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Patient cohort 

We retrospectively analyzed de-identified data of 495,194 individual patients who were 

screened using next-generation sequencing for up to 176 conditions during a seven-year period 

(January 1, 2012 – February 2, 2020). The majority of patients in our cohort (67%) received a 

panel of 170 or more conditions. The remaining received either an older 110-condition panel or 

a custom panel. We excluded patients who had a family or personal history of disease or 

reported consanguinity, resulting in a cohort of 460,608 patients (Table S3). 

 

Carrier rate calculation 

Self-reported ethnicity was collected via the test requisition form. The ethnicities included in 

Table S3 represent those included on the test requisition. The ethnicity subgroups were 

developed for use on the carrier screen test requisition based on those named in professional 

society guidelines and U.S. Census categories, and those with founder populations. When 

possible, we have tried to be as granular as possible with categories, which allows for 

subpopulation analyses as well as combined analyses. ACOG Committee Opinion 691 names 

the following categories: African, Ashkenazi Jewish, French Canadian/Cajun, Hispanic, 

Mediterranean (which we list as Southern European), Middle Eastern, and Southeast Asian. 

The U.S. Census includes categories for Native American and Pacific Islander.1 Finnish is a 

founder population with a reasonably high population in the U.S. The “Mixed/Other White” 

category indicates mixed ethnicity or an otherwise unlisted White ethnicity; patients who select 

more than one ethnicity are also placed into this category. “Unknown” allows for patients to 

report that they do not know their ethnicity.  
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To calculate ethnicity-specific carrier rates, we computed ethnicity-specific allele frequencies for 

each pathogenic variant observed in our cohort. The ethnicity-specific carrier rate for each 

condition was defined as the proportion of patients of a given ethnicity who had at least one 

pathogenic variant associated with that condition (Table S3). We defined “panel carrier rate” as 

the proportion of patients that would be carriers for at least one condition on the ECS panel. 

“Panel carrier rate”, was calculated population-wide by weighting ethnicity-specific carrier rates 

by U.S.-census ethnicity frequencies (column ‘Weighted’ in Table S3).2 To maintain robustness, 

all analyses excluded self-reported ethnicities with fewer than 1,000 patients (Native American, 

Pacific Islander, and Finnish) and ethnicities self-reported as “Unknown,” but all ethnicity-

specific carrier frequencies and ARC rates are included in Tables S3 and S4 for completeness. 

 

ARC rate calculation 

To determine ARC rates, we utilized modeled fetal disease risk, described in detail in 

Beauchamp et al (2018)3 and Haque et al (2016),4 and defined as the probability of a disease 

affecting the conceptus of randomly selected male and female parents. ARC rates were 

calculated as modeled fetal disease risk*4 since the ratio of ARC rate to modeled fetal disease 

risk is 4:1. Ethnicity-specific ARC rates were calculated assuming random mating within the 

same ethnicity (Table S4). We defined the “panel ARC rate” as the probability that a couple was 

an ARC for any condition on the ECS panel. When computing “panel ARC rate”, ARC rates 

were calculated population-wide by weighting ethnicity-specific ARC rates by U.S.-census 

ethnicity frequencies (column ‘Weighted’ in Table S4).2 Based on U.S. census-weighted ARC 

rates for each condition in our study, only approximately 0.5% of ARCs would be at risk for 

multiple conditions; we therefore made the simplifying assumption that couples were not at risk 

for multiple conditions so that the panel ARC rate could be considered as the sum of ARC rates 
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for individual conditions on the panel. This method of panel ARC rate calculation avoids 

overestimation of ARC rates that can occur when using empirical ARC rates from the subset of 

ECS patients known to be couples, as this subset is commonly enriched with ethnicities that 

have higher ARC rates than the general U.S. population, such as patients of AJ descent. 

 

Conditions with complicated inheritance 

Carrier rates and ARC rates for conditions with complicated inheritance were calculated as 

described in Ben-Shachar et al. (2019).5 Because autosomal recessive and X-linked conditions 

have different modes of inheritance, the square root of the carrier rate for X-linked conditions 

was used in all analyses to enable direct comparison in carrier frequencies for autosomal 

recessive and X-linked conditions, except when calculating “panel carrier rates” and “panel ARC 

rates”. 
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Supplementary Figure: Comparison of 74-condition permissive panel and ACMG 

Tier 3 panel.   

The Venn diagram displays the number of conditions included on one or both of the 74-

condition permissive panel and the ACMG Tier 3 panel. The purple bar graphs describe the 

reasons the 21 conditions on the 74-condition permissive panel were excluded from the ACMG 

Tier 3 panel. The blue bar graphs describe the reasons the 59 conditions on the ACMG Tier 3 

panel were not included on the 74-condition permissive panel. Note that one condition in 

rightmost purple bar graph is an X-linked condition that had < 1 in 40,000 prevalence. We have 

included it with the conditions that have a < 1 in 200 carrier frequency in gnomAD for ease of 

representation. See Table S7 for additional detail. 

 


