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Referees’ reports, first round of review 
  

Reviewer 1 

This article is well analysed and presented. The authors have analysed structural 
variants in >4000 cases and controls of non Alzheimer's dementia. They have used 
the GATK-SV pipeline which combines five SV detection algorithms to increase the 
reliability of the findings. The GATK-SV pipeline was applied to short read WGS 
data. More importantly, the variants have been made available for public use 
which is important for future research and clinical application. 
 
Please see my comments below: 
1. How was the clinical diagnosis of LBD as well as FTD/ALS made in these 
cohorts? Please detail any criteria used for diagnosis (e.g. McKeith criteria for 
LBD). This is important as it is difficult to clinically distinguish between LBD and 
Alzheimer and the signals seen in LBD may represent Alzheimer. I will be hesitant 
to call the TPCN1 deletion as being specific to "non-Alzheimer's dementia" 
2. The mean validation rate of 84.3% is not very high even for the deletions. This 
limitation of short read sequencing data needs to be acknowledged again in the 
discussion section 
 
Overall, this study is an important step in understanding the role of structural 
variants in dementia. 

 

Reviewer 2 



 

 

This is a very nicely presented paper that uses up to date wet lab and analytical 
methods to investigate structural variation in a number of dementias. The data 
presented are interesting, with some novel findings and are made available to 
other researchers for future work. 
 
The cohorts, methods and analyses are clearly and adequately described. The 
figures and tables are clear and readable with sufficient legends. 
 
Expansion of the work to include integration of other omics to determine the 
potential function of the variants and perhaps suggest molecular follow up would 
be preferential and expand the readership of the manuscript but is not essential. 
 
Two minor points below 
 
Clarify this sentence are 4699 of the 4889 common? 
After quality control filtering, 4,889 and 4,699 common (i.e., MAF ≥ 1%), high-
quality structural variants were available for association testing in the LBD and the 
FTD/ALS cohorts 
 
Typo 
Figyre 5 (page 15) 

 

Reviewer 3 

Kaivola, Chia, Ding, and their colleagues have conducted a study to identify and 
characterize structural variations (SVs) in two non-Alzheimer’s dementia 
disorders: Lewy body dementia (LBD) and frontotemporal 
dementia/amyotrophic lateral sclerosis (FTD/ALS). To discover SVs, they used 
GATK-SV, a sophisticated SV calling pipeline that is also used in gnomAD-SV, a 
reference map of SVs (Collins et al. Nature 2020). By analyzing whole genome 
sequencing data of 5,213 cases and 4,132 controls of European ancestry, they 
identified over 300,000 SVs, which corresponds to an average of about 800 per 
genome. With the SV catalog, they performed genome-wide association studies 
(GWAS) and identified common SVs that act as disease risk loci. Specifically, they 
detected a deletion in TPCN1 as a novel risk locus for LBD and known SVs at the 
C9orf72 and MAPT loci as risk loci for FTD/ALS. They also discovered and 
cataloged rare pathogenic SVs. This study is the first large cohort SV study that 
uses whole-genome sequencing data in non-Alzheimer’s dementia to my 



 

 

knowledge. However, I have some concerns and questions regarding their 
analysis. 

 

Concerns and questions: 

 

1.My main concern is the relatively low number of SVs discovered in this study 
compared to recent population-scale SV studies (Collins et al. Nature 2020, Abel 
et al. Nature 2020) that utilized high-coverage WGS data. Abel et al. reported an 
average of 4,442 SVs per genome, while Collins et al. reported a median of 7,439 
SVs per genome. It is worth noting that Collis et. al developed and used GATK-
SV. A similar SV study in Parkinson's disease (Billingsley et al. Ann. Neurol. 2023), 
which also used GATK-SV, reported an average of 5,626 SVs per genome. 
However, in this study, the authors only found an average of 895 SVs per 
genome in the LBD case-control cohort and an average of 865 SVs per genome in 
the FTD/ALS case-control cohort. These counts are at least five times lower than 
those reported by other studies that used the same GATK-SV pipeline. 

 

2.Assuming both cohorts share the same control samples for unaffected 
individuals, I do not understand why the numbers of controls are different in the 
SV mapping step and the following steps in Figure 1. 

 

3.In relation to concern 1, I would suggest putting the violin plot of the SV count 
per genome for the final SV call set in Figure 2.  

 

4.The stacked bar plots in Figure 2 make it difficult to compare allele frequency 
(AF) and size distributions by SV type. Instead, I would recommend using 
normalized distributions for the final SV call set, as demonstrated in Figure 3 of 
Billingsley et al. 
 

Authors’ response to the first round of review 

 

REVIEWER 1:  

1. This article is well analysed and presented. The authors have analysed 
structural variants in >4000 cases and controls of non Alzheimer's 
dementia. They have used the GATK-SV pipeline which combines five SV 



 

 

detection algorithms to increase the reliability of the findings. The GATK-SV 
pipeline was applied to short read WGS data. More importantly, the 
variants have been made available for public use which is important for 
future research and clinical application.  

Response: We thank the reviewer for their kind review of our study.  

2.  How was the clinical diagnosis of LBD as well as FTD/ALS made in these 
cohorts? Please detail any criteria used for diagnosis (e.g. McKeith criteria 
for LBD). This is important as it is difficult to clinically distinguish between 
LBD and Alzheimer and the signals seen in LBD may represent Alzheimer. 
Response: Thank you for this comment, and we appreciate the opportunity 
to elaborate on the case definitions. Patients with FTD (behavioral variant, 
primary progressive aphasia) were diagnosed according to the Neary 
criteria (Faber, 1999) or the Movement Disorders Society criteria for 
progressive supranuclear palsy (Höglinger et al., 2017), whereas ALS/FTD 
cases were diagnosed according to the El Escorial criteria (Brooks, 1994). 
LBD cases were diagnosed with either pathologically definite (69% of cases) 
or clinically probable disease (31% of cases), according to consensus criteria 
(Emre et al., 2007; McKeith et al., 2005). We updated the Methods to 
elaborate on the case definitions as follows (page 25, paragraph 1): “Briefly, 
LBD patients were diagnosed with pathologically definite (69.05% of the 
cohort) or clinically probable disease (30.95%) according to the McKeith 
and Emre consensus criteria 46,47 . These consensus criteria guide optimal 
methods to establish the clinical and pathological diagnosis of LBD, 
including diagnostic biomarkers. The FTD/ALS cohort included 1,377 
patients diagnosed with FTD spectrum disorders, including the known 
subtypes of behavioral variant FTD, primary progressive aphasia, and 
progressive supranuclear palsy, and 1,065 patients diagnosed with ALS. 
Patients with FTD were diagnosed according to the Neary criteria 48 or the 
Movement Disorders Society criteria for progressive supranuclear palsy 49 . 
These criteria define core measures and several supportive and exclusion 
criteria for establishing a diagnosis of FTD. Patients with ALS were 
diagnosed according to the revised El Escorial criteria 50 . These criteria 
classify patients according to the level of diagnostic certainty and have 
been shown to be specific to the diagnosis of ALS.”  

3. I will be hesitant to call the TPCN1 deletion as being specific to "non-
Alzheimer's dementia”.  

Response: We entirely agree with the reviewer on this point, and we did not 



 

 

mean to suggest the TPCN1 deletion is specific to non-Alzheimer’s dementias. 
Although there is suggestive evidence for Alzheimer’s disease, the role of the 
TPCN1 deletion has only been reproducibly associated with LBD. We reviewed 
our manuscript and confirmed that there is no language indicating that the 
TPCN1 deletion is specific to non-Alzheimer’s dementia. We added the 
following line to the Discussion (page 15, paragraph 3): “The potential role of 
the TPCN1 locus in dementia is supported by a recent GWAS in Alzheimer’s 
disease that reported a suggestive association between the intronic TPCN1 
variant rs6489896 and Alzheimer’s disease 22. This rs6489896 variant tagged 
the 309 base-pair TPCN1 deletion in our data, and there was a near-perfect 
correlation between the haplotypes in Alzheimer’s disease GWAS and our 
study (Figure 5A). These data indicate that the TPCN1 deletion is not specific to 
LBD. The suggestive association between TPCN1 and Alzheimer’s disease could 
be due to the well-established shared etiology between Alzheimer’s disease 
and LBD, or a subpopulation of LBD-variant Alzheimer’s disease patients.”  

4. The mean validation rate of 84.3% is not very high even for the deletions. 
This limitation of short read sequencing data needs to be acknowledged 
again in the discussion section.  

Response: We agree with the reviewer that the validation rates of structural 
variants based on short-read sequencing data is still needs improvement. The 
issue affects the field using shortread sequencing, not just our paper. We were 
trying to convey in the manuscript that our data are comparable to other 
studies. Please see our response to Reviewer 3, point 2, and note the addition 
of Supplementary Table 3 comparing our study with previous publications. We 
have modified the Discussion to highlight this problem as follows (page 16, 
paragraph 3): “The main limitations of our study stem from the inherent 
difficulty of calling structural variants from short-read whole-genome 
sequencing data. As such, the validation rate of structural variants detected in 
short-read sequencing data is not ideal. To mitigate this problem, we used a 
multi-algorithm pipeline, GATK-SV 11, to create consensus structural variant 
calls and focused on a subset of high-quality structural variants in our analyses. 
Overall, the mean number of structural variant sites, the distribution of 
structural variant types, and the proportion of structural variant calls in Hardy-
Weinberg equilibrium are within the expected limits. Moreover, we found 
good structural variant mapping precision and genotype concordance between 
short-read sequencing and long-read sequencing data (Supplementary Table 
2). These findings indicate that our structural variant calls are robust. There 



 

 

are no accepted filtering standards following the GATK-SV pipeline, and direct 
comparison with other studies employing different filters can be complex 
(Supplementary Table 3). However, these findings indicate that our structural 
variant calls are robust.” 

5. Overall, this study is an important step in understanding the role of 
structural variants in dementia.  

Response: Thank you again for reviewing our study and for your positive 
comments.  

REVIEWER 2  

1. This is a very nicely presented paper that uses up to date wet lab and 
analytical methods to investigate structural variation in a number of 
dementias. The data presented are interesting, with some novel findings 
and are made available to other researchers for future work. The cohorts, 
methods and analyses are clearly and adequately described. The figures 
and tables are clear and readable with sufficient legends.  

Response: We thank the reviewer for their kind review of our study.  

2. Expansion of the work to include integration of other omics to determine 
the potential function of the variants and perhaps suggest molecular follow 
up would be preferential and expand the readership of the manuscript but 
is not essential.”  

Response: We agree with the reviewer that our study will stimulate further 
follow-up research studies to assess the functional impact of the observed 
structural variants in non-Alzheimer dementia syndromes. While it is 
exciting to think of various multi-omic data integration efforts, these 
analyses would go beyond the scope of the current article. We thank the 
reviewer for their understanding. We have modified the Discussion to 
reflect the need for additional molecular and multi-omic work as follows 
(page 17, paragraph 1): “…Another challenge when studying structural 
variants is the assessment of pathogenicity and unraveling the mechanism 
by which they disrupt neuronal function. As previous data are scarce and 
the consequences of structural variants are not well understood, cell 
biology studies, especially those integrating other multi-omic data, are 
needed to fully understand the consequences of this mutation class.”  

3. Clarify this sentence are 4699 of the 4889 common? “After quality control 
filtering, 4,889 and 4,699 common (i.e., MAF ≥ 1%), high-quality structural 
variants were available for association testing in the LBD and FTD/ALS 



 

 

cohorts.”  

Response: Thank you for your comment. We defined common structural 
variants as variants with a minor allele frequency of ≥ 1%. To improve the 
readability of the statement above and avoid confusion, we restructured 
the Results as follows (page 10, paragraph 2): “After quality control 
filtering, we performed GWAS studies on common (i.e., MAF ≥ 1%), high-
quality variants separately for the LBD and FTD-ALS case-control cohorts. In 
total, 4,899 structural variants were tested for association with LBD, and 
4,699 variants were tested for FTD/ALS 

4. - Typo Figyre 5 (page 15)  

Response: Thank you for pointing out this typographical error. We 
corrected it in the revised version of our manuscript.  

REVIEWER 3  

1. Kaivola, Chia, Ding, and their colleagues have conducted a study to 
identify and characterize structural variations (SVs) in two non-
Alzheimer’s dementia disorders: Lewy body dementia (LBD) and 
frontotemporal dementia/amyotrophic lateral sclerosis (FTD/ALS). To 
discover SVs, they used GATK-SV, a sophisticated SV calling pipeline that 
is also used in gnomADSV, a reference map of SVs (Collins et al. Nature 
2020). By analyzing whole genome sequencing data of 5,213 cases and 
4,132 controls of European ancestry, they identified over 300,000 SVs, 
which corresponds to an average of about 800 per genome. With the SV 
catalog, they performed genome-wide association studies (GWAS) and 
identified common SVs that act as disease risk loci. Specifically, they 
detected a deletion in TPCN1 as a novel risk locus for LBD and known 
SVs at the C9orf72 and MAPT loci as risk loci for FTD/ALS. They also 
discovered and cataloged rare pathogenic SVs. This study is the first 
large cohort SV study that uses whole-genome sequencing data in non-
Alzheimer’s dementia to my knowledge.  

Response: Thank you for your kind summary of our study.  

2. My main concern is the relatively low number of SVs discovered in this 
study compared to recent population-scale SV studies (Collins et al. 
Nature 2020, Abel et al. Nature 2020) that utilized high-coverage WGS 
data. Abel et al. reported an average of 4,442 SVs per genome, while 
Collins et al. reported a median of 7,439 SVs per genome. It is worth 
noting that Collis et. al developed and used GATK-SV. A similar SV study 



 

 

in Parkinson's disease (Billingsley et al. Ann. Neurol. 2023), which also 
used GATK-SV, reported an average of 5,626 SVs per genome. However, 
in this study, the authors only found an average of 895 SVs per genome 
in the LBD case-control cohort and an average of 865 SVs per genome in 
the FTD/ALS casecontrol cohort. These counts are at least five times 
lower than those reported by other studies that used the same GATK-SV 
pipeline.  

Response: We thank the reviewer for raising this critical point and 
apologize for not making this aspect of our work more transparent in the 
original manuscript. We identified a comparable number of structural 
variants in our study. The difference in the structural variant counts 
compared to other studies is mainly due to differences in the filtering that 
was applied following the GATK-SV pipeline to ensure we analyzed high-
quality variants for association. In the supplemental table below, we now 
show the structural variant calls in several recent publications: 

 

 
 

Several additional points are relevant to this issue: 



 

 

 • In the Collins et al. article, the median number of 7,439 structural 
variants per genome does not contain uncharacterized breakend (BND) 
variants. Breakend variants account for approximately one third of all 
structural variant calls. When we account for these breakend variants, the 
structural variant calls per genome in the Collins dataset (7,439 x 1.33 = 
9,894) are almost identical to the number we observed in our study.  

• In the Abel et al. article, the 5,626 structural variants per genome refers 
to filtered “high-confidence” structural variants.  

• In the Billingsley et al. article, they identified 366,555 structural variants 
in 7,772 genomes with GATK-SV. They then applied additional filtering, 
leaving 227,357 structural variants across the cohort and averaging 5,626 
structural variants per genome. There is no standard pipeline for structural 
variant filtering, so comparing structural variant counts with other 
publications is challenging. We have added this important point to the 
Discussion as follows (page 16, paragraph 3): “The main limitations of our 
study stem from the inherent difficulty of calling structural variants from 
short-read whole-genome sequencing data. As such, the validation rate of 
structural variants detected in short-read sequencing data is not ideal. To 
mitigate this problem, we used a multi-algorithm pipeline, GATK-SV 11, to 
create consensus structural variant calls and focused on a subset of high-
quality structural variants in our analyses. Overall, the mean number of 
structural variant sites, the distribution of structural variant types, and the 
proportion of structural variant calls in Hardy-Weinberg equilibrium are 
within the expected limits. Moreover, we found good structural variant 
mapping precision and genotype concordance between short-read 
sequencing and long-read sequencing data (Supplementary Table 2). These 
findings indicate that our structural variant calls are robust. There are no 
accepted filtering standards following the GATK-SV pipeline, and direct 
comparison with other studies employing different filters can be complex 
(Supplementary Table 3). However, these findings indicate that our 
structural variant calls are robust.” We have added the table above as 
Supplementary Table 3 to page 13 of the Supplementary Materials. The 
goal of a given study impacts structural variant filtering. For example, the 
Collins et al. study aimed to create a population-level reference of variants, 
while case-control association studies focus on a smaller subset of high-
quality structural variants to minimize false-positive association signals. 
Finally, we now provide the unfiltered structural variant dataset in the 



 

 

supplements (Supplementary Table 8) in addition to the filtered structural 
variant data (Supplementary Table 7). We already show the corresponding 
descriptive statistics (Supplementary Figures 4- 6) so other researchers can 
filter the data to match their study pipelines. 

3. Assuming both cohorts share the same control samples for unaffected 
individuals, I do not understand why the numbers of controls are 
different in the SV mapping step and the following steps in Figure 1.  

Response: It is correct that the LBD and FTD cohorts use the same initial set 
of control samples. However, after the GATK-SV pipeline was applied, there 
was a difference of ~ 20 samples due to the quality control steps in this 
pipeline. The thresholds for sample exclusions are not necessarily fixed. 
Instead, they are based on values derived from all the samples that are 
analyzed together, which includes metrics for ancestry and coverage. This 
filtering can (and did) lead to minor differences in which control samples 
are excluded when called together with cases. We added the following 
paragraph to the Methods to clarify this point (page 27, paragraph 2): “Of 
note, the LBD and FTD cohorts used the same initial set of control samples. 
However, there was a difference of 23 control samples after the GATK-SV 
pipeline was applied due to the initial quality control steps in the pipeline. 
The thresholds for sample exclusions are not fixed. Instead, they are based 
on values derived from the analyzed samples, including metrics for ancestry 
and coverage. This filtering approach led to minor difference in which 
control samples were excluded when they were called separately with the 
LBD cases and FTD cases.”  

4. In relation to concern 1, I would suggest putting the violin plot of the SV 
count per genome for the final SV call set in Figure 2.  

Response: Thank you for this suggestion. We now provide a violin plot 
summarizing the SV counts per genome as shown below (page 8, paragraph 
3): “…In the FTD/ALS case-control cohort, there were 865 structural 
variants on average per participant (Figure 2 and Supplementary Figure 1-3 
for descriptive statistics of filtered variants; Supplementary Figure 4-6 for 
summaries of unfiltered variants).” Supplementary Figure 1 | Structural 
variant counts per structural variant type 

 



 

 

 
 

5. The stacked bar plots in Figure 2 make it difficult to compare allele 
frequency (AF) and size distributions by SV type. Instead, I would 
recommend using normalized distributions for the final SV call set, as 
demonstrated in Figure 3 of Billingsley et al.  

Response: Thank you for this suggestion. We are now showing our results 
using a normalized distribution in Supplementary Figures 2 and 3 and 
updated our manuscript accordingly (page 8, paragraph 3): “In the FTD/ALS 
case-control cohort, there were 865 structural variants on average per 
participant (Figure 2 and Supplementary Figure 1-3, Supplementary Figure 
4-6 for summaries of unfiltered variants).” Supplementary Figure 2 | 
Structural variant size per structural variant type 

 



 

 

 



 

 

 
 

 

Referees’ report, second round of review 

N/A 



 

 

  

 
Authors’ response to the second round of review 

N/A 


