Combining whole-exome and RNA-Seq data improves the
quality of PDX mutation profiles
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Introduction

Sequenom / Sanger

Here we investigated whether our WES analysis correctly detected mutations
previously identified by Sanger sequencing. Afterwards, we compared
mutation analyses carried out at the genomic and transcriptomic levels and
investigated the observed similarities and discrepancies.
Figure 1: Distribution of cancer types
in the available PDX collection by
lineage (n=339). Data from Oncotest
Compendium v1.6.
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Table 1: Filtering thresholds for NGS mutation analysis.
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Figure 3: PDX-specific mutation analysis pipeline for WES and RNASeq data.

• On average, less than 14% of all mutations are detected
by both WES and RNA-Seq analyses (Fig. 8).
• Main reasons for not retrieving a mutation are :
• Non-expression of gene in RNA-Seq
• Mono-allelic expression of wild-type in RNA-Seq
• Low coverage in WES
• Proportion of genes with mutation detected at both levels
reached 54.6% for cancer-related genes (Fig. 9).
Discrepancies between WES and RNA-Seq for these
cancer-related genes are due to similar causes as for the
overall observation (Fig. 10).

Figure 7: Boxplot for proportions of mutations types reported by
WES and RNA-Seq analyses (n=92 per mutation type and data
type). Y-axis limits differ between plots due to the high proportion of
missense mutations.
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Figure 6: Mutation rate detected in WES and RNA-Seq data across analyzed
cancer types. The mutation rate is higher in WES than in RNA-Seq for 71 models. The
mutation rate is calculated from mutations found in target regions of WES and in
expressed transcripts of RNA-Seq respectively. Top-right figure displays linear
regression analysis.
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• The proportion of mutation types is not different between
WES and RNA-Seq (Fig. 7).
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• Mutation rate detected in WES is usually higher than
detected by RNA-Seq (Fig. 6).
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• Good correlation between mutation rates (number of
mutations per Mb) detected by WES and RNA-Seq
analysis (Spearman correlation coefficient = 0.79).
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Figure 8: Comparison
of
overlap
of
mutations detected in
WES and RNA-Seq
analyses. Percentages
are averaged for 92
single model analyses.
For each category, the
first percentage (bold
font) specifies the
fraction of all exonic
mutations while the
second
percentage
specifies the proportion
with respect to the
category above.
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• Our WES analysis retrieved > 95% of these mutations (Fig. 4)
• The 4.4% mutations missed by WES are mainly due to pipeline
filtering or not being targeted by the enrichment kit (Fig. 5)
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• 509 additional mutations were reported by WES at positions not
analyzed by Sanger sequencing
• Regarding the genomic regions analyzed by WES and Sanger, a
high overall detection quality is achieved by our pipeline (Tab. 2)
Table 2: Quality metrics for WES mutation detection.
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Conclusions

Analysis of cancer-related genes using our WES
pipeline accurately identified mutations that were
previously detected by Sanger sequencing.
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WES analysis investigated larger genomic ranges and
thereby generated more comprehensive mutation
profiles.
Only a small proportion of genomic mutations are
retrieved on the transcriptomic level mainly due to nonexpression of gene or expression of wild-type allele.
RNA-Seq analysis detected mutations in genomic
regions that are poorly enriched in WES.
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Figure 10: Pie chart showing
distribution of reasons for not
retrieving mutations in cancerrelated genes using RNA-Seq data.
Data from WES specific mutations
exposed in Fig. 9.
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Our results demonstrate the importance of transcript
mutation analysis which is closer to the protein level
and enhances understanding of cancer biology.
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Figure 4: Venndiagram of 500
mutations from
Sanger and 988
mutations from
WES.

• WES analysis reported one additional mutation that was not
confirmed by Sanger sequencing
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Figure 9: Mutation landscape
of lineage-specific cancerrelated genes for all analyzed
models. Color indicates the
analysis method by which the
mutated gene was reported. For
201 genes, mutations are found
on both transcriptome and
genome. 141 genes are
mutated on genome level only
and 27 genes on transcriptome
level only. Non-expressed
genes are marked by “x”.

Evaluation of WES mutation detection pipeline

• We investigated as reference data, 25 genes in 284 models
containing 500 mutations assessed by Sanger sequencing
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Figure 2: Proportion of PDX models characterized by
different methods. Data from Oncotest Compendium v1.6.
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Methods: PDX-specific bioinformatics pipelines (Fig. 3) comprises mapping of
paired-end reads to human and mouse reference genomes using BWA and
TopHat for WES and RNA-Seq data respectively. Reads that map better to
mouse are removed. Human-specific duplicate reads are discarded. After base
quality score recalibration, WES Variant detection is performed utilizing GATKLite, Samtools, Freebayes. Samtools only for RNA-Seq data. All variants are
annotated by SnpEff to predict their impact at the protein level. The filtering of
variants is based on the variant coverage statistics, the predicted effect in the
protein and by discarding known polymorphisms from population centric
annotation databases such as dbSNP, Hapmap, or 1000 genomes (Table 1).
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Mutation profiling technologies and data analysis

Materials:
• Mutation screening using Sequenom Oncocarta panels 1-3
targeting mutations in 39 genes, validation of mutations by
Sanger sequencing in 25 genes in 284 models
• WES data for 300 models, DNA extraction using Agilent
SureSelect All Human Exon kits (v1, v4, or v5) and
sequencing with expected average-of-coverage of 100X
• 92 models analyzed with RNA-Seq at minimum of 50M
paired-end reads

Patient-derived xenograft tumor models (PDX) are an important tool for anticancer agent testing. Oncotest has developed a unique collection of models
covering all major lineages (Fig. 1). In the context of targeted therapy
development, an accurate and comprehensive molecular characterization is
crucial for model selection and for biomarker identification. We recently
analyzed our PDX collection by whole-exome sequencing (WES) and RNASeq for the identification of mutations at both the genomic and transcriptomic
levels.
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We believe that the combined molecular
characterization profiles from WES and RNA-Seq data
increase the quality of our PDX collection and aid the
selection of models for cancer therapy studies as well
as for biomarker investigations.

