Workshop: Inference of allele specific expression levels from RNA-Seq data
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Most current methods for estimating gene/isoform expression levels from high-throughput whole transcriptome
sequencing (RNA-Seq) data rely on mapping the reads to a
reference genome and/or transcriptome and do not consider
the difference between the two parental alleles (diploid transcriptome). The diploid transcriptome can be easily inferred
when a diploid genome is available, as in recent studies of
cis- and trans-regulation [8] and parent-of-origin effects [5]
that use hybrids of inbred species or strains. However, reconstructing the diploid genome of human subjects remains a
difficult task [3]. Hence, existing studies of allele-specific
gene expression rely on simple alleles coverage analysis
for heterozygous Single Nucleotide Polymorphic (SNP) sites
within transcripts. Such approaches typically do not allow
inference of allele-specific expression of individual gene
isoforms, result in less robust estimates since they use only
RNA-Seq reads that overlap heterozygous SNP sites, and are
affected by systematic read mapping biases toward reference
alleles [1][6].
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In this work, we integrate a recent method for SNV
detection and genotyping from RNA-Seq data [4] with the
scalable haplotype reconstruction algorithm of [2] and a
diploid version of the Expectation Maximization (EM) algorithm for isoform expression estimation of [9] into a pipeline
for estimation of allele-specific isoform expression levels.
Our pipeline does not require genome sequencing data, but
can incorporate such data when available. Inferring the two
haplotypes and re-mapping the reads against the diploid
transcriptome resolves the above mentioned bias towards
reference alleles, while the EM model improves inference
accuracy by using all reads, including those that map to
more than one isoform, incorporating additional sources of
disambiguation information such as the distribution of RNASeq fragment lengths, and correcting biases introduced by
library preparation and sequencing protocols.
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Preliminary results show the ability of the proposed
pipeline to accurately infer allele specific isoform expression
levels for synthetic hybrids with varying levels of heterozygosity, generated by pooling whole brain RNA-Seq reads of
different mouse strains studied as part of the Sanger Institute
Mouse Genome Project [7].
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