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We recently described two methods for GBA1 analysis, which is hampered
by the adjacent highly homologous pseudogene: Gauchian, a novel algo-
rithm for analysis of short-read WGS, and targeted long-read sequencing1.
Tayebi et al. have applied the former to 95 individuals, and compared it to
Sanger sequencing2. They reported correct genotypes in 84, while 11 had
discrepant calls. In addition, they report false Gauchian calls in 1000 Gen-
omes Project (1 kGP) samples. Gauchian was developed because the
homology of the GBA1 region requires a variant caller that does not rely
solely on the read alignments, and can identify specific variants known to be
pathogenic. To understand the cause of these discrepancies, we reviewed
their data and concluded that they aremisinterpretingGauchian results in 8
of the 11discrepant samples and incorrectly usingGauchian to analyze low-
coverage 1kGP samples.

Among the 11 (11.5%) samples with inconsistent calls with Sanger
(Table 1), four (Pat_08, Pat_26, Pat_28, and Pat_58) were not called as the
variants are not onGauchian’s target variant list, which includes all ClinVar
variants in December 2021. These variants, and any others, can be easily
added (see Supplementary Information). Three other samples (Pat_75,
Pat_76, and Pat_79) had low data quality, resulting in large variation in
sequencing depth across the genome, as shown by the median absolute
deviation (MAD)of genome coverage: 0.269, 0.128, and 0.127 (three highest
values among all samples). Gauchian recommends trusting calls in samples
with MAD values < 0.11, and produces a warning message if this is excee-
ded. In all three samples, the GBA1+GBAP1 copy number was a no-call
(marked as “None” in the output file), indicating that Gauchian could not
determine the copy number due to high coverage variation. Variants were
not called because no further analysis was done beyond copy number
calling. These should not be viewed as false negatives, as the warning
message and the report of no-calls should prompt the user to obtain higher-
quality data or consider alternative sequencing. Tayebi et al. then mention
thatwhen one of the three caseswith no-callswas aligned to hg38,Gauchian
no longer reported a no-call (“None”), but the different call in hg38was due
to a different user error (wrong alignment settings that led to low MAPQs
throughout the region, which then led to incorrect copy number calls by
Gauchian, see discussion on hg19 vs. hg38 below).Moreover, they state that
this test demonstrated that the sequencing depth was adequate, while the
issue is high coverage variation instead of low depth. Among the remaining
four samples with inconsistent results: Pat_03 had a Gauchian call of

heterozygosity for p.Asn409Ser (traditionally referred to as N370S), while
Sanger reports this as homozygous. A review of the IGV trace (Tayebi et al.
Supp Fig. 1) shows that at least 10 reads (around a fifth of the total) have the
reference base, and therefore it is hard to conclude this is homozygous. A
reviewof the Sanger trace (not provided) could determinewhether there is a
low peak representing the reference allele.We cannot provide a conclusion,
and additional analysis is recommended. Mosaicism could be a plausible
explanation, and this has been reported inGBA13,4, albeit not at this position.
Pat_47 had a false negative p.Leu483Pro call. Pat_16 was indeed wrongly
genotyped as homozygous for p.Asn409Ser, related to the adjacent
c.1263del+RecTL deletion. Pat_92 had all expected variants called, but the
heterozygous p.Asp448His was mis-genotyped as homozygous. In sum-
mary, there is one false negative and two wrongly genotyped variants
(heterozygous variants called homozygous). Gauchian’s precision is,
therefore, 98.9% (175 out of 177 calls are correct). Its allele-level recall/
sensitivity is 99.4% after excluding alleles not on Gauchian’s target list and
samples that could not be analyzed due to high coverage variation. Alter-
natively, it can be calculated as 97.2% if only samples with high coverage
variation are excluded, 96.2% if only alleles not on the target list are
excluded, and 94.1% if all these samples are considered. We note that the
precision calculated by Tayebi et al. is significantly lower (93.7%) as they
considered a false negative for an expected variant allele as a false positive for
a “negativeWT” allele, thus double counting false negatives as false positives
(see their Supplementary Table 2).

Tayebi et al. concluded that Gauchian is not able to call recombinant
variants without providing orthogonal evidence. In Pat_95, Pat_71, and
Pat_16, they examined alignments in IGV and reported the absence of
supporting reads for Gauchian calls, but all recombinant alleles called by
Gauchianwere consistent with Sanger. This highlights that readmapping in
this region is unreliable (variant supporting reads may align to the pseu-
dogene), making interpretation of alignments in IGV very challenging.
Gauchian is designed to untangle ambiguous alignments, locally phase
haplotypes andmake correct calls. Particularly, in Pat_95, they claimed that
Gauchian called the expected RecNciI variant but got themechanism of the
recombinant allele wrong (gene conversion vs. gene fusion). This claim
appears to be based on an incorrect interpretation of IGV alignments, i.e.,
seeing 3’ UTR mismatches associated with GBAP1 does not necessarily
indicate gene fusion, as they can be misalignments or even part of the gene
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conversion. The RecNciI in Pat_95 is a gene conversion, as indicated by the
normal copy number betweenGBAP1 andGBA1. Tayebi et al. claimed that
this is a gene fusion without orthogonal evidence. In addition, they claimed
that Gauchian misreported copy numbers in Pat_92, Pat_42, and Pat_72,
again without orthogonal evidence. We validated Gauchian copy number
gains by digital PCR in four cases1. While particular recombinants could be
prone to erroneous copy number calling, we do not know what “other
techniques” identified a different copy number in Pat_92. Orthogonal
validation using digital PCR would resolve this. Finally, it is true that
Gauchian does not have all possible recombinants on its target list, as it is
designed to focus on recombinant variants in exons 9–11, because others are
rare and detectable with standard callers.

Tayebi et al. reported 4 samples where Gauchian missed variants in
GRCh38 compared to GRCh37. Among these, two (Pat_35, Pat_75) were
due to incorrect alignment settings that resulted in abnormally lowmapping
quality throughout the region in the GRCh38 BAMs, leading to incorrect
copy number calls by Gauchian. It is likely that ALT-aware alignment was
not turned on for these two samples when aligned to GRCh38. So the
inconsistency in the calls was not due to Gauchian. The remaining two
(Pat_16, Pat_78) reflected an area of improvement for Gauchian to better
call p.Asn409Ser, which is not a GBAP1-like variant, and can thus be called
well by standard callers.

We reportedGauchian calls of 1000Genomes Project (1kGP) samples,
validating someby targeted long reads1.Gauchian called zero sampleswith a
biallelic variant in exons 9–11. However, Tayebi et al. reported a completely
different set of Gauchian calls in the same samples (in their Supplemental
Table 4). This was caused by incorrect use of Gauchian on old low coverage
WGS (median coverage <10×, https://ftp.1000genomes.ebi.ac.uk/vol1/ftp/
phase3/data/), rather than 30× (https://ftp-trace.ncbi.nlm.nih.gov/
1000genomes/ftp/1000G_2504_high_coverage/data/). Indeed, when they
re-ran the analysis on the high-coverage dataset, no biallelic calls were
detected. With respect to the suggestion for an input filter to prevent
unsuitable data from being processed, noisy data will already result in a no-
call (“None”) and, therefore, leave no ambiguity. For the issue of coverage,
we have added to GitHub documentation a clear warning that coverage
should be ≥30, which would be a standard QC metric for data before
downstream analysis is attempted.

We are grateful to Tayebi et al. for assessing the Gauchian analysis of
this very challenging gene2 but note that most discrepancies were due to
incorrect use or misinterpretation of results. “No call” samples due to
inadequate data quality cannot be considered false negative, as no calls are
provided, and warnings of noisy coverage are given where applicable.
Samples with inadequate coverage should obviously be avoided, as Gau-
chian is expected to perform at coverage >30×. Gauchian does not call
variants not on its target list, which can be expanded. We provide updated
recall (99.4%) and precision (98.9%) values.We have not seen any evidence
of the alleged inability of Gauchian to call recombinant variants and would
welcome orthogonal copy number assessment of discrepancies. We show
that Gauchian can be used for GBA1 assessment when coverage and data
quality are adequate. We do note a limitation in genotyping p.Asn409Ser, a
non-recombinant variant that can be called by standard variant callers,
which we recommend running together with Gauchian for a complete call
set. Finally, in clinical cases where absolute certainty is required, Sanger
sequencing could be considered, with targeted long-read sequencing as
another option1,5–7.

Data availability
Gauchian and its documentation can be downloaded at https://github.com/
Illumina/Gauchian. All additional data and material used have been
reported and provided in the original paper.
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