





bioRxiv preprint first posted online May. 21, 2018; doi: http://dx.doi.org/10.1101/327098. The copyright holder for this preprint (which was not
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 2. Inferred sex and age dependencies of germline mutations (based on linear model with
trios with maternal age no greater than 40y). In all panels, shaded areas and bars represent 95%
confidence intervals of the corresponding quantities obtained from bootstrapping. (A) Inferred
sex-specific mutation rates as a function of parental ages. Parental ages are measured since birth,
i.e., birth corresponds to age 0 (same throughout the manuscript). The extrapolated intercepts at
age 0 are small but significantly positive for both sexes, implying a weak but significant effect of
reproductive age on yearly mutation rates (Gao et al. 2016). (B) Predicted male-to-female
mutation ratio (a) as a function of the ratio of paternal to maternal ages. For reference, the ratio
of parental ages is centered around 1.10 in the Icelandic DNM data set (s.d.=0.20). (C) Contrast
between male-to-female mutation ratio (purple) and the ratio of male-to-female cell divisions
(green), assuming the same paternal and maternal ages. Estimates of the cell division numbers
for the two sexes in humans are from (Drost and Lee 1995).
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Figure 3. Distinctive sex and age dependencies for C>G and CpG>TpG DNMs. The shaded areas
in all panels represent 95% confidence intervals. See Fig S5 for similar plots for other mutation
types. The male-to-female mutation ratio at age 17 is significantly lower for CpG>TpG than for
other mutation types (see Main text). (A) Fraction of paternal mutations in phased DNMs; (B)
Predicted male-to-female mutation ratio (a); (C) Predicted parental age effects.


http://dx.doi.org/10.1101/327098

bioRxiv preprint first posted online May. 21, 2018; doi: http://dx.doi.org/10.1101/327098. The copyright holder for this preprint (which was not
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.

A. Younger mother Older mother

Father Mother ’
zygote zygote
Early Early
development development
Blood Maternal ~
In the mRNAs and
parents proteins

Germline Blood Germline

In the
zygote
Variants found:¥% ¥o

DNMs identified from trio (origin):

2 i
3% (child) ; Zyotic ‘IIW

Variants found: ¥ ¥

Child
zygote

Early
development

Germline Blood

Variants found:

Fewer post-zygotic mutations More post-zygotic mutations

A o SEE on matemal and patemal genomes on maternal and paternal genomes
C. Difference in paternal mutations  Difference in maternal mutations D. Difference in paternal mutations  Difference in maternal mutations

) Pvalue=0022 P-value=0.003 ) P-value<ie-d P-value=0.31

: 3 g

. i aflnkn i [ gAR g t T T
Same paternal age : ”W‘ 0ana. 04 S8 TTIVETIT B Same maternal age, : mhr:m_ y
different maternal ages § 7 nr i FAMAE 86 3 IRy e different paternal ages ~ § 4] H
v €

&
Signal & Positive control Positive control

Difforence in maternal ages Oference in matermal ages Oterence in paternal ages Dterence n paternal ages

Figure 4. Maternal age effect on mutations that occur on paternally inherited chromosomes. (A)
An illustration of mutations occurring during development and gametogenesis. In this cartoon, we
assume that the most recent common ancestor of all cells in an individual is the fertilized egg.
Filled stars represent mutations that arise in the parents and hollow stars in the child. The standard
trio approach requires allelic balance in the child and no or few reads carrying the alternative allele
in the parent, leading to inclusion of some early post-zygotic mutations in the child (brown hollow)
and exclusion of a fraction of early mutations in the parents (brown filled). The two effects partially
cancel out when estimating the per generation mutation rate, but potentially lead to underestimate
of the fraction of mutations that are early embryonic (Moorjani et al. 2016; Harland et al. 2017).
Damage-induced mutations in the oocyte (red filled) and post-zygotic mutations (brown hollow)
in the child are both child-specific, but their mosaic status can be evaluated by examining
transmissions to a third generation. (B) An illustration of a maternal age effect on the number of
post-zygotic mutations. (C) Pairwise comparison conditional on the same paternal age. Each point
represents a pair of trios, with x-axis showing the difference in maternal ages and y-axis the
difference in paternal mutation counts (left; older mother — younger mother) or maternal mutation
counts (right; older mother — younger mother); position is slightly shifted to show overlapping
points. P-values are evaluated by 10,000 permutations, using Kendall’s rank correlation test
statistic (see SOM). (D) Pairwise comparison conditional on the same maternal age, similar to (C).
The ranges of y-axis differ for the plots on left and right.
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