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Figure	S2	

	

	
	

Figure	 S2.	 Sfold	 Structure	 Comparison	 of	 3’UTR	 of	 DQA1*	 and	 DQB1*.	 Each	 of	 the	
riboprobe	sequences	was	analysed	with	Sfold	to	predict	statistical	ensembles	of	structures.	The	
ensembles	permit	many	different	conformations	of	the	structures	and	clustering	indicating	the	
most	 likely	 conformations	 adopted	 by	 each	 sequence.	 The	 minimum-free	 energy	 (MFE)	
structure	 is	 also	 predicted	 and	 its	 parent	 cluster	 identified.	 A.	 3DQA101,	 B.	 3DQA105,	 C.	
3DQB105	 and	D.	 3DQB102	show	 the	 ensemble	 structures	 to	 contain	 fewer	 conserved	 base	
pairings	(grey	boxes)	than	the	MFE	structure	indicating	the	structure	is	more	dynamic/flexible	
outside	 of	 these	 regions.	 This	 is	 particularly	 evident	 in	 D.	 3DQB102	 where	 there	 is	 little	
conservation	of	base	pairings	in	the	large	stem	as	seen	in	the	other	structures.	
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Figure	S3	
	

	
	
Figure	S3.	Sequence	Alignment	for	human	and	mouse	homologs	for	DQA1*	and	DQB1*	
alleles.	The	sequence	alignments	for	the	human	DQA1*	and	DQB1*	3’UTR	sequences	in	Figure	
1A	and	B	have	been	extended	to	include	the	mouse	homologs	H2-Aa	and	H2-Ab1.	A.	The	DQA1*	
alignment	for	the	human	alleles	and	mouse	homolog	show	high	sequence	identity	between	the	
human	alleles	at	94.1%	but	a	much	lower	identity	between	the	human	and	mouse	sequences	
(<60%)	as	summarised	in	B.	C.	The	DQB1*	alignment	for	the	human	alleles	and	mouse	homolog	
show	a	low	sequence	identity	of	<45%	between	species	but	>90%	for	the	human	sequences	as	
summarised	in	D.	The	low	level	of	conservation	between	human	and	mouse	(<60%	for	DQA	
and	<45%DQB)	will	result	in	different	locations	of	AU	rich	motifs	and	affect	their	presentation	
in	single	stranded	RNA	structure	regions.		
			 	

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted January 8, 2019. ; https://doi.org/10.1101/337907doi: bioRxiv preprint 

https://doi.org/10.1101/337907


 22	

References	

	
1 Ting,	J.	P.	Y.,	Trowsdale,	J.	2002	Genetic	control	of	MHC	class	II	expression.	Cell.	109,	S21-S33.		
(Doi	10.1016/S0092-8674(02)00696-7)	
2 Reith,	W.,	LeibundGut-Landmann,	S.,	Waldburger,	J.	M.	2005	Regulation	of	MHC	class	II	gene	
expression	by	the	class	II	transactivator.	Nat	Rev	Immunol.	5,	793-806.		(10.1038/nri1708)	
3 Corso,	C.,	Pisapia,	L.,	Citro,	A.,	Cicatiello,	V.,	Barba,	P.,	Cigliano,	L.,	Abrescia,	P.,	Maffei,	A.,	Manco,	
G.,	 Del	 Pozzo,	 G.	 2011	EBP1	 and	DRBP76/NF90	binding	 proteins	 are	 included	 in	 the	major	
histocompatibility	 complex	 class	 II	 RNA	 operon.	 Nucleic	 acids	 research.	 39,	 7263-7275.		
(10.1093/nar/gkr278)	
4 Pisapia,	L.,	Cicatiello,	V.,	Barba,	P.,	Malanga,	D.,	Maffei,	A.,	Hamilton,	R.	S.,	Del	Pozzo,	G.	2013	
Co-regulated	expression	of	alpha	and	beta	mRNAs	encoding	HLA-DR	surface	heterodimers	is	
mediated	 by	 the	 MHCII	 RNA	 operon.	 Nucleic	 acids	 research.	 41,	 3772-3786.		
(10.1093/nar/gkt059)	
5 Ko,	H.	R.,	Chang,	Y.	S.,	Park,	W.	S.,	Ahn,	J.	Y.	2016	Opposing	roles	of	the	two	isoforms	of	ErbB3	
binding	protein	1	in	human	cancer	cells.	Int	J	Cancer.	139,	1202-1208.		(10.1002/ijc.30165)	
6 Masuda,	K.,	Kuwano,	Y.,	Nishida,	K.,	Rokutan,	K.,	Imoto,	I.	2013	NF90	in	posttranscriptional	
gene	 regulation	 and	 microRNA	 biogenesis.	 Int	 J	 Mol	 Sci.	 14,	 17111-17121.		
(10.3390/ijms140817111)	
7 Abadie,	V.,	Sollid,	L.	M.,	Barreiro,	L.	B.,	Jabri,	B.	2011	Integration	of	genetic	and	immunological	
insights	into	a	model	of	celiac	disease	pathogenesis.	Annual	review	of	immunology.	29,	493-525.		
(10.1146/annurev-immunol-040210-092915)	
8 Noble,	J.	A.	2015	Immunogenetics	of	type	1	diabetes:	A	comprehensive	review.	J	Autoimmun.	
64,	101-112.		(10.1016/j.jaut.2015.07.014)	
9 Pisapia	L,	C.	A.,	Picascia	S,	Bassi	V,	Barba	P,	Del	Pozzo	G		and	Gianfrani	C.	.	2016	HLA-DQ2.5	
genes	associated	to	celiac	disease	risk	are	preferentially	expressed	respect	to	non-predisposing	
HLA	genes:	implication	for	anti-gluten	T	cell	response.	J	of	Autoimmunity.		
10 Brooks,	 S.	 A.,	 Blackshear,	 P.	 J.	 2013	 Tristetraprolin	 (TTP):	 interactions	 with	mRNA	 and	
proteins,	and	current	thoughts	on	mechanisms	of	action.	Biochim	Biophys	Acta.	1829,	666-679.		
(10.1016/j.bbagrm.2013.02.003)	
11 Mukherjee,	 N.,	 Jacobs,	 N.	 C.,	 Hafner,	 M.,	 Kennington,	 E.	 A.,	 Nusbaum,	 J.	 D.,	 Tuschl,	 T.,	
Blackshear,	P.	J.,	Ohler,	U.	2014	Global	target	mRNA	specification	and	regulation	by	the	RNA-
binding	protein	ZFP36.	Genome	Biol.	15,	R12.		(10.1186/gb-2014-15-1-r12)	
12 Patial,	 S.,	 Curtis,	A.	D.,	 2nd,	Lai,	W.	S.,	 Stumpo,	D.	 J.,	Hill,	G.	D.,	 Flake,	G.	P.,	Mannie,	M.	D.,	
Blackshear,	 P.	 J.	 2016	 Enhanced	 stability	 of	 tristetraprolin	 mRNA	 protects	 mice	 against	
immune-mediated	 inflammatory	 pathologies.	 Proc	 Natl	 Acad	 Sci	 U	 S	 A.	 113,	 1865-1870.		
(10.1073/pnas.1519906113)	
13 Sedlyarov,	V.,	Fallmann,	J.,	Ebner,	F.,	Huemer,	J.,	Sneezum,	L.,	Ivin,	M.,	Kreiner,	K.,	Tanzer,	A.,	
Vogl,	 C.,	 Hofacker,	 I.,	 et	 al.	 2016	 Tristetraprolin	 binding	 site	 atlas	 in	 the	 macrophage	
transcriptome	 reveals	 a	 switch	 for	 inflammation	 resolution.	 Mol	 Syst	 Biol.	 12,	 868.		
(10.15252/msb.20156628)	
14 Bhandare,	S.,	Goldberg,	D.	S.,	Dowell,	R.	2017	Discriminating	between	HuR	and	TTP	binding	
sites	 using	 the	 k-spectrum	 kernel	 method.	 PLoS	 One.	 12,	 e0174052.		
(10.1371/journal.pone.0174052)	
15 Ding,	Y.,	Chan,	C.	Y.,	Lawrence,	C.	E.	2004	Sfold	web	server	for	statistical	folding	and	rational	
design	of	nucleic	acids.	Nucleic	acids	research.	32,	W135-141.		(10.1093/nar/gkh449)	
16 Sundfeld,	D.,	Havgaard,	J.	H.,	de	Melo,	A.	C.,	Gorodkin,	J.	2016	Foldalign	2.5:	multithreaded	
implementation	 for	 pairwise	 structural	 RNA	 alignment.	 Bioinformatics.	 32,	 1238-1240.		
(10.1093/bioinformatics/btv748)	

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted January 8, 2019. ; https://doi.org/10.1101/337907doi: bioRxiv preprint 

https://doi.org/10.1101/337907


 23	

17 Gianfrani,	C.,	Pisapia,	L.,	Picascia,	S.,	Strazzullo,	M.,	Del	Pozzo,	G.	2018	Expression	level	of	risk	
genes	of	MHC	class	II	is	a	susceptibility	factor	for	autoimmunity:	New	insights.	J	Autoimmun.		
(10.1016/j.jaut.2017.12.016)	
18 Patial,	 S.,	 Blackshear,	 P.	 J.	 2016	Tristetraprolin	 as	 a	 Therapeutic	Target	 in	 Inflammatory	
Disease.	Trends	Pharmacol	Sci.	37,	811-821.		(10.1016/j.tips.2016.07.002)	
19 Livak,	K.	J.,	Schmittgen,	T.	D.	2001	Analysis	of	relative	gene	expression	data	using	real-time	
quantitative	PCR	and	the	2(-Delta	Delta	C(T))	Method.	Methods.	25,	402-408.		
20 D'Agostino,	V.	G.,	Adami,	V.,	Provenzani,	A.	2013	A	novel	high	throughput	biochemical	assay	
to	 evaluate	 the	 HuR	 protein-RNA	 complex	 formation.	 PLoS	 One.	 8,	 e72426.		
(10.1371/journal.pone.0072426)	
21 Needleman,	 S.	 B.,	 Wunsch,	 C.	 D.	 1970	 A	 general	 method	 applicable	 to	 the	 search	 for	
similarities	in	the	amino	acid	sequence	of	two	proteins.	J	Mol	Biol.	48,	443-453.		
22 Lorenz,	 R.,	 Bernhart,	 S.	H.,	 Honer	 Zu	 Siederdissen,	 C.,	 Tafer,	 H.,	 Flamm,	 C.,	 Stadler,	 P.	 F.,	
Hofacker,	I.	L.	2011	ViennaRNA	Package	2.0.	Algorithms	Mol	Biol.	6,	26.		(10.1186/1748-7188-
6-26)	
23 Havgaard,	J.	H.,	Torarinsson,	E.,	Gorodkin,	J.	2007	Fast	pairwise	structural	RNA	alignments	
by	 pruning	 of	 the	 dynamical	 programming	 matrix.	 PLoS	 Comput	 Biol.	 3,	 1896-1908.		
(10.1371/journal.pcbi.0030193)	
24 Kerpedjiev,	 P.,	 Hammer,	 S.,	 Hofacker,	 I.	 L.	 2015	 Forna	 (force-directed	RNA):	 Simple	 and	
effective	 online	 RNA	 secondary	 structure	 diagrams.	 Bioinformatics.	 31,	 3377-3379.		
(10.1093/bioinformatics/btv372)	

	

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted January 8, 2019. ; https://doi.org/10.1101/337907doi: bioRxiv preprint 

https://doi.org/10.1101/337907

