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Case Study – Time-shifted correlations!
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A microarray study consisting of 3 time courses, each 
one with 25 half-hourly time points (0 to 12 hours)!

Case study – Source data!
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Gene expression profile across 12h 

0h 12h 

Gene xyz 

For each of the three biological conditions, there are 15K gene expression 
profiles (after removal of “flat” genes) 



1. Are there any genes which differ between the three 
biological conditions (in their 12h expression profile)!

-  This data set does not have replicated time point samples, i.e. no 
stats applicable apart from identifying non-flat profiles!

!
-  Instead, use explorative analyses!
!
- SPRINT pcor() to compute all gene-gene distances (1-cor)!
!
- heatmap.2() function to generate clustered heatmap!
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Genes clustered across all 75 arrays!

Case study – Global overview!
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.5 12Condition and Time

Irf8
2610307O08Rik
C230093N12Rik
AU020206
Gpr84
Enc1
Ahrr
Edn1
Thrap1
Noc4l
Pdss1
Phip
Csf2rb2
Csf2rb1
Cxcl9
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Inpp5b
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Rhbdf2
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5830443L24Rik
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Acsl1
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H2−T23
Gsdmdc1
Gsdmdc1
Gsdmdc1
Bcl2a1b
Tlr6
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Aim1
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Atp13a1
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Slc8a1
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Tlr1
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Ltb
Serpinb6b
Prdx5
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2310002L09Rik
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Ranbp3
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Rab32
Itgal
Ctsh
St3gal5
Evi2b
Cd74
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Olfr906
Olfr974
Rhcg
Dll3
Lpo
Coro2b
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Sorbs3
Timp2
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Avpr2
4930431B11Rik
Lce5a
5830411J07Rik
Nucks1
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1110033M05Rik
Olfr17
Adra2b

Rnf151
Glcci1
Ccl3
F13a1
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Nfil3
Klf4

Map3k8
Sgk
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Gadd45b
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Csf1
BC033915
Zfp36
5430427O19Rik
LOC545174
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Foxl2
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Ctla2b
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H2−T22
Cybb
Evi2a
Stxbp1
Mvp
Abcg1
Gsdmdc1
Grina
3732413I11Rik
2310043N10Rik
Traf1
Mylip
Setd1b
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Ssbp2
Il12rb1
Dok1
Rgs1

Sct
Parp3
Cnn3

Car7
H2−Q10
Siglec1
Cd72
Slc16a10
Tyk2
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Casp3
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Chmp4b
Hat1
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Sesn3
Mocs2
Insl6
Il1rn
Serpine1
Rnf34
Epsti1
Ms4a4d
Ms4a4b
Ms4a4b
Isg20
Il18
Oas1f
Oas3
1110032O16Rik
Echdc2
Rgl1
Surb7
Hist1h3d
Snw1
Sp100
Tcstv1
Eif2b2
Prkce
Prnp
2310016F22Rik
Car13
Entpd3
Atp7b
EG630499
H2−D1
1700029P11Rik
Plvap
0610042G04Rik
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Adm

4930486L24Rik
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Ms4a7
Fabp3
Nsmaf
5031414D18Rik
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2610208M17Rik
Prpf38a
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Gca
Nfxl1
Tlk2
Usp42
Phr1
Mllt3
Sp100
1810011O16Rik
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Sesn3
Pex16
Sertad3
Gzmk
Usp42
Chmp1b
Tdrd7
Pi4k2a
Irf7
Ube2l6
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Phf11
Ccl5
Slfn4
Slfn3
Xdh
Hdc
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BC013672
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Cspg2
Uaca
Ascc3
1110007A13Rik
Itpr1
Ktn1
Apaf1
Stxbp3a
Casp7
Rnf14
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Bcl9
Ifrg15
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1190002H23Rik
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Zfp207
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Cdyl2
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Adar
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Arl4a
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Stat3
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Cflar
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Parp14
Trim21
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Nod1
BC004022
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Parp9
Rtp4
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H2−T23
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Zfp313
Parp11
Oasl2
Tap1
Parp12
Pnp
Fbxo39
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Isg15
Tor3a
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Ccnd2
Tnfsf10
Il13ra1
0710001B24Rik
Ogfr
Mxd1
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Asb13
Azi2
Mlkl
Ccl8
Ddx4
Gvin1
Samhd1
Fgl2
March1
Zbp1
Gbp2
Stat2
Ifi44
H28
Ifi202b
5830484A20Rik
Cfb
C3
Klrk1
Slc15a3
Tapbp
Nmi
C130026I21Rik
Casp1
Nrg1
Fcgr1
Usp25
Clic4
Jak2
March5
Edg2
Sgcb
Arf4
Rapgef2
Fbxw17
Ifi204
Mnda
Trafd1
BC013712
9930105H17Rik
9530028C05
Slfn10

Tyki
Trim30
Ifih1
P2ry14
Trex1
Oas2
Ifi203
Chit1
Prss22
Ccdc86
Slfn2
Camk1g
1200016B10Rik
Tbc1d17
Hist2h3c1
Lgals8
Slamf7
Cds1
Tuba3
LOC630437
Flt1
Gsdmdc1
Gsdmdc1
Gsdmdc1

Ifi35
Sp100
Psmb10
Cd47
Prkg1
4932415M13Rik
Aoah
Mfsd7
H2−T24
Ovch2
4933431I19Rik
Centa2
Rnf135
Mixl1
Olfr1026
Tecta
Olfr731
Stat1
Nagpa
Cd86
Tmsb10
Il2rg
Glipr2
H2−Q7
C030046E11Rik
2010106G01Rik
Irf2
Morc3
Dck
Irf5
Ccl7
Rnf31
Vps33a
Lyn
Pex11a

1500041B16Rik
1700106J16Rik
Syf2
Pdk3
Pphln1
Pdcd10
Ppp2r5a
AI931714
Synj1
Copa
H2−D4
Pbx2
Krt85
Mad2l1bp
AI413782
Tmem106b
Psma4
Cox11
Sdf4
Carhsp1
Carhsp1
Tlr7
Expi
Btg2
Obfc2a
Dennd1a
Trim13
Dusp1
Zfp30
Smad7

Phf23
Fkbpl
Hdhd3
Ubc
Phf13
Cdkn2d
Armcx2
Pacsin3
Dlgh3
C85492
Paip2
Slc9a2
Tgif2
Pdlim1
Hey1
Smo
Dedd2
Cbx8
Ddit4
Apobec1
1300010M03Rik
Dnajb1
Dnajb4
Wdr40c
Rap1gap
Nub1
Itgb3
Cyp4x1
Olfr187
Clstn3
Trim37
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9030607L17Rik
D5Ertd579e
Mbl2
Zbtb26
Gdap2
1700007N14Rik
Cidea
4932411E22Rik
Gpr146
Ifrd2
Slc16a2
4930488L21Rik
Snca
Wbscr22
BC011248
Zfhx1a
Slc25a22
4930539E08Rik
Rgs16
1810026J23Rik
Olfr799

Kalrn
Sap30
Gypc
Fbxo42
Timeless
Tnfsf8
Cutc
Klf2
BC042720
Myod1
1810027L02Rik
Wdr70
Mrpl1
Rps6ka6
Adrb1
Tlr2
Il1b
Ppp1r8
Ccdc93
2210010C04Rik
Fabp2
Apaf1
1110061O04Rik
Fbxo4
P2ry13
Minpp1
Tra2a
5730589K01Rik
Cenpj
Ripk2
Brd2
Gpsm2
Cd164
Il10
Brf2
Susd2
Pkd1
Fbxw15

Rab19
1700011L22Rik
2810012G03Rik
Lhx2
Pcgf5
Hrasls
Bgn
Mx1
Plec1
A530023O14Rik
2410025L10Rik
Mppe1
Disp2
Nfe2l1
Cited2
Il6
Taf7
Msc
Dpf2
Tcrg−C
Sema4c
Ccnj
Daxx
Ifit1
Mx2
AI447904
Usp18
Enpp4
Ifit3
Rsad2
Ifit2
BC006779
Nt5c3
AI481105
Ddx58
Pou3f1
Kctd5
Rgs2
Crlz1
Rin2
Gch1
Casp8
Crlf3
Phc2
Dock8
Casp2
Pnpt1
Tpst1
C330023M02Rik
Cflar
Zcchc6
Usp12
Pde7a
3110001I22Rik
Tiparp
Rnf139
AA407452
Katna1
Etnk1
Skil
Zc3h7a
BC016423
Ncoa7
D4Ertd429e
Ppm1k
Ppm1k
Birc2
Cd69
Ccrl2
Il15
Peli1
Eif2ak2
Slfn5
Lpl
Btbd1
Dok2
Slc20a1
Dusp6
Ehbp1l1
Slc16a3
Ccnd1
Myc
Phf17
Msh6
Lhfpl2
Slco4a1
Dhx40
Msh2
Tacc2
Acot1
Egln3
Fbxo31
Ctps
Plekhh3
Tmem24
Rasgef1a
Klhl24
Lrp12
6430527G18Rik
Arid3a
B3gnt8
Klf16
Mapk7
Rusc2
Cdt1
Ptpre
Cln8
Arhgap25
Thra
Ing2
2310016C08Rik
Klhl21
D630023B12Rik
Dusp4
Plk2
Frmd6
Herpud1
Chac1
2310022A10Rik
Flcn
A830007P12Rik
Sh3bp1
5430435G22Rik
Abi3
Zmym6
Gramd1b
Angpt2
Hsp110
Lrrc25
Spsb2
Numbl
Grlf1
2210412D01Rik
Ppapdc1

Hist2h4
Hist1h4d
Malt1
Mt2
Rapgef6
Cd83
Nfkbiz
Tcfec
Tagap1
2610016C23Rik
Cebpd
Pdgfa
Tnfaip2
Itgav
Prim2
Rnaseh2c
Rps6ka2
9030617O03Rik
Jun
4933426K21Rik
Olfr845
2410012M07Rik
1200009I06Rik
Timm10
Gcat
Dpp7
Igf1

Birc5
Ccnb1
Nap1l1
Tyms
Nusap1
Lbr
Tyms
Fdps
Dock1
Ccnb2
Shcbp1
Cenpa
C330027C09Rik
Mad2l1
Kpna2
Kif20a
Cenpf
Prc1
Smc2
Nek2
Ect2
Cdc20
Cks2
Top2a
Casc5
Bub1b
6720460F02Rik
Hirip3
Aurka
Kif23
Spbc25
Melk
Smc2
Tk1
Spag5
Mki67
Ttk
Cdc25b
Aurkb
Racgap1
Cenpi
Cdc2a
Cdca8
Pbk
Cep55
Plk1
Rrm1
Sqle
1110002B05Rik
2810433K01Rik
Bub1
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Cdc25c
Ube2c
Ncapg
Nuf2
Cks1b
Ccna2
Lmnb1
Egr1
Dbc1
Ulk1
Prim1
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Dnajc9
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Idh1
Acsl3
Hmgcs1
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Ncapg2
Dab2
Galnact2
Mcm6
2210010N04Rik
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Gas6
E330036I19Rik
Rad51
H2afx
Mcm7
Dut
Hist1h1b
Kif22
Cd14
Asf1b
Hist1h2aa
Dhcr24
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Cdca3
Chaf1b
Dhcr7
Fcgr2b
Insig1
Mrc1
Tmem135
Cdk6
Pkmyt1
H2afv
Lsm2
Lin7c
Cenpe
Mef2c
Mid1ip1
Hal
Dbf4
Cxcl1
Cxcl2
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Cgnl1
Cenpp
Idi1
Pola1
Alox5
Slc7a5
Psd3
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Fdft1
Cav2
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Gtse1
3110082I17Rik
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Nat13
Egr2
Trim16
Snx24
9030418K01Rik
Fignl1
Lrmp
Tubb5
Cbx3
Uhrf1
Arrb1
Siva1
Tipin
Scd2
Sgol1
Hvcn1
Rapgef5
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Gna12
Tcf19
Sc4mol
Rrm2
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Topbp1
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Depdc1b
Trim59
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Slc16a6
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Cdca5
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Slc26a11
Ube2t
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Arhgap22
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Slc38a2

Expression data (scaled across all 75 samples) 
 [red=virus, blue=Ifng, black=both] 

 n=1377 highest variance genes with min 1 sample above grand median
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SPRINT function pcor() to compute distance 
between genes as 1-pcor(t(data))!
!
Distance matrix then supplied to heatmap.2()!

There would of course be no need for parallelisation, if a 
very stringent expression filter is applied before (not 
after) calculating gene-gene similarities.!



2. Do the biological conditions differ in 
their topology? !

-    Use SPRINT pcor() to compute all gene-gene correlations!
!
-  Filter data *after* all correlations have been computed!
!
-  Generate network graph (Cytoscape)!



1.  All pairwise gene-gene correlations for each biological condition!
2.  Reduce correlation matrix to significant independent correlation (PCIT)!

3.  Reduce further based on how much graphing package can handle!

4.  Plot networks (Cytoscape)!
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Case study – Gene co-expression network graphs!

SPRINT function pcor() to compute 
correlation between genes: pcor(t(data))!



3. We now know how genes are expressed 
similarly or differently across the entire 12h of 
observations.!
!
-  But can we say anything about genes matching other genes *in part*?!

-  And matching in part to genes in another biological condition?!



Hypothesis: genes are correlated between conditions, shifted in time!
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Case study – Time-shifted correlations!

0h 12h 

IFNg treated macrophages 

0h 12h 

Gene xyz Gene xyz 

Split 12h profile into 21 time windows of 2h each (overlapping)!

Virus infected macrophages 



But if we split the 12h time course into multiple time 
windows for each of the 15K genes and in each of the 
biological conditions, the required number of 
correlations to be measured increases…a lot.!
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Case study – Computational demands!

We wish to compute all correlations of short time windows between 2 conditions 
 

(14819 genes * 21 time windows)^2 = 96.84 billion calculations   

The above is too much for a Mac*, use a much smaller set of genes instead 
 

(5561genes * 21 time windows)^2 = 13.64 billion calculations   

Time: NA 

Time: ~3h 

Same computations With SPRINT pcor() on 256 cores 
(Note: …forgot if this time was for 5561 or 14819 genes…) Time: ~10min 

Number of Pearson correlation coefficients calculated when comparing 
macrophage IFNg time course to macrophage virus time course!

*At the time this was run, R was only using a 
single CPU even if the machine was multicore 
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Case study – Visualised results!

Data point = gene expression 
profile match between two 
biological conditions. 
 
Each panel = one combination of 
time windows. 

How many genes correlate in which time windows!

Early tim
e w

indow
s 

Late tim
e w

indow
s 

Virus-infected macrophages 

Early time windows Late time windows 
IFNg treated macrophages 



Per-gene, per time-window correlations can be 
aggregated to gene level.!
!
How frequently does the part-expression-profile of one 
gene match part-expression-profiles of other genes in 
another biological condition?!



14 

Case study – Visualised results!

Red represents gene-to-gene “links” that occur frequently over time. 

Genes, IFNg treated macrophages 

Genes, Virus-infected macrophages 
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Case study – Visualised results!



We are now investigating if genes that *in part* match a 
high number of other genes in another biological 
condition (also *in part*):!
!
1.  Differ numerically or biologically from the set of full 

12h matches!
!
2.  Provide any new hypotheses on cause-and-effect 

transcription networks in macrophage activation.!



And we are keeping in mind that correlation-based 
explorative analyses are not as focused as statistical 
hypothesis testing…!



Example application for papply() and pboot()	



Assume you have identified (biologically relevant and statistically significant) 52 
genes that can predict if a microarray-hybridised blood-RNA sample is a sepsis case 

or a healthy control.	


	


	



Question: do you need all 52 genes to be part of this classifier? Would smaller gene 
subsets work as well and reduce cost for a clinical assay?	



	


	



Methodology 1: Rank genes by some criteria and test top N=1,…,52 as classifier	


	


	



Methodology 2: Test all possible subsets of N genes between size 1 and 52. That’s 
each gene individually, all possible sets of 2 genes, all possible sets of 3 genes etc.	
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…that’s 4.5 quadrillion possible gene sets to test, which at 1 
sec per run takes ~140 million years	





That’s too big for parallelisation.	


	



a) Use MCMC sampling scheme? We haven’t parallelised this in SPRINT…	


	


	


b) Test only lower sizes of gene sets? If you reduce the problems to smaller 
gene set sizes, you may get away with a few million computations.	


	


-> Use papply() and/or boot() to distribute across as many cores as possible 
to get results in a reasonable time frame of days.	




