Population-tailored WGS-based newborn screening in Türkiye: findings from the NBScreening pilot study
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[bookmark: _Toc200311696][bookmark: _Toc231647311][bookmark: OLE_LINK135]Supplementary Methods
[bookmark: OLE_LINK287][bookmark: _Toc231647312]In-house gene-disease database and screening panels 
[bookmark: OLE_LINK88][bookmark: OLE_LINK27][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK18][bookmark: OLE_LINK55][bookmark: OLE_LINK53]The integrated gene-disease list used in this project was curated from the newborn screening list from the GenRiskPro platform[1]. Briefly, the curated newborn screening list for this pilot study is the integration of gene-disease associations from the BabySeq[2], BeginNGS[3], and Recommended Uniform Screening Panel (RUSP)[4]. We also included the American College of Medical Genetics Secondary Findings list (ACMG SFs, v3.3)[5] as an additional screening panel for assessing the prevalence of SFs among Turkish newborns. The associations of genes and ACMG SFs are defined as adult-onset diseases. The disease database was used to add explanatory texts to all diseases, such as the OMIM phenotype MIM identifier, Mondo phenotype identifier, and disease descriptions. Disease inheritance patterns were kept as curated in the original NBSeq project, while the conflicting and missing ones were manually corrected based on OMIM databases and literature. Disease categories are mainly curated from the Mondo Disease Ontology database[6]. For diseases not included in the Mondo database, the Human Disease Ontology database[7] was utilized for complements. For carrier status of recessive disease, the ones classified in more than one category are denoted as complex genetic syndromes. For PGx data, the haplotype information and the clinical annotations were downloaded from the PharmVar (v6.1.2) and PharmGKB (v2024-05-15). The haplotypes with evidence levels 1A, 1B, and 2A are further considered, and pediatric drugs that are actionable, test required, or test recommended are included in the final reports. The integrated PGx data with SNPs and haplotype information, drug information, phenotype category, and phenotype annotation were used in the PGx panel. 

[bookmark: _Toc231647313]The rule-based scoring framework
A rule-based scoring framework was established to enable rapid prioritization of pathogenic variants from sequencing data. Scores assigned to pathogenicity, predicted functional impact, and the confidence level of gene–disease associations are presented in Table S1. Gene–disease associations included in BabySeq Group A and BeginNGS Group A were classified as high confidence, whereas those included in BabySeq Group B and BeginNGS Group B were classified as moderate confidence. Associations listed exclusively in the ACMG Secondary Findings list were classified as moderate confidence. The combined scores for all possible scenarios are summarized in Table S2. In this pilot study, only variants with a combined score greater than 7 were retained for analysis of the cohort-level prevalence of carrier status for recessive diseases, adult-onset diseases, and ACMG Secondary Findings.

[bookmark: _Toc200311699][bookmark: OLE_LINK615][bookmark: _Toc231647314]Definition and filtration of novel variants 
[bookmark: OLE_LINK379][bookmark: OLE_LINK254][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK381]Novel variants are rare variants (global minor allele frequency (MAF) < 0.05) which have not been previously reported in the ClinVar and Catalogue of Somatic Mutations in Cancer (COSMIC) databases, but were predicted as ACMG pathogenic or likely pathogenic by GeneBe. If the consequences of these variants meet any of the following criteria, the variant is predicted as highly deleterious:
1. High impact on protein structure, which may cause protein truncation, loss of function, or triggering nonsense-mediated decay. LOFTEE is used to further classify the loss-of-function variants (LoFs) into high-confidence LoFs (HC-LoFs) and low-confidence LoFs (LC-LoFs).
2. dbscSNV-ADA_score (AdaBoost) > 0.6.
3. [bookmark: OLE_LINK239][bookmark: OLE_LINK258][bookmark: OLE_LINK240]rf_score (random forests) > 0.6.
4. Any of the four spliceAI scores > 0.5.
5. [bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK241][bookmark: OLE_LINK242]BayesDel_addAF_score > 0.0692655 or BayesDel-noAF_score > -0.0570105.
6. [bookmark: OLE_LINK237]AlphaMissense defined (likely) pathogenic variants. 

[bookmark: OLE_LINK159][bookmark: _Toc200311700][bookmark: _Toc231647315][bookmark: OLE_LINK317]Comparative analysis of the screen-positive rates between the pilot study and BabySeq, Early Check, BabyDetect, and GUARDIAN.
[bookmark: OLE_LINK322][bookmark: OLE_LINK608][bookmark: OLE_LINK323]To investigate if the screening performance of different NBSeq projects is consistent, we compared the screening results among several NBSeq projects (NBScreening, BabySeq, NC NEXUS, BabyDetect, and GUARDIAN). Screen-positive rates of childhood-onset monogenic rare diseases were compared between NBScreening and the other four NBSeq projects by the Chi-square test (n > 5) or Fisher’s Exact test (N <= 5) using the ‘epiR’ package (v2.0.81) in R. Significance is determined as P-value < 0.05. The shared mutated genes and transcripts among different NBSeq projects are visualized by VennDiagram (v1.7.3) and ggplot2 (v.3.5.1) in R. 


[bookmark: _Toc231647316]Supplementary Results
[bookmark: OLE_LINK170][bookmark: _Toc200311697][bookmark: _Toc231647317][bookmark: OLE_LINK30][bookmark: OLE_LINK171][bookmark: OLE_LINK31]Benchmarking the root-cause-informed strategy using the published NBS-rWGS framework
To evaluate the feasibility of our root-cause-analysis-informed strategy before applying it to the Tier 1 variant list, we first performed a benchmarking analysis based on the published NBS-rWGS framework. In the original study[3], NBS-rWGS was simulated in 454,707 UK Biobank participants using ClinVar P/LP variants mapped to 388 NBS-rWGS gene–disease dyads, corresponding to 317 genes and 381 disorders. Candidate variants were initially restricted to rare ClinVar P/LP variants with gnomAD MAF <0.5%. After inheritance-based positive calling and stepwise root cause analysis, the original study removed 94 likely false-positive variants and reduced the apparent positive rate to 0.27%, corresponding to 99.7% specificity.

Following this strategy, we used the 317 genes from the published NBS-rWGS screening list as a benchmark panel. A total of 2,896,489 ClinVar variants were first screened, and variants annotated as P/LP with MAF <0.5% were retained. These variants were then mapped to the 317 NBS-rWGS genes, resulting in 43,538 variants across 280 genes for downstream analysis. DRAGEN WGS pVCF files from 490,541 UK Biobank participants were queried for these variants. Multiallelic SNVs and INDELs were split and normalized into biallelic variants before genotype-based analysis. Before the stepwise analysis, 6,994 UK Biobank participants carried inheritance-compatible candidate findings involving 718 variants across 71 genes, corresponding to an apparent screen-positive rate of 1.43% and an apparent specificity of 98.57%.

[bookmark: OLE_LINK175][bookmark: OLE_LINK176]We then applied a similar root cause analysis strategy to identify and remove likely false positives or clinically unsuitable screening signals. First, variants located in genomic regions known to be difficult to genotype using short-read sequencing were removed, excluding 31 CBS variants and 969 corresponding UK Biobank subjects. Second, 27 synonymous or intronic variants were removed, excluding 107 subjects. Third, for variants associated with disorders showing multiple inheritance patterns, inheritance models were manually reviewed and corrected based on ClinVar annotations and supporting publications, resulting in the removal of 92 variants and 2,347 subjects whose genotypes were inconsistent with the relevant disease model. Fourth, available UK Biobank medical records, including ICD-10 diagnoses, cancer records, and death registry data, were reviewed to identify likely true-positive individuals. This resulted in 457 subjects being removed.

[bookmark: OLE_LINK177][bookmark: OLE_LINK186][bookmark: OLE_LINK181][bookmark: OLE_LINK101]After these filtrations, the apparent screen-positive rate decreased from 1.43% to 0.63%, corresponding to an increased specificity of 99.37%. Although this rate remained higher than the 0.27% reported in the original NBS-rWGS study, our analysis showed a comparable reduction in positive rate, which supports the feasibility of applying such a strategy to our in-house Tier 1 variant list. The original study used a curated set of 29,865 variants mapped to 388 specific gene–disease dyads, whereas our benchmarking analysis used an updated ClinVar dataset of 43,538 variants mapped to the same gene-disease associations. This broader variant inclusion likely increased the initial apparent positive rate and introduced additional variants associated with alternative phenotypes, inheritance modes, or weaker newborn-screening relevance. Despite this difference, the root cause analysis reduced apparent positives by 55.5% in our benchmark, which is consistent with the 59.3% reduction observed in the original study. Therefore, although the final positive rate was higher in this benchmarking, the stepwise reduction pattern supports the feasibility and reproducibility of the root-cause-informed variant refinement strategy. 

[bookmark: _Toc231647318][bookmark: OLE_LINK193][bookmark: OLE_LINK203][bookmark: OLE_LINK204]Variants Overview  
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]The average sequencing depth for 1,100 DNA samples is 34.64 X. However, there are some outliers, such as the sequencing depth of five samples is over 60 X, one over 71 X, and eight below 25 X (Figure S1A). Hence, when excluding these outliers and reconsidering the average sequencing depth, the value is corrected to 34.56 X. 

[bookmark: OLE_LINK134][bookmark: OLE_LINK144][bookmark: OLE_LINK332][bookmark: OLE_LINK333][bookmark: OLE_LINK335][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK124][bookmark: OLE_LINK7][bookmark: OLE_LINK129]As shown in Figure S2A, a total of 70.96 million distinct variants were detected in all DNA samples, including 55.65 million SNPs, 7.41 million insertions, and 7.03 million deletions. Variants that exist in the Single Nucleotide Polymorphism database (dbSNP, version 156) were denoted as known variants. Conversely, the absent ones were classified as novel variants. Hence, 59.36 million (83.65%) known variants and 11.60 million (16.35%) novel variants were detected. For variants located in the autosomal chromosomes, 44.53 million known variants and 11.36 million novel variants showed low cohort-level AF of less than 1%. These include 23.66 million known variants and 9.33 million novel variants that only appear with one allele. Regarding the variant annotation regions, for all variants, most of them are in the intronic (49%) and intergenic (40%) regions, while the least of the variants are splicing variants (0.1%) (Figure S2B). 1,156,229 (2%) variants are in the exonic regions and share the lowest novel rate (15.1%). The types and proportion of each type of exonic variants are visualized in Figure S2C, in which exonic regions identified exonic variants are missense variants and synonymous variants, accounting for 27% and 17%, respectively. Frameshift variants, which have the highest number of loss-of-function variants, only contribute to 0.9% of the exonic variants. The other exonic variants include coding sequence variants, in-frame deletion and insertion variants, protein-altering variants, start-lost and start-retained variants, stop-gained, stop-lost, and stop-retained variants. Among all variants with ClinVar annotations in this pilot study, the frameshift variants constitute around half of the loss-of-function variants (45%), followed by stop-gained variants (29%) (Figure S2D). Notably, these two variant types also represent a substantial proportion of ClinVar-recorded pathogenic variants. Moreover, all SNPs and INDELs are located on 42,412,307 genes, and 1,992,086 (4.70%) of them are related to 1,035 genes of the curated newborn screening list for rare diseases. In terms of 54,468 CNVs, most of them are annotated as ACMG uncertain significance (VUS) or benign and likely benign. Only 2% of the CNVs are determined as P/LP variants. Within these P/LP CNVs, 94% of them are deletions and 6% of them are duplications (Figure S2E). 

[bookmark: OLE_LINK125][bookmark: OLE_LINK560][bookmark: OLE_LINK561][bookmark: OLE_LINK562][bookmark: OLE_LINK360][bookmark: OLE_LINK172][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK653][bookmark: OLE_LINK584][bookmark: OLE_LINK587][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Homozygous LoFs are deemed to cause naturally occurring gene knockout[8]. Common homozygous LoF variants are more likely to be tolerated due to purifying selection or genetic robustness[9]. Hence, we screened out the common homozygous high-confidence loss-of-function variants (homHC-LoFs) in Turkish newborns,272 Turkish healthy adults, and Turkish Variome[10]. Common HC-homLoFs are defined as homozygous variants with cohort-level AFs greater than 1%, while conversely, rare homHC-LoFs are those with cohort-level AFs of at most 0.01. Therefore, 528 and 691 common homHC-LoFs are discovered in newborns and healthy adults separately. A total of 106 common homHC-LoFs overlapped among the three datasets (Figure S1B). Rare homHC-LoFs were also counted in three datasets, though no intersections were found among all. The highest number of rare HC-LoFs is shown in newborn cohorts, but only six of them overlap with the ones in the Turkish Variome.

[bookmark: _Toc231647319]Findings of novel variants predicted as highly deleterious
[bookmark: OLE_LINK48][bookmark: OLE_LINK380][bookmark: OLE_LINK52][bookmark: OLE_LINK47][bookmark: OLE_LINK49][bookmark: OLE_LINK259][bookmark: OLE_LINK197][bookmark: OLE_LINK9][bookmark: OLE_LINK11][bookmark: OLE_LINK50][bookmark: OLE_LINK260][bookmark: OLE_LINK51][bookmark: OLE_LINK130]The preliminary screening variants generated from the pipeline included rare variants (global MAF < 0.05) without clinical evidence but predicted as highly deleterious. We also investigated these novel pathogenic variants to assist in clinical decision-making and follow-up studies. Following the abovementioned filtering criteria, 329 P/LP novel variants on 241 genes with potential predicted deleterious consequences on proteins were identified in 299 newborns. When considering the disease inheritance modes, X-linked dominant Alport syndrome caused by COL4A5 and MYH7-related autosomal dominant diseases were the most frequently detected diseases, with each of them identified in four newborns. LoFs are the most deleterious variation that leads to the occurrence and progression of diseases. Among all these variants, 18 of them were classified as LoFs, and around half were INDELs. Four consequences of LoFs were observed, predominated by stop lost and frameshift variants (Figure S7B). An insertion on VPS13B is the only HC-LoF, and 9 LC-LoFs were identified. These predicted novel LoFs were found in 21 newborns and were associated with 19 diseases. After filtering the disease inheritance modes, 8 diseases associated with the potential P/LP novel LoFs were screened out, led by aortic aneurysm, familial thoracic 7 (MYLK, c.-186+1G>T) identified in two newborns (Dataset S12). For the other predicted consequences, missense variant consisted the greatest percentage at 91%. Among these missense variants, 67% of them are predicted as LP by AlphaMissense (Figure S7C). The rest of the missense variants were selected due to the prediction of BayesDel. Additionally, 13 novel variants were splicing variants with high confidence scores annotated by SpliceAI and the dbscSNV database. Figure S7D shows the specific prediction scores for each of these variants. Notably, a deletion on PAX8 does not have the splicing confidence scores, but it was annotated as low-confidence LoFs by LOFTEE though its consequences are ambiguous as the combination of splice donor variant, splice donor 5th base variant, 5’ prime UTR variant, or intron variant. During the follow-up processes, once the relevant clinical phenotypes are observed, reinvestigating these predicted novel variants which have potentially higher deleteriousness would assist the disease diagnoses and treatments. These may also lead to discoveries that help explain the underlying mechanisms of certain diseases.

[bookmark: _Toc200311701][bookmark: _Toc231647320]Findings from Pharmacogenomics profiles
[bookmark: OLE_LINK207][bookmark: OLE_LINK29]PGx is generated as additional information to support clinical medicine choices. PGx diplotypes of 21 genes for each newborn were interpreted by DRAGEN software. A total of 190 diplotypes were found on all newborns, ranging from one on RYR1 and 39 on DPYD. Among the PGx genes, 14 are associated with pediatric drugs, resulting in 169 diplotypes (Dataset S10). Homozygous ivacaftor non-responsive CFTR sequence is the most dominant in PGx findings. It consists of 39 mutations, while only rs75527207 has the pediatric-relevant level 1A clinical annotation. Additionally, for UGT1A1 *28/*80:*80+*28/*1, the Clinical Pharmacogenetics Implementation Consortium (CPIC) does not report the allele frequency for UGT1A1*80+*28 linked haplotypes. Hence, when comparing genotype frequencies of the top 5 prevalent PGx in Turkish newborns with other populations from the gnomAD genome database (v4.0), genotypes of CFTR rs75527207, VKORC1 rs9923231, IFNL3 rs12979860, and UGT1A1*28 (rs3064744) were considered. The AF of more haplotypes relevant to pediatric drugs was compared with that of other populations from the gnomAD genome database (v4.0). As shown in Figure S8, the pediatric PGx haplotype profiles of Turkish newborns clustered most closely to Non-Finnish European and Admixed American populations. 
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[bookmark: OLE_LINK595][bookmark: _Toc231647322]Supplementary Tables
[bookmark: _Toc231647323]Table S1. Pipeline scoring criteria for stratifying variants.
	Category
	Classification
	Score

	Variant pathogenicity 
	[bookmark: OLE_LINK582]ClinVar P variant
	+10

	
	ClinVar LP variant
	+4

	
	[bookmark: OLE_LINK581]ClinVar variant with conflicting classification, including P/LP
	+2

	
	ClinVar variant with conflicting classification, excluding P/LP
	+1

	
	[bookmark: OLE_LINK593]ClinVar VUS, benign, and likely benign variant
	+0

	[bookmark: _Hlk184074509]Predicted variant
	Predicted high-confidence loss of function variant
	+3

	
	[bookmark: OLE_LINK621][bookmark: OLE_LINK614]Other types of predicted variants that meet the filtration criteria
	+2

	Gene-Disease confidence level
	[bookmark: OLE_LINK583]High-confidence
	+10

	
	Moderate-confidence
	+5


[bookmark: OLE_LINK636]P, pathogenic; LP, likely pathogenic; VUS, variant of uncertain significance.




[bookmark: _Toc231647324]Table S2. Total scores calculation for the variant confidence level of the in-house pipeline. Variants with scores higher than 7 are retained to indicate the risk of associated diseases.
	Variant confidence level 
	Content (score)
	Combined score

	[bookmark: _Hlk184072451][bookmark: _Hlk184073000]High-confidence
	[bookmark: OLE_LINK586]ClinVar P variant (10) and high-confidence gene-disease relationship (10)
	20

	
	ClinVar LP variant (4) and high-confidence gene-disease relationship (10)
	14

	
	[bookmark: OLE_LINK589]ClinVar P variant (10) and moderate-confidence gene-disease relationship (5)
	15

	
	ClinVar LP variant (4) and moderate-confidence gene-disease relationship (5)
	9

	Moderate-confidence
	ClinVar variant with conflicting classification including P/LP (2) and high-confidence gene-disease relationship (10)
	12

	
	ClinVar variant with conflicting classification including P/LP (2) and moderate-confidence gene-disease relationship (5)
	7

	
	[bookmark: OLE_LINK600]ClinVar variant with conflicting classification excluding P/LP (1) and high-confidence gene-disease relationship (10)
	11

	
	ClinVar variant with conflicting classification excluding P/LP (1) and moderate-confidence gene-disease relationship (5)
	6

	
	[bookmark: OLE_LINK616][bookmark: OLE_LINK622]Predicted high-confidence loss of function variant (3) and high-confidence gene-disease relationship (10) 
	13

	
	[bookmark: OLE_LINK617]Predicted high-confidence loss of function variant (3) and moderate-confidence gene-disease relationship (5)
	8

	
	[bookmark: OLE_LINK623]Other types of predicted variants that meet the filtration criteria (2) and high-confidence gene-disease relationship (10)
	12

	
	Other types of predicted variants that meet the filtration criteria (2) and moderate-confidence gene-disease relationship (5)
	7

	Low-confidence
	[bookmark: OLE_LINK601]ClinVar VUS, benign, and likely benign variant (0) and high-confidence gene-disease relationship (10)
	10

	
	ClinVar VUS, benign, and likely benign variant (0) and moderate-confidence gene-disease relationship (5)
	5


P, pathogenic; LP, likely pathogenic; VUS, variant of uncertain significance.




[bookmark: _Toc231647325]Table S3. Comparison of the number of screen-positive cases of childhood-onset diseases of Turkish (TR) newborns from this pilot study to BabySeq, Early Check, GUARDIAN, and BabyDetect NBSeq projects.
	[bookmark: _Hlk227757551]NBSeq project
	No. of positive cases
 (Total subjects)
	Screen-positive Rate
	Risk ratio with 95% CI
	P-value
	

	[bookmark: _Hlk198193399]NBScreening
	31(1100)
	2.82%
	/
	/
	

	BabySeq
	10(127)
	7.87%
	1.055 [1.002, 1.111]
	[bookmark: OLE_LINK413]0.003
	

	Early Check
	50(1979)
	2.53%
	1.003 [0.990, 1.016]
	0.680
	

	GUARDIAN
	148(4000)
	3.70%
	1.009 [0.997, 1.021]
	0.159
	

	BabyDetect
	71(3847)
	1.85%
	0.990 [0.979, 1.001]
	0.045
	


                                                                                                                                       



[bookmark: _Toc231647326]Supplementary Figure Legends
[bookmark: _Toc231647327]Figure S1. Variant overview.
(A) Sequencing depth and number of variants in each newborn. 
[bookmark: OLE_LINK133](B) Overlap of the common and rare homozygous high-confidence loss of function (homHC-Lof) variants across Turkish (TR) Variome, Turkish healthy adults, and Turkish newborns datasets. Common homHC-LoFs are defined as those with a cohort-level allele frequency greater than 1%, whereas the opposite is considered a rare homHC-LoF.

[bookmark: OLE_LINK339][bookmark: _Toc231647328][bookmark: OLE_LINK596]Figure S2. Statistics of all variants identified in 1,100 newborns.
(A) Number of variants detected in different groups of allele counts or frequencies. Variants are classified as known variants based on their existence in the dbSNP database. 
(B) The number of variants and novel rate in different annotation regions. 
(C) The proportion of different types of all detected exonic variants.
(D) The number of ClinVar variants with six types of predicted loss-of-function consequences on proteins. The relative proportions of different pathogenicities for each loss-of-function type are also shown. 
(E) Pathogenicity distribution of copy number variants and the proportion of deletions and duplications. 
AF, allele frequency; MAF, minor allele frequency; P, pathogenic; LP, likely pathogenic; Conflicting, conflicting classification of pathogenicity; VUS, uncertain significance; B/LB, benign/likely benign; BND, breakend; DEL, deletion; DUP, duplication; INS, insertion; CNV, copy number variant; SV, structural variant.

[bookmark: OLE_LINK338][bookmark: _Toc231647329]Figure S3. Read alignments for compound heterozygous variants in Case No.12 and Case No.20. 

[bookmark: _Toc231647330]Figure S4. Read alignments for compound heterozygous variants in Case No. 23 and Case No.29. 

[bookmark: _Toc231647331][bookmark: OLE_LINK347]Figure S5. Comparisons of the allele frequency of eight variants with significant divergent allele frequencies between Turkish newborns and other populations. 
TR, Turkish; AFR, African; AMI, Amish; AMR, Admixed American; ASJ, Ashkenazi Jewish; EAS, East Asian; FIN, Finnish; MID, Middle Eastern; NFE, Non-Finnish European; SAS, South Asian; OTH, Other (population not assigned); AF, allele frequency.

[bookmark: _Toc231647332]Figure S6. Comparative analysis among several newborn sequencing projects. 
(A) Upset plot of the gene-disease associations from the BabySeq, BeginNGS, RUSP, and ACMG screening panels. 
(B) Forest plot comparing positive rates between NBScreening and the other four published newborn sequencing projects. The dashed red line indicates Risk Ratio (RR) = 1.00 (no difference). RR > 1 indicates a higher positive rate in the Turkish cohort relative to each respective program; conversely, RR < 1 indicates a lower positive rate in Turkish newborns compared to other respective programs. 

[bookmark: _Toc231647333]Figure S7. Statistics of the variant consequences, annotation regions, AlphaMissense pathogenicity, and splicing prediction scores.
(A) Consequences of variants associated with carrier status of recessive diseases, adulthood-onset diseases, and ACMG Secondary Findings. 
(B) The number of genomic regions of predicted novel loss-of-function variants (LoFs). The dashed line indicates the number of low-confidence LoFs of each type. 
[bookmark: OLE_LINK342](C) The percentage of AlphaMissense pathogenicity levels for all predicted novel missense variants. 
[bookmark: OLE_LINK343](D) Prediction scores for 13 novel splicing variants. Each color represents an individual variant. The dashed line indicates the tool-specific thresholds for defining high-confidence splicing variants. Variants exceeding these thresholds are considered potentially pathogenic.

[bookmark: _Toc231647334][bookmark: OLE_LINK604]Figure S8. Allele frequency comparison of PGx haplotypes associated with actionable, test-required, and test-recommended pediatric drugs. 
[bookmark: OLE_LINK349][bookmark: OLE_LINK348]EAS, East Asian; MID, Middle Eastern; ASJ, Jewish; TR, Turkish; AMR, American; NFE, Non-Finnish European; FIN, Finnish; AFR, African; SAS, South Asian; AF, allele frequency.

