Extended DataFig.1|Proteome preservationin CMNFV59632.A) Amino related to oxidative degradation of histidine for same taxon set. The moderate
acid count for eachidentified protein, before and after our strict filtering step protein preservationin CMNFV59632, indicated by the lower amino acid

(see Methods), B) DIMs (diagenetically-induced modifications) related to coverage compared to otherancient enamel proteomes, is further supported
oxidative degradation of tryptophan for CMNFV59632, compared to enamel by the highincidence of modifications related to oxidative degradation,
proteomes from other ancient rhinos and amediaeval ovicaprine, C) DIMs compared to other fossil rhinocerotids.
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temperate and cold environments, reflecting seasonal maxima and minima.
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Extended DataFig.3| Thermal age ranges estimated for selected sites Laetoliand Linxia, for each time point. Note the scale difference between

preserving ancient peptides. These violin plots display the range of monthly Haughton Crater and the other sites, and the high standard deviations for
thermal ages, mean and median (Ma@10 °C) calculated for Haughton Crater, Haughton Crater and Linxia.
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Extended DataFig.4 |Deamidationratesinfossil rhinocerotid enamel
proteomes, plotted against geological age. Datausedis CMFN-59632 from
Haughton Crater (21.8 Ma), DM.5/157 from Dmanisi (1.77 Ma), CGG1_023342
from FontanaRanuccio (0.4 Ma), and amediaeval control sample (0.005 Ma).
While useful for establishing authenticity of an ancient proteome, deamidation
rates plateau relatively quickly, so they are not reliable for assessing relative
degradative statein ancient proteomes from deep geological timescales.
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which showed similar levels of degradation (Extended Data Fig. 6). Peptides
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(2019) method*was used to prepare Coelodonta antiquitatis enamel MS
analysis, with some minor changes: HCl was used for demineralizationinstead
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Reporting on sex and gender Sex of specimens was not considered a priori due to the fragmentary nature of the fossil specimens.

Reporting on race, ethnicity, or | The study did not involve human participants.
other socially relevant

groupings
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Ethics oversight Not required
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Ecological, evolutionary & environmental sciences study design
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Study description Specimens of Rhinocerotidae were selected from multiple sites to test ancient protein preservation. Reconstructed sequence data
from successful extractions were used in subsequent phylogenetic analyses. A replicate was performed for the protein extraction of
the rhinocerotid tooth from Fontana Ranuccio. Controls were processed alongside samples (extraction and injection blanks) for every
stage of data collection.

Research sample Three specimens were sampled for ancient proteins - an enamel fragment from a tooth of Rhinocerotidae sp. from the Haughton
Crater site, a tusk fragment from Rhinocerotidae sp- from the Haughton Crater site, and an enamel fragment from a molar tooth
from Stephanorhinus sp. from the Fontana Ranuccio site. Previously-generated proteomic and genomic data also derives from
Cappellini et al. (2019), generated from enamel fragments from Stephanorhinus sp. from Dmanisi, Georgia, and enamel fragments
from a medieval ovicaprine, and Liu et al (2021), generated from modern and subfossilised tissues of various extant and extinct
members of Rhinocerotidae.

Sampling strategy No sample size calculation was performed. Samples deriving from only three palaeontological specimens were process, to reduce
destruction of palaeontological materials.

Data collection Wet labwork for protein extraction was performed by RP in dedicated clean labs at Globe Institute, University of Copenhagen, for the
extraction of ancient biomolecules, wearing protective gear to prevent contamination. Acquisition of MS data was performed by MM
at the Novo Nordisk Center for Protein Research, University of Copenhagen. Amino acid chirality analysis was performed by FM at
Department of Chemistry, University of York.
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Timing and spatial scale  Mass spectrometry data was collected on separate days for each specimen.
Data exclusions No data were excluded from our analyses

Reproducibility No attempts to repeat the experiment were made due to the destructive nature of sampling, but multiple samples were analysed for
each specimen.

Randomization Not relevant due to the sampling approach involving finite palaeontological materials.

Blinding Not relevant to our study

Did the study involve field work? [] Yes X No
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Materials & experimental systems Methods
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Plants

Palaeontology and Archaeology

Specimen provenance Specimens and their provenance are described separately in Fraser et al. (2024) ("Post-Eocene Rhinocerotid Dispersal via the North
Atlantic"). Approval for destructive sampling was provided by stewards of the vertebrate palaeontology collections at the Canadian
Museum of Nature.

Specimen deposition Specimens were previously deposited at the Canadian Museum of Nature
Dating methods No new dates are provided
|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight As these are palaeontological samples, no ethical approval is required, but the permit for destructive sampling is described above
under "Specimen provenance"

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

Plants

Seed stocks 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.

Novel plant genotypes 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.

Authentication DPescribe-any-atithentication-proceduresfor-each-seed-stock-tised-ornovel-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.

>
Q
)
(e
()
1®)
O
=
o
=
_
(D
©
O
=
(@]
wn
(e
=
3
Q
<






