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Abstract

Background
Marked disparities in asthma morbidity occur across racialised populations, but bulk-blood molecular
differences that accompany these disparities remain incompletely characterised and may reflect both
gene regulation and circulating-cell composition.

Objective
To identify whole-blood expression differences associated with the ancestry grouping recorded in
GSE69683, while adjusting for sex, and to examine whether a curated asthma-gene panel showed
biologically coherent bidirectional differences in severe asthma.

Methods
We analysed RMA-normalised, log2-transformed microarray profiles from 24 U-BIOPRED participants
with severe asthma (12 recorded as black_african and 12 as white_caucasian; eight females and four
males per group; GPL13158, 54,715 probe sets). The primary probe-level model regressed expression on
ancestry group with sex as a covariate; Benjamini-Hochberg correction was applied across all probes.
Gene-level analyses included a 128-gene measurable curated asthma panel tested under one correction
family and a reciprocal ancestry-adjusted sex contrast.

Results
Ancestry group was the primary source of variation in the selected samples (PC1 22.6%; PC1-PC3
41.3%). The adjusted model identified 2,134 probes at FDR < 0.05; 1,020 additionally exceeded |adjusted
log2FC| > 0.5, with 612 higher in the African-ancestry group and 408 higher in the European-ancestry
group. Thirteen of 128 measurable curated asthma genes remained significant after one correction
family, spanning immune, remodelling, epithelial-barrier, oxidative/metabolic and treatment-relevant
biology in opposing directions. The sex contrast yielded 97 FDR-significant probes and 73 dual-threshold
probes, dominated by expected sex-linked transcripts; no curated asthma gene was significant after
correction.

Conclusions
Whole-blood expression differences between the two recorded ancestry groups were bidirectional rather
than uniformly inflammatory in one group. The curated-gene pattern, together with a strong
ACKR1/Duffy-related signal, is consistent with a mixture of disease-related transcriptional differences
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and variation in circulating-cell composition. Unavailable clinical variables, including age, treatment,
smoking and exacerbation history, leave residual confounding possible. Independent replication in larger
ancestry-diverse and cell-resolved cohorts with relevant clinical and treatment-response data is required
before these associations can be interpreted as ancestry-specific mechanisms or predictors of
therapeutic response.

1. Introduction
Asthma morbidity is not distributed evenly across populations. In the United States, Black populations
have experienced higher asthma prevalence in several age groups and disproportionate emergency
attendance, hospitalisation and mortality, patterns that arise within wider inequities in environmental
exposure, access to high-quality care and social conditions [1–5]. Race is a social classification rather
than a biological mechanism, and genetic ancestry does not substitute for the social, structural and
environmental processes that shape these outcomes [5]. Molecular studies are therefore most
informative when ancestry-associated biology is interpreted alongside, rather than instead of, the social
determinants of asthma disparity.

Asthma is also biologically heterogeneous. Molecular and clinical work has established Type 2-high and
Type 2-low inflammatory states, but these categories are not exhaustive and do not map cleanly onto a
single clinical phenotype [6–10]. Severe and difficult-to-treat asthma further reflects variable
contributions from airway inflammation, structural change, treatment exposure, adherence, comorbidity
and environmental triggers [11]. This heterogeneity makes population-level comparisons difficult: a
difference in bulk-blood expression can arise from disease biology, treatment, cell composition,
unmeasured clinical characteristics or several of these processes at once.

Genetic studies nevertheless show that asthma susceptibility and exacerbation risk are not identical
across ancestries. Genome-wide association studies in African-ancestry and multi-ethnic cohorts have
identified both shared and population-dependent risk architecture [12, 13], while admixture-based
analyses have associated a higher proportion of African genetic ancestry with asthma or total IgE in
some African-admixed populations [14, 15]. Associations with exacerbation risk have also varied by sex
and cohort [16], and recent larger African American studies continue to identify loci not fully represented
by European-ancestry discovery efforts [17]. These findings support greater ancestry diversity in asthma
genomics, while also distinguishing race/ethnicity categories from direct genotype-derived ancestry
measurements.

The distinction between source-recorded race/ethnicity categories and genotype-derived ancestry
remains important in transcriptomic studies. Human genomics remains markedly under-representative
of global diversity [18, 19], and analytical guidance for diverse cohorts emphasises careful reporting of
ancestry, admixture and race/ethnicity rather than treating these concepts as interchangeable [20–22].
Gene regulation itself varies across tissues and populations, and tissue-specific expression quantitative
trait loci complicate extrapolation from genotype to blood expression [23, 24]. In the present study, the
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GEO metadata record race/ethnicity categories supplied with the original U-BIOPRED samples; genetic
ancestry was not independently re-estimated in this secondary analysis. We therefore use the terms
African-ancestry group and European-ancestry group as concise labels for the recorded categories and
avoid attributing the observed expression differences to genotype-derived ancestry alone.

Whole blood offers an accessible view of systemic immune activity, but it is a cellular mixture. This
matters for the Duffy-null ACKR1 variant (rs2814778), which is common in many populations of African
descent and is associated with lower circulating neutrophil counts [25, 26]. Mechanistic work links
erythroid ACKR1 expression to haematopoiesis and neutrophil phenotype [27], and clinical studies show
how Duffy-null-associated low neutrophil counts can be misinterpreted when ancestry is used without
genotype or Duffy-status information [28, 29]. Consequently, an ancestry-associated whole-blood
expression signal at ACKR1 or neutrophil-enriched genes can reflect cell abundance, cell-intrinsic
transcription or both.

Treatment-relevant pathways provide another reason to examine ancestry-associated expression
cautiously. Variation in ALOX5 and other leukotriene-pathway genes has been associated with response
to anti-leukotriene treatment [30, 31]. ADRB2 pharmacogenetic studies have examined heterogeneity in
response to long-acting beta2-agonists [32], while beta-arrestin 2 regulates allergic airway responses
and constrains beta2-adrenergic receptor signalling in experimental systems [33, 34]. Glucocorticoid-
response pharmacogenetics likewise demonstrates substantial inter-individual variation [35]. Expression
differences in these pathways may therefore identify biologically plausible treatment-related hypotheses,
but without individual treatment-response measurements they cannot establish pharmacogenomic
effects.

U-BIOPRED provides one of the most deeply characterised severe-asthma resources, with clinical,
inflammatory and multi-omic profiling across blood and airway compartments [36–40]. We used a sex-
balanced 24-participant subset of the public whole-blood microarray series GSE69683 to ask whether
the ancestry groups differed in genome-wide expression after adjustment for sex. We then examined a
pre-specified curated asthma-gene panel and quantified the reciprocal sex contrast as an internal check
on covariate handling. Systems-level GSEA, ssGSEA and co-expression analyses of the same cohort are
reported separately in a companion systems-level report [43–46]. The central interpretive question of
this study was not whether one ancestry group was globally more inflammatory, but whether the gene-
level data showed a coherent, bidirectional pattern that could be separated from obvious sex effects and
interpreted with appropriate attention to whole-blood cell composition.

2. Materials and Methods

2.1 Study design and data source
This cross-sectional secondary analysis used publicly available whole-blood expression data from GEO
accession GSE69683, generated within U-BIOPRED [36, 37]. The series was produced on the Affymetrix
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HT HG-U133 + PM Array Plate (GPL13158), which contains 54,715 probe sets. GPL13158 and GPL570
share probe-set identifiers after removal of the GPL13158 '_PM_' infix, but they are distinct platforms;
GPL570 annotation was used only as a cross-platform identifier resource. Expression values in the
public series were supplied RMA-normalised and log2-transformed, consistent with the robust multi-
array average framework [41].

2.2 Cohort definition and terminology
GSE69683 contains 498 samples. We parsed ancestry-group and sex variables programmatically from
the GEO sample-characteristics fields. A version-controlled sample manifest defined 24 participants with
severe asthma: 12 recorded as race: black_african and 12 as race: white_caucasian. Each group
comprised eight females and four males. The white_caucasian comparison group was frequency-
matched on sex. The public record did not support matching on age, treatment, smoking, exacerbation
history or other clinical covariates for this selected subset; residual confounding by these factors
therefore remains possible.

The source GEO metadata record the groups as race: black_african and race: white_caucasian. Genetic
ancestry was not independently re-estimated in this secondary analysis because genotype data were not
available for the selected samples. We use African-ancestry group and European-ancestry group as
concise labels for these recorded source categories, while avoiding claims that require direct genetic-
ancestry measurement.

2.3 Quality control and exploratory analysis
We checked the selected matrix for missing values, expression range and sample-level distributions. Box
plots, density plots and a Pearson sample-correlation matrix were used to identify gross anomalies.
These procedures assess data consistency but do not establish absence of batch effects. No array-plate
or processing-batch variable was available for explicit modelling. Principal component analysis (PCA)
was fitted to the sample-by-probe matrix. t-SNE was computed from PCA scores with perplexity 8, PCA
initialisation and random seed 42 and was treated only as exploratory visualisation. Hierarchical
clustering used average linkage on correlation distance (1 - Pearson r).

2.4 Differential expression
For each probe, the primary ancestry model was expression ~ ancestry group + sex, fitted by ordinary
least squares. The ancestry coefficient was coded as African minus European expression with sex held
constant. Because the input matrix is already on a log2 scale, the coefficient is reported as an adjusted
log2 expression difference; no second logarithmic transformation was applied. The reciprocal model
expression ~ sex + ancestry group was used for the sex contrast. P values were adjusted across all
54,715 probes using the Benjamini-Hochberg false-discovery-rate procedure [42]. We summarised
results as (i) FDR < 0.05 and (ii) FDR < 0.05 with |adjusted log2FC| > 0.5. Directional counts refer only to
the dual-threshold subset. Unadjusted Welch tests were retained as sensitivity analyses.

2.5 Probe-to-gene mapping
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Probe identifiers were cross-mapped to GPL570 annotation after removal of the GPL13158 '_PM_' infix.
Probes were classified as unambiguous single-gene mappings, ambiguous multi-gene mappings or
unmapped probes. Probe-level results remained the primary genome-wide product. For gene-labelled
plots, the probe with the smallest ancestry FDR was selected per unambiguous gene. For curated-gene
summaries and repository-compatible gene-level outputs, expression was averaged across
unambiguous probes per gene, producing 21,653 gene-level profiles. Ambiguous and unmapped probes
were retained in supplementary audit files.

2.6 Curated asthma-gene panel
Ten literature-curated gene sets represented Immune Response, Airway Remodelling, Oxidative Stress,
Bronchial Hyperresponsiveness, Epithelial Barrier Function, Innate Immunity/TLR Signalling, Type
17/Neutrophilic Inflammation, Hypoxia/Metabolic Response, Steroid Response and Drug Metabolism.
The definitions comprised 140 pathway-gene memberships, 129 unique genes and 128 genes
measurable in the collapsed matrix. A single tab-separated source generated the corresponding pathway
definitions to avoid divergence between formats. These sets define the curated asthma-gene panel; the
companion systems analysis applies GSEA and sample-level enrichment frameworks to the same
definitions and reports those pathway-level results separately [43–46].

2.7 Curated-gene testing
The 128 measurable unique curated genes were tested with the sex-adjusted ancestry model, followed
by one Benjamini-Hochberg correction across the entire curated-gene family. Per-pathway correction
was generated as a supplementary comparison. The primary interpretation is based on the single-family
correction, so that the reported 13 genes arise from one consistent multiplicity framework.

2.8 Software and reproducibility
Analyses were performed in Python using pandas, NumPy, SciPy, statsmodels, scikit-learn, seaborn,
matplotlib and GEOparse. The analysis notebook records the input checksum, output checksums,
software environment and random seed, and writes data products, tables and figures to persistent
repository folders.

Analysis provenance. All numerical results, figures and summary counts derive from a single fully
executed notebook,
Cross_Ancestry_Asthma_Transcriptomics_PUBLICATION_MASTER_EXECUTED_v1.ipynb (execution
started 30 July 2026 at 14:27:12 UTC). The run used GSE69683 on GPL13158 and random seed 42; it
indexed 72 generated files and passed all programmed validation checks.

3. Results

3.1 Cohort and quality assessment
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The analysed cohort contained 24 participants with severe asthma, with 12 participants in each ancestry
group and eight females and four males in each group (Table 1). No expression values were missing
across 54,715 probe sets. Values ranged from 1.62 to 13.90, with a mean of 5.20 and median of 4.60.
Sample distributions were comparable and no gross outlier was identified. Pairwise Pearson correlations
were high (mean 0.974; range 0.926–0.988), indicating technical consistency within the selected matrix
but not excluding unmeasured batch structure (see Fig. 1).

Table 1
Characteristics of the analysed cohort.

Characteristic African-ancestry group European-ancestry group Total

Participants 12 12 24

Female, n (%) 8 (66.7) 8 (66.7) 16 (66.7)

Male, n (%) 4 (33.3) 4 (33.3) 8 (33.3)

GEO race value black_african white_caucasian Not applicable

Dataset GSE69683 GSE69683 GSE69683

Platform GPL13158 GPL13158 54,715 probes

Tissue Whole blood Whole blood Whole blood

3.2 Ancestry group is the primary source of variation in the
selected samples
PC1 explained 22.6% of expression variance, PC2 11.1% and PC3 7.6%, giving 41.3% cumulatively across
the first three components. Samples separated primarily by ancestry group along PC1, whereas female
and male samples were interspersed within both groups. t-SNE using perplexity 8 produced a visually
compatible separation, but because of the small sample and the non-inferential nature of t-SNE, it was
used only as an exploratory representation (Fig. 2). Correlation-distance clustering likewise grouped
samples mainly by ancestry group.

3.3 Genome-wide ancestry-associated expression
The sex-adjusted ancestry model identified 2,134 probes at FDR < 0.05. Of these, 1,020 also exceeded an
absolute adjusted log2FC of 0.5: 612 were higher in the African-ancestry group and 408 in the European-
ancestry group (Table 2). The unadjusted Welch sensitivity analysis identified 1,445 FDR-significant
probes and 751 dual-threshold probes. The larger adjusted set indicates that modelling sex removed
residual sex-linked variation, but the analysis cannot exclude confounding by other unavailable clinical or
technical covariates.
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Table 2
Differential-expression counts for the primary, sensitivity and sex-contrast models.

Contrast and model Probes
tested

FDR < 
0.05

FDR < 0.05 and
|adjusted log2FC|
> 0.5

Higher in
first group

Higher in
second
group

Ancestry: African vs
European, OLS adjusted
for sex

54,715 2,134 1,020 612 408

Ancestry: unadjusted
Welch sensitivity

54,715 1,445 751 407 344

Sex: male vs female,
OLS adjusted for
ancestry

54,715 97 73 33 40

ACKR1 (DARC) was among the strongest ancestry-associated genes, with an adjusted African-minus-
European log2FC of approximately − 1.69. MMP9 and several other immune-related transcripts were also
higher in the European-ancestry group. Given the known relationship between Duffy-null status and
neutrophil counts, the prominence of ACKR1 is biologically coherent but is not interpretable as proof of a
cell-intrinsic ancestry effect (see Fig. 3).

3.4 Curated asthma genes show bidirectional differences
Thirteen of 128 measurable unique curated genes were significant after one correction family (Table 3).
Nine showed higher expression in the European-ancestry group: MMP9, CXCL1, CXCL8, ALOX5, ARRB2,
TIMP2, TGFB1, LTC4S and CLDN18. Four were higher in the African-ancestry group: GATA3, LDHA, CD28
and PRDX1. The opposing directions across immune, remodelling, metabolic and treatment-relevant
genes argue against a simple model in which one group has uniformly greater inflammatory expression
(Fig. 4).

Table 3. Curated asthma genes significantly associated with ancestry group after sex adjustment and
one Benjamini-Hochberg correction across 128 genes.
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Gene Pathway Mean
African

Mean
European

Adjusted
log2FC

FDR Higher
group

ALOX5 BHR 7.089 7.695 -0.606 0.00045 European

ARRB2 Drug metabolism 9.938 10.389 -0.452 0.00160 European

MMP9 Airway remodelling 7.077 8.809 -1.733 0.00160 European

CD28 Immune response 5.165 4.858 +0.308 0.00304 African

TIMP2 Airway remodelling 9.863 10.233 -0.371 0.00338 European

LDHA Hypoxia/metabolic 11.051 10.698 +0.353 0.00884 African

CXCL1 Type
17/neutrophilic

6.299 7.278 -0.979 0.00884 European

CLDN18 Epithelial barrier 3.107 3.255 -0.148 0.00884 European

TGFB1 Airway remodelling 6.167 6.568 -0.401 0.01012 European

PRDX1 Oxidative stress 10.179 9.887 +0.293 0.02023 African

GATA3 Immune response 7.276 6.738 +0.538 0.02603 African

LTC4S BHR 3.976 4.222 -0.246 0.03599 European

CXCL8 Innate/TLR 5.138 5.994 -0.856 0.04217 European

Abbreviations: BHR, bronchial hyperresponsiveness; TLR, Toll-like receptor.

3.5 Sex contrast as an internal validation analysis
The ancestry-adjusted sex contrast yielded 97 probes at FDR < 0.05 and 73 at the dual threshold, with 33
higher in males and 40 higher in females. The strongest signals were dominated by expected X- and Y-
linked transcripts, including XIST, RPS4Y1, DDX3Y, KDM5D and UTY (see Figure 5). No curated asthma
gene was significant after correction, indicating that the ancestry-associated curated-gene findings were
not explained by the deliberately balanced sex distribution in this cohort.

4. Discussion
The main finding is not a unidirectional inflammatory difference between the two ancestry groups.
Instead, the data show a bidirectional whole-blood pattern in which airway-remodelling, chemokine and
leukotriene-related transcripts were higher in the European-ancestry group, while GATA3, CD28, LDHA
and PRDX1 were higher in the African-ancestry group. The opposing directions across the 13 curated
genes are more informative than any single transcript in isolation, but the whole-blood design means
that both cell abundance and cell-intrinsic regulation remain plausible contributors.
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4.1 Cell composition constrains interpretation
The ACKR1 result provides an internal biological consistency check and, at the same time, a reason for
caution. The Duffy-null regulatory variant is strongly associated with lower circulating neutrophil counts
in populations in which it is common [25-29]. Several transcripts that were higher in the European-
ancestry group, including MMP9, CXCL1, CXCL8 and ALOX5, are expressed prominently in neutrophils or
other myeloid compartments. A lower bulk-blood signal in the African-ancestry group could therefore
arise from fewer circulating neutrophils, altered transcription within cells, treatment effects, or a
combination of these processes. Computational deconvolution can estimate cell fractions from bulk
expression data [47], but no validated deconvolution result or differential blood count was available for
these 24 samples. We therefore do not interpret the ACKR1-linked pattern as evidence that ancestry
itself directly regulates the observed genes.

4.2 Remodelling- and epithelial-barrier-related genes
Several of the curated genes that differed between groups are directly relevant to airway structural
biology. MMP9, TGFB1 and TIMP2 were all higher in the European-ancestry group. TGF-beta1
coordinates airway smooth-muscle, fibroblast and extracellular-matrix responses relevant to structural
change [48], while MMP9 has been linked to extracellular-matrix turnover and subepithelial fibrosis in
asthma [49,50]. Airway remodelling is a composite process involving epithelium, smooth muscle, matrix
deposition and inflammatory injury rather than a single molecular programme [51]. CLDN18 was also
higher in the European-ancestry group, providing a gene-level connection to epithelial-barrier biology,
where junctional integrity and barrier disruption shape both innate and adaptive airway responses
[52,53]. Because the present samples were whole blood rather than airway tissue, these transcript
differences should be interpreted as systemic associations with remodelling- and barrier-related genes
rather than direct evidence of structural airway change.

4.3 Oxidative and metabolic findings add a second
direction to the signal
PRDX1 and LDHA were higher in the African-ancestry group even though several neutrophil- and
remodelling-associated genes were higher in the European-ancestry group. Oxidative stress and
antioxidant imbalance are well described in asthma [54,55], making PRDX1 biologically plausible as part
of an antioxidant response. LDHA is also increasingly linked to immunometabolic control of
inflammatory cells; recent experimental work has implicated LDHA-dependent glycolysis in neutrophilic
asthma mechanisms [56]. These associations should not be converted into a metabolic endotype from
this dataset. Rather, they show that the ancestry-associated profile contains opposing biological
directions that would be missed by describing one group as globally more inflammatory.
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4.4 Treatment-related expression warrants mechanistic
follow-up, not clinical inference
ALOX5 and LTC4S were higher in the European-ancestry group, and ALOX5 has long-standing
pharmacogenetic relevance to leukotriene-modifier response [30,31]. ARRB2 was also higher in the
European-ancestry group. Beta-arrestin 2 regulates allergic airway responses and beta2-adrenergic
receptor desensitisation in experimental systems [33,34], while ADRB2 and glucocorticoid-response
pharmacogenetics demonstrate that treatment response can vary with genotype [32,35]. This GEO
subset does not provide individual bronchodilator, corticosteroid or leukotriene-modifier response
measures. These genes therefore identify treatment-relevant candidates for follow-up in cohorts where
genotype, exposure and longitudinal response are measured.

4.5 Sex adjustment behaved as an internal validation
marker rather than a substantive sex analysis
The reciprocal model recovered XIST, RPS4Y1, DDX3Y, KDM5D and UTY, a pattern consistent with
established sex-biased peripheral-blood expression [57,58]. Sex differences in asthma prevalence,
inflammatory biology and treatment response are clinically important and interact with hormonal state
across the life course [59-62]. In this selected cohort, however, there were only eight males and the
design was deliberately balanced on sex within ancestry group. The absence of significant curated
asthma genes in the sex contrast should therefore not be interpreted as evidence that sex is
unimportant in severe asthma; it simply reduces concern that the reported ancestry-group differences
are a consequence of gross sex imbalance.

4.6 Replication should separate ancestry, cell composition
and clinical state
Severe asthma can contain neutrophilic and inflammasome-related biology that is not captured by a
simple Type 2-high/low distinction [63]. Recent whole-blood transcriptomic work in non-Hispanic Black
participants has also identified state-dependent expression changes across asthma establishment and
exacerbation [64], illustrating both the value of ancestry-diverse blood datasets and the importance of
clinical context. A convincing next step would therefore test these 13 curated genes and the remodelling-
and barrier-related gene pattern in an independent ancestry-diverse cohort with independent ancestry
characterisation where available, Duffy status or complete blood counts, detailed treatment and
exacerbation data, and preferably paired airway or cell-resolved transcriptomics. Such replication could
determine which signals persist after cell-composition adjustment and whether the treatment-related
genes predict actual therapeutic response.
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4.7 Strengths and limitations
The study combines programmatic GEO metadata validation, a version-controlled sample manifest,
explicit GPL13158 platform checking, a single pre-specified sex-adjusted model, transparent probe-
mapping audits and checksum-backed outputs. Its main constraint is the small, selected 24-participant
subset, which limits precision and leaves age, treatment, smoking, exacerbation history and other clinical
factors unavailable for adjustment; these factors may contribute to residual confounding. The grouping
follows the race/ethnicity categories recorded in GEO and was not independently re-estimated
genetically in this secondary analysis, while whole blood is a heterogeneous cell mixture without
differential counts or validated deconvolution, so cell-composition effects cannot be separated from cell-
intrinsic transcription. The absence of an independent replication cohort and a batch covariate further
limits causal, mechanistic and treatment-response interpretation.

4.8 Future directions
Independent replication should prioritise ancestry-diverse cohorts with independent ancestry
characterisation where available, Duffy status, complete clinical covariates and differential blood counts
or validated transcriptomic deconvolution. Paired airway tissue, single-cell or cell-sorted transcriptomics
would help distinguish systemic compositional signals from airway-specific or cell-intrinsic regulation.
Treatment-response analyses should then test whether ARRB2, ALOX5, LTC4S and related transcript
patterns relate prospectively to bronchodilator, leukotriene-modifier or corticosteroid outcomes. These
steps are necessary before expression differences observed in this small cross-sectional dataset can
inform ancestry-aware treatment hypotheses.

5. Conclusion
The recorded ancestry grouping was the primary source of transcriptomic variation in this selected
severe-asthma whole-blood cohort, but the associated expression pattern was bidirectional rather than
uniformly inflammatory. The 13-gene curated panel included opposing immune, remodelling, epithelial-
barrier, oxidative/metabolic and treatment-relevant differences, while the strong ACKR1 signal indicates
that circulating-cell composition probably contributes materially to the bulk-blood pattern. Residual
confounding from unavailable clinical variables also cannot be excluded. The present data therefore
support a focused gene-level set of findings for independent replication without establishing ancestry-
specific endotypes or treatment responses.
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Figure 1

Sample quality and clustering. (A) Sample-wise expression distributions across 24 samples. (B) Clustered
Pearson correlation matrix with ancestry-group and sex annotation bars. (C) Hierarchical clustering on
correlation distance. These quality-control displays identify gross anomalies but do not establish absence
of batch effects.
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Figure 2

Exploratory transcriptomic structure. (A) PCA of the sample-by-probe matrix, coloured by ancestry group
and shaped by sex. (B) Scree and cumulative-variance plot. (C) t-SNE of PCA scores using perplexity 8, PCA
initialisation and seed 42. t-SNE is shown as visualisation only.

Figure 3

Genome-wide ancestry-associated expression. (A) Volcano plot of the sex-adjusted ancestry coefficient
against -log10 FDR for 54,715 probes; dual-threshold probes are coloured by direction. (B) Row-
standardised heatmap of the top 50 dual-threshold probes.

Figure 4

Curated asthma genes. (A) Volcano plot of 128 measurable curated genes after one Benjamini-Hochberg
correction family. (B) Split violin plots for the 13 significant genes, with ancestry groups displayed using the
pre-specified accessible palette.
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Figure 5

Sex contrast adjusted for ancestry group. (A) Volcano plot of male-minus-female expression. (B) Heatmap
of the top sex-associated probes. The signal is dominated by expected sex-linked transcripts; no curated
asthma gene is significant after multiple-testing correction.
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