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Abstract	
	
The	inflammatory	bowel	diseases	(IBD)	Crohn’s	disease	(CD)	and	ulcerative	colitis	(UC)	
are	thought	to	be	driven	by	an	inappropriate	immune	response	against	the	commensal	
flora	(microbiota)	of	the	intestinal	tract,	an	enormously	diverse	and	complex	microbial	
ecosystem	encompassing	bacteria,	archaea,	fungi,	protozoa,	bacteriophages	and	viruses.	
No	 method	 has	 yet	 been	 available	 to	 identify	 the	 exact	 targets	 of	 this	 pathogenic	
immune	 response	 and	 hence	 potential	 triggers	 of	 IBD	 in	 a	 genetically	 susceptible	
individual	 remain	 unknown.	 High	 throughput	 sequencing	 of	 16S	 rDNA	 genes	
(ribotyping)	of	bacterial	species,	and	metagenomic	shot‐gun	sequencing	has	pinpointed	
the	 complexity	 of	 the	 intestinal	microbial	 ecosystem,	 but	 lack	 the	 capacity	 to	 resolve	
cause‐effect	relationships	between	microbes	and	host.	
We	have	been	developing	a	method	that	harnesses	 the	 ‘lens	of	 the	 immune	system’	 to	
reveal	pathogenically	relevant	microbial	factors.	Specifically,	 the	Kaser	lab	at	the	Dept	
of	Medicine	at	the	University	of	Cambridge,	 in	collaboration	with	Nick	Thomson’s	lab	at	
the	Wellcome	 Trust	 Sanger	 Institute	 has	 been	 developing	 a	 methodology,	 which	 we	
termed	MiIP‐Seq,	 that	 allows	 the	 identification	 of	 the	 immune‐relevant	 subset	 of	 the	
microbiota	 (‘immunobiome’).	 The	 methodology	 poses	 exciting	 computational	
challenges,	 which	 range	 from	 those	 associated	 with	 low‐biomass	 sequencing	 to	
metagenomic	assembly	and	pathway	prediction,	to	de	novo	virome	sequence	discovery	
and	assembly.	For	this	purpose,	in	collaboration	with	Rob	Finn	at	EMBL‐EBI,	who	brings	
world‐class	 expertise	 in	 developing	 high	 throughput	 functional	 analysis	 through	 his	
work	 on	 PFAM	 and	 InterPro,	 and	 more	 specific	 experience	 developing	 informatics	
pipelines	 for	 metagenomic	 analysis	 through	 his	 work	 running	 the	 EBI	 Metagenomics	
service.	We	would	like	to	offer	a	jointly	supervised	project	on	the	immunobiome	in	IBD	
through	 MiIP‐Seq	 that	 aims	 at	 identifying	 the	 targets	 of	 the	 pathogenic	 immune	
response	 in	 this	 condition.	 This	 fellowship	 would	 form	 the	 nucleus	 for	 developing	
kingdom‐agnostic	metagenomics	expertise	at	the	Sanger	Institute	as	well	as	the	broader	
Cambridge	campus	and	complement	existing	activities	at	EBI	focused	on	environmental	
metagenomics.	 Finally,	 since	 studies	 in	 model	 systems	 and	 epidemiologic	 studies	 in	
several	other	immune‐related	conditions,	such	as	multiple	sclerosis	and	type‐1‐diabetes,	
suggest	 that	 factors	within	 the	 intestinal	microbiota	may	 trigger	disease	 in	genetically	
susceptible	 individuals,	 the	 experimental	 and	 computational	 methodology	 associated	
with	MiIP‐Seq	might	 have	 vast	 and	 broad	 implications	 for	 immunity	 and	 infection	 in	



general.	 Which	 again	 falls	 firmly	 within	 our	 joint	 areas	 of	 interest	 and	 longer	 term	
research	goals.		
	
Details	on	the	computational	part	of	the	project:	
	
MiIP‐Seq	 is	 a	 method	 that	 combines	 immunological	 techniques	 with	 high‐throughput	
sequencing.	The	method	is	in	advanced	development	with	regard	to	the	“wet‐lab”	part.	
The	first	part	of	the	project	will	focus	on	the	analysis	of	metagenomic	sequencing	data	
that	 are	 being	 generated	 from	 sequential	 small‐scale	 experiments	 (i.e.	 from	 few	
individual	 patients	 and	 procedures).	 These	 analyses	 (see	 below)	 will	 feed	 back	 into	
further	 method	 development	 that	 will	 take	 place	 over	 the	 ~	 first	 12	 months	 of	 the	
project,	with	the	goal	to	establish	a	combined	‘wet‐lab’	and	‘dry‐lab’	pipeline	that	can	be	
rolled	out	to	a	large	number	of	patients	with	inflammatory	bowel	disease	and	matched	
healthy	 controls,	which	will	 form	 the	second	part	of	 the	project.	 Here	 the	 goal	 is	 to	
identify	 the	 IgG‐	 and	 IgA‐reactive	 immunobiome	 in	 health	 and	 disease	 (with	 the	
rationale	detailed	in	the	abstract).	
	
In	 essence,	 each	 individual	 patient	 sample	 yields	 4	 sequencing	 data‐sets:	 [1‐Input]	 is	
from	 straight‐forward	 sequencing	 of	 the	 microbiota	 from	 input	 material;	 [2‐IgG‐
immunobiome]	 is	 the	 fraction	 of	 the	 microbiota	 that	 is	 immunocomplexed	 with	
immunoglobulin	G	(IgG)	–	this	fraction	potentially	identifies	“immune‐pathogenic”	parts	
of	 the	 microbiota;	 [3‐IgA‐immunobiome]	 is	 the	 fraction	 of	 the	 microbiota	
immunocomplexed	with	IgA,	the	prevalent	immunoglobulin	type	that	is	secreted	under	
normal,	homeostatic	conditions;	[4‐Control‐Ig]	is	a	technical	control	that	captures	“non‐
specific”	binding	 (“noise”)	during	 the	 immunoseparation	step.	Libraries	 [2]‐[4]	will	be	
generated	 from	 low‐input	 DNA	 biomass,	 which	 poses	 challenges	 in	 itself	 (e.g.	 DNA	
contamination	of	reagents);	computational	methods	need	to	be	developed	 for	removal	
of	“noise”	(captured	in	[4])	from	the	IgG	and	IgA	immunobiome	data‐sets,	informed	by	
available	expertise	 from	single‐cell	genomics	studies.	These	curated	data‐sets	([2]	and	
[3])	will	 then	be	compared	with	the	 input	 libraries	 [1]	 to	 identify	 the	 immunoreactive	
part	of	the	microbiota	and	to	deduce	operational	taxonomic	units	(OTUs).	
In	 the	 second	 part	 of	 the	 project,	 larger	 groups	 of	 patients	 (n=100)	with	 IBD	will	 be	
compared	 to	 healthy	 individuals	 to	 test	 the	 hypothesis	 that	 specific	 immunoreactive	
bacteria/fungi/viruses/etc,	 or	 functional	 characteristics,	 are	 shared	 between	 IBD	
patients,	 but	 not	 healthy	 individuals.	 As	 human	 genetic	 data	will	 also	 be	 available	 for	
patients	recruited	to	this	study,	 immunobiome	data	can	be	analyzed	in	context	of	host	
genetics.	
	
Which	types	of	microbiome	data	will	be	generated	and	analyzed?	
	

 16S	 rRNA	 (DNA)	 –	 primarily	 capturing	 intestinal	 bacteria.	 Taxonomic	
classification	 according	 to	 OTUs.	 Inference	 of	 functional	 characteristics	 from	
deposited	fully	sequenced	single	genomes.	

 shot‐gun	metagenomic	 data	 (DNA)	 –	 theoretically	 kingdom‐agnostic,	 in	 reality	
primarily	 capturing	 bacteria.	 Metagenomic	 contig	 assembly	 and	 functional	
annotation	 of	 metagenomes.	 Development	 of	 computational	 strategies	 for	 the	
intra‐	and	inter‐patient	comparisons	described	above.	

 Virome	shot‐gun	metagenomic	data	 (RNA/DNA)	–	due	 to	 the	characteristics	of	
the	 immunoseparation	procedure,	viruses	will	need	 to	be	separately	subjected	
to	 MiIP‐Seq/immunoseparation.	 Very‐low	 input	 biomass	 sequencing.	 Contig	
assembly,	prediction	of	viral	sequences	and	annotation.	

	
Sequencing	platform:	Illumina;	alternative	platforms	might	be	evaluated.	


