Supplementary Figure 1: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using the structural equation model
(SEM) with summary statistics and no sample overlap between the GWAS of own and offspring birth weight. We calculated a Wald P-value for the
offspring genetic effects from the SEM using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale,
obtained from the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached
genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the black
dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values

after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 2: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using the linear approximation of
the structural equation model (SEM) and no sample overlap between the GWAS of own and offspring birth weight. We calculated a Z test for the
offspring genetic effects using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale, obtained from the
linear approximation of the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that
reached genome-wide significance (P < 5x10°%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the
black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-
values after excluding the previously identified signals>. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 3: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using MTAG* and no sample overlap
between the GWAS of own and offspring birth weight. MTAG calculates a Z test using effect size estimates and standard errors. The two-sided association
P-value, on the —log10 scale, obtained from MTAG for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association
signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-
Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent
observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 4: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using mtCOJO® and no sample
overlap between the GWAS of own and offspring birth weight. mtCOJO calculates a chi-square test using effect size estimates and standard errors. The
two-sided association P-value, on the —log10 scale, obtained from mtCOJO for each of the SNPs (y-axis) was plotted against the genomic position (NCBI
Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10°®) are shown in red if they are novel and turquoise if they have been
previously reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null
distribution. The green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for

multiple comparisons.
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Supplementary Figure 5: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using Genomic SEM® and no sample
overlap between the GWAS of own and offspring birth weight. Point estimates for maternal and offspring effects and their standard errors were
estimated using diagonally weighted least squares as implemented in Genomic SEM, and two sided P-values obtained from Z tests on these estimates. The
two-sided association P-value, on the —log10 scale, obtained from Genomic SEM for each of the SNPs (y-axis) was plotted against the genomic position
(NCBI Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10®) are shown in red if they are novel and turquoise if they have
been previously reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null
distribution. The green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for

multiple comparisons.
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Supplementary Figure 6: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using the structural equation model
(SEM) with summary statistics and sample overlap between the GWAS of own and offspring birth weight. We calculated a Wald P-value for the offspring
genetic effects from the SEM using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale, obtained from
the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached genome-wide
significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported®. In the Q-Q plots, the black dots represent
observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values after excluding
the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 7: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using the linear approximation of
the structural equation model (SEM) and sample overlap between the GWAS of own and offspring birth weight. We calculated a Z test for the offspring
genetic effects using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale, obtained from the linear
approximation of the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached
genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the black
dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values
after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 8: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using MTAG” and sample overlap
between the GWAS of own and offspring birth weight. MTAG calculates a Z test using effect size estimates and standard errors. The two-sided association
P-value, on the —log10 scale, obtained from MTAG for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association
signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-
Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent
observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 9: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated using mtC0OJO® and sample overlap
between the GWAS of own and offspring birth weight. mtCOJO calculates a chi-square test using effect size estimates and standard errors. The two-sided
association P-value, on the —log10 scale, obtained from mtCOJO for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-
axis). Association signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously
reported>. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The
green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple

comparisons_
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Supplementary Figure 10: Manhattan plot and quantile-quantile (Q-Q) plot for the offspring specific effect estimated Genomic SEM® and sample overlap
between the GWAS of own and offspring birth weight. Point estimates for maternal and offspring effects and their standard errors were estimated using
diagonally weighted least squares as implemented in Genomic SEM, and two sided P-values obtained from Z tests on these estimates. The two-sided
association P-value, on the —log10 scale, obtained from Genomic SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37
x-axis). Association signals that reached genome-wide significance (P < 5x108) are shown in red if they are novel and turquoise if they have been previously
reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The
green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple
comparisons.
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Supplementary Figure 11: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using the structural equation
model (SEM) with summary statistics and no sample overlap between the GWAS of own and offspring birth weight. We calculated a Wald P-value for the
maternal genetic effects from the SEM using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale,
obtained from the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached
genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the black
dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values

after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 12: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using the linear approximation of
the structural equation model (SEM) and no sample overlap between the GWAS of own and offspring birth weight. We calculated a Z test for the
maternal genetic effects using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale, obtained from the
linear approximation of the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that
reached genome-wide significance (P < 5x10®) are shown in red if they are novel and turquoise if they have been previously reported>. In the Q-Q plots, the
black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-
values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.

R T—
s

15
1

enmcna b0 )

10
1

o whmen
5e-08

-log10 (m_pval.BW)

o
e o
e
oo
-

o -
T T T T T T T T T T T T T T T T T T |.l."l'
£ 3 £ £ = £ £ £ = = Gl = ba = T = b = T
g : : : : E 8 0 F % F P P P OEOREEERER

Chromosome



Supplementary Figure 13: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using MTAG* and no sample
overlap between the GWAS of own and offspring birth weight. MTAG calculates a Z test using effect size estimates and standard errors. The two-sided
association P-value, on the —log10 scale, obtained from MTAG for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis).
Association signals that reached genome-wide significance (P < 5x108) are shown in red if they are novel and turquoise if they have been previously
reported>. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The
green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple
comparisons.
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Supplementary Figure 14: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using mtCOJO® and no sample
overlap between the GWAS of own and offspring birth weight. mtCOJO calculates a chi-square test using effect size estimates and standard errors. The
two-sided association P-value, on the —log10 scale, obtained from mtCOJO for each of the SNPs (y-axis) was plotted against the genomic position (NCBI
Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10°%) are shown in red if they are novel and turquoise if they have been
previously reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null
distribution. The green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for

multiple comparisons.
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Supplementary Figure 15: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using Genomic SEM® and no
sample overlap between the GWAS of own and offspring birth weight. Point estimates for maternal and offspring effects and their standard errors were
estimated using diagonally weighted least squares as implemented in Genomic SEM, and two sided P-values obtained from Z tests on these estimates. The
two-sided association P-value, on the —log10 scale, obtained from Genomic SEM for each of the SNPs (y-axis) was plotted against the genomic position
(NCBI Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have
been previously reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null
distribution. The green dots represent observed P-values after excluding the previously identified signals>. All P-values are two sided and not adjusted for

multiple comparisons.
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Supplementary Figure 16: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using the structural equation
model (SEM) with summary statistics and sample overlap between the GWAS of own and offspring birth weight. We calculated a Wald P-value for the
maternal genetic effects from the SEM using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale,
obtained from the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached
genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the black
dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values
after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 17: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using the linear approximation of
the structural equation model (SEM) and sample overlap between the GWAS of own and offspring birth weight. We calculated a Z test for the maternal
genetic effects using their effect size estimates and standard errors. The two-sided association P-value, on the —log10 scale, obtained from the linear
approximation of the SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals that reached
genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-Q plots, the black
dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent observed P-values
after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 18: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using MTAG* and sample overlap
between the GWAS of own and offspring birth weight. MTAG calculates a Z test using effect size estimates and standard errors. The two-sided association
P-value, on the —log10 scale, obtained from MTAG for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association
signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously reported?. In the Q-
Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The green dots represent
observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 19: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated mtCOJO® and sample overlap
between the GWAS of own and offspring birth weight. mtCOJO calculates a chi-square test using effect size estimates and standard errors. The two-sided
association P-value, on the —log10 scale, obtained from mtCOJO for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-
axis). Association signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have been previously
reported>. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null distribution. The
green dots represent observed P-values after excluding the previously identified signals®. All P-values are two sided and not adjusted for multiple

comparisons.
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Supplementary Figure 20: Manhattan plot and quantile-quantile (Q-Q) plot for the maternal specific effect estimated using Genomic SEM® and sample
overlap between the GWAS of own and offspring birth weight. Point estimates for maternal and offspring effects and their standard errors were
estimated using diagonally weighted least squares as implemented in Genomic SEM, and two sided P-values obtained from Z tests on these estimates. The
two-sided association P-value, on the —log10 scale, obtained from Genomic SEM for each of the SNPs (y-axis) was plotted against the genomic position
(NCBI Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10%) are shown in red if they are novel and turquoise if they have
been previously reported?. In the Q-Q plots, the black dots represent observed P-values and the grey line represents expected P-values under the null
distribution. The green dots represent observed P-values after excluding the previously identified signals>. All P-values are two sided and not adjusted for

multiple comparisons.
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Supplementary Figure 21: Manhattan plot and quantile-quantile (Q-Q) plot for the fertility GWAS
estimating the genetic effects on number of children mothered and fathered and the number of
siblings estimated using BOLT-LMM. The two-sided association P-value, on the —log10 scale,
obtained from BOLT-LMM for each of the SNPs (y-axis) was plotted against the genomic position
(NCBI Build 37; x-axis). Association signals that reached genome-wide significance (P < 5x10%) are
shown in red. In the Q-Q plots, the black dots represent observed P-values and the grey line
represents expected P-values under the null distribution. All P-values are two sided and not adjusted
for multiple comparisons.
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Supplementary Figure 22: Manhattan plot and quantile-quantile (Q-Q) plot for the fertility GWAS estimating maternal and offspring specific genetic
effects using Genomic SEM. Point estimates for maternal and offspring effects and their standard errors were estimated using diagonally weighted least
squares as implemented in Genomic SEM, and two sided P-values obtained from Z tests on these estimates. The two-sided association P-value, on the —
log10 scale, obtained from Genomic SEM for each of the SNPs (y-axis) was plotted against the genomic position (NCBI Build 37; x-axis). Association signals
that reached genome-wide significance (P < 5x108) are shown in red. In the Q-Q plots, the black dots represent observed P-values and the grey line
represents expected P-values under the null distribution. All P-values are two sided and not adjusted for multiple comparisons.
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Supplementary Figure 23: Genetic correlation between male and female fertility and sibling
specific effects and traits related to development, reproduction, behaviour, neuropsychiatric
disorders and anthropometry. Genetic correlations (Rg) were calculated using LD score regression’,
conducted in LD Hub®. The traits were chosen based on those used in Barban et al°. The point
indicates the genetic correlation and the bars indicate the 95% confidence interval; the size of the
point is proportional to 1/(standard error)?. Asterisks indicate that the estimate of genetic
correlation is statistically significant after controlling for multiple testing (P<0.05/22=0.002).
Analyses based on N = 237,768 women reporting how many children they mothered, N = 199,570
men reporting how many children they had fathered and N = 430,466 individuals reporting how
many siblings they have.
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Supplementary Figure 24: Path diagram illustration of the MTAG model used for estimating maternal (A) and offspring (B) effects on birth weight.

The two ‘observed variables’ (in squares) are the summary results statistics from the genome-wide association study (GWAS) of birth weight of the
individual and from the GWAS of the birth weight of their offspring. The latent variables (in circles) are the constructs that we are estimating the genetic
effects of. ﬁmadj in A) and ﬁoadj in B) path coefficients refer to maternal and offspring effects respectively. The residual genetic variance terms for the birth

weight of the individual and their offspring are represented by ¢, and ¢m respectively. The variance of the SNP is represented by O'SZNP and variance of the

summary results statistics are estimated by 62 and g2 for the GWAS of own and offspring birth weight respectively. Finally, ¢, and c,, are free parameters

for the loadings of own birth weight and offspring birth weight on the latent variable respectively. We note that whilst this underlying model is similar, it is
not quite the same as estimating the same parameters as in the SEM.



A)

2
Ggyp

SNP

Latent
variable

Birth weight
of offspring

Own birth
weight

B)

2
G cyp

SNP

Latent
variable

Own birth Birth weight
weight of offspring




Supplementary Figure 25: Diagram of the structural equation model (SEM) for estimating maternal and offspring genetic effects on birth weight. The three
observed variables (in squares) are the birth weight of the individual (BW), the birth weight of their offspring (BWs) and the genotype of the individual (SNP).
The latent variables (in circles) are the genotypes for the individual’s mother (Gg) and the genotype of the individual’s first offspring (Go). The total variance
of the latent genotypes for the individual’s mother (Gg) and offspring (Go) and for the observed SNP variable is set to @ (i.e., variance(Gg) = ®, variance (SNP)
=0.75® + 0.250, variance (Go) = 0.75® + 0.250). Bmadj and 'Boadj path coefficients refer to maternal and offspring effects respectively. The residual error

terms for the birth weight of the individual and their offspring are represented by € and o respectively and we estimate the variance of both of these terms
in the SEM. The covariance between residual genetic and environmental sources of variation is given by p. A) is used to model the subset of individuals with
complete data. B) is used to model the subset of genotyped individuals who report their own birth weight, but not their offspring’s birth weight. Genotyped
males who report their own birth weight (but not their offspring’s) can be incorporated into this part of the model. C) is used to model the subset of genotyped
individuals who report their offspring’s birth weight, but not their own. These three models are fit to the three subsets of data that contain the various
patterns of missingness, and then the likelihoods from each model are combined. Parameter estimates and their standard errors were obtained in OpenMx
and the significance of the maternal and offspring effects tested by Wald test.
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Supplementary Figure 26: Path diagram representation of the mtCOJO model used for estimating maternal (A) and offspring (B) effects on birth weight.
mtCOJO is a general framework for estimating the direct effect of a SNP of interest (SNP;) on an outcome phenotype conditional on one or more covariates,

using summary GWAS results data. The basic idea is that the effect of the covariate on the outcome (i.e. By, in panel A and S5 in panel B) is first
estimated using Mendelian randomization analysis i.e. SNPs (SNPx1, SNPx2, SNPxs, SNPxs, SNPxs, SNPxg) that are genome-wide significant from a GWAS of the
covariate variable(s) are used as genetic instruments to proxy the covariate variable(s) (as indicated by the path coefficients 8.1, Bx2, Bx3s Bxar Bxss Bxe)
and estimate the effect of the covariate on the outcome phenotype (i.e. Bon in panel A and By s in panel B). In the simple case of one covariate (as in this
manuscript), the direct effect of the SNP; on the outcome can then be estimated as the difference between the unadjusted regression of the outcome on
SNP; minus the product of the regression of the covariate on the SNP (B;,) and the effect of the covariate on the outcome (By,) in panel Aand (Bysf) in
panel B. Within the context of this manuscript, this means that mtCOJO can be used to approximate the direct effect of an individual’s own genotype on
their offspring” birthweight conditional on their own birthweight (panel A and labelled here as Bsyp off,i) or the direct effect of an individual’s genotype on
their own birthweight conditional on putative effects of their offspring’s birthweight (panel B and labelled here as Bsyp own i) We note that whilst this
underlying model is similar, it is not quite the same as estimating the same parameters as in the SEM.
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Supplementary Figure 27: Diagram of the genomic structural equation model (Genomic SEM) used for estimating conditional genetic effects on birth
weight. The two ‘observed variables’ (in squares) are the summary results statistics from the genome-wide association study (GWAS) of birth weight of the
individual and from the GWAS of the birth weight of their offspring. The latent variables (in circles) are the constructs that we are estimating the genetic
effects of. Bmadj and ,Boad]. path coefficients refer to maternal and offspring conditional genetic effects respectively. Genetic variance of the birth weight of

the individual and their offspring are represented by ¢, and ¢n, respectively. Finally, p represents the genetic covariance between the latent factors, which
can be estimated using Genomic SEM (although it was not estimated in our model, indicated by the dotted double arrow).
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Supplementary Figure 28: Diagram of the genomic structural equation model (Genomic SEM) for estimating conditional genetic effects on fertility. A) is a
model that is similar to the birth weight analysis with just the number of siblings and the number of children mothered. B) is the full model incorporating
data on the number of children fathered. If desired genetic covariances between the latent genetic factors can be estimated. 8,,,, 5, and 5 represent
conditional maternal, paternal and sibling genetic effects respectively. The symbols ¢m, dp and ¢, represent the variance of latent female, male and sibling

genetic factors.
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