





Extended DataFig. 5| Thefixed variants, genetic differentiationregions,
andinversionsbetween MFA and MMU. (a) Principal component analysis (PCA)
ofthree macaque populations. The first component (18.6%, x-axis) separates
MFA (red) and MMU, while the second component (11%, y-axis) distinguishes
CMMU (Chinese rhesus macaque) and IMMU (Indianrhesus macaque). The
macaqueindividualsare clustered according to each population. Newly
sequenced samplesin this study are marked in color, while the samples from the
previousstudy are marked in gray. (b) Lineage-specific fixed genetic variation.
Thelength distribution of fixed INDELs and SVs are shownin the left panel
(INDEL: 2-20 bp (top), SV: 50-500 bp (bottom)) and right (INDEL: 20-50 bp (top),
SV:500-10000 bp (bottom)). Notable peaks for Aluand LIareat300 bpand
6000 bp. Afixed SNVin PLA2G3(c) and afixed SVin EHBPILI (d) resultinamino

acid differences between MFA and MMU. (e) A genetic differentiation region
associated with SRCAPand PHKG2. The gene models, mdiversity, Fs;, and
XP-EHH across the genomic region are shown from top tobottom. The dotted
linesindicate the bottom 5% threshold from mt diversity, the top 5% from Fg;, and
thetop 5% from XP-EHH, respectively. (f, g) Fixed missense variants of SRCAP (f)
and PHKG2 (g) resultin amino acid differences between MFA and MMU. (h) The
syntenicrelationship of the inversion with the longest length (4 Mbp) within
macaques, with the gene annotation above. (i) The heatmap shows the DEGs
withinthe 500 kbp flanking regions of macaque inversion (=10 kbp) breakpoints
(Z-score of rlog-transformed counts). Each row represents agene and each
columnrepresentsatissue.
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Extended DataFig. 6 | The comparative analysis on macaque centromeres.
(a) The dot plot shows the chr.1a-satellite arrays between MFA and MMU,
generated with UniAligner. The red dots refer to the common rare k-mers
(k=80) andthe green dots refer tothe conserved regions between two
centromeres. Theblacklineindicates the optimal rare alignment path. The
o-satellite array strand track isshown above the dot plot (blue for forward
strand (+) and red for reverse strand (-)). (b) The SF and methylation patterns of
a-satellite arrays on chr.1for both MFA and MMU are depicted. Sequence
similarity within the 5 kb block is visualized using ModDotPlot, with the CDRs
highlightedinred by corresponding methylation levels. (c) Thegreen, red, and
blueviolin plotsrepresent the length distribution of a-satellite arrays for HSA,
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MFA, and MMU, respectively. The horizontal lines indicate the length of
reference genomes (green for T2T-CHM13v2.0 and red for T2T-MFA8v1.1). Box
plots show median and IQR, with whiskers 1.5xIQR. The Pvalues are calculated
with the two-sided Mann-Whitney U test, and the number of assembled
centromeresisindicated in parentheses below each plot. NS: notsignificant.
(d) The phylogenetic tree shows that the S1(red), S2a (blue), S2b (green), and
SF9 a-satellites (dark gray) of MFA (round) and MMU (triangle) mixed in their
respective separate clades. (e) The phylogeny trees for monomers of S1S2
dimers from MFA chr. 8 (yellow), chr.11 (red) and chr.17 (lilac). S2a has

chromosome-specific variants while SLand S2b do not.
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Extended DataFig.7|See next page for caption.
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Extended DataFig.7| The multi-omics profilesbetween human FOLHI and contactsare depicted as loops alongside the Hi-C contact maps, with arrows
macaque FOLHI. The top panelillustrates the multi-omics profilesat human marking theseinteractions within the maps. The scATAC-seq tracks are
FOLH1locus (T2T-CHM13v2.0 chr.11, reversed strand), while the bottom panel normalized with transcription startsite enrichmentscore, the ChIP-seqtracks
shows the corresponding profilesin macaque FOLHIlocus (T2T-MFA8vl.1chr.14,  arenormalized with bins per million mapped reads, and the contact mapsare
forwardstrand). For the syntenic plotin the middle, blue and yellow blocks normalized with ICE (iterative correction and eigenvector decomposition).
represent forward and reversed alignments, respectively. The potential



SDs
Satellites

SDs
Satellites

SDs
Satellites

90,000
L
g N g
=3 N 5
O 89,500 \\ 8
o
b3
el -~
@
= S
~
2 ,
£ 89,000 h \
k& ~
FOLH1
49250 49500 49750 50,000
T2T-CHM13v2.0 (kbp)

Marmoset

90,000
oy a
2 T
o 89,500 Q
N

>
ford
=
T
Q
'_
& 89,000
FOLH1B
89,000 89,500 90,000
T2T-CHM13v2.0 (kbp)
Gibbon

Macaque

G TMop 0 T Mbp
1 | m n i m Il [ [ i B
11 I | I
Bonobo
TNMbp 6 TNbp
I | |
| 11 (|
] 80 % 95 100
Identity heatmap |G

9% 98 99100

SDs .

Satellites [l Forward [l Reversed

>Imz -

IO -

Extended DataFig. 8|See next page for caption.
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Extended DataFig. 8| The genetic mechanisms of the palindrome-mediated
translocation. (a) The dot plotsillustrate the syntenic relationship between
theancestraland duplicated copies (left panel), as well as the self-syntenic
relationship of the ancestral copy (right panel). The positions of human FOLHI
and FOLHIB are highlighted with ayellow background. (b) The panel displays
sequenceidentity heatmaps for NHPs, withthe1Mbp flanking region of the

FOLHI g-arm, including segmental duplications (SDs) and satellite sequences
shownbelow. Vertical lines in the identity heatmaps indicate palindromic
sequences. (c) The schematic diagram describes the potential, reported DNA
double-strand break repair mechanism underlying palindrome-mediated
translocation. Palindromic sequences and their directions areindicated
witharrows.
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Extended DataFig.9|The evolutionary history of APCDD1 and PIEZO2 and (b, ¢) Thebar plot shows the proportion of cell types for expressed cells on

their expression patterns. (a) The syntenic relationship of APCDDI and APCDDI (b) and PIEZO2 (c). The proportion differences in expressed cell type
PIEZO2in primates is shown with minimiro, with gene annotations and areobservedin APCDDI and PIEZO2between humans and macaques. Ex Neuron,
DupMasker attached to each genome segment. PIEZO2is located inside an excitatory neuron; Oligo, oligodendrocyte; In Neuron, inhibitory neuron;

inversioninthe primate evolution, while APCDDI is located near the inversion. Astro, astrocyte; OPC, oligodendrocyte precursor cell; Micro: microglia.



Extended Data Table 1| Genome statistics of T2T-MFA8v1.1 and comparison of macaque genome assemblies

Statistics Mmul_10 T2T-MFA8v1.1 Difference (%)
Summary
Assembled bases (Gbp) 2.97 3.06 +2.99
Unplaced bases (Mbp) 117.34 0 -100.00
Gap bases (Mbp) 34.44 0 -100.00
Number of Contigs 3,185 22 -99.31
Contig NG50 (Mbp) 41.83 162.13 +287.56
Gene annotation
Number of genes 32,591 33,196 +1.86
Number of protein-coding genes 20,965 21,119 +0.73
Number of transcripts 86,980 110,070 +26.55
Number of protein-coding transcripts 67,410 92,230 +36.82
Segmental duplications
Percentage of segmental duplications (%) 2.50 4.00 not applicable
Segmental duplication bases (Mbp) 71.38 122.51 +71.62
Number of segmental duplications 33,440 71,564 +114.01
RepeatMasker
Percentage of repeats (%) 50.53 54.57 not applicable
Repeat bases (Mbp) 1,442.16 1,669.83 +15.79
Long interspersed nuclear elements (Mbp) 601.31 607.99 +1.11
Short interspersed nuclear elements (Mbp) 396.31 406.77 +2.64
Long terminal repeats (Mbp) 259.61 264.82 +2.01
Satellite (Mbp) 25.69 205.16 +698.49
DNA (Mbp) 103.48 106.07 +2.51
Simple repeat (Mbp) 38.46 42.69 +11.02
Low complexity (Mbp) 6.60 6.84 +3.67
Retroposon (Mbp) 0.05 0.05 +8.23
rRNA (Mbp) 0.88 2.38 +169.66

This table presents the assembled bases, gaps, gene annotations, segmental duplications, and repeat annotations for both T2T-MFA8v1.1 and the previous macaque assembly (Mmul_10).
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Cytoscape v3.9.1 https://github.com/cytoscape/cytoscape

cyvcf2 v0.30.22 https://github.com/brentp/cyvcf2

dbscan v1.1-11 https://github.com/mhahsler/dbscan

deepTools v3.5.5 https://github.com/deeptools/deepTools

DeepVariant v1.5.0 https://github.com/google/deepvariant

DESeq2 v1.38.3 https://github.com/thelovelab/DESeq2

Dfam v3.6 https://dfam.org/

DoubletFinder v2.0.3 https://github.com/chris-mcginnis-ucsf/DoubletFinder
dplyr v1.1.4 https://github.com/tidyverse/dplyr

DupMasker v4.1.2 https://github.com/rmhubley/RepeatMasker/blob/master/DupMasker
Exonerate v2.2.0 https://www.ebi.ac.uk/about/vertebrate-genomics/software/exonerate
fastCN v0.2 https://github.com/mrvoliger/fastCN-smk

fastp v0.22.0 https://github.com/OpenGene/fastp

FastQC v0.12.1 https://github.com/s-andrews/FastQC

fastsimcoal2 v2.8 http://cmpg.unibe.ch/software/fastsimcoal2/

Flagger v0.2 https://github.com/mobinasri/flagger

flye v2.9.3-b1797 https://github.com/mikolmogorov/Flye

GATK v3.7 https://gatk.broadinstitute.org/

GenMap v1.3.0 https://github.com/cpockrandt/genmap

GenomeScope2.0 commit eca7b88 https://github.com/tbenavil/genomescope2.0
GenomicRanges v1.50.2 https://github.com/Bioconductor/GenomicRanges
gfabase v0.6.0 https://github.com/mlin/gfabase

gfa-wp commit a8238c0 https://github.com/pangenome/gfa-wp

GffRead 0.12.7 https://github.com/gpertea/gffread

gffutils v0.12 https://github.com/daler/gffutils

ggbreak v0.1.2 https://github.com/YulLab-SMU/ggbreak

ggforce v0.4.1 https://github.com/thomasp85/ggforce

gggenes v0.5.1 https://github.com/wilkox/gggenes

ggplot2 v3.4.3 https://github.com/tidyverse/ggplot2

ggpubr v0.6.0 https://github.com/kassambara/ggpubr

ggridges v0.5.4 https://github.com/wilkelab/ggridges

ggsignif v0.6.4 https://github.com/const-ae/ggsignif

GLnexus v1.2.7 https://github.com/dnanexus-rnd/GLnexus

GraphAligner v1.0.17 https://github.com/maickrau/GraphAligner

Gviz v1.42.1 https://github.com/ivanek/Gviz

harmony v1.2.0 https://github.com/immunogenomics/harmony

HiC-Pro v3.1.0 https://github.com/nservant/HiC-Pro

Hifiasm v0.18.2, v0.19.5, v0.19.8 https://github.com/chhylp123/hifiasm
HISAT2 v2.2.1 https://github.com/DaehwanKimLab/hisat2

HMMER v3.4 https://github.com/EddyRivasLab/hmmer

HTSeq v2.0.4 https://github.com/htseq/htseq

Hum-AS-HMMER https://github.com/fedorrik/HumAS-HMMER_for_AnVIL
Integrative Genome Browser (IGV) v2.8.10 https://github.com/igvteam/igv
IQTREE v2.1.4 http://www.igtree.org/

IsoSeq v3.8.1 https://github.com/PacificBiosciences/IsoSeq

iTOL https://itol.embl.de/

Jalview v2.11.3.2 https://www.jalview.org/

Jasmine v1.1.5 https://github.com/mkirsche/Jasmine

Jbrowse v2.13.1 https://jbrowse.org/jb2/

Jellyfish v2.3.0 https://github.com/gmarcais/Jellyfish

Juicebox v2.17.00 https://github.com/aidenlab/Juicebox

JuicerTools v1.22.01 https://github.com/aidenlab/juicertools

karyoploteR v1.24.0 https://github.com/bernatgel/karyoploteR

Liftoff v1.6.3 https://github.com/agshumate/Liftoff

lima v2.7.1 https://github.com/pacificbiosciences/barcoding/

limma v3.54.2 https://github.com/cran/limma

LSGvar https://github.com/YafeiMaolab/LSGvar

MACS2 v2.2.9.1 https://pypi.org/project/MACS2/

MAFFT v7.515, v7.520 https://github.com/GSLBiotech/mafft

Merfin v1.1 https://github.com/arangrhie/merfin

Merqury v1.3 https://github.com/marbl/merqury

meryl v1.4 https://github.com/marbl/meryl

Minigraph-Cactus v2.6.6 https://github.com/ComparativeGenomicsToolkit/cactus
minimap2 v2.24, v2.26 https://github.com/Ih3/minimap2

minimiro commit 8a77b25 https://github.com/mrvollger/minimiro
mrsFAST v3.4.2 https://github.com/sfu-compbio/mrsfast

MultiQC https://github.com/MultiQC/MultiQC

MUMmer v3.23 https://mummer.sourceforge.net/

nanopolish v0.14.0 https://github.com/jts/nanopolish

NCBI Foreign Contamination Screen (FCS) v0.4.0 https://github.com/ncbi/fcs
NCBI RMBLAST v2.11.0 https://www.repeatmasker.org/rmblast/

NucFreq v0.1 https://github.com/mrvollger/NucFreq

panacus v0.2.2 https://github.com/marschall-lab/panacus

>
Q
Qo
c
®
o]
o
=
o
=
®
o]
e}
=
)
@
(%2}
(e
3
=
Q
=
<




PanGenie v3.0.0 https://github.com/eblerjana/pangenie

PAV v2.3.4 https://github.com/EichlerLab/pav

PBSV v2.9.0 https://github.com/PacificBiosciences/pbsv
PEPPER-DeepVariant v0.8.0 https://github.com/kishwarshafin/pepper
pheatmap v1.0.12 https://github.com/raivokolde/pheatmap

Picard v3.2.0 https://github.com/broadinstitute/picard

PLINK v1.90b6.26 https://github.com/chrchang/plink-ng

plotly v5.15.0 https://github.com/plotly/plotly.py

PopGenome commit ab39ee8 https://github.com/pievos101/PopGenome
portion v2.4.1 https://github.com/AlexandreDecan/portion

primatR v0.1.0 https://github.com/daewoooo/primatR

Python v3.8.18, v3.9.16, v3.10.8 https://www.python.org/

ggman v0.1.9 https://github.com/stephenturner/ggman
Rv4.2.0,v4.3.0, v4.3.1 https://www.r-project.org/

RepeatMasker v4.1.2 https://github.com/rmhubley/RepeatMasker
RepeatModeler v2.0.4 https://github.com/Dfam-consortium/RepeatModeler
ribotin commit 3d33151 https://github.com/maickrau/ribotin
rustybam v0.1.33 https://github.com/mrvollger/rustybam

SafFire https://github.com/mrvollger/SafFire

SAMtools v1.16, v1.17 https://github.com/samtools/samtools

sedef v1.1 https://github.com/vpc-ccg/sedef

selscan v1.2.0 https://github.com/szpiech/selscan

segkit v2.4.0 https://github.com/shenwei356/seqkit

seqtk v1.4 https://github.com/Ih3/seqtk

Seurat v4.4.0, v5.0.1 https://github.com/satijalab/seurat

sgkit v0.7 https://github.com/sgkit-dev/sgkit

Signac v1.13.0 https://github.com/stuart-lab/signac

singularity v1.2.5-1.el8 https://github.com/sylabs/singularity
Snakemake v7.28.3 https://github.com/snakemake/snakemake
SQANTI3 v5.1.2 https://github.com/Conesalab/SQANTI3

SRA Toolkit v3.0.5 https://github.com/ncbi/sra-tools

StainedGlass v0.6 https://github.com/mrvollger/StainedGlass
StringTie v2.2.1 https://github.com/gpertea/stringtie

SUPPA2 v2.3 https://github.com/comprna/SUPPA

SVIM v1.4.2 https://github.com/eldariont/svim

SVIM-asm v1.0.3 https://github.com/eldariont/svim-asm

SV-pop https://github.com/EichlerLab/svpop

Tandem Repeat Finder (TRF) v4.09 https://github.com/Benson-Genomics-Lab/TRF
The Database for Annotation, Visualization and Integrated Discovery (DAVID) https://david.ncifcrf.gov/
trimAl v1.4.1 https://github.com/inab/trimal

TrimGalore! v0.6.10 https://github.com/FelixKrueger/TrimGalore
UpSetR v1.4.0 https://github.com/hms-dbmi/UpSetR

Variant Effect Predictor (VEP) v109.3 https://github.com/Ensembl/ensembl-vep
vcfbub v0.1.0 https://github.com/pangenome/vcfbub

vcflib v1.0.9 https://github.com/vcflib/vcflib

VCFtools v0.1.16 https://github.com/vcftools/vcftools

vegan v2.6-4 https://github.com/vegandevs/vegan

VennDiagram v1.7.3 https://github.com/cran/VennDiagram

Verkko v1.2 https://github.com/marbl/verkko

WindowMasker v1.0.0 https://github.com/goeckslab/WindowMasker
winnowmap v2.03 https://github.com/marbl/Winnowmap

Yak v0.1 https://github.com/Ih3/yak

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.

Data

Policy information about availability of data
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

The genome assemblies used in this study, including T2T-CHM13v2.0 (GCF_009914755.1), Mmul_10 (GCF_003339765.1), MFA1912RKSv2 (GCF_012559485.2),
rheMacS_1.0 (GCA_008058575.1) and Macaca_fascicularis_6.0 (GCA_011100615.1), are available from the NCBI Genome. Previously published sequencing data
used in this study, including PRINA1004471, PRINA251548, PRJNA345528, PRINA832687, PRINA854879, PRINA882074, PRINA953340 and PRJCA018217, are
available from the NCBI Sequence Read Archive or NGDC Genome Sequence Archive. The ChIP-seq data of human brain used in this study is available from the
ENCODE database. The raw lllumina, PacBio HiFi, ONT, and Hi-C data of T2T-MFA8 are deposited in NCBI under BioProject accession number PRINA1037719. The
raw PacBio HiFi, ONT, and Hi-C data of 10 macaque individuals are deposited in NCBI under BioProject accession number PRINA1041301. The Iso-Seq data are
deposited under NCBI BioProject accession number PRINA1041301. The Illumina sequences of 151 WGS macaque genomes are deposited in NCBI under BioProject
accession number PRINA1041301. The T2T-MFA8 genome assembly is deposited in NCBI GenBank under accession number GCF_037993035. T2T-MFA8 assembly,
annotations, and the UCSC track hub are available at GitHub (https://github.com/zhang-shilong/T2T-MFAS8).
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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 NA

Reporting on race, ethnicity, or NA
other socially relevant

groupings

Population characteristics NA
Recruitment NA
Ethics oversight NA
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size No sample-size calculation was performed. We determined the sample size based on its adequacy for capturing the majority of genetic
variants among macaques.

Data exclusions  No data was excluded in the analyses.
Replication RT-PCR experiments were conducted on crab-eating macaques, with two or three replications per group (depending on the genotype), and all
replication attempts were successful. Each FISH experiment was repeated 3 times and 10 metaphase spreads with relative fluorochromes

were captured for each experimentm, and all attempts were successful.

Randomization  For pangenome sample selection, we first performed Illumina whole-genome sequencing on a macaque cohort and assessed the relationships
between the individuals. Based on these results, we then selected 10 unrelated macaque individuals for long-read sequencing.

Blinding Blinding is not applicable to this study, as we need to investigate the genetic background of each macaque individually in order to capture the
majority of genetic variants.

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.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
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

XXXOXOOS
OO00O0XOXKX




Antibodies

Antibodies used

Validation

Mouse anti-FLAG (Sigma-Aldrich, F1804), mouse anti-a-tubulin (Sigma-Aldrich, T9026), rabbit anti-PNPO (Invitrogen, PA5-55687),
Anti-Mouse IgG, HRP (Invitrogen, A16006), Anti-Rabbit IgG, HRP (Invitrogen, A16104), and Rabbit Anti-Monkey 1gG Antibody (H+L)
(Bioss, bs-0335R-HRP).

The antibody information and validation statements are provided in the manufacturer's websites:

mouse anti-FLAG (Sigma-Aldrich, F1804): https://www.sigmaaldrich.cn/CN/en/product/sigma/f1804;

mouse anti-a-tubulin (Sigma-Aldrich, T9026): https://www.sigmaaldrich.cn/CN/en/product/sigma/t3026;

rabbit anti-PNPO (Invitrogen, PA5-55687): https://www.thermofisher.cn/cn/en/antibody/product/PNPO-Antibody-Polyclonal/
PA5-55687;

Anti-Mouse IgG, HRP (Invitrogen, A16006): https://www.thermofisher.cn/cn/en/antibody/product/Donkey-anti-Goat-lgG-H-L-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A16006;

Anti-Rabbit IgG, HRP (Invitrogen, A16104): https://www.thermofisher.cn/cn/en/antibody/product/Goat-anti-Rabbit-IgG-H-L-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A16104;

Rabbit Anti-Monkey IgG Antibody (H+L) (Bioss, bs-0335R-HRP): https://www.biossusa.com/products/bs-0335r-hrp.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

We generated a female macaque embryonic stem cell (ESC) line.

Short Tandem Repeats (STRs) genotyping was performed for the cell line authentication.

Mycoplasma contamination We confirm that the cell line is free from mycoplasma contamination.

Commonly misidentified lines  no commonly misidentified lines were used in this study.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

We used 10 macaques for long-read whole-genome sequencing (5 females and 5 males), tissues from 5 macaques for long-read
transcriptome sequencing (3 females and 2 males, including infant and adult), and 151 macaques for short-read whole-genome
sequencing. Detailed information (species, sex, age and development stage) for each individual is provided in Supplementary Table.
No wild animals were used in this study.

Detailed information for each individual is provided in Supplementary Table.

No field-collected samples were used in this study.

The usage of research animals in this study underwent evaluation and approval by Primate Life Sciences Ethics Committee of the
Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of Sciences (ION-2019043R03).

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

Plants

Seed stocks

Novel plant genotypes

Authentication

NA

NA

NA
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