_ DEseq.bed . This file is also situated

in theshared Galaxyistory.

The file peaks_intersect DEseq.bed finally contains all the information we need to integrate
p53 binding ChlFseq and gene expression RI82g dataAs | said, | have already prepared this file
for you, so that you focus on more interesting stdighe analysisNow, here is what you have do:



Task 2 Determine whether p53 binding at gene promoters correlates with gene expression

Copy file peaks_intersect_DEseq.bed from Galaxyto your computerand then open it in Excel:
Ed»- ® peaks_intersect DEseq - Microsoft Excel =
nsert  Pax F a@
Calibri ~11 « AT AT = A
oy e 3 Fil
Paste - o
J Format Painter B IU-®E Format |2 ¢,
AB10 - fe
A B C D E E G H | J K L M N o P Q R
1 chris 85690303 85690440 + 428.6 0.895 231 473.5 0.5 947.02 0.00E+00 82.45 0.00E+00 0.71 chr15 85688440 85690440 Ttc38
2 chris 85690303 85690479 + 428.6 0.895 231 473.5 0.5 947.02 0.00E+00 82.45 0.00E+00 0.71 chr15 85689175 85691175 Gtsel
3 chr8 23296397 23296573 + 348.7 0.89 208 385.3 7 55.04 0.00E+00 137.97 0.00E+00 0.75 chr8 23295245 23297245 Ckap2
4 chr7 52721866 52722042 + 3443 0.797 211 380.4 2 190.19 0.00E+00 61.7 0.00E+00 0.74 chr7 52721178 52723178 Bax
5 chrl 1.38E+08 1.38E+08 + 322.1 0.85 210 355.9 1 355.87 0.00E+00 45.53 0.00E+00 0.73 chrl 1.386+08 1.38E+08 Phlda3
6 chr7 16893989 16894165 + 249.4 0.819 182 275.5 3 91.83 0.00E+00 27.23 4.97€-288 0.76 chr7 16893932 16895932 Bbc3

This picture shows only part of the Excel file. Here we can seafbrmation about the peaks. If we
scroll more to the right, we will see the second part of the same file:

peaks_intersect DEseq - Microsoft Excel E=2taf |

| J K L M N (o} P Q R S 15 U v w X Y z
1 0.5 947.02 0.00E+00 82.45 0.00E+00 0.71 chrl5 85688440 85690440 Ttc38 Ttc38 0 NA NA NA NA NA
2 0.5 947.02 0.00E+00 82.45 0.00E+00 0.71 chri5 85689175 85691175 Gtsel Gtsel O NA NA NA NA NA
3 7 55.04 0.00E+00  137.97 0.00E+00 0.75 chr8 23295245 23297245 Ckap2 Ckap2 5255.934 1.762861476 0.055809 31.58746 HHHREHHH HHEGRHHE
4 2 190.19 0.00E+00 61.7 0.00E+00 0.74 chr7 52721178 52723178 Bax Bax 35.74425 1.584507423 0.343422 4.613877 3.95E-06 2.37E-05
5 1 355.87 0.00E+00 45.53 0.00E+00 0.73 chrl 1.38E+08 1.38E+08 Phlda3 Phlda3 982.9958 1.139347638 0.09778 11.65215 2.24E-31 6.62E-30
6 3 91.83 0.00E+00 27.23 4.97E-288 0.76 chr7 16893932 16895932 Bbc3 Bbc3 67.78692 1.230860618 0.260172 4.730944 2.23E-06 1.39E-05
7. 4 65.93 0.00E+00 72.89 0.00E+00 0.8 chr12 1.02E+08 1.02E+08 9030617003Rik 90306170 O NA NA NA NA NA

Let us focus on the quantitative characteristics of p53 binding to the promoter and changes of gene
expression changes for the corresponding g&he strength of p53 binding is characterised by the
Chib,seq peak height, which is given by the peak
expression is given by the Il o0og2 fold change in t

The simplest hypothesis that we can text nowhig:twhether the strength of p53 binding at the

promoter is correlated to the change of gene expression? To test this hypothesis we need to calculate
thecorreht i on bet ween columns AEO and Adahgemptylckli s i s €
place there the cursandinsert thereaheequation forthe or r el at i on bet ween col u

Ed9- e ¢
Home | Insert Pagelayout Formulas Data Review View  Acrobat
3 o cur Calibri S A A == ® SiwepTe
S Copy ~
Paste < o CA EEE | axaer |
- <J Format Painter B1U G (B A SS S| EFE [ vegen
Clipboard Font Alignment
AB3 M Jfe =CORREL(E:E,V:V)
Y z AA AB AC AD AE
1 NA NA

2 NA NA Correlation between peak score and log2fold

3 REEHEBER HREHHERH | 0.312581|

4 3.95E-06 2.37E-05

In case if you are still wondering where to find the CORREL function in Excel, here it is:



L= - B B e peaks_intersect DEseq - Microsoft Excel
File Home Insert Pagelayout | Formulas | Data  Review View  Acrobat
ﬁ z E @ @ {*J @ @ @ @ 43 Define Name ~ f:ﬂTrace Precedents @Show Fc
£2 Use in Form chTrace Dependents $Errur Ch
More

Insert | AutoSum Recently Financial Luglcal Tex1 Date & Lookup & Math & Name

Function < Used ~ < v Time~ Reference~ Trig~ |[Functions | Manager 5 Create from Selection u'f': Remove Arrows ~ '-&-‘1 Evaluate
Function Library Statistical » AVEDEV a Formula Auditin
ABS v ﬁ' ﬁgn Engineering b AVERAGE
Y zZ AA AB AC AD ﬁj Cube b AVERAGEA L Al Al

NA NA |L0 Information b AVERAGEIF
NA NA Correlation between peak scc
HERHBREE RUSREERY 0.312581

3.95E-06 2.37E-05

1

g [k Compatibility » AVERAGEIFS
4

5 | 2.24E-31 6.62E-30 [ | -
6

7

8

g

BETADIST

2.23E-06 1.39E-05 BINOM.DIST
NA NA BINOMINV
NA NA CHISQ.DIST
BHEEHBEE HEBHHHH CHISQ.DISTRT
10 | 3.43E-63 2.61E-61 CHISQINV
11 | 1.18E-14 1.62E-13 CHISQINVRT

12 0.975088 0.988194
13 5.04E-05 0.000251

CHISQ.TEST
CONFIDENCE.NORM

14 INA NA
CONFIDENCET

15 | 1.03E-19 1.91E-18
16 NA NA CORREL
17 NA NA COUNT
18| 1.09E-00 9.90E-09 COUN CORREL(arrayl,array2)

’ ‘ Returns the correlation coefficient
19 NA NA COUN between two data sets.
20 BHBHEHES HEHAHAHE Jx Insert

a Press F1 for more help.
21 0.589717 0.75078

Discuss Which correlation did you getWhat can we saybaut this correlation® it large, small, or
moderate? Is it statistically significant? Did you expelike thisat alf?

Task 3. Gene Ontology (GO) analysisvith DAVID.

Thefirst type of integrative analysis thhsuggest you to tris the easiesbtdo and also quite a fun
thing. Usually wet lab biologists love this type of analysis because it gives them an impression that
they understood a lot about the system (in many cases this is an jllusibrh o u g h YryitJL et & s

Let us perform GO analissfor genes which contain bound p53 at their promoters using software
DAVID.

3.1. Please open any Internet browser and gbitovebaddresshttps://david.ncifcrf.gov



https://david.ncifcrf.gov/

File Edit View History Bookmarks Tools ﬂel;

'n DAVID Functional Annotati... %

€ ()@ nhitps//david.nciferf.gov G Qeoftranscriptper Milionmappedreads > T2 (B8 @ $+ A ¥ &

v S \ DAVID Bioinformatics Resources 6.8
A Q) DN National Institute of Allergy and Infectious Diseases (NIAID), NIH

Home  Start Analysis = Shortcut to DAVID Tools hnical Center & APIs = Term of Service

Why DAVID? = About Us

*** Welcome to DAVID 6.8 with updated Knowledgebase (_more info). ***
*** If you are looking for DAVID 6.7, please visit our development site. ***

Shortcut to DAVID Tools Rec di

: A paper published in Nature Protocols describes step-by-step procedure to use DAVID!

Welcome 0 DAVID 6.3

2003 - 2016

[ search |

<> What's Important in DAVID?

The Database for Annotation, Visualization and
Integrated Discovery (DAVID ) v6.8 comprises a full
Knowledgebase update to the sixth version of our original
web-accessible programs. DAVID now provides a

o New requirement to cite DAVID

e IDs of Affy Exon and Gene arrays supported
® Novel Classification Algorithms

* Pre-built Affymetrix and Illumina

32.Sel ect AfiFuncti onal annotationbo

| 6 ) @ @  httpsy//david.nciferf.gov/summary.jsp c Q Search ﬂ

Functional Annotation Tool
DAVID Bioinformatics Resources 6.8, NIAID/NIH

Home | Start Analysis | Shortcut to DAVID Tools | Technical Center | Downloads & APIs | Term of Service Why DAVID? | About Us
=** Welcome to DAVID 6.8 with updated Knowledgebase (_more info). ***
=** [f you are looking for DAVID 6.7, please visit our development site. ***

Functional Annotation Tool

Gene List Manager ‘ Submit your gene list to start the tool! Tell us how you like the tool

Read technical notes of the tool
Contact us for questions

Key Concepts:

Term/Gene Co-Occurrence Probability

Ranking functional categories based on co-occurrence with sets of genes in a gene list can rapidly aid in
unraveling new biological processes associated with cellular functions and pathways. DAVID 6.8 allows
investiaators to sort aene catedgories from dozens of annotation svstems. Sortina can be based either the

Select Species

33.Sel ect the Aupl oadodo | iinrthe gend listenanagewoud listrof génest ep 1 0

from the corresponding column in the fieaks_intersect_DEseq.bedened inExcel Un d e r
20 select Aofficial genegemamdd stand under

nstep
fistep



Upload

Demolist 1 Demolist 2

List

Upload Help

A: Paste a list

ZNF365
ZNF469
ZNF534
ZNF541
ZNF812

Background

B:Choose From a File

Browse.

No file selected.

~ |Multi-List File

OFFICIAL_GENE_SYMBOL

Functional Annotation Tool

Tell us how you like the tool
Read technical notes of the tool

Contact us for questions

« Submit your gene list to start the tool!

Key Concepts:

Term/Gene Co-Occurrence Probability
Ranking functional categories based on co-occurrence with sets of genes in a gene list can rapidly aid in
unraveling new biological processes associated with cellular functions and pathways. DAVID 6.8 allows

investigators to sort gene categories from dozens of annotation systems. Sorting can be based either the
number of genes within each category or by the EASE-score. More

Gene Similarity Search

Any given gene is associating with a set of annotation terms. If genes share similar set of those terms, they are
most likely involved in similar biological mechanisms. The algorithm tries to group those related genes based on
the agreement of sharing similar annotation terms by Kappa statistics. More

Term Similarity Search
Typically, a biological process/term is done by a corporation of a set of genes. If two or more biological
processes are done by similar set of genes, the processes might be related in the biological network somehow.

This search function is to identify the related biological processes/terms by quantitatively measuring the degree
of the agreement how terms share the similar participating genes. More
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