Supplementary Material 
eTable 1. Specification of the 48-locus burden panel.
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eTable 1. Specification of the 48-locus burden panel. Shown here for reference; the authoritative machine-readable version is provided as eTable1_panel_48loci.csv (also deposited at Zenodo, DOI 10.5281/zenodo.21986630 , with one row per locus.
eTable 2. Identifiable compositional coefficients, LSADT full-rank model, eosinophils as compositional reference
	Cell population
	Mean Δ fraction
	Coefficient
	SEᵃ
	t
	Pᵃ

	CD4+ T cell
	−0.0349
	−3.18
	0.924
	−3.44
	.0009

	CD8+ T cell
	−0.0044
	−3.54
	1.014
	−3.49
	.0008

	Natural killer
	−0.0012
	−3.15
	1.016
	−3.10
	.0027

	B cell
	−0.0090
	−2.75
	1.004
	−2.74
	.0076

	Neutrophil
	+0.0357
	−2.62
	0.913
	−2.87
	.0053

	Monocyte
	+0.0150
	−1.32
	0.978
	−1.35
	.18

	Eosinophil
	−0.0011
	reference
	—
	—
	—



Note. Model intercept, the composition-adjusted velocity term, is +0.020018 and is identical to five decimal places in the rank-deficient minimum-norm fit, confirming that the estimable quantities do not depend on the choice of compositional reference. Residual degrees of freedom, 79. Because estimated proportions are closed, one population must be dropped to obtain a full-rank design; coefficients are therefore contrasts against the dropped population and are not interpretable in isolation. Eosinophils are a small and weakly determined reference (mean Δ fraction −0.0011); a sensitivity fit dropping neutrophils instead is recommended if individual coefficient magnitudes are to be discussed. Coefficients are on the scale of change in burden units per unit change in fraction.
ᵃ Standard errors and P values are derived from the coefficients and t statistics on 79 residual degrees of freedom.

eTable 3. Per-locus mean change in β, with reference mean, centrality, and panel direction
	#
	Probe
	Gene
	Direction
	Ref. mean
	Centrality
	Δβ LSADT
	Δβ Health ABC

	1
	cg16463460
	WT1
	hyper
	0.3600
	−0.1400
	+0.00845
	−0.00636

	2
	cg04096767
	WT1
	hyper
	0.3400
	−0.1600
	+0.01480
	−0.00707

	3
	cg12982322
	WT1
	hyper
	0.4000
	−0.1000
	+0.00301
	−0.01271

	4
	cg22533573
	WT1
	hyper
	0.1400
	−0.3600
	+0.00664
	−0.01825

	5
	cg05222924
	WT1
	hyper
	0.1400
	−0.3600
	+0.00243
	−0.01500

	6
	cg17486860
	WT1
	hyper
	0.1400
	−0.3600
	+0.00414
	+0.00950

	7
	cg26848718
	WT1
	hyper
	0.0800
	−0.4200
	+0.00540
	−0.01668

	8
	cg00994804
	RUNX1
	hypo
	0.3600
	−0.1400
	−0.01640
	−0.00038

	9
	cg21769619
	WT1
	hyper
	0.2300
	−0.2700
	+0.01284
	+0.00946

	10
	cg13301003
	WT1
	hyper
	0.5100
	+0.0100
	−0.00040
	−0.00860

	11
	cg20682146
	PBX1
	hyper
	0.5700
	+0.0700
	+0.00623
	+0.02445

	12
	cg07211140
	WT1
	hyper
	0.1500
	−0.3500
	+0.00804
	+0.00312

	13
	cg09438069
	FAT1
	hyper
	0.5400
	+0.0400
	−0.00550
	−0.04200

	14
	cg07716052
	WT1
	hyper
	0.2400
	−0.2600
	+0.00927
	−0.00888

	15
	cg11839415
	MPL
	hyper
	0.7200
	+0.2200
	+0.00436
	+0.01995

	16
	cg11802013
	CCND1
	hypo
	0.8600
	+0.3600
	−0.00723
	−0.01240

	17
	cg14437996
	SHC3
	hypo
	0.4700
	−0.0300
	−0.00616
	−0.02342

	18
	cg22511262
	WT1
	hyper
	0.1200
	−0.3800
	+0.00501
	−0.00431

	19
	cg18094404
	RPS15
	hypo
	0.5100
	+0.0100
	+0.00616
	−0.01176

	20
	cg15791248
	FGFR1
	hyper
	0.6800
	+0.1800
	−0.00484
	+0.00284

	21
	cg19940312
	SLIT2
	hyper
	0.2500
	−0.2500
	+0.00413
	+0.00344

	22
	cg18088486
	CUX1
	hyper
	0.4800
	−0.0200
	+0.00272
	+0.00103

	23
	cg09188980
	CALCA
	hyper
	0.2900
	−0.2100
	+0.00612
	−0.02754

	24
	cg17717124
	TCL1A
	hyper
	0.2300
	−0.2700
	+0.00850
	+0.01127

	25
	cg04350120
	RUNX1T1
	hypo
	0.7300
	+0.2300
	−0.00258
	−0.02169

	26
	cg12958020
	PDGFRB
	hypo
	0.8700
	+0.3700
	−0.02014
	−0.01312

	27
	cg20120208
	TLX1
	hypo
	0.3000
	−0.2000
	+0.01300
	+0.01410

	28
	cg07238401
	CALCA
	hyper
	0.4800
	−0.0200
	−0.00284
	−0.01694

	29
	cg06738242
	TWIST2
	hyper
	0.1900
	−0.3100
	+0.01031
	−0.01959

	30
	cg09727210
	CARD11
	hypo
	0.8600
	+0.3600
	−0.00147
	−0.02794

	31
	cg26833169
	CALCA
	hyper
	0.2700
	−0.2300
	+0.00131
	+0.00957

	32
	cg14435603
	EGR2
	hyper
	0.2100
	−0.2900
	+0.01738
	+0.03818

	33
	cg04885832
	NSD1
	hyper
	0.0600
	−0.4400
	−0.00063
	−0.00026

	34
	cg08729810
	OLIG2
	hyper
	0.1800
	−0.3200
	+0.01357
	+0.00661

	35
	cg18016826
	NSD1
	hyper
	0.0800
	−0.4200
	−0.00254
	+0.00050

	36
	cg14841828
	BCL11B
	hyper
	0.0400
	−0.4600
	+0.00293
	+0.02896

	37
	cg15011775
	RARB
	hypo
	0.7600
	+0.2600
	−0.00533
	−0.01354

	38
	cg07601542
	OLIG2
	hyper
	0.3500
	−0.1500
	+0.01773
	−0.01699

	39
	cg04943625
	EGR2
	hyper
	0.1600
	−0.3400
	+0.01333
	+0.01910

	40
	cg04503267
	LCK
	hypo
	0.8400
	+0.3400
	−0.00406
	+0.00233

	41
	cg20572816
	TLX1
	hyper
	0.1900
	−0.3100
	+0.00949
	−0.01133

	42
	cg01891583
	USP7
	hyper
	0.4800
	−0.0200
	+0.00328
	−0.00374

	43
	cg09553448
	NUP214
	hyper
	0.1600
	−0.3400
	−0.00173
	+0.01178

	44
	cg06081951
	CALCA
	hyper
	0.3800
	−0.1200
	+0.01012
	+0.00652

	45
	cg06796866
	CALCA
	hyper
	0.3700
	−0.1300
	−0.00267
	+0.00497

	46
	cg19209049
	CCND1
	hyper
	0.0900
	−0.4100
	+0.00278
	+0.00412

	47
	cg13271751
	CCND1
	hyper
	0.1600
	−0.3400
	+0.01232
	+0.06747

	48
	cg11637980
	PGR
	hyper
	0.0900
	−0.4100
	+0.01541
	+0.00585



Note. Centrality is the reference mean minus 0.5. Reference means span 0.040 to 0.870, with 12 of 48 loci above 0.5. Boundary-sensitivity subsets used in the manuscript comprise 42 loci with reference mean within [0.10, 0.90] and 35 loci within [0.15, 0.85]; both counts were verified against this table. Mean Δβ across all 48 loci was +0.00368 in LSADT and −0.00115 in Health ABC. Technical replicate arrays in LSADT are averaged within a participant-year before differencing.
Values are also supplied as the machine-readable file etable3_per_locus_delta_beta.csv. Column means reconcile to the two values stated above, and re-running the centrality regression on this table reproduces the coefficients in Table 3 of the main text.

eMethods. Deconvolution reference construction and probe selection
Reference series
We constructed the cell-composition reference from GSE35069 (Reinius et al., 2012), a series of purified leukocyte fractions isolated from healthy adult donors and assayed on the Illumina HumanMethylation450 BeadChip. We used seven populations: CD4+ T cells, CD8+ T cells, natural killer cells, B cells, monocytes, neutrophils, and eosinophils. Whole-blood and peripheral blood mononuclear cell arrays present in the same series were excluded from reference construction and reserved for the provenance check described below.
Probe selection
Candidate probes comprised the full 485 577-probe content of the array; no prior filtering to promoter, island, or gene-annotated regions was applied, so that reference selection was not constrained by criteria used in constructing the burden panel. Discrimination was scored as the one-vs-rest difference in mean β between each population and the mean of the remaining six. For each population the 60 top-ranked probes were retained in each direction of effect, giving up to 840 selections; the union across populations yielded 713 unique reference probes. A cell type represented by fewer than three arrays would have halted reference construction; none was.
Probe-set disjointness
Composition estimation and burden scoring must not draw on shared probes, or the adjustment becomes a partial regression of the outcome on a transformation of itself. The 713 reference probes were selected genome-wide without reference to the burden panel. Intersecting the two sets confirmed them disjoint: no probe contributes to both composition estimation and the burden score.
Coverage in the analysis cohorts
LSADT (GSE73115, Illumina 450K) carried 713 of 713 reference probes. Health ABC (GSE130748, Illumina MethylationEPIC) carried 666 of 713 (93.4%), the shortfall reflecting content differences between array versions rather than quality filtering. Burden-panel coverage was 48 of 48 in both cohorts. Estimation proceeded on the probes available in each cohort; the Health ABC composition estimates are therefore marginally less precise than the LSADT estimates, which is one reason that cohort is treated as corroborative rather than confirmatory.
Estimation and provenance check
Cell fractions were estimated by Houseman-style constrained projection of each specimen's methylation profile onto the reference matrix: non-negative least squares (scipy.optimize.nnls), followed by renormalization of the resulting weights to sum to unity. No regularization was applied. Estimation used the reference probes present in the cohort being scored, and would have aborted had fewer than half been available; neither cohort approached that threshold. Because proportions are closed by the renormalization step, the seven within-participant difference columns sum to zero; the consequences for model rank are described in the manuscript Method and in eTable 2.
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1 cg16463460 WT1 match 12 hyper 0.360 0.640 0.560 OK 0.292 0.542 chr11:32454718 chr11:32433172 - Body N_Shore Myeloid-core

2 cg04096767 WT1 match 12 hyper 0.340 0.660 0.540 OK 0.338 0.526 chr11:32449450 chr11:32427904 + Body Island Myeloid-core

3 cg12982322 WT1 match 12 hyper 0.400 0.600 0.600 OK 0.292 0.522 chr11:32449821 chr11:32428275 + Body S_Shore Myeloid-core

4 cg22533573 WT1 match 12 hyper 0.140 0.860 0.340 OK 0.185 0.501 chr11:32452771 chr11:32431225 + Body S_Shore Myeloid-core

5 cg05222924 WT1 match 12 hyper 0.140 0.860 0.340 OK 0.262 0.501 chr11:32450486 chr11:32428940 - Body N_Shore Myeloid-core

6 cg17486860 WT1 match 12 hyper 0.140 0.860 0.340 OK 0.231 0.478 chr11:32454840 chr11:32433294 + Body N_Shore Myeloid-core

7 cg26848718 WT1 match 12 hyper 0.080 0.920 0.280 OK 0.323 0.478 chr11:32454975 chr11:32433429 - Body Island Myeloid-core

8 cg00994804 RUNX1 match 1 hypo 0.360 0.360 0.160 OK 0.286 0.476 chr21:36259383 chr21:34887086 - 1stExon Island Myeloid-core

9 cg21769619 WT1 match 12 hyper 0.230 0.770 0.430 OK 0.215 0.465 chr11:32454768 chr11:32433222 - Body N_Shore Myeloid-core

10 cg13301003 WT1 match 12 hyper 0.510 0.490 0.710 OK 0.256 0.460 chr11:32449254 chr11:32427708 - Body Island Myeloid-core

11 cg20682146 PBX1 match 1 hyper 0.570 0.430 0.770 OK 0.286 0.439 chr1:164545843 chr1:164576606 - Body Island Lymphoid-associated

12 cg07211140 WT1 match 12 hyper 0.150 0.850 0.350 OK 0.231 0.436 chr11:32455025 chr11:32433479 - Body Island Myeloid-core

13 cg09438069 FAT1 match 1 hyper 0.540 0.460 0.740 OK 0.214 0.384 chr4:187581093 chr4:186659939 + Body OpenSeaGeneric / pan-cancer

14 cg07716052 WT1 match 12 hyper 0.240 0.760 0.440 OK 0.167 0.377 chr11:32454748 chr11:32433202 - Body N_Shore Myeloid-core

15 cg11839415 MPL match 1 hyper 0.720 0.280 0.920 OK 0.286 0.361 chr1:43814764 chr1:43349093 - Body Island MPN-associated

16 cg11802013 CCND1 match 3 hypo 0.860 0.860 0.660 OK 0.143 0.360 chr11:69469175 chr11:69654407 + 3'UTR S_Shore Lymphoid / cell-cycle

17 cg14437996 SHC3 match 1 hypo 0.470 0.470 0.270 OK 0.103 0.354 chr9:91794687 chr9:89179772 + TSS1500 S_Shore Other

18 cg22511262 WT1 match 12 hyper 0.120 0.880 0.320 OK 0.154 0.354 chr11:32455192 chr11:32433646 + Body Island Myeloid-core

19 cg18094404 RPS15 match 1 hypo 0.510 0.510 0.310 OK 0.205 0.349 chr19:1438017 chr19:1438018 + TSS1500 N_Shore Lymphoid-associated

20 cg15791248 FGFR1 match 1 hyper 0.680 0.320 0.880 OK 0.167 0.341 chr8:38326730 chr8:38469212 + TSS1500 S_Shore Myeloid-associated

21 cg19940312 SLIT2 match 1 hyper 0.250 0.750 0.450 OK 0.205 0.338 chr4:20257590 chr4:20255967 + Body S_Shore Generic / pan-cancer

22 cg18088486 CUX1 match 1 hyper 0.480 0.520 0.680 OK 0.143 0.325 chr7:101837148 chr7:102193868 - Body N_Shore Myeloid-associated

23 cg09188980 CALCA match 5 hyper 0.290 0.710 0.490 OK 0.231 0.322 chr11:14993378 chr11:14971832 - 5'UTR N_Shore Generic / pan-cancer

24 cg17717124 TCL1A match 1 hyper 0.230 0.770 0.430 OK 0.185 0.322 chr14:96180847 chr14:95714510 + TSS1500 Island Lymphoid-associated

25 cg04350120 RUNX1T1 match 1 hypo 0.730 0.730 0.530 OK 0.169 0.307 chr8:93004284 chr8:91992056 - Body OpenSeaMyeloid-core

26 cg12958020 PDGFRB match 1 hypo 0.870 0.870 0.670 OK 0.167 0.299 chr5:149509394 chr5:150129831 + Body N_Shelf Myeloid-associated

27 cg20120208 TLX1 match 2 hypo 0.300 0.300 0.100 OK 0.103 0.294 chr10:102896869chr10:101137112 + 3'UTR S_Shore Lymphoid-associated

28 cg07238401 CALCA match 5 hyper 0.480 0.520 0.680 OK 0.250 0.289 chr11:14994397 chr11:14972851 + TSS1500 N_Shore Generic / pan-cancer

29 cg06738242 TWIST2 match 1 hyper 0.190 0.810 0.390 OK 0.154 0.287 chr2:239755703 chr2:238847062 + TSS1500 Island Generic / pan-cancer

30 cg09727210 CARD11 match 1 hypo 0.860 0.860 0.660 OK 0.167 0.286 chr7:2962240 chr7:2922606 - Body OpenSeaLymphoid-associated

31 cg26833169 CALCA match 5 hyper 0.270 0.730 0.470 OK 0.167 0.279 chr11:14994045 chr11:14972499 - TSS1500 N_Shore Generic / pan-cancer

32 cg14435603 EGR2 match 2 hyper 0.210 0.790 0.410 OK 0.246 0.277 chr10:64578186 chr10:62818426 + 5'UTR Island Lymphoid-associated

33 cg04885832 NSD1 match 2 hyper 0.060 0.940 0.260 OK 0.138 0.277 chr5:176560265 chr5:177133264 - TSS1500 Island Myeloid-associated

34 cg08729810 OLIG2 match 2 hyper 0.180 0.820 0.380 OK 0.200 0.270 chr21:34396944 chr21:33024636 - TSS1500 Island Other / neural

35 cg18016826 NSD1 match 2 hyper 0.080 0.920 0.280 OK 0.123 0.268 chr5:176560001 chr5:177133000 - TSS200 Island Myeloid-associated

36 cg14841828 BCL11B match 1 hyper 0.040 0.960 0.240 OK 0.154 0.261 chr14:99729088 chr14:99262751 + Body OpenSeaLymphoid-associated

37 cg15011775 RARB match 1 hypo 0.760 0.760 0.560 OK 0.123 0.253 chr3:25482937 chr3:25441446 - 5'UTR OpenSeaGeneric / pan-cancer

38 cg07601542 OLIG2 match 2 hyper 0.350 0.650 0.550 OK 0.103 0.244 chr21:34396986 chr21:33024678 - TSS1500 Island Other / neural

39 cg04943625 EGR2 match 2 hyper 0.160 0.840 0.360 OK 0.138 0.240 chr10:64578131 chr10:62818371 - 5'UTR Island Lymphoid-associated

40 cg04503267 LCK match 1 hypo 0.840 0.840 0.640 OK 0.123 0.239 chr1:32742037 chr1:32276436 - Body S_Shore Lymphoid-associated

41 cg20572816 TLX1 match 2 hyper 0.190 0.810 0.390 OK 0.123 0.234 chr10:102896102chr10:101136345 - Body N_Shore Lymphoid-associated

42 cg01891583 USP7 match 1 hyper 0.480 0.520 0.680 OK 0.200 0.230 chr16:8995926 chr16:8902069 - Body OpenSeaOther

43 cg09553448 NUP214 match 1 hyper 0.160 0.840 0.360 OK 0.108 0.230 chr9:134000424 chr9:131125037 + TSS1500 N_Shore Myeloid / T-lineage

44 cg06081951 CALCA match 5 hyper 0.380 0.620 0.580 OK 0.154 0.222 chr11:14991413 chr11:14969867 - Body N_Shelf Generic / pan-cancer

45 cg06796866 CALCA match 5 hyper 0.370 0.630 0.570 OK 0.103 0.195 chr11:14994644 chr11:14973098 - TSS1500 N_Shore Generic / pan-cancer

46 cg19209049 CCND1 match 3 hyper 0.090 0.910 0.290 OK 0.167 0.189 chr11:69454829 chr11:69640061 + TSS1500 Island Lymphoid / cell-cycle

47 cg13271751 CCND1 match 3 hyper 0.160 0.840 0.360 OK 0.154 0.179 chr11:69454802 chr11:69640034 + TSS1500 Island Lymphoid / cell-cycle

48 cg11637980 PGR match 1 hyper 0.090 0.910 0.290 OK 0.128 0.166 chr11:101000717chr11:101129986 - TSS200 S_Shore Generic / pan-cancer


