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Introduction: data

� Immune reactions after a homo- or heterologous
challenge of broilers primed with Eimeria maxima

� Differentially expressed gene list: 
� Three differentially expressed gene lists
� Cut-off: adjusted p values <= 0.05
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Introduction: three contrasts

� MM8.PM8: differences between primary and secondary response?

� MM8.MA8: will E.ac trigger a secondary response directly?
whether the secondary response to E.ac is the same to E.max? 

� MM8.MM24:  what changes during time for secondary response?

(Picture from http://www.emc.maricopa.edu/ )
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Introduction: questions need to be answered

� What is the biological information in those six 
gene lists ( 3 up and 3 down) by looking at:

i. Gene Ontology (GO)
ii. Biological pathways (KEGG)
iii. Others

� How can we extract those information?
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Introduction: Bioconductor packages

There are several R-bioconductor packages

i. GOstats (Tools for manipulating GO and microarrays)

ii. topGO (Enrichment analysis for Gene Ontology)

iii. sigPathways (pathway analysis)

iv. other packages…
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GOstats

�GOstats

A set of tools for interacting with GO and microarray data.

�Hypergeometric testing
� Are there any GO terms that have a larger than expected subset of 

our selected genes in their annotation list? 

� The common test is for over-representation, but one can test for 
under-representation

�Array-based annotation R package
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GOstats

� Testing a GO Term

(example from Seth Falcon 2007)

Gene Universe: for example, all the genes on the array
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GOstats

� The Hypergeometric test assumes independence of 
categories, but…

� We only want to call a GO term significant if there is  
evidence beyond that provided by its significant children

(example from Seth Falcon 2007)

EADGENE and SABRE Post-Analyses Workshop 
12-14th Nov 2008, Animal Sciences Group, Wageningen UR, Lelystad

GOstats

� Conditional Hypergeometric testing
test a term conditional on its children, remove genes 
inherited from significant children before testing.

(example from Seth Falcon 2007)
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(example from Seth Falcon 2007)GOstats
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AnnotationDbi

� AnnotationDbi:
Create maps that allow access from R to 
underlying annotation databases.

� It creates standard array annotation 
pakcages used in other bioconductor
packages, e.g. GOstats

� Using human orthologs (INRA re-annotation) 
to create a kind of “human-chip” annotation 
package for chicken oligos
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Results1:  MM8_PM8.UP      up in MM8

regulation of interferon-gamma biosynthetic process720.360167.413580.04667GO:0045072

lymphocyte proliferation2541.286303.542740.03699GO:0046651

positive regulation of T cell differentiation620.308719.268520.03449GO:0045582

positive regulation of mononuclear cell proliferation1330.668885.572760.02627GO:0032946

regulation of T cell activation3351.697923.327770.02533GO:0050863

T cell selection520.2572612.360080.02380GO:0045058

regulation of exocytosis520.2572612.360080.02380GO:0017157

regulation of leukocyte activation4162.109533.200890.01736GO:0002694

positive regulation of T cell proliferation1130.565976.968270.01635GO:0042102

regulation of B cell differentiation420.2058118.543210.01478GO:0045577

positive regulation of lymphocyte activation2551.286304.665110.00793GO:0051251

SizeCountExpCountOddsRatioPvalueGOBPID

ONLY immune-related 

significant  terms are shown (p<0.05)
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Results1:  MM8_PM8.DOWN      up in PM8

actin filament-based movement820.356067.200000.04627GO:0030048

regulation of glycolysis820.356067.200000.04627GO:0006110

negative regulation of immune system process1830.801144.329030.04337GO:0002683

focal adhesion formation620.2670510.803570.02629GO:0048041

proteolysis involved in cellular protein catabolic process127115.652462.077810.02544GO:0051603

regulation of antigen receptor-mediated signaling pathway520.2225414.407140.01805GO:0050854

immune response-regulating signal transduction1330.578606.498920.01790GO:0002764

immune response-activating cell surface receptor signaling 
pathway1230.534097.222220.01423GO:0002429

negative regulation of T cell receptor signaling pathway220.08902Inf0.00197GO:0050860

SizeCountExpCountOddsRatioPvalueGOBPID

ONLY immune-related 

significant  terms are shown (p<0.05)
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Preliminary Conclusion 1: MM8_PM8

� Contrast 1
1) PBS-E.max treatment mainly triggers primary 

immune response:
- more general immune-related GO BP terms

2) E.max-E.max treatment mainly triggers 
secondary immune response  
- more GO terms realted to T & B cell regulation
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Results2:  MM8_MA8.UP      up in MM8

negative regulation of cellular metabolic process20820.328287.427180.04057GO:0031324

negative regulation of macromolecule metabolic process18920.298308.207220.03402GO:0010605

Ras protein signal transduction13920.2193811.293800.01916GO:0007265

regulation of small GTPase mediated signal transduction12320.1941312.820250.01519GO:0051056

organelle organization and biogenesis57540.907516.719210.00904GO:0006996

SizeCountExpCountOddsRatioPvalueGOBPID

All significant terms

(p<0.05)
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Results2:  MM8_MA8.DOWN      up in MA8

cell death41841.385423.353790.04566GO:0008219

anion transport10320.341386.476290.04497GO:0006820

apoptosis38541.276043.664660.03526GO:0006915

locomotory behavior7320.241959.257230.02387GO:0007626

regulation of multicellular organismal process12530.414308.460380.00769GO:0051239

phosphate transport3920.1292617.860600.00720GO:0006817

SizeCountExpCountOddsRatioPvalueGOBPID

All significant terms

(p<0.05)
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Preliminary Conclusion 2: MM8_MA8

� Contrast 2

E.max-E.max and E.max-E.ac treatments do not 
show big differences on triggering secondary 
immune responses.
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Results3:  MM8_MM24.UP      up in MM8

positive regulation of ubiquitin-protein ligase activity during 
mitotic cell cycle3920.357016.024130.04917GO:0051437

regulation of binding3820.347856.192460.04691GO:0051098

negative regulation of ubiquitin-protein ligase activity during 
mitotic cell cycle3720.338706.370410.04470GO:0051436

negative regulation of ligase activity3720.338706.370410.04470GO:0051352

negative regulation of cell differentiation3720.338706.370410.04470GO:0045596

anaphase-promoting complex-dependent proteasomal
ubiquitin-dependent protein catabolic process3620.329556.558820.04253GO:0031145

monosaccharide metabolic process7730.704864.572970.03304GO:0005996

regulation of transcription factor activity2420.2197010.155840.01998GO:0051090

positive regulation of DNA binding1920.1739313.153360.01274GO:0043388

positive regulation of NF-kappaB transcription factor activity1320.1190020.347400.00602GO:0051092

SizeCountExpCountOddsRatioPvalueGOBPID

ONLY immune-related 

significant  terms are shown (p<0.05)
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Results:  MM8_MM24.DOWN      up in MM24

cell adhesion3171711.006941.623510.04842GO:0007155

prostaglandin metabolic process1020.347227.004590.04495GO:0006693

T cell receptor signaling pathway920.312508.006550.03678GO:0050852

endothelial cell migration920.312508.006550.03678GO:0043542

interleukin-2 production920.312508.006550.03678GO:0032623

insulin receptor signaling pathway2030.694444.959880.03044GO:0008286

calcium ion-dependent exocytosis820.277789.342510.02927GO:0017156

activation of JNK activity720.2430611.212840.02246GO:0007257

phagocytosis1630.555566.490250.01655GO:0006909

prostanoid biosynthetic process620.2083314.018350.01642GO:0046457

positive chemotaxis520.1736118.694190.01120GO:0050918

cell motility179136.215282.251030.00914GO:0006928

DNA recombination4961.701393.959790.00657GO:0006310

regulation of cell migration4661.597224.258880.00480GO:0030334

SizeCountExpCountOddsRatioPvalueGOBPID

ONLY immune-related 

significant  terms are shown (p<0.05)
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Preliminary Conclusion 3: MM8_MM24

� Contrast 3

E.max-E.max treatment activates secondary 
immune response, and immune activities are 
increasing from 8h to 24h.
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Comparison between two re-annotations

�Re-annotation sources: 
• oligoRAP re-annotation (WUR)
• Sigenae re-annotation (INRA)
• IAH re-annotation (IAH) 

� Gene Ontology:
• using GO info directly linked to chicken genes
• linking chicken oligos to GO info via human 

orthologs genes
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Comparison between two re-annotations
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Comparison between two re-annotations
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Gene Universe: what to choose?

� In this case, the gene universe differs by using different 
re-annotation sources (INRA & WUR)

� The choice of gene universe has a big impact on 
Hypergeometric test results.

� A hybrid re-annotation pipeline by combining three 
different methods will help?
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Overlapped GO terms:  MM8_PM8.up

positive regulation of lymphocyte activation306255GO:0051251

positive regulation of cell activation316265GO:0050867

regulation of B cell differentiation3242GO:0045577

regulation of interferon-gamma biosynthetic process8272GO:0045072

positive regulation of T cell proliferation154113GO:0042102

positive regulation of mononuclear cell proliferation174133GO:0032946

regulation of leukocyte activation457416GO:0002694

Size.yCount.ySize.xCount.xGOBPID

ONLY immune-related 

significant  terms

Did we worry about slightly different

re-annotation methods too much ??
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Extra: Differentially expressed chr locations

MM8_PM8,  q-value <= 0.01

A locally adaptive statistical procedure (LAP) to identify 
differentially expressed chromosomal regions 

(Callegaro et al,.Bioinformatics 2006)

EADGENE and SABRE Post-Analyses Workshop 
12-14th Nov 2008, Animal Sciences Group, Wageningen UR, Lelystad

Which genes are there?
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