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This supplement reports the external analyses of the interferon (IFN)-tone score, Δ. Supplementary Note 1 compares baseline tone with IFN responsiveness and reports the probe-aggregation and paired contrasts. Notes 2-6 cover the filovirus IFN-class comparison, primary polarised epithelium, additional coverage and residue-call detail, splenic reconstruction, and the viral-output comparison. Numerical results are given in each note. Auxiliary robustness, resampling and geometry results are indexed in Note 4 and in the analysis outputs listed under Data availability. The main-text Limitations report GSE107549.
Supplementary Note 1 Baseline IFN tone and responsiveness
GSE21158 profiled ten human cancer cell lines on one platform with matched control and IFN-α-2a arms in triplicate [S4]. Five lines induced the eleven-gene module by 0.89-1.56 log units, and five changed by 0.02-0.04. Pooling the strata gave a baseline-response correlation of -0.69. Within the five responsive lines, correlations were 0.40 for the eleven-gene module and -0.90 for the two-gene priming term; the non-responsive stratum gave -0.80 for the priming term. Baseline reliability across replicates was 0.997. The binary response partitions the pooled correlation; pathway lesions in transformed lines produce the same binary pattern. This panel is a categorical comparison of induction capacity.
GSE46599 profiled nine immortalised lines together with primary Macrophages and CD4+ T cells, untreated and after type-I IFN on one platform [10]. Every cell type responded, by 2.8-4.2 log2 units, with a largest consecutive gap of 1.2-fold. Baseline IFN tone was unrelated to its own induction (-0.08, exact permutation p = 0.84); the composite score gave 0.20 (p = 0.61), and a housekeeping module gave -0.37. Baseline tone tracked the induced level at +0.88 (p = 0.003). Across seven probe-collapsing rules, the induced level gave an AUC of 0.90 throughout, fold induction gave 0.50-0.77 and baseline tone 0.67-0.80; the level AUC was 0.83 when two partial responders entered the permissive group. The level ranked highest in all eleven leave-one-cell-out resamplings. Its paired advantage over baseline was +0.10 (p = 0.22), or +0.13 (p = 0.058) with the partial responders included, and the two quantities correlated at 0.92. The contrast sweep gave p = 0.056 over nine units and p = 0.063 over eleven. The equal-weight score gave an AUC of 0.87, against 0.70, 0.80 and 0.77 for its three components; fitted weights reached 0.90 in-sample but 0.63 out of sample. Probe-rule invariance and leave-one-cell-out ranking favour the induced level, while the paired AUC contrast alone places level and baseline close together.
GSE327707 profiled PBMC and four sorted populations from six healthy donors, untreated and after IFN-α [11]. Higher baseline tone accompanied a smaller additional response: the pooled Spearman correlation was -0.95 (permutation p < 5 x 10-5), with per-population values from -0.94 to -1.00, leave-one-donor-out values from -0.92 to -0.98, a housekeeping-controlled partial correlation of -0.92 and a disjoint-gene-half value of -0.86. Independent monocytes from GSE306664 gave -1.00 for IFN-α and IFN-β (exact p = 0.017) [12]. After IFN, donor spread narrowed from 4.71 to 0.78 in GSE327707 and from 2.41 to 0.36 in GSE306664. The primary cohorts thus show convergence onto a common induced level: if cost scales with the additional response, the M1 ordering reverses; if it scales with the absolute induced state, Δ tracks the relevant level. The functional panel assigns the operational reading to the induced level, leaving the cost model as the central test.
Supplementary Note 2 A filovirus IFN-class comparison
GSE309699 maps its columns to treatments through the series metadata, not through expression values [26]. The type-I-stimulated level orders inhibition in one time block but not the other. IFN-γ raised the panel less than IFN-λ at both time points (6.65 against 7.19 in log2 counts per million), yet at six hours it inhibited as much as IFN-β and more than IFN-λ. At twenty-four hours the two orderings agreed, with IFN-β and IFN-λ inhibiting more than IFN-γ. IFN-γ also produced the largest rise between time points (+1.07 log2) while its reported inhibition stayed constant. Class doses differed by more than tenfold, so cross-class module levels are not dose matched; arm comparisons were made within batch because untreated batches differed by 1.50 log2. The panel rose by 2.711 log2 after IFN-λ and 2.886 after IFN-α above batch-matched controls, supporting the type-III component of Δ. The series therefore provides a time- and dose-structured functional comparison and leaves the cross-class level order open.
Supplementary Note 3 A primary polarised epithelium separates type I from type III IFN
GSE342661 profiled primary differentiated human nasal epithelial cells at an air-liquid interface. Cells received 25 ng/ml IFN-β1 or IFN-λ1, -λ2, -λ3 or -λ4 at the apical surface or at both surfaces for 6, 24 and 72 hours, with five donor-matched biological replicates in each of the 36 treatment-by-time-by-route cells (180 samples). Using the seventeen-gene IFN-stimulated module and each treated sample's paired untreated control, dual-chamber IFN-β1 exceeded the mean of IFN-λ1 to -λ3 by 2.27 log2 units over the three time points (n = 15 pairs; exact sign-flip p = 6.1 x 10-5; 15 of 15 pairs positive). The per-isoform differences were +2.09, +2.52 and +2.20 log2 units. Individual inductions were 5.40, 6.02 and 5.73 for IFN-β1; 3.60, 3.60 and 3.69 for IFN-λ1; 3.51, 3.01 and 3.07 for IFN-λ2; and 3.58, 3.32 and 3.65 for IFN-λ3. IFN-λ4 produced changes of +0.04, +0.13 and +0.13 log2, and no gene in any IFN-λ4 arm passed the paired test at 5% false discovery rate with a one-log2 floor. Apical-only delivery reduced the IFN-β1 advantage to +0.74 log2 (exact p = 0.12; 11 of 15 pairs positive), whereas untreated controls showed no route difference (-0.07 to +0.002 log2). The housekeeping module stayed at 7.95-8.61 log2 and the receptor module at 4.39-4.68 across all cells. Untreated IFNLR1 expression was the lowest of the four receptor genes (mean 2.10, against 4.99 for IFNAR2, 5.55 for IFNAR1 and 5.57 for IL10RB). Against 2,000 expression-matched random seventeen-gene modules, the observed pooled type-I-minus-type-III statistic of +1.51 exceeded the null median of -0.01 and its 95% interval of [-0.07, +0.09] (Fig. S4a,d). The panel reproduced the source study's conclusions. It carried no BDBV or EBOV challenge; the source study's H3N2 experiment reported a 0.86-log10 titre reduction after dual-chamber IFN-β1, which is an influenza phenotype. Because all contrasts use paired controls, level and induction are algebraically identical here. With five replicates per cell and one mass concentration, the smallest two-sided p value for a single cell is 0.0625. The panel defines the host epithelial IFN response and leaves the M1-M2 contrast to a viral challenge.
Supplementary Note 4 Additional coverage and residue checks
Seven additional public datasets were processed under the same conventions and Cell Ontology mapping. Reference mapping covered 97 of the 154 cell types and excluded both photoreceptor types; curated retinal mappings added rods and cones, with Müller glia as the one reversal. Rods scored -1.00 against -1.17 over 62,523 cells, and cones -1.21 against -0.92 over 1,777 cells, in independent human eye atlases. Extending the comparison from 19 to 26 datasets raised matched pairs from 162 to 198. Pooled agreement was 0.528 against 0.519 for the original 162 pairs (label-permutation p = 0.0002), 0.59 over the 28 low-end pairs and 0.41 over the remaining 169. Retinal pigment epithelium scored -1.03 in the eye atlas against -1.02 in the reference; cardiomyocytes, ranked 147th, scored -1.21 over 3,007 cells. Urothelium sat within 0.06 standard deviations of its atlas mean across three ureteral labels. Choroid plexus had one matched label and no internal contrast. Of 1,629 public human datasets screened, 33 carried choroid-plexus epithelium, 22 retinal pigment epithelium, 18 and 17 cone and rod photoreceptors, 7 urothelium, and 5 and 4 Leydig and Sertoli cells. All added datasets were unstimulated, so these comparisons test the ordering of the score. Two further matrices lacked an author-to-well key, and an independent check differed by 2.73 log2 at the shared EBOV condition; neither matrix contributed a readout.
Residue calls and evidence tiers
The BDBV VP24 recount recovered 886 copies: 860 were callable at all four positions, 858 carried S83/Q135/H140/A141, and 2 carried one departure (S83L, A141V). The remaining 26 were uncalled at one or more positions and were excluded from every denominator. Two consensus-only records provide information on neither allele fraction, strand balance nor independent occurrence. Consensus confirmation required an independent extraction at more than 100x depth, base and mapping quality of at least 30, allele fraction of at least 0.90, support from both strands and no read-end, primer-site or low-complexity clustering. Neither record met this tier. Population confirmation required at least two unlinked carriers; neither reached it. Species callable counts were 3,253 for EBOV, 146 for Sudan virus, 27 for Reston virus, 10 for Bombali virus and 4 for Tai Forest virus. The BDBV census returned 32 records, comprising 31 full-length proteins and one 95-residue fragment; nine full-length records came from Uganda in 2007 and 22 from the 2012 Isiro outbreak in the Democratic Republic of the Congo. With only two distinct BDBV protein sequences, within-species mutual information was zero at each pair of the four positions. Pooling the genus gave 0.068-0.081 bits (p = 0.0001); the association disappeared when permutation was stratified by species (p = 1.000), and position-species mutual information accounted for 0.988-1.000 of positional entropy.
mRNA and protein layers
In 29 healthy human tissues profiled for both layers, the genome-wide median mRNA-protein correlation was 0.335. MX1, one of the two priming genes, sat at the 99.5th percentile; IRF9 and KPNA1 sat at the 29th percentile. In the HPA deep visual proteomics resource (27 cell types, 14 tissues, one donor, v25.1 [S1]), IL10RB was quantified in 8 cell types and IFNAR1 in 1; IFNLR1 appeared in 0 of 128 sample rows and IFNAR2 in 2. The six matched groups for IL10RB fell below the 80% power floor for a Spearman correlation of 0.92. An independent eye atlas placed retinal pigment epithelium at -1.03, rods at -1.17 and cones at -0.92 standard deviations across 11 labels, all in the predicted direction. In ARPE-19 cells infected with EBOV at 24 hours, the IFN-stimulated module rose by 1.53 log2 while the receptor components stayed flat [22].
Resampling and score stability
Under resampling and weighting noise, perturbed assignments comprised 26.9% for choroid-plexus epithelium and 0.0% for enterocytes, urothelial cells, plasmacytoid dendritic cells, macrophages, rods and retinal pigment epithelium. The wider gene-set, transformation, standardisation and weighting grid raised this to 46.5% for ependymal cells and 32.7% for choroid-plexus epithelium; among the six guaranteed extremes, it was 11.3% for macrophages and 0.4-2.9% for the other five. These values localise the least stable placements at the low-coverage end of the atlas.
Supplementary Note 5 Spleen reconstruction
Spleen was rebuilt from a spleen-tissue single-cell reference because the reference atlas had no member cell type for the compartment. Eight broad classes, from erythroid progenitors and dendritic cells (62-66 cells each) to plasma cells (11,669 cells), carry values on the frozen scale. Their ordering agreed with the reference panel across twenty shared cell types (Spearman 0.615, label-permutation p = 0.0040 over 5,000 draws); none of 184 expression-matched random six-gene modules reached it, and 16 of 200 comparison sets were absent from the atlas panel. Absolute position overestimated by about half a z unit on this resource and underestimated in an independent spleen atlas, so the compartment is reported as an interval of about +0.5 to +0.65 on the calibrated scale. Marginal-zone B cells and red-pulp macrophages have no Cell Ontology annotation among 2,236 indexed public single-cell datasets; white pulp names a region rather than a cell type. The independent adult spleen atlas reproduced the ordering at Spearman 0.49 over six labels, below the 0.92 correlation detectable at 80% power.
Supplementary Note 6 Hepatocyte viral-output comparison
Multiplicity-matched BDBV and EBOV output in hepatocytes
GSE114905 profiled the seven viral mRNAs at 1-3 days after infection of Huh7 hepatocyte-lineage cells [S2]. All four viruses were used at the same multiplicity of infection (0.1) in single infections. Summed viral reads for BDBV were 2,344, 42,497 and 188,428 at days 1, 2 and 3, against 30,012, 518,797 and 559,072 for EBOV; BDBV-to-EBOV ratios were 0.078, 0.082 and 0.337. BDBV output was indistinguishable from Reston virus, whose VP24 retains KPNA binding, while the seven-transcript profile otherwise closely matched EBOV, with a lower GP share at days 2 and 3. An earlier human PBMC comparison found one to two orders of magnitude lower BDBV yield [S3]. Hepatocytes rank 34th of 154 on Δ, in the upper quartile, matching the direction predicted by the IFN axis. Their low importin-α level places them in the quadrant where the importin-α account predicts no VP24-driven penalty. The Reston match and the absence of a host-response readout leave VP24 as an attribution to test; the IFN axis receives the directional support from this series.
Supplementary Figures
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Fig. S1 Quantitative support for the BDBV four-position configuration. (a) Experimental VP24-KPNA5 interface (PDB 4U2X), ranked by heavy-atom contacts summed over the three cognate copies; warm bars mark the five positions at which BDBV differs from EBOV (Q184R, R140H, N135Q, V141A and A217V), four of which contact KPNA5, and pale bars mark positions identical across the six species. Q184R has the second-largest contact footprint; position 83, required by mutagenesis, makes no contact and is marked x. (b) Configuration counts in four independent sequence sources, as records carrying S83/Q135/H140/A141 over records examined. Contact footprints are heavy-atom counts in the experimental complex. BDBV counts are UniProt 1/1, BV-BRC 2/3, ENA 9/9 and NCBI VP24 census 31/31; all other orthoebolaviruses are 0/39, 0/62, 0/99 and 0/3459. PDB, Protein Data Bank; x, no contact
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Fig. S2 Discrimination across response quantities and available viral data. (a) Rank discrimination of baseline IFN tone, fold induction and post-IFN level in GSE46599 (n = 9); each point is one probe-collapsing rule under either negative-group definition (filled circles, four permissive lines; open squares, plus two partial responders). (b) Exact null distribution of the paired AUC difference over 126 label assignments; triangles mark observed differences. (c) Viral mRNA reads per virus per day in GSE114905 and BDBV-to-EBOV ratios. (d) Public datasets covering the seven requirements of the decisive test. Panel (a): level 0.90 under every probe rule and 0.83 with partial responders included; fold induction spans 0.50-0.77. Panel (b): dAUC = +0.10, p = 0.22 for four permissive lines and +0.13, p = 0.058 with the two partial lines. Panel (c): ratios 0.078, 0.082 and 0.337. Panel (d): GSE114905 (4/7), GSE309699 (5/7), GSE226106 (5/7), GSE46599 (4/7) and GSE342661 (3/7) requirements met; 309699 = human keratinocytes (IFN-α/β/γ/λ, EBOV readouts). AUC, area under the receiver-operating-characteristic curve; dAUC, difference between AUC values; MOI, multiplicity of infection. AUC intervals in Fig. 3 are the 2.5th-97.5th percentiles of 5,000 stratified bootstrap draws (seed 20260930), a different calculation from the 5,000 label permutations in Supplementary Note 5
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Fig. S3 Baseline IFN tone tracks the IFN-stimulated level. (a) Baseline IFN-stimulated expression against the post-IFN level in GSE46599; open circles are two primary cell types shown but not entered. (b) Baseline values against induction size, with a housekeeping module through the same pipeline. (c) Primary material across five populations from six healthy donors and an independent monocyte cohort. (d) Donor spread before and after IFN in the two cohorts. The source panel used universal type-I IFN for 24 hours; the primary panel used IFN-α, and the monocyte cohort came from a different study. Baseline and response are from the same cultures, with each treated sample referred to its untreated control. Level = baseline + induction on the log2 scale. Panel (a): rho = +0.88, exact p = 0.003, n = 9 immortalised lines. Panel (b): rho = -0.08, exact p = 0.84, n = 9; housekeeping rho = -0.37. Panel (c): CD14+ monocytes rho = -1.00 in both cohorts (exact two-sided p = 0.003 and 0.017), and the pooled correlation over five populations (30 units) is rho = -0.95. Panel (d): GSE327707 donor spread was 4.71 before and 0.78 after IFN; GSE306664 was 2.41 and 0.36. n, cell types or donors; rho, Spearman rank correlation coefficient; p, exact permutation probability
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Fig. S4 Primary nasal epithelium separates type I from type III IFN at equal mass concentration. (a) Seventeen-gene module level in human nasal epithelial cells (hNEC) at the air-liquid interface by treatment, route and time point; each point is the mean of five biological donors, the vertical bar is standard error, the left dot is apical + basal delivery and the right dash is apical-only delivery. (b) Induction above each sample's paired untreated control in log2 units; cell values are tabulated in Supplementary Note 3. (c) IFN-β1 minus type III, pooled over three time points (n = 15 pairs), for dual-chamber and apical-only delivery; the bottom row of each block is the pooled IFN-λ1 to -λ3 contrast, and the horizontal bar is the 95% confidence interval of the paired mean difference. (d) Six-gene housekeeping and four-gene receptor modules on the same grid. GSE342661, public 25 September 2026; five biological replicates in each of 36 treatment-by-time-by-route cells, 180 samples total. Values are means of log2(transcript per million + 1). Panel (c) uses an exact sign-flip test; asterisks mark p < 0.001 and n.s. p > 0.05
Supplementary Methods
Test of the proxy assumption
GSE21158 profiled ten human cancer cell lines with matched control and IFN-α-2a arms in triplicate at 24 hours, plus a 4-hour treated arm without a matched control. Genes were resolved by symbol, synonym and an explicit legacy-alias table because the array carries ISG15 as G1P2, IFNLR1 as IL28RA and GAPDH as GAPD. IFIT3, RSAD2 and IFI6 had no probe and were excluded. The module comprised the eleven resolvable IFN-stimulated genes. A responder was defined by an induction of at least 0.3 log units at 24 hours; the threshold was set after inspecting the response distribution. Associations were Spearman correlations, and baseline reliability across the three control replicates was estimated by intraclass correlation.
Matched panels: the quantity the score tracks
GSE46599 profiled nine immortalised human lines and primary CD4+ T cells and Macrophages, untreated and after 1000 U/mL type-I IFN for 24 hours on Illumina HumanHT-12 v4. Lines had two replicate experiments and primary cells three. All 27 requested genes resolved by symbol. Module scores were gene means across replicates. The modules comprised the seventeen-gene IFN-stimulated set, the two-gene priming term, type-I and type-III receptor capacity terms, a four-gene receptor module and a six-gene housekeeping module. For each module, three response quantities were computed from the same cells: the post-IFN level, induction and additional response. Associations used Spearman correlations over cell types, with exact permutation p values or 200,000 Monte Carlo draws at a fixed seed. The smallest correlation detectable at 80% power is reported with each n. Six module definitions were crossed with two negative-group definitions, and all twelve cells are reported. A continuous sweep over linear combinations of standardised baseline and induced level supplied the family-wise-corrected p value.
GSE327707 profiled whole PBMC and four sorted populations from six healthy donors, untreated and after IFN-α for 48 hours. Correlations were computed within cell type and pooled after ranking within cell type. The pooled value was compared with 1,000 random gene sets of equal size. Four checks were prespecified: leave-one-donor-out, partial correlation controlling a housekeeping module, disjoint gene halves and the same test against induced level. GSE306664 profiled five donors with enriched B, monocyte, NK and T cells after 21 hours of IFN-α, -β, -γ or -λ1 by fixed single-cell RNA profiling. Samples required at least 200 UMIs, 100 genes and 50 cells, and pseudobulk was formed per sample. Donor-level tests were restricted to populations with between-donor baseline variation; the rule followed inspection of between-donor spread and was applied unchanged to both cohorts.
Tissue-level extension and tissue composition
A tissue-level score was aggregated from the same cell-type values and compared with a rhesus macaque natural-history study of 21 animals across 17 tissues with host RNA sequencing and matched viral load. Five score forms were crossed with nine readouts against a criterion fixed before calculation. No combination met the criterion, giving a negative organ-level result. Tissue composition was estimated by deconvolution against a reference class table. Two reliability anchors were fixed in advance: agreement between the top-ranked cell type and an independent marker-based assignment, and correlation between estimated immune fraction and an immune marker index. Both were evaluated for the executed 42-class table and a 40-class prespecified rerun. Three composition conventions and one deconvolution-free marker proxy entered the main comparison without selection among them. Gene-level values used the study's deposited SummarizedExperiment annotation because the count matrix carries sequential numeric row names and the published conversion table does not preserve matrix order; known tissue anchors were checked before IFN comparisons.
Filovirus functional anchor
GSE309699 profiled the telomerase-immortalised NHSK-1 human keratinocyte line after 6 or 24 hours of type-I, type-II or type-III IFN pretreatment and challenge with EBOV lacking VP30 or rVSV/EBOV-GP. The supplementary matrix labels columns by author well identifier; treatment and batch were read from the series metadata, for example "IFN alpha 6h treatment 1" at A1. The recovered design contained 8, 8, 5, 8 and 15 libraries. Two untreated batches (20200722 and 20200820) paired with the β and γ arms and with the α and λ arms, respectively, and differed by 1.50 log2 in panel level, so arm comparisons were made within batch. Counts were converted to counts per million over the full library and log2-transformed. Inhibition values were areas under dose-response curves read from the published figure panels, with the twenty-four-hour order taken from the source text; they served as ordinal comparisons. Immunostaining and titre readouts were not used [26].
Primary polarised epithelial panel
GSE342661 supplied a deposited processed matrix of 62,754 genes by 180 samples in transcript per million. Column names were file-level identifiers, so the condition map used paired sample_description and sample_title metadata. Every column had to resolve and the 6 x 3 x 2 x 5 design had to be complete; 180 of 180 columns resolved without duplicates or empty cells, and the route field was checked against per-sample characteristics in four libraries covering both routes. Versioned Ensembl identifiers were mapped to symbols with the complete HGNC set, resolving 42,082 of 62,754 rows (67.1%); three ambiguous identifiers were dropped, and DDX58 was routed through its previous symbol RIGI. All module, housekeeping, receptor and priming genes resolved. A sample's module value was the mean log2 (transcript per million + 1) over its genes, and each treated sample was referred to the untreated control from the same time, route and replicate. Exact sign-flip, Wilcoxon and paired t tests were run; every test is reported with n and its smallest attainable two-sided p value (0.0625 for five replicates and 6.1 x 10-5 for fifteen). Two thousand expression-matched random modules and 2,000 within-block treatment permutations supplied null distributions. Gene-level calls used a paired t test at 5% false discovery rate with a one-log2 fold-change floor. For dual-chamber IFN-β1, removing the floor raised the counts from 490, 1,092 and 1,024 genes at 6, 24 and 72 hours to 4,030, 4,641 and 4,574, comparable to the source study's 4,040, 6,752 and 7,169 with DESeq2 at adjusted p < 0.05.
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