Accurate detection of copy-number changes in the highly
conserved regions of PMS2 using NGS

Lynch syndrome is caused by inherited mutations in PMS2 in 4-11% of cases.
However, testing for PMS2 is hampered by the presence of a pseudogene,
PMS2CL, which is nearly identical to PMS2 in both intronic and exonic regions of
exons 12–15. Ordinary NGS reads cannot be unambiguously aligned to PMS2 or
PMS2CL, and gene conversion between the 3’ end of PMS2 and PMS2CL
further complicates this issue. In 2011, scientists at MRC Holland and ARUP
introduced a method using MLPA followed by LR-PCR and sequencing to
determine the variant location1. While innovative and a significant improvement
over previously existing methods, this approach relies heavily on MLPA assays
designed to target specific paralogous sequence variants, or PSVs, which may
often be uninformative. Incorporating NGS data into this method, buttressing the
MLPA targeted PSV loci with additional high confidence variant calls is shown to
significantly increase accuracy.

Using our NGS read-through variant call rate at the MLPA PSV loci, the rough rate
of gene conversion and the expected frequency that these loci are informative can
be estimated. We have sequenced over 30,000 clinical samples on a targeted
NGS panel that includes PMS2. While a majority of these tests are for hereditary
cancer, an indication of Lynch syndrome in this test set is relatively uncommon.
For exon 13, we have observed both PSV alleles in 82.95% of samples.
While each additional exon adds information content, the PSV loci in exons 13 and
14 are only 909bp apart. As a result, the alleles are frequently gene converted or
inherited alongside each other. This is observed in our samples, as only 0.06% of
cases are heterozygous on only one of the PSV loci of exon 13 or 14.

The first step of PMS2 analysis is a bioinformatics screen to detect potential
copy-number changes in the 3’ end of PMS2. This is done by baiting and using
Illumina short reads to sequence the full gene. Reads from PMS2CL are also
included due to their near complete homology. PMS2CL is then masked from the
reference genome and copy-number normal is set to 4 copies for exons 12-15 of
PMS2. Copy number is called by an in-house algorithm, CNVitae. Non-normal
copy-number calls are then confirmed using MLPA, with no loss of sensitivity2,
followed by LR-PCR and sequencing for location inference3.
Figure 1: From Vaughn et al (2011):
"Representation of homologous regions
of PMS2 and PMS2CL encompassing
exons 9 and 11–15. The locations of
paralogous sequence variants (PSVs)
under MLPA probes are noted for
intron 12 and exons 13–15. Nucleotide
numbering is with respect to reference
sequence NM_000535.5 and arrows
indicate the location of primers used for
LR-PCR.”1

Figure 3: MLPA Coffalyser output for an exon 13 and 14 Deletion where both PSV loci are
uninformative as a result of being homozygous for the PMS2 (SNP) reference allele.

Recently, we have had 100 clinical cases of a copy number variant in the 3’ end of
PMS2 that were confirmed by MLPA. Though likely skewed by testing families, by
far the most commonly observed putative copy number change has been an exon
13-14 Deletion. One or both MLPA PSV loci were informative in 36 of 49 exon
13-14 cases, or 73%. In 12 of 49 calls, or 26%, NGS variants were necessary to
determine the location of Deletion. Incorporating NGS allowed for location to be
inferred in all but 1 exon 13-14 Deletion call (Fig. 2, Sample D).
While gene conversion is more rare in Exon 12, there is an additional risk that the
CNV breakpoint may be between the exon and the intronic PSV target. This can
also be mitigated by NGS data. Overall, we have been able to determine the
location of 97.8% of Deletions.
Figure 4: MLPA Coffalyser
output for an exon 12 Deletion
where intronic PSV locus is
uninformative. The Deletion
event does not extend far
enough into the intron.

Accurate copy-number determination in clinical diagnostic testing is both critical
and technically challenging. A mixture of techniques, including microarray, MLPA,
ddPCR and NGS, may be necessary to efficiently call structural variants. In the
specific case of PMS2/PMS2CL the innovative and recently developed inference
method1, combining MLPA with targeted sequencing, made copy-number calling
in the 3’ end of PMS2 possible. Our approach is an extension that incorporates
NGS data into the process in a way that reduces cost while improving the ability to
localize variants in Lynch syndrome cases.
Figure 2: IGV of 4 Samples and seq. primers with putative PMS2 exon 13 and 14 Deletions, where PMS2CL sequence is
masked out and all PMS2/PMS2CL-derived NGS reads align to PMS2. (Sample A) Can be disambiguated using MLPA +
LR-PCR/Sanger method. Both the exon 13 and 14 PSV loci (c.2253T>C and c.2324A>G) are heterozygous. (B) Neither
PSV is present. Alternate variant locus in exon 13, and between the standard sequencing primers, can be used in place of a
PSV. (C) Neither PSV is present. Alternate variant locus in exon 14 can be used instead, but a custom pair of sequencing
primers would be required. (D) Neither PSV is present. Could not identify an alternate variant locus in NGS data.
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