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Extended DataFig. 3 |See next page for caption.



Extended DataFig.3|Number ofgermline and postzygotic SNVs transmitted
tochildren. a) The fraction ofa parent’sgermline SNVs (green, DNMs) and
postzygotic SNVs (purple, PZMs) transferred to each child. b) The mean allele
balance (AB) of DNMs (n =249) and PZMs (n = 55) across HiFi, lllumina, and

ONT data plotted against the fraction of childrenwho inherited a variantare
significantly correlated for DNMs (two-sided t-test, p=0.0084) and PZMs

(p=0.00021). Half of PZMs with AB < 0.25 are transmitted to at least one child
(n=18/36).c) Onaverage, DNMs are transmitted to 50% of children, while PZMs
aretransmitted tolessthan25% of children. Boxes represent IQR including
median line; whiskers extend to 25% - 1.5 xIQRand 75% + 1.5 xIQR, outliers
areshownasdots.d) Number of DNMs and PZMs transmitted to each child in
thepedigree.
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Extended DataFig. 4 |See next page for caption.



Extended DataFig.4|Changesin centromere sequence, structure,
and DNA methylation patterns across generations. a) Schematic of the

generalized organization of human centromeres and their flanking sequence.
Major components and their structures are shown. HOR, higher-order repeat.

Notdrawntoscale.b) Deletion of an18-monomer a-satellite HOR within
the Chromosome 6 centromere of G2-NA12878isinherited in G3-NA12887,
shortening thelength of the a-satellite HOR array by -3 kbp. ¢) Sequence
identity heatmap of the Chromosome 6 centromere in G1-NA128991 shows

the high (<100%) sequence identity of a-satellite HORs along the entire
centromericarray and at the site of the de novo deletion. d,e) Deletions of
o-satellite HORs inregions outside of the centromere dip region (CDR) in
thed) Chromosome 4 and e) Chromosome 11 centromeres does not affect the
positionofthe CDR. f,g) Deletions and insertions of a-satellite HORs within the
CDRinthef) Chromosome19 and g) Chromosome 21 centromeres alter the
distribution of the CDR.
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Extended Data Table 1| Recurrently mutated tandem repeat loci

Position CHM13  Motif structure Unique Range of de Range of de
de novo novo allele  novo allele size
events lengths (bp) changes (bp)

chr1:54393726- (GTGAGA)N(AAACC)n(AAACA)N 12 379 -529 -37 -60

54394070

chr8:2376919- (GAGGCGCCAGGAGAGAGCGCT)n( 10 229 - 628 -57 - 133

2377075 ACGGG)n

chr7:2500010- (AAAG)N 8 206 — 436 -89 - 59

2500042

chr4:79949242-  (TTGA)n(GCATA)n(AGCAC)n 8 745 — 845 -60 — 31

79949442

chr4:21696993- (TTATT)n 8 231 - 291 -15-9

21697153

chr12:11990703 (GGAGAC)n(GAGGCG)n(AGAGGC)n 8 300 - 625 -66 — 37

5-119907158

chr12:11485249 (GAGGG)n(GGAGA)n 7 303 - 520 -30-34

9-114852706

chr7:42892201-  (AAG)n 6 170 — 251 -35-28

42892385

chr21:33731357 (GCCACTT)n(ATTCT)n 5 158 — 203 -10-5

-33731465

chr9:36529968- (T)n 4 273 - 303 -39--19

36530006

chr7:6540708- (CAGGCAGCGCGGGAGGCG)n 4 373 -549 18 - 54

6540973

chr7:152489617 (AAAAT)n 4 401 - 411 -15--5

-152489683

chr12:95884953 (GGAGAG)n 4 251 - 311 -12-9

-95885246

chr7:13334154-  (TTTC)n(TTCT)n(TTTC)n 3 68 — 482 -82-55

13334671

chr15:32243116 (CGCCGCCGTCCTCGCCG)n 3 400 — 451 -17 - -17

-32243499

chr14:95031468 (TTTC)n(T)n 3 218 — 222 -16 —-12

-95031513

Loci with at least three DNMs shown here. See Supplementary Table 11 for the full list of recurrent TR

DNMs.
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Data collection

Data analysis

The software used to collect sequencing data are Pacific Biosciences SMRT Link (v11.0.0, 11.0.1, and 12.0) and Oxford Nanopore Technologies
MinKNOW software (v21.02.17 - 23.04.5).

Custom code and pipelines used in this study are publicly available via the following GitHub repositories:
https://github.com/orgs/Platinum-Pedigree-Consortium/repositories

Publicly available software used in this study include:

BWA-MEM (v0.7.17-r1188), SAMtools (v1.10), sambamba (v1.0), Verkko (v1.3.1 and v1.4.1), hifiasm (v0.19.5), minimap2 (v2.21, >=v2.24)
winnowmap (v2.03), Meryl (v1.0), Merqury (v1.1), TRGT (v0.7.0-493ef25), rustybam (v0.1.33), HiPhase (v1.0.0-f1bc7a8), Clair3 (v1.0.7), GATK
(v4.3.0.0), DeepVariant (v1.4.0 and v1.6.0), WFMASH (v0.13.1), PGGB (v0.6.0), VCFBUB (v0.1.0), VCFWAVE (v1.0.3), pbmm?2 (v1.1.0), TRF
(v4.09.1), RepeatMasker (v4.1.0, v4.1.2-p1, and v4.1.6), BCFtools (v1.16 and v1.17), VCFtools (v0.1.16), ISOGG (v15.73), BEAST (v1.10.4),
RAXML (v8.2.10), Tree-Annotator (v.1.10.4), FigTree (v.1.4.4), HMMER (v.3.3.2dev), Gepard (v2.0), PAV (v2.3.4), DipCall (vO.3), MAFFT
(v7.508), compleasm (v0.2.4), TRGT-denovo (v0.1.3), Variation graph toolkit (vg, v.1.40.0), muscle (v3.8.31), ASHLEYS (v0.2.0), Flagger
(v0.3.3), NucFreq (v0.1), compleasm (v0.2.4), SVbyEye (v0.99.0), SVPOP (v3.4.0), PBSV (v2.9.0), Sniffles (v0.12.0), Sawfish (v2.2), Integrative
Genomics Viewer (IGV, v2.16.0), Guppy (v6.3.7 and v6.5.7)

We also used following R packages: fastseg (v1.46.0), breakpointR (v1.15.1), regioneR (v1.32.0), DECIPHER (v2.28.0), Biostrings (v2.70.2),
StrandPhaseR (v0.99)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All underlying data from 28 members of the family are available as part of AWS Open Data program or dbGaP.

Variant calls, mapped sequencing data, and assemblies for 23 family members (G1-GM12889, G1-GM12890, G1-GM12891, G1-GM12892, G2-GM12877, G2-
GM12878, G3-GM12879, G3-GM 12881, G3-GM12882, G3-GM12885, G3-GM 12886, G3-200080-spouse, G4-200081, G4-200082, G4-200084, G4-200085,
G4-200086, G4-200087, G3-200100-spouse, G4-200101, G4-200102, G4-200104, G4-200106) consented for their data to be publicly accessible similar to the 1000
Genomes Project samples to allow for development of new technologies, study of human variation, research on the biology of DNA, and study of health and disease
are available via the AWS Open Data program: s3://platinum-pedigree-data/.

See https://github.com/Platinum-Pedigree-Consortium/Platinum-Pedigree-Datasets for specific details on how to access.

In addition, mapped sequencing data and assemblies for five family members (G3-NA12883, G3-NA12884, G3-NA12887, G4-200103, G4-200105) that are not
consented for open access are available via dbGaP under Accession ID: phs003793.v1.p1 (Platinum Pedigree Consortium long-read sequencing). This includes also
variant calls for the whole family (28 members).

The tandem repeat catalogs are available on Zenodo DOI: 10.5281/zenodo.13178746.

The Y-chromosomal assembly for a closely related R1b haplogroup sample HG00731 was downloaded from the Human Genome Structural Variation Consortium
IGSR site (https://ftp.1000genomes.ebi.ac.uk/voll/ftp/data_collections/HGSVC3/working/20230927_verkko_batch2/assemblies/HG00731/).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Research participants self-report gender as male, female or other. In the manuscript, sex is reported based on genetic
analysis.

Reporting on race, ethnicity, or Research participants self-report race as American Indian/Alaska Native, Asian, Black or African American, Native Hawaiian or

other socially relevant other Pacific Islander, or White. Research participants self-report ethnicity as Hispanic/Latino or Not Hispanic/Latino. They
groupings also can select that they do not wish to provide some or all of the information.
Population characteristics The contributing study population was selected not for disease but for families of large sibship size, living parents, and living

grandparents as described by Dausset et al., 1990, Genomics. Four individuals from the first generation were enrolled at ages
75 to 83 years; two individuals from the second generation were enrolled at ages 57 and 58; seven individuals in the third
generation were enrolled at ages 23 to 36, and most recently, the spouses of the third generation were enrolled at ages 58
and 71, and the fourth generation were enrolled at ages 24 to 49. Fourteen individuals are male. Fourteen individuals are
female. All family members are White and Non-Hispanic/Latino.

Recruitment Identification and recruitment of large families was through community engagement and word-of-mouth. When eligible
families (4 grandparents, 2 parents, 6 or more children) were identified, family members advocated and recruited their
immediate family members into the study. There was no selection based on sex or gender. Although there was no selection
based on race or ethnicity, all families were ultimately Caucasian/White due to the demographics of the communities
involved.

Ethics oversight The study is approved and overseen by the Institutional Review Board of the University of Utah under IRB_00065564.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was defined based on the availability of consented family members of the CEPH (1463) family.
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Data exclusions  We excluded from the analysis three individuals (NA12880, NA12888, and NA12893) who did not choose consent for biobanking and broad
data access.

Replication Whole-genome sequencing was conducted using five complimentary short- and long-read sequencing platforms on the same DNA samples to
create a high level of confidence in the genomic data. Two hybrid genome assembly pipelines, hifiasm and Verkko, were applied to reinforce
the confidence in the highly contiguous phased genome assemblies. With this rigor, further attempts at replication were not done.

Randomization  N/A: this was not an interventional trial.

Blinding N/A: this was not an interventional trial.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
|:| Antibodies |X| |:| ChlIP-seq
|Z| Eukaryotic cell lines |Z| |:| Flow cytometry
|:| Palaeontology and archaeology |Z| |:| MRI-based neuroimaging

[] Animals and other organisms
[] clinical data

[ ] Dual use research of concern

[] plants
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Coriell Institute for Medical Research, NIGMS Human Genetic Cell Repository, CEPH collection. Cell line IDs for 14 members of
the CEPH 1463 family: G1-GM12889, G1-GM12890, G1-GM12891, G1-GM12892, G2-GM12877, G2-GM12878, G3-GM 12879,
G3-GM12881, G3-GM 12882, G3-GM12883, G3-GM 12884, G3-GM12885, G3-GM 12886, G3-GM12887.
EBV transformed lymphoblastoid cell lines were generated for G3 spouses and G4 family members (n=13): G3-200080-
spouse, G4-200081, G4-200082, G4-200084, G4-200085, G4-200086, G4-200087, G3-200100-spouse, G4-200101,
G4-200102, G4-200103, G4-200104, G4-200106.

Authentication Cell lines were authenticated by whole-genome sequencing of the DNA and subsequent variant calling. Sequence results
must match a) the sex of the individual, b) sequencing results from blood-derived DNA from the same individual, and c)
inheritance pattern of parents and offspring.

Mycoplasma contamination Cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  no commonly misidentified cell lines were used in the study.
(See ICLAC register)

Plants

Seed stocks N/A

Novel plant genotypes ~ N/A

Authentication N/A






