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Abstract

Genome-wide genotyping is widely used in human genetics research, and targeted
sequencing-based approaches such as the Twist Bioscience genome-wide SNP capture
platform (GxS) have emerged as alternatives to conventional SNP arrays. Here, we
evaluated GxS genotype calls from 555 individuals in 184 nuclear families against matched
whole-genome sequencing (WGS) calls and compared platform performance with that of
the llumina Infinium Global Screening Array-24 (GSA), which was evaluated in 987
individuals from 279 nuclear families. Genotype data were harmonized across platforms,
and analyses were restricted to overlapping SNP loci. Across all callable positions, mean
per-SNP call rates were 98.26% for GxS and 98.67% for GSA. Overall SNP concordance
with WGS was 99.79% for GxS and 99.87% for GSA, and mean per-individual concordance
was also 99.79% and 99.87%, respectively. Per-trio Mendelian violation rates of GxS are
about 10 times those of WGS, while those of GSA are about 4 times those of WGS on
average. These results indicate that GxS performs slightly worse than GSA by key
concordance and inheritance metrics, while still showing strong overall agreement with

WGS.
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Background

Genome-wide genotyping is widely used in human genetics research, including genome-
wide association studies (GWAS) and polygenic risk prediction. SNP array platforms such
as the lllumina Infinium Global Screening Array-24 have been widely adopted for their low
cost, high reproducibility, and established analytical workflows. Combined with genotype
imputation, SNP arrays can capture a large proportion of common human genetic variation

[1,2].

More recently, targeted sequencing-based genotyping approaches have emerged as
alternatives to conventional SNP arrays. The Twist Bioscience genome-wide SNP capture
(GxS) platform uses hybridization-based enrichment to interrogate genome-wide SNP loci
and may offer advantages in assay flexibility and compatibility with sequencing-based
workflows. A recent study demonstrated the utility of the Twist GxS platform for genotyping

challenging and degraded DNA samples [4].

However, we were unable to find a third-party evaluation of the Twist Bioscience SNP
capture platform or any similar platforms in the existing literature. In this study, we evaluate
genotypes called by the Twist Bioscience genome-wide SNP capture platform (GxS) on 555
individuals comprised of 184 nuclear families, with genotype calls by whole-genome
sequencing (WGS) [3] on the same individuals serving as a benchmark. Moreover, we
compare performance metrics of GxS, such as genotype concordance with WGS and

Mendelian violation frequency, to those of the [llumina GSA-24 platform (GSA), which will
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be evaluated similarly on 987 individuals of 279 nuclear families, with no overlap with the

555 individuals genotyped by GxS.

Methods

Study Design and Data Sources

This study used genetic data from the SPARK cohort [5], including whole-genome
sequencing (WGS) data from SPARK iWGS release v1.1 [6] and whole-exome sequencing
(WES) data from SPARK IWES release 3 [7]. Within the IWES release, samples from Batches
1-4 were additionally genotyped using [llumina Global Screening Array version 1 (GSAv1) or
version 2 (GSAv2), whereas samples from Batches 5-9 were genotyped using the Twist
Bioscience Genomic Screening (GxS) platform. Among subjects genotyped using the GxS
platform, 184 nuclear families with a total of 555 individuals were also included in the
iIWGS release. Among subjects genotyped using the GSAv1 or GSAv2 platforms, 279
nuclear families with a total of 987 individuals were also included in the iIWGS release. The
performance of GxS was evaluated using WGS calls as a benchmark on these nuclear

families and compared to the performance of GSA, which was evaluated in the same way.

Genotype harmonization

Genotype data generated from the Twist Bioscience genome-wide SNP capture platform
(GxS) and the Illumina Infinium Global Screening Array-24 (GSA) were compared against

whole-genome sequencing (WGS) genotype calls. Note that both platforms only target SNP
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markers and no indels were target. For GSA, only those SNP markers presentin both

GSAv1 and GSAv2 platforms were retained in our analysis.

Using PLINK v2.0 [8], GxS and GSA genotype data in binary PLINK format included in the
iIWES release v.1.1 were converted into PED/MAP text formats. WGS genotype calls of iWGS
provided in the variant call format (.vcf) were similarly converted into PED/MAP formats to
facilitate comparison across platforms. Genotype harmonization was performed by
matching SNP loci of GxS (or GSA) to WGS variants using chromosome and base-pair
position information. Among SNPs on the GxS (or GSA) platform, only those variants whose
position had an exact match in WGS genotyping calls were retained for downstream

analyses.

Concordance and Call Rates

For each SNP in GxS (or GSA) that had a WGS variant matched by exact position and
matched alternative alleles, we compared the genotype calls on each individual directly
where both platforms made eligible SNP calls. Insertions, deletions, and other non-single-
base variants call by WGS were treated as missing, as well as no-calls made by either WGS
or the platform being evaluated. Matching genotypes were classified as concordant, and all
others as discordant. Concordance and call rates were aggregated across all SNP positions
and individuals. We further classified concordance rates by six SNP variant types (A/C,
A/G, A/T, C/G, C/T, G/T). To assess systematic genotype-specific error patterns between the
tested platforms and WGS, genotype confusion matrices were generated for each of six

variant types.
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Mendelian violations

Mendelian inheritance consistency was evaluated using parent—child trios available within
each dataset. Mendelian violations were checked only on SNP loci for which genotype calls
were available for the child and both parents in both the tested platform and WGS.
Mendelian violation rates were aggregated for each trio and normalized by the number of

eligible loci.

Filtering by concordance and call rate

The performances of GxS and GSA were re-evaluated on a subset of SNPs that had greater

than 99% concordance with WGS and call rates greater than 99%.

Results

Call rates

Across all positions in both datasets, the mean per-SNP call rate, aggregated over all
individuals, was 98.26% for GxS, with a median of 100% and a 90" percentile of 97.84%. In
comparison, the mean, median, and 90" percentile rates for GSA were 98.67%, 99.80%,
and 97.16%, respectively. In GxS, 54.77% of positions had a call rate of 100%, and 84.57%
had a call rate of at least 99%. In GSA, 28.21% of positions had a call rate of 100%, and

78.03% had a call rate of at least 99%.
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The mean and median per-individual call rates were 98.26% and 98.53% for GxS, and
98.67% and 98.99% for GSA. Among 555 individuals genotyped on GxS, 121 (21.8%)
exhibited call rates exceeding 99% across all positions; out of 987 individuals genotyped on
GSA, 483 (48.94%) had call rates greater than 99%. On the other hand, only 1 out of 555
(0.18%) GxS individuals had a call rate below 95%, while 18 out of 987 (1.8%) GSA

individuals did.

Concordance with WGS genotyping Calls

Out of 1,414,695 GxS SNP markers, 1,355,694 were matched to WGS variants by their
positions. Of 604,929 GSA SNP markers present in both GSAv1 and GSAv2 platforms,
560,450 were matched to WGS variants. The overall concordance rates across all
individuals and all positions for GxS and GSA were 99.79% and 99.87%, respectively.
Concordance rates varied slightly by variant type (Fig. 1a), with variant A/T having the
lowest concordance rate in both GxS and GSA at 99.74% and 99.81% respectively. Overall,

GSA s slightly better than GxS across all six SNP variant types.

The cumulative density plots of non-concordance rates over all positions, shown in Fig. 1b,
display that GxS had a higher proportion of lower concordance positions than GSA. 0.59%
of GxS positions had a concordance rate below 95%, compared to GSA’s 0.29%, and 4.41%

of GxS positions had a concordance rate below 99% compared to 2.45% of GSA positions.

The mean per-individual concordance rates with WGS were 99.79% in GxS and 99.87% in
GSA, with medians of 99.80% and 99.92%, respectively. All individuals in GxS and 984 out

of 987 individuals in GSA had genotype concordance rates greater than 99%. As shown in
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Figure 1d, per-individual non-concordance rates were positively associated with per-
individual no-call rates among both GxS and GSA. The relationship is non-linear but tight,
with Spearman correlations of 0.82 for GxS and 0.92 for GSA. Moreover, it is also clear from
the figure that GxS per-individual call-rates and concordance rates show less variation than

those of GSA.

Mendelian violations

There are 187 trios from 181 nuclear families for GxS, and 429 trios from 279 nuclear
families for GSA. Among the 187 mother-father-child trios present in GxS data, the average
Mendelian violation rate across all valid positions was 0.108%. In contrast, the Mendelian
violation rate was 0.005% in matched WGS calls, more than 20 times lower. The average
Mendelian violation rate in GSA was 0.035% across 429 family trios and 0.008% in matched
WGS calls. These observations confirm that WGS genotyping calls are superior to those

from either GxS or GSA.

As shown in Figure 1¢, GxS mendelian violation rates for each parent-child trio were
consistently above the corresponding rates of WGS, whereas the rates of GSA showed
greater variability across trios, and in many cases were on par or even lower than those of

WGS.

Filtering

GxS and GSA call data were filtered to exclude SNP positions with a concordance rate less
than 99% and calls for fewer than 99% of individuals by either the platform being evaluated

or WGS. After filtering, 1,128,522 positions were retained for GxS and 439,590 for GSA. The
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concordance rates with WGS for the retained SNPs increased to 99.22% for GxS and
99.99% for GSA. The concordance rates also become more consistent across the six

variant types (Fig. 1a).

Per-family Mendelian violation rates for GxS, GSA, and WGS were recalculated after the
filtering. Among the 187 trios in GxS, the Mendelian violation rate for retained positions
decreased by a factor of 2 to 0.0487%, and in GSA, the per-family Mendelian violation rate
decreased by a factor of 5 to 0.0064%. However, the per-family rates of GxS remained
consistently higher than the corresponding WGS rates, whereas those of GSA were similar

to WGS (Fig. 1c).

Discussion

The SPARK WES release includes whole-genome SNP genotyping data but switches
genotyping platforms from GSA to GxS in Batches 5-9. This study is motivated by the lack

of published third-party studies on Twist GxS platforms.

We only used variants that had an exact match within the WGS variant calls provided by
the iIWGS release. A small but non-trivial proportion of SNPs on either GxS (4.2%) and GSA
(7.3%) platforms did not match WGS variant calls because these positions contained
indels and were annotated to different positions by the WGS variant calling pipeline.
Realigning these variants would require additional work, and we believe that excluding
them is unlikely to alter our conclusion. We computed the average call rates for these

unmatched variants, and they are slightly lower than those for the matched variants
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(96.32% compared to 98.34% in GxS and 96.91% compared to 98.79% in GSA,
respectively). The slight decrease in call rates is not surprising given the complications of

having indels at those positions.

For the matched positions, we removed WGS indels from the comparison, since by design,
GxS and GSA only call SNPs. Removed indel calls represent less than 0.3% of total calls at

these positions and are less than 20% of the number of no-call WGS results.

Our analysis showed that GSA has a slightly better average concordance rate than GxS.
However, these rates were aggregated over largely different targeting. Therefore, we

compared average concordance rates for the 560,450 variants that were present in both
platforms, stratifying by six variant types. As shown in Supplementary Figure 1, GSA still

performs slightly better than GxS at these overlapped positions.

We further investigated discordances between GxS and WGS and compared them to
discordances between GSA and WGS. Table 1 shows confusion matrices for each variant
type. As can be seen, GxS is much more likely to incorrectly call heterozygous genotypes
homozygous, but also much less likely to call homozygous genotypes heterozygous,
compared to GSA. This difference can be explained by the different technology used by
these two platforms. GxS is sequence-based, so if one of two alleles at a heterozygous site
is not observed, a homozygous call is made. The chance of this happeningis 1/2"", where
n is the number of reads observed at this site. At n=10, this is approximately .2%. This
vulnerability also explains the high Mendelian violation rate observed in GxS calls, as it can

result when a heterozygous parent genotype is called homozygous.
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Conclusion

Overall, we found that the Twist GxS genotyping platform is highly accurate, although
slightly less accurate than the more traditional [lumina array platform. In addition,
compared to GSA, GxS has lower assay-to-assay variation, as per-individual call rates and
concordance rates are more consistent. Nonetheless, we also observed a higher
proportion of unreliable SNP variants than GSA and would recommend that those positions

be filtered out for genetic analysis.
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Concordance with Whole Genome Sequencing by SNP allele-pair type
A. Solid = all positi alysis; Dashed = retained positions only

Cumulative Distribution of Nonconcordance Rates
Proportion of SNPs with Nonconcordance Rate <= Threshold

w

90%

Concordance (%)

80%

99.80

Cumulative Proportion of SNPs

5 10
Nonconcordance Rate Threshold (%)

AC G AT cle cm o
SNP type
Platform — GSA — Gxs
Platform - GSA GxS SNP set — All positions = Retained positions
C o » D Per-individual no-call rate vs WGS nonconcordance
. Mendelian Violation Rate per Position :
3.00
* Gx8 (all positions) <
" GSA ositions) <
S {0 xS (reta 0
& . O 1.00
o . =
. .
3 | 39° 0 sees % £
H UGy H
g2 g . 8
» -3} S € 0.30
¢ 8 PP S
£ 2 2 & g
2> o 4
B8P . s
00 . 2010
g 1 el s
&
« 0;‘3;;} °
&%
% B 0%8®o %O 0.10 1.00 10.00
= T = T T T T T T Platform no-call rate (%)
1e-05 5e-05 1e-04 5e-04 1e-03 5e-03 1e-02
GXSIGSA Platform - GSA - Gxs

Figure 1. Comparison of genotype performance metrics between Twist Genotyping-By-
Sequencing (GxS) and the Global Screening Array (GSA) using whole-genome sequencing
(WGS) as the reference standard. (A) Genotype call concordance rates for GxS and GSA
relative to WGS, stratified by SNP position type based on unordered reference/alternate
(REF/ALT) allele pairs. (B) Cumulative distribution of per-SNP nonconcordance rates for GxS
and GSA compared with WGS. (C) Per-family Mendelian violation rates for GxS and GSA
relative to WGS across all analyzed variant positions and across the subset of positions with
genotype call rates =99%. (D) Per-individual no-call rates and per-individual non-

concordance rates with WGS for GxS and GSA.
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Concordance with Whole Genome Sequencing by SNP allele-pair type
Solid = all positions in analysis; Dashed = positions in both GxS and GSA

_ -G
— - ~
e~
- - -
99.9 o -
9
o
3]
&
S 99.8
Q
o
c
o
(@)
99.7
A/C AIG AIT C/IG C/IT G/T
SNP type
Platform - GSA GxS SNP set = All positions = Both GxS and GSA

Supplementary Figure 1. Per-position concordance rates with Whole Genome Sequencing
by SNP allele-pair type including overlapping SNP positions between Twist Genotyping-By-
Sequencing (GxS) and Illumina Global Screening Array (GSA). The dashed line represents

concordance rates for positions that were present in both GxS and GSA comparisons with

WGS.
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GxS - C/G GxS - C/T GxS - G/T
cc CG GG cc cT TT GG GT TT
CC|27,505,748| 18,635 17 CC|[119,315,368 79,022 54 GG|27,923,697| 19,834 12
CG| 52,798 |[11,347,842| 49,255 CT| 202,966 |42,945626| 167,886 GT| 56,655 |10,421,795| 47,833
GG| 17 18,522 |27,253,756 TT| 62 58,183 87,362,532 TT| 184 14,373 (22,492,981
GSA - A/C GSA - A/G GSA - AT
AA AC cc AA AG GG AA AT TT
AA| 18,700,557 | 18,116 3,903 AA|76,083,000| 56,096 8,522 AA| 552,122 308 8
AC| 6,306 |9,112,407 | 10,028 AG| 21,132 |38,893576| 25,694 AT| 81 179,687 100
cc| 4,765 29,811 [22,403,551 GG| 13,195 | 120,726 (105,800,155 TT| 1,566 421 562,501
GSA - C/G GSA -C/T GSA-G/T
cc cG GG cc cT T GG GT TT
cc| 1,156,737 648 20 CC[105,732,256 120,464 | 10,398 GG|22,037,106| 30,722 3,287
CcG| 183 301,766 115 CT| 29,035 |39,136,090| 24,683 GT| 13,349 | 9,039,106 | 7,460
GG| 603 543 1,206,187 TT| 14,460 74,060 |76,026,669 TT| 6,181 22,872 (18,535,200

Table 1. Confusion matrices of genotype calls for GxS and GSA relative to WGS, stratified by

SNP variant type.
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