The impact of premature termination codons on transcription
The impact of loss of function variants on the transcriptome
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Whole genome and exome sequencing studies are rapidly driving exploration of the genetic architecture of human disease and related phenotypic traits. However, with these advancements come unprecedented challenges in the interpretation of the functional effects of genetic variation that will be essential to our ability to map genes to disease and related phenotypes. Variants that create premature termination codons or PTC, commonly referred to as loss of function, are most likely to have phenotypic effects. Despite their predicted effect on protein structure the cellular consequences of human loss of function variants are not well characterized. We present a systematic analysis of loss of function variants and their impact on the transcriptome by combining DNA sequence and sequenced mRNA of LCLs from 465 individuals from CEU, TSI, GBR, FIN, and YRI populations of the 1000 Genomes Project.  

In our analysis we focus on genetic variants with in silico annotation predictions of loss of function. Allele-specific expression analysis demonstrates that approximately 20% of PTC inducing mutations have allelic ratio differences compared to ~8% for synonymous silent mutations. This indicates widespread nonsense-mediated mRNA decay (NMD), one of the well-studied mRNA surveillance pathways, that eliminates mRNAs with premature containing codons that get generated during gene expression. We further subdivided the variants according to whether they were predicted to trigger NMD according to the “50 nucleotide rule”. Allelic ratios for the mutations that are predicted to escape (
[image: image8..pict]) or trigger NMD (
[image: image2]) differ significantly (P=2.3e-07, 
[image: image3]and 
[image: image4]), suggesting that NMD generally requires a post-splicing exon junction. However, 40% of variants predicted to trigger NMD had no deviation in allelic ratios (>0.4), and we are developing better models to understand why these variants escape NMD. Furthermore, we investigated whether the loss of mRNA molecules by NMD could be compensated to maintain normal gene expression levels. We applied a non-parametric sign test to compare the transcript expression levels between individuals with PTC and allelic ratio bias suggesting NMD and individuals not carrying PTC variants in the same gene. Overall, the individuals putatively affected by NMD showed suggestively lower expression levels (measured by RPKM (P=.08)). Interestingly, 38% of individuals who had PTC and evidence of ASE had expression levels higher than the median of individuals who did not have the PTC. This is surprising and suggests that higher expression
 may compensate the decay. This observation implies that we may want to reconsider how we use the word “loss of function” to describe genetic variants, and that even the variants with most severe predicted effects need functional validation and sophisticated modeling to enable better application to disease studies. Additionally, we characterized effects of splice-site variants, including exon skipping, intron retention, and subsequent NMD. We develop better models to understand these effects for both canonical and putative splice-site variants. This study offers the promise of unprecedented understanding of the impact of loss of function variants on the transcriptome.
�The cell probably produced both at the same rate (although the other one is decayed later) so I don’t think it’s appropriate to say that only the normal is higher expressed. 
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