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Supplemental Figure 1. Mitra clocks are sex-agnostic and their CpGs are enriched in
coding sequences. a-b) Regression plots of predicted age to chronological for the
MitraSolo a) and the MitraCluster b) clocks using the independent validation dataset. Circles
indicate females and squares males and the sex-specific clock accuracy metrics are
presented at the top of each plot. Points are coloured according to the participant Fitzpatrick
score (performance metrics Supplemental Table 1). c-d) Barplots of counts of overlaps
identified between the CpGs used by MitraSolo c¢) and MitraCluster d) and various genomic
features and CpG contexts. Bars in colour are the actual counts of overlaps between a
particular type of feature and CpGs while bars in grey represent the average overlap within
the error rate calculated from multiple simulations of randomised CpG localisation within the
workable genome. Error bars represent the standard deviation of the mean simulated
overlap. P values are shown above the bar when there is statistically significant enrichment
or depletion of overlap with any particular feature.
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Supplemental Figure 2. Database variation in average clock sequencing depth and the
effect of sequencing depth thresholds during training on prediction accuracy for Mitra
models. a-b) Histograms of the count of forehead tape-stripping database samples (n=732),
at different bins of average sequencing depth, for the 3831 CpGs utilised by the MitraSolo
clock a) and the 14089 CpGs of the MitraCluster. c-f) Actual chronological age minus
predicted age is plotted against average CpG sequencing depth for the single-CpG
MitraSolo (c—d) and the region-based MitraCluster (e—f) under different minimum sequencing
depth thresholds used during model training: 5x (c, e), and 30x% (d, f). In each panel, the
Aage values are shown as density-coloured scatter plots, and accompanying histograms
display sample count distributions across coverage bins. The blue vertical line indicates a
coverage of 15x, and an asymptotic trendline (green) illustrates saturation of prediction error
with increasing depth. Spearman correlation statistics are included at the top of each plot.
Across all conditions, both models exhibit stable Aage values distributions at coverage =210x,
with asymptotic MAEs near ~4 years, confirming that shallow sequencing does not
substantially impair model performance.
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Supplemental Figure 3. Comparative performance of established epigenetic clocks
and re-trained clocks sequencing and microarray datasets. a-c) Predicted age versus
chronological age is shown for the independent test set (n = 75) across all assessed models.
Panels a-b show predictions from widely used array-based clocks: PhenoAge (a), and
Hannum (b). These clocks, all trained on blood or biopsy tissue, exhibit substantially higher
prediction errors (e.g., MAE = 13.63 for Hannum) when applied to tape-stripped skin DNA.
Panel (c) shows predictions from the BS-Clock model, trained on high-resolution bisulfite
sequencing data from blood, which fails to generalize to epidermal data. d-e) Regression
plots of predicted age to chronological age for the independent validation dataset using the
re-trained versions of the established Horvath’s microarray Pan-Tissue d) and Skin & Blood
clocks e) that use the same CpGs for prediction to the originals but have been trained on the
Mitra training dataset. f-m) Regression plots of predicted age to chronological age for a



microarray dataset of human epidermis samples f-i) and a WGBS dataset of human skin
using the original f-g, j-k) or the re-trained h-i, I-m) Pan-Tissue and Skin & Blood clocks.

Horvath Skin and Blood predictions on upper-back samples (n=85) HorvathSkin and Blood predictions between mached samples (n=85)
1901 7R2:0.60 R%:0.08 o
MAE: 10.76 o 701 |MAE: 11.88 ? ° e

o N

o (%))
o (=2}
o o

N
o

o
o

Predicted age (years)
>
8

N
(%))
N
o

Upper back prediction (years)

o
\
\
\
=
o

0 25 50 75 100 125 150 20 40 60 80
Chronological age (years) Forehead prediction (years)

Supplemental Figure 4. Forehead and Upper back prediction comparisons by Horvath
Skin and Blood clock a-b). Spatial generalizability of the Horvath Skin and Blood clock
was assessed using matched tape-strip samples from the forehead and upper back of 85
individuals. Horvath Skin and Blood clock predicted age in upper back skin with lower

accuracy (R?=0.60, MAE = 10.76) (a), The concordance between the two sampling
locations was suboptimal (R = 0.08, MAE = 11.88) (b).

Supplementary tables

Supplemental Table 1: Prediction metrics in the independent dataset by clock,
subsetted by the Fitzpatrick score of the individual. This table also includes information
about the number of individuals by sex in each group. Predictions do not seem to be affected
by Fitzpatrick score.

Clock Fitzpatrick Dataset n_females n_males R2 MAE MAD RMSE
MitraCluster | All independent 63 12 0.89 4.00 2.96 5.23
MitraCluster | | independent 3 0 096 5.84 4.56 718
MitraCluster | Il independent 15 3 092 4.84 4.65 5.60
MitraCluster | Il independent 20 5 0.93 3.00 1.99 4.36
MitraCluster | IV independent 9 3 092 270 2.06 3.71
MitraCluster | V independent 14 1 0.81 495 4.62 6.24
MitraCluster | VI independent 2 0 1.00 6.78 6.78 7.33
MitraSolo All independent 63 12 0.88 4.09 3.14 525
MitraSolo | independent 3 0 096 442 335 572
MitraSolo Il independent 15 3 091 504 475 584
MitraSolo I} independent 20 5 093 281 1.79 4.11
MitraSolo \Y independent 9 3 0.86 3.70 2.56 4.80
MitraSolo \ independent 14 1 0.83 4.88 3.21 5.95
MitraSolo Vi independent 2 0 1.00 7.58 7.58 7.96

Supplemental Table 2: List of significantly enriched pathways is presented in the table
below.
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Supplemental Table 3: Summary table of donor information. Table summarising some covariates of interest by donor, such as sex,

sequencing type, age bin (in years) and Fitzpatrick score. Some individuals were sampled more than once, however, no biological replicates
were used in training. Any use of biological replicates in this document is stated in the body of the manuscript. Individuals are summarized by

data cohorts, which are independent between them. All individuals were sampled using tape-stripping.

Characteristic

Data Cohort

All(n=590) | ID1(n=210) | ID2(n=12) | ID6(n=83) | ID8(n=22) | ID11(n=8) |Banilaetal (n=174)| ID26 (n=47) | ID27 (n=34)

Sex
Female 427 (72.4%) 112 (563.3%) 12 (100.0%) 75 (90.4%) 18 (81.8%) 3 (37.5%) 129 (74.1%) 47 (100.0%) 31(91.2%)
Male 163 (27.6%) 98 (46.7%) 0 (0.0%) 8 (9.6%) 4 (18.2%) 5 (62.5%) 45 (25.9%) 0 (0.0%) 3 (8.8%)
Age bin (Years)
18-29 120 (20.3%) 42 (20.0%) 0 (0.0%) 23 (27.7%) 2 (9.1%) 1(12.5%) 52 (29.9%) 0 (0.0%) 0 (0.0%)
30-39 136 (23.1%) 50 (23.8%) 0 (0.0%) 18 (21.7%) 3 (13.6%) 5 (62.5%) 60 (34.5%) 0 (0.0%) 0 (0.0%)
40-49 76 (12.9%) 38 (18.1%) 0 (0.0%) 6 (7.2%) 5 (22.7%) 1(12.5%) 21 (12.1%) 5(10.6%) 0 (0.0%)
50-59 92 (15.6%) 30 (14.3%) 0 (0.0%) 19 (22.9%) 7 (31.8%) 1(12.5%) 15 (8.6%) 5 (10.6%) 15 (44.1%)
60-90 166 (28.1%) 50 (23.8%) 12 (100.0%) 17 (20.5%) 5 (22.7%) 0 (0.0%) 26 (14.9%) 37 (78.7%) 19 (65.9%)
Fitzpatrick
1 41 (6.9%) 18 (8.6%) 0 (0.0%) 3 (3.6%) 0 (0.0%) 0 (0.0%) 13 (7.5%) 5(10.6%) 2 (56.9%)
Il 244 (41.4%) 136 (64.8%) 6 (50.0%) 20 (24.1%) 10 (45.5%) 2 (25.0%) 53 (30.5%) 10 (21.3%) 7 (20.6%)
]| 180 (30.5%) 48 (22.9%) 5 (41.7%) 25 (30.1%) 10 (45.5%) 3 (37.5%) 56 (32.2%) 15 (31.9%) 18 (52.9%)
v 75 (12.7%) 8 (3.8%) 1(8.3%) 11 (13.3%) 2 (9.1%) 3 (37.5%) 40 (23.0%) 7 (14.9%) 3 (8.8%)
Vv 39 (6.6%) 0 (0.0%) 0 (0.0%) 21 (25.3%) 0 (0.0%) 0 (0.0%) 7 (4.0%) 8 (17.0%) 3 (8.8%)
\'/| 11 (1.9%) 0 (0.0%) 0 (0.0%) 3 (3.6%) 0 (0.0%) 0 (0.0%) 5 (2.9%) 2 (4.3%) 1(2.9%)




Supplemental Table 4: MitraClock’s predictions for 12 Keratinocyte primary cell lines.
Two of them, EM-Seq labial and eyelid keratinocytes, were processed in-house (Promocell,
Heidelberg, Germany; lot 449Z2024.1 and 4912023.2) and the remaining 10 are derived from
publicly available sources. The final 9 cell lines consist of NHEK (Keratinocyte) cell lines,
with 3 controls and 6 NHEK-derived iPSC using two methodologies, D8 to KSR and TNT to
KSR, with three replicates each (Buckerry et al, Nature 2023). The iPSC replicates show
consistent age reduction compared to the control.

Celltype Accession |Sex|Age|MitraSolo| Aage |MitraCluster| Aage
EM-Seq labial Keratinocyte MitraBio F |21 33.85 |-12.85 32.54 -11.54
EM-Seq eyelid Keratinocyte MitraBio F | 52 47.51 4.49 4717 4.83

Epidermal-Keratinocytes-Z00000424 | GSM5652321| M | 26 32.2 -6.2 33.96 -7.96

NHEK iPSC (D8 to KSR) GSM7445375|n/a [n/a 10.15 n/a 6.21 n/a
NHEK iPSC (D8 to KSR) GSM7445376|n/a [n/a 10.07 n/a 6.40 n/a
NHEK iPSC (D8 to KSR) GSM7445377|n/a [n/a 8.42 n/a 8.07 n/a
NHEK iPSC (TNT to KSR) GSM7445378|n/a [n/a 9.14 n/a 6.44 n/a
NHEK iPSC (TNT to KSR) GSM7445379|n/a [n/a 10.62 n/a 3.96 n/a
NHEK iPSC (TNT to KSR) GSM7445380|n/a [n/a 9.71 n/a 8.24 n/a
NHEK (Keratinocyte) GSM7445381|n/a [n/a 51.60 n/a 43.70 n/a
NHEK (Keratinocyte) GSM7445382|n/a [n/a 55.93 n/a 44.67 n/a

NHEK (Keratinocyte) GSM7445383|n/a [n/a 50.56 n/a 57.94 n/a




