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Referees’ reports, first round of review 
  

Reviewer 1 

In this manuscript, Sadler et al. perform an extensive enrichment analysis 
comparing the genes that are implicated in GWAS and exome-sequencing studies 
with genes that are the targets of existing therapeutics. This type of analysis has 
been used as a proxy for the question of whether genetic evidence is useful for 
finding novel therapeutics, as well. They also perform interesting enrichment 
analyses involving the neighbors of GWAS- and exome-associated genes in 
biological networks. Compared with previous analyses along these lines that I am 
aware of, this study is much more extensive in the amount of data that was used 
in every stage of the analysis, including different gene-prioritization strategies, 
multiple drug target gene sets, and multiple biological network datasets. 
 
Overall, the manuscript was interesting and well executed, and I have mostly 
minor comments. I have one major comment about the section on transcript and 
protein level heritability. 
 
Major comment 
1. The "Heritability and polygenicity of drug target transcripts" subsection feels 
extraneous, and ituses problematic definitions/estimators of both heritability and 
polygenicity, and it seems extraneous in the larger context of the paper. This 
section relates to an interesting phenomenon, discussed in ref. 40 and in 
Mostafavi et al. bioRxiv, that biologically important genes might be depleted of 
eQTL effects. This phenomenon is tangentially related to this manuscript in that it 
may explain the underwhelming performance of the eQTL-GWAS approach, but it 
is not closely related to the main message of the paper. As it is currently written, 
the text does not make these connections very clear, and the section feels 
extraneous. 
 
Moreover, the estimators (definitions?) of heritability and polygenicity in this 
section are not appropriate. "Heritabilty" is estimated by adding up the effects of 
significant effects, with LD clumping. This is not an appropriate estimator because 
it only includes the effects of significant effects. "Polygencity" is quantified by 
counting the number of significant effects, which has the same issue. I am not 
aware of a good existing approach to robustly quantify polygenicity for cis-eQTL 
data, and some researchers think polygenicity ought to mean something like "the 



 

 

number of significant hits," so maybe the definition is acceptable. For 
"heritability", on the other hand, there exist methods to estimate cis-heritability 
(e.g. GCTA), and nobody defines it as a property of the genome-wide significant 
variants. 
 
I think the manuscript would be improved either by extensively re-writing and re-
thinking this subsection, or by simply removing it. 
 
Minor comments 
2. For the "exome" strategy, a key parameter is the allele frequency threshold. In 
general, variants with frequencies close to this threshold will dominate the test 
statistics (this is the opposite behavior as in GWAS, where the threshold is a lower 
bound). I assume the results would look quite different with a different threshold, 
and I suggest to perform a sensitivity analysis of the main drug-target-enrichment 
analysis looking at different allele frequencies, which might help to prioritize 
genes with larger effect sizes. 
3. What should we make of the fact that the STRING PPI network is so much more 
successful at identifying drug targets compared with genetic approaches? Perhaps 
this is related to, but distinct from, an observation in Kim et al. 2020 AJHG [?], 
who showed that genes with high "network centrality" were highly enriched for 
heritability. I think this finding is striking, and even though it has nothing to do 
with the genetic data per se, it could use more discussion. 
4. The example of APP in Alzheimer's disease is confusing. Rare APP mutations are 
a known cause of AD, so if this gene is not highly ranked via the exome approach, 
it suggests an issue with power rather than anything else (not surprising, since UK 
Biobank skews young). APOE, on the other hand, should be the top GWAS hit by 
far; why is it only top 5? I don't necessarily think this indicates a problem with the 
approach, but maybe this example isn't the most reassuring. 

 

Reviewer 2 

A primary goal of genetic association studies is the identification of potential drug 
targets for complex diseases; in this manuscript, the authors present a 
comprehensive examination of the ability of contemporary methods to 
successfully identify known drug mechanisms for a broad range of clinical 
disorders. There are two inter-related major strengths of this manuscript: 1) it 
addresses a question that lies at the heart of biomedical genetics; and 2) it does 
so in an exhaustive fashion. Specifically, it examines: 1) a broad range of disorders 



 

 

(n=30); 2) a range of association strategies (GWAS, eQTL, pQTL, and Exome/rare 
variant association); 3) a range of chemoinformatic databases for annotation of 
drug targets; and 4) a range of potential degrees of "distance" between the 
primary (genetically-identified) target and the drug target, with distance defined 
in the context of protein interaction networks. 
 
There is only two notable weaknesses in the manuscript: 
 
1) A relatively minor weakness is that the discussion section could be more 
strongly worded. For example, it appears that an important conclusion of this 
work is that the STRING dataset is inappropriate for future work in this area, and 
this should be stated clearly. Similarly, it should be stated clearly that genetic 
association gives a 1.5-2-fold enrichment for drug targets, consistent with less 
comprehensive prior reports. At the same time, the AUC is sufficiently low that 
additional directions for improvement should be suggested. 
 
2) A more significant weakness is that 4 association strategies that are compared 
are substantially different in terms of available sample size and statistical power 
at the present time. While the authors acknowledge the limitations specific to the 
pQTL dataset, it is generally true that available exome studies are less well-
powered compared to GWAS. What would the results be if the GWAS were 
downsampled to match the available exome data for each disease? Similarly, 
eQTL are differentially powered relative to the tissue of interest that is available; 
the authors utilize the tissue with the strongest association, but that might 
advantage some disorders (e.g., those primarily expressed in blood) compared to 
other disorders expressed in tissues less well represented in available eQTL 
reference datasets. 
 

Authors’ response to the first round of review 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

 

 

Referees’ report, second round of review 

Reviewer 1 

The authors have adequately addressed my comments. 

  

 
Authors’ response to the second round of review 

N/A 
 


