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Supplementary Figures

Supplementary Fig. 1 | Relatedness inference and close relative clustering in the UK Biobank. a)

Kinship estimates distribution and b) Kinship estimates versus IBS0 estimates across all UK Biobank monozygotic

twins (MZ), first siblings (FS), parent-offspring (PO), second-, third-, and fourth-degree relative pairs. c) Mendel

error rate distribution across 1,071 UK Biobank parent-offspring trios. None of the trios exhibited a high error rate

that would necessitate exclusion. d) Distribution of the number of close relatives (up to the fourth degree) per

individual across 274,252 UK Biobank individuals with available surrogate parent cluster(s). We found on average

1.65 relatives per individual.



Supplementary Fig. 2 | Validation cohort structure. a) Distribution of the number of close relatives (up

to the fourth degree) per individual across 2,141 UK Biobank individuals with both available surrogate parent

cluster(s) and available parental genomes. Most target individuals are females (60.3%) and have a single surrogate

parent (49%). b) Distribution of surrogate mother and surrogate father stratified by relatedness degree for 3,160

target-relative pairs. Approximately 70% of surrogate parents in the validation cohort are on the maternal side (i.e.,

surrogate mothers), and the majority are fourth-degree relatives pairs (61.5%).



Supplementary Fig. 3 | Inter-chromosomal phasing from close relative groups. a) Distribution of the

number of individuals with a given chromosome included in the inter-chromosomal phasing. The sample sizes vary

across chromosomes, as inter-chromosomal phasing requires at least one IBD segment shared with a surrogate parent

on the chromosome. Larger chromosomes are more frequently included, likely due to a higher likelihood of containing

at least one IBD segment. b) Distribution of the number of individuals with N chromosomes (x-axis) successfully

included in the inter-chromosomal phasing. Only 12% of individuals (32,651) had all 22 autosomes phased inter-

chromosomally. On average, individuals had 16 chromosomes included in inter-chromosomal phasing. c) Distribution

of inter-chromosomal phasing error rates across individuals in the validation cohort. Error rates were calculated by

comparing phasing results based on surrogate parents to the ground truth obtained from available parental genomes.

Most individuals (85.6%) were perfectly phased, with an average error rate of only 1.06% for flipped haplotypes,

underscoring the robustness and reliability of the inter-chromosomal phasing method in accurately resolving parental

haplotype sets.



Supplementary Fig. 4 | Parental side assignment from chromosome X IBD analysis in male individuals.

a) Density distribution of chromosome X IBD segment length in centimorgan (cM) between targets and surrogate

father (blue) and targets and surrogate mother (red) across the validation cohort’s male individuals. Boxes indicate

the interquartile range (IQR), with the bottom and top of the box representing the 25th (Q1) and 75th (Q3)

percentiles, respectively. The horizontal line within the box represents the median (50th percentile). Whiskers

extend to the smallest and largest values within Q1−1.5× IQR and Q3+1.5× IQR. Each point represent a target-

relative pair. b) Parental side probabilities depending on chromosome X IBD segment length derived from the

validation cohort. Selected and unselected maternal (red) and paternal (blue) probabilities for a given x-axis value

are indicated by solid and dotted lines, respectively. c) Accuracy of parental side predictions (y-axis) as a function

of the parental side probability (x-axis). d) Distribution of maternal (red) and paternal (blue) side assignment

probabilities derived chromosome X IBD across 115,579 UK Biobank male individuals.



Supplementary Fig. 5 | Parental side assignment from mitochondrial DNA Minor Variant Sharing

(MVS) analysis in 2nd degree relative pairs. a) Density distribution of mtDNA Minor Variant Sharing (MVS)

between targets and 2nd degree surrogate father (blue) and targets and 2nd degree surrogate mother (red) across

the validation cohort’s individuals. Boxes indicate the interquartile range (IQR), with the bottom and top of

the box representing the 25th (Q1) and 75th (Q3) percentiles, respectively. The horizontal line within the box

represents the median (50th percentile). Whiskers extend to the smallest and largest values within Q1−1.5× IQR

and Q3+1.5×IQR. Each point represent a target-relative pair. b) Parental side probabilities depending on mtDNA

MVS derived from the validation cohort. Selected and unselected maternal (red) and paternal (blue) probabilities

for a given x-axis value are indicated by solid and dotted lines, respectively. c) Accuracy of parental side predictions

(y-axis) as a function of the parental side probability (x-axis). d) Distribution of maternal (red) and paternal (blue)

side assignment probabilities derived from mtDNA MVS across 19,022 UK Biobank 2nd degree relative pairs.



Supplementary Fig. 6 | Parental side assignment from mitochondrial DNA Minor Variant Sharing

(MVS) analysis in 3rd degree relative pairs. a) Density distribution of mtDNA Minor Variant Sharing (MVS)

between targets and 3rd degree surrogate father (blue) and targets and 3rd degree surrogate mother (red) across

the validation cohort’s individuals. Boxes indicate the interquartile range (IQR), with the bottom and top of

the box representing the 25th (Q1) and 75th (Q3) percentiles, respectively. The horizontal line within the box

represents the median (50th percentile). Whiskers extend to the smallest and largest values within Q1−1.5× IQR

and Q3+1.5×IQR. Each point represent a target-relative pair. b) Parental side probabilities depending on mtDNA

MVS derived from the validation cohort. Selected and unselected maternal (red) and paternal (blue) probabilities

for a given x-axis value are indicated by solid and dotted lines, respectively. c) Accuracy of parental side predictions

(y-axis) as a function of the parental side probability (x-axis). d) Distribution of maternal (red) and paternal (blue)

side assignment probabilities derived from mtDNA MVS across 114,965 UK Biobank 3rd degree relative pairs.



Supplementary Fig. 7 | Parental side assignment from mitochondrial DNA Minor Variant Sharing

(MVS) analysis in 4th degree relative pairs. a) Density distribution of mtDNA Minor Variant Sharing (MVS)

between targets and 4th degree surrogate father (blue) and targets and 4th degree surrogate mother (red) across

the validation cohort’s individuals. Boxes indicate the interquartile range (IQR), with the bottom and top of

the box representing the 25th (Q1) and 75th (Q3) percentiles, respectively. The horizontal line within the box

represents the median (50th percentile). Whiskers extend to the smallest and largest values within Q1−1.5× IQR

and Q3+1.5×IQR. Each point represent a target-relative pair. b) Parental side probabilities depending on mtDNA

MVS derived from the validation cohort. Selected and unselected maternal (red) and paternal (blue) probabilities

for a given x-axis value are indicated by solid and dotted lines, respectively. c) Accuracy of parental side predictions

(y-axis) as a function of the parental side probability (x-axis). d) Distribution of maternal (red) and paternal (blue)

side assignment probabilities derived from mtDNA MVS across 312,447 UK Biobank 4th degree relative pairs.



Supplementary Fig. 8 | Selection of mitochondrial DNA (mtDNA) Minor Variant Sharing (MVS)

predictors for parental side assignments. a) Distribution of parental side assignment probabilities for 316,700

target-relative pairs, stratified by relatedness degree (2nd, 3rd, and 4th degree). For individuals with multiple relatives

of the same degree, only the relative with the highest predicted accuracy was retained. Probabilities are binned at

intervals of 0.01 for visualization. b) Log-scale distribution of the number of target individuals (y-axis) based on the

number of relatives (x-axis) supporting the same parental side assignment, further stratified by degree of relatedness.



Supplementary Fig. 9 | Chromosome Y Minor Variant Sharing (MVS) analysis. The y-axis represents

the proportion of chromosome Y minor variants shared (MVS), stratified by parental side assignments (maternal

or paternal, x-axis), relatedness degrees (columns: 2nd, 3rd, and 4th degree), variant categories (rows), and minor

allele frequency (MAF) thresholds (color-coded). Categories include all variants, single nucleotide variants (SNVs),

insertions/deletions (INDELs), common variants (MAF > threshold), and rare variants (MAF < threshold). The

MAF thresholds are denoted in the legend for clearer distinction of variant frequencies.



Supplementary Fig. 10 | Evaluation of sibling scores from intra- and inter-chromosomal phasing in

N=88 individuals of the validation cohort. a) Distribution of the number of inferred crossovers (y-axis)

per chromosome (x-axis) derived from intra-chromosomally phased data. b) Distribution of the number of inferred

crossovers (y-axis) relative to the genomic length used (in Morgans, x-axis) derived from inter-chromosomally phased

data. c) Distribution of sibling scores (y-axis) per chromosome (x-axis) using intra-chromosomally phased data.

Maternal and paternal haplotypes are color-coded in red and blue, respectively. d) Distribution of sibling scores

(y-axis) relative to the number of chromosomes included in inter-chromosomally phased data (x-axis). e) Error rates

(y-axis) of sibling scores for varying score thresholds (absolute values, x-axis). For example, excluding ambiguous

scores between -2 and 2 reduced error rates to 1.4% with inter-chromosomal phasing, compared to 6.4% with intra-

chromosomal phasing. f) Call rates (y-axis) of sibling scores for varying score thresholds (absolute values, x-axis),

showing the proportion of individuals meeting the threshold criteria.



Supplementary Fig. 11 | Validation and derivation of parent-of-origin probabilities using sibling scores

from inter-chromosomal phased data. a) PofO probabilities (y-axis) as a function of sibling scores (x-axis) in the

validation cohort. Each dot represents a specific configuration (an individual with a given number of chromosomes

used). We varied the number of chromosome used per individual to assess the accuracy of different configurations (see

Supplementary Figure ??D). Red dots indicate incorrect parental assignments, green dots indicate correct assign-

ments, and yellow dots denote correct assignments using the maximum available chromosomes (Nmax, corresponds

to the full set of inter-chromosomally phased chromosome for a given individual). No errors were observed when

Nmax chromosomes were used. b) PofO probabilities (y-axis) plotted against the total available genomic length in

Morgans (x-axis) for sibling score calculation in the validation cohort. Each configuration is represented as a dot

(color-coded as in panel a). Increasing genomic length results in higher assignment accuracy, with perfect accuracy

achieved at Nmax (yellow dots). c) Sibling scores (y-axis) derived for N=26,635 individuals across available genomic

lengths (x-axis). Most configurations (99.5%) cover more than 10 Morgans and include over 30 inferred crossover

events, ensuring high assignment accuracy (as indicated in the validation panels a and b). d) Distribution of PofO

probabilities for 26,635 individuals. A majority of individuals (>95%) exhibit probabilities of 1, resulting in perfect

accuracy within the validation cohort (see yellow dots in panel a).



Supplementary Fig. 12 | Derivation of parent-of-origin probabilities using sibling scores from intra-

chromosomal phased data. a) Sibling scores calculated for each chromosome independently (x-axis). Each

dot corresponds to a single chromosome, with blue and red dots indicating paternal and maternal assignment,

respectively, for the first haplotype. Undetermined assignments are shown in gray. b) Distribution of the number of

individuals (y-axis) with inferred PofO for each chromosome (x-axis). Larger chromosomes exhibit higher numbers

of PofO inference (e.g., 8,811 individuals for chromosome 1), while smaller chromosomes show fewer inferences (e.g.,

2,450 individuals for chromosome 22), reflecting the increased likelihood of crossovers on larger chromosomes. c)

Distribution of the number of chromosomes with inferred PofO per individual (x-axis), with counts shown on the

y-axis. On average, individuals have 10.3 chromosomes with PofO inferred. This is lower compared to the average

of 16 chromosomes inferred using inter-chromosomal phasing (see Supplementary Figure ??B).



Supplementary Fig. 13 | Selected parent-of-origin predictors and error rate. a) Distribution of PofO

probabilities for N=286,666 individuals. The x-axis represents probability bins, and the y-axis shows the number

of individuals. Colors correspond to the predictors used for PofO determination, as indicated in panel (b). b)

Distribution of selected PofO predictors for individuals having a PofO probability greater than 0.99. c) Distribution

of the PofO inference accuracy. Errors were computed at heterozygous site only by comparing the PofO determined

using our approach to the one obtained from parental genomes. We found an average accuracy of 97.94%. This

rate is impacted by individuals for which entire haplotypes are incorrect, resulting from inter-chromosomal phasing

errors, totaling 64 haplotypes (in the validation cohort). These are likely due to the presence of relatives sharing

both paternal and maternal IBD segments, which may be due to consanguinity, and were not filtered out during the

construction of the validation cohort. As a result, only a few individuals’ haplotypes decrease the global accuracy,

and most individuals have a PofO correctly assigned. Indeed, the majority of haplotypes (83.9%) exhibit accuracy

above 99%, and half of the haplotypes have more than 0.52% accuracy.



Supplementary Fig. 14 | Illustration of errors in statistical methods. a) A perfectly phased individual (both

intra- and inter-chromosomally). Phasing is performed using the parental genomes: maternal (red) and paternal

(blue). In this scenario, the PofO is directly inferred alongside the phasing process without errors. b) An individual

with intra-chromosomal phasing errors introduced by traditional phasing software (e.g., SHAPEIT51). These errors

are represented as switches between parental haplotypes within the same chromosome (horizontal arrows), with 6

switches shown here. Since switches occur only at heterozygous sites, the switch error rate (SER) is calculated as

SER = 6/Nhet, where Nhet is the total number of heterozygous sites. c) An individual with inter-chromosomal

phasing errors but assumed perfect intra-chromosomal phasing (no switches within the same chromosome). Errors

in this case are represented as flips of entire parental haplotypes across chromosomes (vertical arrow), with one flip

shown here. The flip error rate (FER) is calculated as the proportion of chromosomes flipped relative to the majority,

ranging from 0% to 50%. d) An individual with combined intra- and inter-chromosomal phasing errors. PofO

inference errors aggregate contributions from both switch and flip errors. The PofO error rate (PER) is computed as

the proportion of heterozygous sites (grey diamonds) incorrectly assigned. For example, in this scenario, assigning

the first haplotype as maternal and the second as paternal results in a total of 15 errors.



Supplementary Fig. 15 | Classification and detection of parent-of-origin effects in GWAS. Top panel

illustrates the classification of POEs2 and shows the variation in trait values (y-axis) across genotypes and parental

origin of alleles (x-axis). Maternal alleles are shown in red, and paternal alleles are shown in blue. Boxplots

represent the distribution of trait values for different genotypes: black boxes for homozygotes, red boxes for maternal

heterozygotes, and blue boxes for paternal heterozygotes. Each boxplot includes the 25th, 50th (median), and 75th

percentiles, with whiskers extending to the minimum and maximum values. Bottom panels show the interpretation

of the different POEs (x-axis) using various GWAS models (y-axis), including additive, paternal, maternal, and

differential models. In this study, we identified POEs using the differential GWAS model.



Supplementary Fig. 16 | Conditional analysis on standing height at 11p15.5. a) Original, and b) Con-

ditional differential GWAS show the association strength (−log10(p − value), y-axis) against the genomic position

(x-axis) at the 11p15.5 region. Each point represents a genetic variant. Diamonds indicate the variants with indepen-

dent, significant POE on standing height found in this study in the primary GWAS scan. The square represents the

variant with significant and independent POE identified in the conditional analysis. Orange dashed lines represent

the significance threshold used in this study when focusing on imprinted regions (3.1× 10−06). Bottom panel shows

the Linkage Disequilibrium (LD) pattern, ranging from LD=0 (white) to LD=1 (red).



Supplementary Fig. 17 | Co-localization analyses at 11p15.5. a) Parent-of-origin associations across traits

at 11p15.5 show the differential GWAS association strength (−log10(p−value), y-axis) against the genomic position

(x-axis). Orange dashed lines represent the significance threshold used in this study when focusing on imprinted

regions (3.1 × 10−6). Each point represents a genetic variant. Light green diamonds shows lead POE reported in

Table ??. b) Co-localization probability heatmap (i.e, shared causal variant probability H4).



Supplementary Fig. 18 | Conditional analysis on hip circumference at 7q32.2. a) Original, and b)

Conditional differential GWAS show the association strength (−log10(p−value), y-axis) against the genomic position

(x-axis) at the 7q32.2 region. Each point represents a genetic variant. The diamond indicates the variant with

significant POE on hip circumference found in this study in the primary GWAS scan. The square indicates the

variant with significant and independent POE identified in the conditional analysis. Orange dashed lines represent

the significance threshold used in this study when focusing on imprinted regions (3.1× 10−6). Bottom panel shows

the Linkage Disequilibrium (LD) pattern, ranging from LD=0 (white) to LD=1 (red).



Supplementary Fig. 19 | Parent-of-origin effects of rs6467315 on different BMI time points. Beta

estimates and 95% confidence intervals (y-axis) of paternal transmitted (blue), maternal transmitted (red) and

maternal untransmitted (pink) alleles effects on different BMI time points (x-axis). We assessed the differences in

effects between (i) maternal and paternal transmitted alleles and (ii) maternal transmitted and untransmitted alleles

using a Z-score approach, analogous to a differential GWAS test.



Supplementary Fig. 20 | Sex-specific POE of rs4417225 on glucose levels. Effects of genotypes and PofO

of alleles (x-axis) on glucose level (y-axis) for (a) both sexes combined, (b) females only, and (c) males only. Red

markers represent maternal heterozygotes, blue markers represent paternal heterozygotes, and dark and light grey

represent homozygotes. The data points show the mean glucose levels, with error bars indicating the 95% confidence

intervals. A grey dashed line represents the mean glucose level for individuals with the reference genotype (C/C).

Significance values from the differential GWAS tests are annotated within each panel.



Supplementary Fig. 21 | Significant Parent-of-Origin pQTLs. Association strength (−log10(p − value), y-

axis) against the genomic position (x-axis) for additive (grey), paternal (blue), maternal (red) and differential (green)

GWAS on (a) DLK1, (b) CPA4, (c) ADAM23 and (d) PER3. Diamonds show the primary additive association

previously reported3 (grey) and the primary POE-pQTL detected in this study (green). Orange dashed line indicate

the significance threshold (PD < 0.05/14285 = 3.5× 10−6). Bottom panel show the effects of alleles and PofO on

normalized protein levels.



Supplementary Fig. 22 | Overview of relatedness metrics and inter-chromosomal phasing in the Es-

tonian Biobank (EstBB), with comparisons to the UK Biobank (UKBB). a) Distribution of inferred

relatedness across the EstBB cohort. Dup/MZ=monozygotic twins; P-O=parent-offspring; Sib=sibling; 2nd=2nd

degree relative pairs; 3rd=3rd degree relative pairs; 4th=4th degree relative pairs. Relatedness was inferred using

the KING software v2.2.74. b) Distribution of Mendel error in trio’s offspring for both the EstBB and UKBB co-

horts. c) Distribution of the number of close relative per individual. d) Distribution of the number of individuals

(y-axis) with a given chromosome (x-axis) successfully included in the inter-chromosomal phasing. e) Distribution

of the number of individuals with N chromosomes (x-axis) successfully included in the inter-chromosomal phasing.

f) Distribution of inter-chromosomal phasing error rate in the validation cohorts, calculated by comparing phasing

results from surrogate parents to those obtained using parental genomes as the ground truth.



Supplementary Fig. 23 | Parental side assignment from chromosome X IBD analysis in male individu-

als in the Estonian Biobank. a) Density distribution of chromosome X IBD segment length in centimorgan (cM)

between targets and surrogate father (blue) and targets and surrogate mother (red) across the validation cohort’s

male individuals. Boxes indicate the interquartile range (IQR), with the bottom and top of the box representing

the 25th (Q1) and 75th (Q3) percentiles, respectively. The horizontal line within the box represents the median

(50th percentile). Whiskers extend to the smallest and largest values within Q1−1.5 × IQR and Q3 + 1.5 × IQR.

Each point represent a target-relative pair. b) Parental side probabilities depending on chromosome X IBD segment

length derived from the validation cohort. Selected and unselected maternal (red) and paternal (blue) probabilities

for a given x-axis value are indicated by solid and dotted lines, respectively. c) Accuracy of parental side predictions

(y-axis) as a function of the parental side probability (x-axis). d) Distribution of maternal (red) and paternal (blue)

side assignment probabilities derived chromosome X IBD across 59,550 Estonian Biobank male individuals.



Supplementary Fig. 24 | Evaluation of sibling scores from intra- and inter-chromosomal phasing

in the Estonian Biobank validation cohort. a) Distribution of the number of inferred crossovers (y-axis)

per chromosome (x-axis) derived from intra-chromosomally phased data. b) Distribution of the number of inferred

crossovers (y-axis) relative to the genomic length used (in Morgans, x-axis) derived from inter-chromosomally phased

data. c) Distribution of sibling scores (y-axis) per chromosome (x-axis) using intra-chromosomally phased data.

Maternal and paternal haplotypes are color-coded in red and blue, respectively. d) Distribution of sibling scores

(y-axis) relative to the number of chromosomes included in inter-chromosomally phased data (x-axis). e) Error rates

(y-axis) of sibling scores for varying score thresholds (absolute values, x-axis). f) Call rates (y-axis) of sibling scores

for varying score thresholds (absolute values, x-axis), showing the proportion of individuals meeting the threshold

criteria.



Supplementary Fig. 25 | Validation and derivation of parent-of-origin probabilities using sibling scores

from inter-chromosomal phased data in the Estonian Biobank. a) PofO probabilities (y-axis) as a function

of sibling scores (x-axis) in the validation cohort. Each dot represents a specific configuration (an individual with a

given number of chromosomes used). We varied the number of chromosome used per individual to assess the accuracy

of different configurations. Red dots indicate incorrect parental assignments, green dots indicate correct assignments,

and yellow dots denote correct assignments using the maximum available chromosomes (Nmax, corresponds to the

full set of inter-chromosomally phased chromosome for a given individual). No errors were observed when Nmax

chromosomes were used. b) PofO probabilities (y-axis) plotted against the total available genomic length in Morgans

(x-axis) for sibling score calculation in the validation cohort. Each configuration is represented as a dot (color-coded

as in panel a). Increasing genomic length results in higher assignment accuracy, with perfect accuracy achieved at

Nmax (yellow dots). c) Sibling scores (y-axis) derived for N=45,703 individuals across available genomic lengths

(x-axis). d) Distribution of PofO probabilities for 45,703 Estonian Biobank individuals.



Supplementary Fig. 26 | Parent-of-origin probability distribution and error rates in the Estonian

Biobank. a) Distribution of PofO probabilities for N=113,921 individuals in the Estonian Biobank, color-coded by

the source of inference (e.g., chromosome X data, sibling score from inter-chromosomal phased data, duos, and trios).

Most individuals exhibit high PofO probabilities, reflecting the accuracy of the approach. b) Comparison of PofO

error rate distributions between the Estonian Biobank (EstBB) and UK Biobank (UKBB) validation cohorts. The

EstBB shows consistently lower error rates, likely attributed to the higher number of close relatives per individual,

which enhances IBD detection and improves inter-chromosomal phasing accuracy. Zoomed panels show the error

rates below 5%, highlighting the robustness of PofO inference in both biobanks.



Supplementary Tables

Supplementary Table 1 | UK Biobank traits selected for this study.

TRAIT: phenotype name; N: number of individuals (selected as (i) self-reported as white British, confirmed by PCA,

according to UK Biobank field 22006; (ii) having a PofO probability > 0.99, as defined for the differential GWAS5).

For type 2 diabetes, we indicated cases and controls. TS ratio: Relative leucocyte telomere length; SHBG: Sex

Hormone-Binding Globulin.



Supplementary Table 2 | Replication of previously published Parent-of-origin effects.

TRAIT: phenotype name; RSID: variant rs id; ID: chromosome position(hg19) reference allele alternative allele;

BETA and P denote effect sizes and P-values; PAT, MAT, and DIFF denote paternal, maternal and differential

tests; *: associations replicated in our study.



Supplementary Table 3 | Imprinted regions.

Imprinted regions extracted from Kong et al.6 and lifted over to hg19.



Supplementary Table 4 | Replication of standing height association with sitting height.

CHR: chromosome; POS: genetic position (hg19); SNP ID: variant rs id; A0: reference allele; A1: assessed allele;

A1FREQ: A1 allele frequency. BETA, SE and P denote effect sizes, standard errors and P-values; PAT, MAT, DIFF

and ADD denote paternal, maternal, differential and additive tests. TRAIT: phenotype name.



Supplementary Table 5 | Parent-of-origin effect within additively associated regions, per phenotype.

CHR: chromosome; POS: genetic position (hg19); SNP ID: variant rs id; A0: reference allele; A1: assessed allele;

A1FREQ: A1 allele frequency. BETA, SE and P denote effect sizes, standard errors and P-values; PAT, MAT, DIFF

and ADD denote paternal, maternal, differential and additive tests. TRAIT: phenotype name.



Supplementary Table 6 | Parent-of-origin effect genome-wide.

CHR: chromosome; POS: genetic position (hg19); SNP ID: variant rs id; A0: reference allele; A1: assessed allele;

A1FREQ: A1 allele frequency. BETA, SE and P denote effect sizes, standard errors and P-values; PAT, MAT, DIFF

and ADD denote paternal, maternal, differential and additive tests. TRAIT: phenotype name. a) POEs robust

when correcting for the number of traits tested (PD < 1 × 10−9). b) POEs genome-wide significant at the single

trait level (1× 10−9 < PD < 5× 10−8).



Supplementary Table 7 | Replication of associations with early childhood traits in the UK Biobank

cohort.

CHR: chromosome; POS: genetic position (hg19); SNP ID: variant rs id; A0: reference allele; A1: assessed allele;

A1FREQ: A1 allele frequency. BETA, SE and P denote effect sizes, standard errors and P-values; PAT, MAT,

DIFF and ADD denote paternal, maternal, differential and additive tests. TRAIT: phenotype name. Bold indicate

significant POEs; CBHA10: comparative body height at age 10; CBSA10: comparative body size at age 10.



Supplementary Table 8 | Number of individuals per BMI time points in the MoBa cohort.



Supplementary Table 9 | Replication of associations with infancy and childhood BMI in the MoBa

cohort.

SNP ID: variant rs id; BETA, SE and P denote effect sizes, standard errors and P-values; PAT, MAT and MAT NT

denote paternal transmitted, maternal transmitted, and maternal untransmitted alleles association coefficients; P

DIFF: Z-score P-value for the differential effect between paternal and maternal transmitted alleles; P DIFF MAT:

Z-score P-value for the differential effect between maternal transmitted and maternal untransmitted alleles. Bold P

DIFF denote significant POEs.



Supplementary Table 10 | Sex-specificity of Parent-of-Origin effects.

CHR: chromosome; POS: genetic position (hg19); SNP ID: variant rs id; A0: reference allele; A1: assessed allele; P

DIFF denote P-values for the differential test; COMB, MALES, and FEMALES denote combined sex, males only

and females only. PZ : denotes the P-values for the comparison tests between males-specific and females-specific

coefficients using a Z-score approach; TRAIT: phenotype name. Bold indicates the significant sex-specific POE.



Supplementary Table 11 | Replication of parent-of-origin effects in the Estonian Biobank cohort.

CHR: chromosome; POS: genetic position (hg38); UKBB SNP: variant exhibiting POE on the trait in the UK Biobank

(UKBB); ASSESSED SNP: variant tested for POE in the Estonian Biobank (EstBB); LD: Linkage Disequilibrium

(LD) between the UKBB variant and the assessed variant, if not the same variant. LD was computed in the

UK Biobank cohort; A0: reference allele of the assessed variant in the EstBB; A1: assessed allele of the assessed

variant in the EstBB; N: number of individuals with available trait levels (includes individuals both homozygous

and heterozygous for the assessed variant); BETA, SE and P denote effect sizes, standard errors and P-values; PAT,

MAT and DIFF denote paternal, maternal and differential tests. TRAIT: phenotype name. Bold indicate replicated

associations.


