








Extended DataFig.7|Fine-grained ageing signature using NextBrain The visualisation follows the same convention asin Fig. 5: (A) Ageing HCP
(additionalslices). Wereport the absolute value of Spearman correlation dataset. (B) OpenBHB dataset, restricted to ages over 35. (C) Full OpenBHB
for ROl volumes vs age derived fromin vivo MRI scans (additional slices). dataset.
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Extended DataFig. 8| Ageing trajectories forselect ROIsin HCP dataset. with four control points (equally space between 30 and 95 years). The continuous
Subregions of brain structures (thalamus, hippocampus, cortex, etc) show bluelinerepresentsthelocation, whereas the dashed lines represent the 95%
differential ageing patterns. The red dots correspond to the ROl volumes of confidenceinterval (equal to three times the scale parameterineither direction
individual subjects, corrected by intracranial volume (by division) and sex (by ofthelocation). Volumes of contralateral structures are averaged across left
regression). The blue lines represent the maximum likehood fit of a Laplace andright.

distribution withlocation and scale parameters parametrised by a B-spline



Extended Data Table 1| NextBrain segmentation performance on ultra-high resolution ex vivo MRl scan

ROI Dice Dice ROI Dice Dice
(200 pum) (1 mm) (200 um) (1 mm)
Cerebral-White-Matter 0.90871 0.81367 Reticular-of-thalamus 0.2386 0.3239
Ctx-whole 0.89455 0.81493 VPL 0.57387 0.62796
Cerebellum-Cortex 0.93205 0.85472 LP 0.73933 0.73133
ctx-superiorfrontal 0.77579 0.67069 molecular_layer_HP 0.50045 0.50313
Cerebellum-White-Matter 0.84393 0.65269 Internal-pallidum 0.78939 0.83776
ctx-inferiorparietal 0.77458 0.68367 subiculum 0.69842 0.61734
ctx-precentral 0.73685 0.65937 Dentate-cerebellum 0.71523 0.54696
ctx-rostralmiddlefrontal 0.72036 0.66448 alveus 0.57837 0.3076
ctx-superiortemporal 0.78506 0.69595 CA4_GC-DG 0.75655 0.7136
ctx-superiorparietal 0.63853 0.56005 Accumbens-area 0.77455 0.67541
ctx-middletemporal 0.71694 0.67675 Thalamus 0.32506 0.32978
ctx-inferiortemporal 0.64805 0.65658 Lateral-nucleus 0.8586 0.75999
ctx-lateraloccipital 0.61442 0.57929 CeM 0.6668 0.70489
ctx-postcentral 0.72245 0.60464 Substancia-Nigra 0.7045 0.63047
ctx-supramarginal 0.78025 0.66091 CA2_CA3 0.54381 0.4454
ctx-precuneus 0.72374 0.61229 AV 0.59365 0.60739
ctx-fusiform 0.64278 0.5845 Basal-nucleus 0.66909 0.61273
ctx-rh-lateralorbitofrontal 0.69867 0.66915 SCP 0.71921 0.67856
Brain-Stem 0.65342 0.64177 hypothalamus_posterior 0.58318 0.53634
ctx-insula 0.80767 0.73846 hypothalamus_tubular_sup 0.51626 0.48914
ctx-caudalmiddlefrontal 0.65308 0.52521 Accessory-Basal-nucleus 0.74887 0.78098
ctx-medialorbitofrontal 0.73295 0.62687 hypothalamus_tubular_inf 0.65529 0.56586
ctx-lingual 0.66735 0.59501 PAG 0.76829 0.7809
ctx-parsopercularis 0.70901 0.63893 Red-Nucleus 0.83407 0.83386
Left-Putamen 0.9199 0.86072 VTA 0.67032 0.4751
ctx-paracentral 0.66197 0.58969 STN 0.71496 0.72738
ctx-parstriangularis 0.68932 0.65785 Optic-Nerve 0.58216 0.44427
Left-Caudate 0.91102 0.86814 LGN 0.64318 0.62109
ctx-cuneus 0.56676 0.52349 acomm 0.44371 0.42966
Pons 0.73371 0.6236 fimbria 0.264 0.157
ctx- 0.6305 0.56515 MGN 0.37669 0.21371
caudalanteriorcingulate Via 0.32691 0.45109
ctx-bankssts 0.67939 0.4762 LD 0.42601 0.46225
ctx-isthmuscingulate 0.70825 0.55557 stria-terminals 0.50263 0.30588
ctx-parsorbitalis 0.43236 0.42366 Central-nucleus-inf-colliculus 0.78275 0.72433
Pons-nuc 0.65229 0.5514 Corticoamygdaloid-transitio 0.58151 0.48352
ctx-rh-posteriorcingulate 0.69731 0.56382 mammillary_body 0.56602 0.57353
ctx- 0.67935 0.41073 DR 0.54393 0.49046
rostralanteriorcingulate Inferior-olive 0.26264 0.046102
ctx-pericalcarine 0.5253 0.38703 hypothalamus_anterior_sup 0.54939 0.45936
ctx-entorhinal 0.72093 0.65273 Medial-nucleus 0.32559 0.33181
ctx-temporalpole 0.54659 0.49421 Central-nucleus 0.52925 0.48942
ctx-parahippocampal 0.73123 0.66232 Anterior-amygdaloid-area- 0.21345 0.18373
Left-Pul 0.76937 0.78917 AAA
Left-external-pallidum 0.78074 0.79407 zona-incerta 0.40755 0.45308
Left-MDI 0.87316 0.86494 hypothalamus_anterior_inf 0.36912 0.32702
ctx-frontalpole 0.11589 0.3493 Paralaminar-nucleus 0.14105 0.13123
ctx-transversetemporal 0.63184 0.56123 Cortical-nucleus 0.30083 0.23504
Left-VA 0.6994 0.73112 Rest of hippocampus N/A N/A
CAl 0.78967 0.60729 Rest of amygdala N/A N/A
Fornix 0.30751 0.29593
Claustrum 0.48364 0.3618

Dice scores between the ground truth labels of the 100 um ex vivo brain MR scan presented in® and the automated segmentations obtained with NextBrain. ROls are listed in decreasing order
of size (volume). The Dice scores are shown for segmentations obtained at two different resolutions: 200 um (the resolution at which we created the ground truth labels) and 1mm (which is
representative of in vivo data). We note that the Dice scores are computed from labels made on the right hemisphere (since we did not label the left side of the brain). We also note that the
labels “rest of hippocampus” and “rest of amygdala” correspond to voxels that did not clearly belong to any of the manually labelled nuclei, and have therefore no direct correspondence with
ROls in NextBrain.
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An online tool to interactively explore the 3D recon-structed data can be found here:

https://github-pages.ucl.ac.uk/NextBrain

This website also includes links to videos, publications, code, and other resources.

The segmentation of the ex vivo scan can be found at: https://openneuro.org/datasets/ds005422/versions/1.0.1

The databases used in the aging study are freely accessible online: OpenBHB (https://baobablab.github.io/bhb/) and aHCP (https://www.humanconnectome.org/
study/hcp-lifespan-aging)

The ADNI dataset used in the Alzheimer's disease study is freely accessible with registration in: https://adni.loni.usc.edu/data-samples/adni-data/

The atlases used in the Supplementary Information for comparison can be found online: Mai-Paixinos (https://www.thehumanbrain.info/brain/sections.php ) and
Allen ( https://atlas.brain-map.org/ )
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Reporting on sex and gender Our of the applications of our new atlas that we present in the article is a study of brain atrophy as a function of ageing, using
two existing datasets (aHCP and OpenBHB). In these analyses, we consider sex as a covariate, which is standard in volumetric
studies of brain regions. Further details on data acquisition and sex determination can be found in the original aHCP and
OpenBHB publications.

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics Details on the characteristics of the populations used in our brain ageing study can be found in the original aHCP and
OpenBHB publications. Here we used three population subsets: (1) including all N=705 aHCP subjects (aged 36-90, mean 59.6
years), (2) including N=431 OpenBHB subjects (aged 36-86, mean 57.9) and (3) including all N=3220 OpenBHB subjects (aged
6-86, mean=25.2 years).
Details on the Alzheimer's disease study can be found on ADNI publications. In our study, we used 383 subjects (168
Alzheimer's disease patients and 215 healthy ageing subjects), aged 56-91, mean 75.8 years.

Recruitment Again, please see the original aHCP, OpenBHB and ADNI publications.

Ethics oversight The use of ex vivo tissue was overseen by the National Research Ethics Service (NRES) Committee London-Central.

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 The sample size used in the ageing study was given by the sample size of the original study (aHCP, OpenBHB). The sample size of the
Alzheimer's disease study was given to confirm findings in other studies of our group [10, 11, 41]

Data exclusions  No data was excluded from our studies
Replication Our code and data are publicly available. The OpenBHB and aHCP datasets are publicly available as well.
Randomization  Randomization was not needed as we did not split the sample size into different arms

Blinding Blinding was not needed as no arms were used in our analyses

Behavioural & social sciences study design

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

Study description Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional,
quantitative experimental, mixed-methods case study).
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Research sample

Sampling strategy

Data collection

Timing

Data exclusions

Non-participation

Randomization

State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic
information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For
studies involving existing datasets, please describe the dataset and source.

Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to
predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a
rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and
what criteria were used to decide that no further sampling was needed.

Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper,
computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and
whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.

Indicate the start and stop dates of data collection. If there is a gap between collection periods, state the dates for each sample
cohort.

If no data were excluded from the analyses, state so OR if data were excluded, provide the exact number of exclusions and the
rationale behind them, indicating whether exclusion criteria were pre-established.

State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no
participants dropped out/declined participation.

If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if
allocation was not random, describe how covariates were controlled.

Ecological, evolutionary & environmental sciences study design

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

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested,
hierarchical), nature and number of experimental units and replicates.

Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National
Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and
any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets,
describe the data and its source.

Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size
calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.

Describe the data collection procedure, including who recorded the data and how.
Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for
these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which

the data are taken

If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them,
indicating whether exclusion criteria were pre-established.

Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to
repeat the experiment failed OR state that all attempts to repeat the experiment were successful.

Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were
controlled. If this is not relevant to your study, explain why.

Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why
blinding was not relevant to your study.

Did the study involve field work? D Yes D No

Field work, collection and transport

Field conditions

Location

Access & import/export

Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).

State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).

Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in
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Access & import/export [compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority,
the date of issue, and any identifying information).

Disturbance Describe any disturbance caused by the study and how it was minimized.

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
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Animals and other organisms
Clinical data
Dual use research of concern

Plants

MNXXNXNXXX s
OoOoooog

Antibodies

Antibodies used Describe all antibodies used in the study; as applicable, provide supplier name, catalog number, clone name, and lot number.

Validation Describe the validation of each primary antibody for the species and application, noting any validation statements on the
manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or
vertebrate models.

Authentication Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.

Mycoplasma contamination Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for
mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines Name any commonly misidentified cell lines used in the study and provide a rationale for their use.
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the
issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable,

export.

Specimen deposition Indicate where the specimens have been deposited to permit free access by other researchers.

Dating methods If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where
they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are
provided.

D Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.

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




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 For laboratory animals, report species, strain and age OR state that the study did not involve laboratory animals.

Wild animals Provide details on animals observed in or captured in the field, report species and age where possible. Describe how animals were
caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released,
say where and when) OR state that the study did not involve wild animals.

Reporting on sex Indicate if findings apply to only one sex; describe whether sex was considered in study design, methods used for assigning sex.
Provide data disaggregated for sex where this information has been collected in the source data as appropriate; provide overall
numbers in this Reporting Summary. Please state if this information has not been collected. Report sex-based analyses where
performed, justify reasons for lack of sex-based analysis.
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Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.

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

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.

Study protocol Note where the full trial protocol can be accessed OR if not available, explain why.
Data collection Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.
Qutcomes Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes
[] Public health

|:| National security
|:| Crops and/or livestock
|:| Ecosystems
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Plants

Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

Any other potentially harmful combination of experiments and agents

Seed stocks

Novel plant genotypes

Authentication

ChlIP-seq

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Describe-any-authentication procedures for-each seed stock used-or-novel-genotype generated. Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.

Data deposition

D Confirm that both raw and final processed data have been deposited in a public database such as GEO.

D Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links

For "Initial submission" or "Revised version" documents, provide reviewer access links. For your "Final submission" document,

May remain private before publication. | provide a link to the deposited data.

Files in database submission Provide a list of all files available in the database submission.

Genome browser session
(e.g. UCSC)

Methodology

Replicates

Sequencing depth
Antibodies
Peak calling parameters

Data quality

Software

Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to
enable peer review. Write "no longer applicable" for "Final submission" documents.

Describe the experimental replicates, specifying number, type and replicate agreement.

Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and
whether they were paired- or single-end.

Describe the antibodies used for the ChlP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and
lot number.

Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files
used.

Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.

Describe the software used to collect and analyze the ChIP-seq data. For custom code that has been deposited into a community
repository, provide accession details.
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Flow Cytometry

Plots

Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

|:| A numerical value for number of cells or percentage (with statistics) is provided.
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Sample preparation Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.
Instrument Identify the instrument used for data collection, specifying make and model number.
Software Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a

community repository, provide accession details.

Cell population abundance Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the
samples and how it was determined.

Gating strategy Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell
population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type N/A (structural MRI only)
Design specifications N/A

Behavioral performance measures ~ N/A

Acquisition

Imaging type(s) structural

Field strength 1.5T-3T (OpenBHB); 3T (aHCP); 3T (ex vivo acquisition)

Sequence & imaging parameters - OpenBHB: variable.
- aHCP: 3D MPRAGE, TR=2400, TE=2.14i, TI=1000, flip=8deg, BW=210Hz/Px iPAT=2.
-Ex vivo: T2-weighted sequence (optimised long echo train 3D fast spin echo), TR = 500, TEeff = 69, BW = 558 Hz/Px,
echo spacing = 4.96ms, echo train length = 58

Area of acquisition whole brain

Diffusion MRI [ ] Used X Not used

Preprocessing

Preprocessing software FreeSurfer 7.0 was used for: 1. cortical parcellation with the Desikan-Killiany atlas; and 2. whole brain segmentation of aHCP
and OpenBHB for use as silver standard in the evaluation of segmentation methods.

Normalization N/A
Normalization template N/A
Noise and artifact removal N/A

Volume censoring N/A




Statistical modeling & inference

Model type and settings N/A

Effect(s) tested Effect of aging

Specify type of analysis: [ | whole brain  [X| ROI-based || Both

Statistic type for inference Spearman correlation for volumes of ROIs

(See Eklund et al. 2016)
Correction N/A

Models & analysis
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n/a | Involved in the study
Xl |:| Functional and/or effective connectivity

|X| |:| Graph analysis

|X| |:| Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation,
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph,
subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency,
etc.).

Multivariate modeling and predictive analysis Specify independent variables, features extraction and dimension reduction, model, training and evaluation
metrics.






