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Loss-‐of-‐Func*on	  
Muta*ons	  in	  DNA	  
Sequencing	  Studies	  

•  Protein	   trunca@ng	   variants	  
(frameshi_,	  stop	  gain,	  splice	  site)	  
are	   commonly	   referred	   to	   as	  
Loss-‐of-‐Func@on	  (LoF).	  	  

•  A	  typical	  genome	  
	  	  	  has	  ~100	  annotated	  	  
	  	  	  germine	  LoF	  variants.	  
•  Annotated	   LoF	   variants	   may	  
have	  a	  strong	  impact	  on	  disease	  
outcome3,4,5.	  

	  

	  
Aims	  

•  Using	   RNASeq	   data	   to	   develop	  
more	   precise	   descrip@on	   of	  
func@onal	   effect	   for	   loss-‐of-‐
func@on	   variants,	   e.g	   with	  
respect	   to	   Nonsense	  Mediated	  
Decay	  (NMD)	  and	  splicing.	  

	  

Methods	  

Stop	  Gain	  variants	  and	  ASE	  Signal	  
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Func*onal	  Interpreta*on	  of	  Loss-‐of-‐Func*on	  
Muta*ons	  in	  DNA	  Sequencing	  Studies	  	  
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•  ASE	  signal	  for	  
stop	  gain	  
variants	  tend	  
to	  affect	  the	  
en@re	  gene.	  

MCMC	   algorithm	   applied	   to	   splice	  
junc@on	   quan@fica@ons	   highlight	  
shared	  impact	  of	  rare	  variants	  near	  
splice	  junc@ons.	  

Two	   examples	   for	   valid,	   annota@on-‐paired	   split-‐
mappings	  (A	  and	  B)	  as	  well	  as	  three	  split-‐mappings	  that	  
are	  incompa@ble	  with	  the	  annota@on	  (C,	  D,	  E),	  

•  Splice	  junc@on	  
quan@fica@ons	  using	  
annota@on-‐compa@ble	  
split-‐mappings.	  
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•  Stop	   gain	   variants	   predicted	   to	   trigger	  
nonsense-‐mediated	   decay	   (NMD)	   exhibit	  
different	   ASE	   distribu@on	   from	   Synonymous	  
variants	   	  and	  STOP	  gain	  variants	  predicted	  to	  
escape	  NMD	  (P	  <	  2.2e-‐16).	  BeGer	  predic@ons	  
needed	  for	  NMD.	  
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Func@onal	  interpreta@on	  of	  	  LoF	  
variants	  associated	  to	  disease.	  

mRNA%and%smallRNA%sequencing%of%465%samples%from%the%1000%
genomes%project!

Genome>wide%trends%of%transcriptome%variaAon%

QuanAtaAve%trait%loci%for%expression%levels%and%splicing%

Aims!of!the!study:!(1)!How!to!do!distributed!RNA!sequencing?!!!(2)!What!can!we!learn!of!transcriptome!

variaCon!and!its!geneCc!component!by!integraCng!genome!and!transcriptome!data!from!hundreds!of!

individuals?!!!!(3)!Create!one!of!the!biggest!reference!datasets!for!transcriptomics!
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funcAonal%variaAon%in%human%populaAons!!

PopulaAon>scale%deep%sequencing%improves%gene%discovery%of%
miRNAs%and%poly>A%transcripts%

DisCnguishing!the!causal!variant!underlying!a!cisQeQTL!signal!has!been!a!challenge.!We!find!that!the!

best! eQTL! variants! overlap! funcConally! annotated! regions!more! omen! (Ensembl! Regulatory! Build,!

Annotated!Features!in!GM12878),!which!suggests!that!we!are!discovering!causal!regulatory!variants.!

Yet,!in!25%!of!eQTLs!none!of!the!significant!variants!have!an!overlap!with!these!funcConal!elements.!!

Allele!specific!expression!analysis!allows!us!to!esCmate!

the!effect!size!of!cisQregulatory!events!in!a!manner!that!

is!unbiased!with!respect!to!frequency.!We!observe!that!

rare! allelic! effects! have! significantly! bigger! effect! sizes,!

highlighCng! the! importance! of! characterizing! rare!

regulatory!variants.!!

Effects%of%rare%and%loss>of>funcAon%variants%in%the%transcriptome%

1000G 
Phase1     

+ Phase2 RNAseq 
TSI 92 + 1 93 
GBR 86 + 10 96 
FIN 89 + 6 95 
CEU 79 + 13 92 
YRI 77 + 12 89 
TOTAL 423 + 42 465 

RNA!sequencing!in!7!insCtutes!with!Illumina!TruSeq!protocol.!!

Q !Random!distribuCon!of!samples!

Q !Replicates:!5!samples!in!each!lab!+!168!samples!in!two!labs.!!!

Q !32!billion!total!mRNAseq!reads!(median!48!M!/!sample)!

Q !700!M!goodQquality!miRNAseq!reads!(median!1.5!M!/!sample)!

Q !Lab!effects!do!not!overwhelm!biological!variaCon!

From!1000!Genomes:!27!M!total!variants,!of!which!11!M!>5%!MAF!
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mRNA!replicates!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!miRNA!replicates!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!mRNA!replicates!

same!!!!!!!!same!!!!!!!!!!!diff!!!!!!!!!!!!diff!!

same!!!!!!!!!diff!!!!!!!!!!!same!!!!!!!!!!!diff!

We!performed!a!cisQQTL!analysis!using!geneCc!variants!>5%!MAF!in!1MB!window!around!genes,!and!

Spearman! rank!correlaCon!with! (1)!exon!quanCficaCons! to!find!expression!QTLs! (eQTLs)! (2)! raCo!of!

the!most! common! transcript! to! find! splicing!QTLs! (sQTLs).!We! ran! permutaCons! for! CEU+GBR,! and!

used!a!0.01!permutaCon!threshold!for!eQTLs!and!0.001!for!sQTLs.!

Pop% N% Genes%with%
eQTL%(FDR)%

Best%eQTL%indel%
(null%8.9%)%

Genes%with%
sQTL%(FDR)%

CEU+GBR% 161! 2608!(5.1%)! 375$(14.4%)$ 121!(9.1%)!

TSI% 92! 1748!(7.7%)! 242$(13.8%)$ 102!(10.8%)!

FIN% 89! 1822!(7.3%)! 255$(14.0%)$ 104!(10.6%)!

YRI% 77! 2138!(6.3%)! 242$(11.3%)$ 108!(10.2%)!

EUR%union% 342! 3898! NA$ 230!

ALL%union% 419! 4895! NA$ 274!

CEUGBR FIN TSI YRI 
CEUGBR 1 0.700 0.688 0.374 
FIN 0.654 1 0.657 0.401 
TSI 0.615 0.632 1 0.576 
YRI 0.386 0.382 0.472 1 

e
Q
T
L
!i
n
!

eQTL!pi1!(low!p!value!enrichment)!

IntegraAon%of%transcriptome%and%genome%sequencing%uncovers!

FuncAonal%annotaAon%of%eQTLs%points%to%causal%variants%and%
regulatory%mechanisms%

We!esCmate!that!only!40Q45%!of!transcript!level!variaCon!between!individuals!is!due!to!variaCon!in!

gene! expression! levels,! and! the! rest! is! mainly! from! variaCon! in! splicing.! The! amount! of! splicing!

variaCon!per!gene!is!well!correlated!between!populaCons.!4!!
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Transcriptome!variaCon!shows!clustering!by!conCnental!groups,!allelic!raCos!more!than!expression!

levels.!This!suggests!a!strong!geneCc!component!in!allelic!expression.!!

GeneCc!variaCon!(IBS)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Allelic!raCo!distance!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Exon!quanCficaCon!rho!

We!detect!1615!out!of!the!1921!mature!miRNAs!in!the!miRBase!database1,!394!in!>90%!of!the!samples.!

AddiConally,!we!discover!250!novel!miRNAs!with!an!esCmated!30%!FDR!(see!example!below)!

n−th best eQTL variant in CEUGBR PERM01
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CEU+GBR!eQTL!variant!

p!value!rank!

overall!p!=!0.0035!

We!can!also! funcConally! validate! transcriptome!effects!

of! variants! that! are! predicted! to! affect! transcript!

structure!–!for!example:!

Q !!splice!site!variants!leading!to!exon!skipping!(right)!

Q!premature!stop!variants!leading!to!nonsense!mediated!

decay! (below)! and! splice! site! variants! changing! the!

allelic!balance!in!complex!ways!!

sample!:!

lab!:!
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Q !Thousands!of!eQTLs!
Q !Hundreds!of!sQTLs!
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populaCons!

Q !Enrichment!of!indel!eQTLs!(p!<!

10Q4!in!all!populaCons)!
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YRI 0.229 0.579 0.491 1 
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Provisional ID : chr2_5702
Score total :      18.6
Score for star read(s) :       3.9
Score for read counts :      11.9
Score for mfe :       1.9
Score for randfold :       1.6
Score for cons. seed :      -0.6
Total read count :        35
Mature read count :        27
Loop read count :         0
Star read count :         8
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Effect Size (s.d.) 

Substan@al	  
variance	  in	  ASE	  
signal	  between	  
individuals.	  
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N
O
N
-‐R
EF
	  R
AT

IO
	  

Fr
eq

ue
nc
y	  

Informa@ve	  Stop	  Gain	  	  
Muta@ons	  Per	  Individual	  

mRNA	  Sequencing	  of	  
	  465	  Samples	  from	  the	  	  
1000	  Genomes	  Project	  
	  

•  RNA	   Sequencing	   done	   in	   seven	  
ins@tutes	   with	   Illumina	   TruSeq	  
Protocol.	  	  

•  Lymphoblastoid	  	  
	  	  	  	  cell	  lines	  (LCL)	  	  
	  	  	  	  from	  465	  samples.	  
•  Genotypes	  from	  1000	  Genomes	  

27M	   total	   variants.	   90%	   of	  
samples	   in	   Phase	   1,	   remaining	  
imputed	  	  from	  Omni	  2.5	  

•  660	   informa@ve	   stop	   gain	  
variants;	   ~5000	   informa@ve	  
variants	  near	  splice	  junc@ons.	  
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Annota*on	  	   Allele	  Specific	  Expression	  	  
(ASE)	  

Splice	  Junc*on	  
Quan*fica*ons	  

•  DNA	   Sequence	   variants	  
annotated	   with	   ALOFT	  
and	   PLINK/SEQ6	   using	  
Gencode	   vers ion	   12	  
transcripts.	  

	  

•  Read	   counts	   over	   all	  
heterozygous	  sites	  of	  an	  
individual	  par@@oned	  by	  
the	  allele.	  	  

•  Binomial	   test	   to	   detect	  
dev ia@on	   f rom	   the	  
expected	  ~50/50	  ra@o.	  	  

Results	  
Variants	  near	  splice	  junc*ons	  

	  

•  Rare	   protec@ve	   splice	  
variant	  c.IVS14+1G>A	   	  at	  
IFIH1	  disrupts	   splicing	   of	  
exon	   14	   and	   leads	   to	  
exon	   skipping	   while	  
e s c ap i n g	   n on s en s e	  
mediated	  decay.	  

	  

ASE no ASE 
	  

ASE no ASE 
	  

ASE no ASE 

•  Ase	  signals	  are	  not	  very	  consistent	  within	  a	  gene,	  but	  for	  stop	  gain	  
variants	  the	  consistency	  is	  higher	  –	  i.e.	  they	  tend	  to	  affect	  the	  en@re	  
gene,	   more	   o_en	   than	   regulatory	   varia@on	   that	   only	   affect	   a	  
subsec@on	  of	  the	  gene.	  

See	  Poster	  567F	  for	  more	  informa@on	  about	  the	  
Geuvadis	  RNA	  Sequencing	  Project.	  


