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Abstract

Autism spectrum disorder (ASD) was examined in four primary adult postmortem-brain GEO cohorts
(GSE102741, GSE28521, GSE269105, GSE64018) using a frozen 468-gene redox, metal, xenobiotic, and barrier
panel. Inverse-variance random-effects meta-analysis (DerSimonian—Laird) produced 392 analyzable genes, one
at Benjamini-Hochberg FDR < 0.05 (MAFK, lower in ASD), and no high-confidence genes (FDR < 0.05, measured
in = 3 cohorts, direction-concordant in = 70% of cohorts, and nominally significant in = 2 cohorts). Iron/redox-
NRF2 genes that are higher in the neurodegenerative companions of this series were near zero and
heterogeneous here (HMOX1 +0.10, 12 94%). Maternal whole blood (GSE148450) and umbilical cord blood
(GSE123302) were also null at FDR < 0.05. Across 14 supporting developmental-model and postmortem
datasets, per-dataset panel dysregulation tracked the breadth of the engineered lesion (broad regulatory or
metabolic lesions 16-47% of panel genes; synaptic-scaffold models < 7%) rather than the ASD label. Because
adult brain samples a late, compensated tissue, | interpret the adult-brain null as constraining adult-brain
transcriptional scarring, not the maternal—fetal interface. In first- versus third-trimester placenta (GSE247382; no
ASD label), 459 of the 468 panel genes were measured and 320 expressed; placental polarity is descriptive
context, not an ASD contrast. Conjugation and metal-handling genes were higher in the first trimester, barrier and
steroid genes at term, and core NRF2-axis genes changed little. Published placental ASD evidence (a CYP2E1
methylation region in MARBLES; a 111-gene expression association in ELGAN) is cited, not re-analyzed. A
compiled inventory of published detoxification-gene associations (MTHFR, CBS, PON1, GSTM1, GSTT1, GSTP1,
ALDH2) was checked against the primary records for whose genotype was measured and which outcome was
reported; only two entries are maternal-genotype ASD findings, both from one CHARGE analysis and both
conditional on absent periconceptional prenatal vitamin use (maternal MTHFR 677 TT, OR 4.5,95% CI 1.4-14.6;
maternal CBS rs234715 GT + TT, OR 2.6, 95% Cl 1.2-5.4), and the research formula mGV!I is defined on those
two. The remaining entries are child genotypes, non-ASD outcomes, interaction terms, or unsupported, and are
retained as context only. mGVI, ASD-IDRS, and MFS were not computed on a maternal cohort, and none is a
clinical tool. No proband detoxification-related variant in the assembled inventory reaches OR = 1.5 in the GWAS
summaries used. This paper is a disease-restricted companion to the methods-and-panel manuscript of this
series (11).

Introduction

Autism spectrum disorder (ASD) affects approximately one in 31 children in the United States (2) and imposes
one of the largest lifetime economic burdens of any developmental condition (1, 3). Its genetic architecture is
dominated by rare de novo and inherited variants of large effect — including CHD8, SHANK3, SCN2A, and
SYNGAP1, together with recurrent copy-number variants — which collectively account for roughly 25-35% of
cases (4, 6,7, 8,9). Common-variant genome-wide association studies, by contrast, have identified no
detoxification-pathway variant in the affected child (the proband) reaching an odds ratio of 1.5 or greater (10).
That is a structural difference from the four neurodegenerative diseases analyzed in this series, in each of which
proband detoxification variants of larger published effect exist (11, 12, 26, 27).

An adult-brain transcriptomic null would not exclude developmental, maternal, genetic, environmental, or cell-
context-specific mechanisms. One testable hypothesis is that selected maternal-genome and gestational-
window factors contribute to offspring risk during gestation weeks 4-28, when the fetus depends on maternal
and placental detoxification capacity to buffer xenobiotic, oxidative, and one-carbon-metabolic stress (13, 24, 32).
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Under this hypothesis a mother’s inherited detoxification genotype, together with the fetal genotype expressed in
the placenta, sets the capacity of the maternal—fetal interface, and its failure, particularly under environmental
co-exposure, raises offspring ASD risk.

Published literature organizes candidate detoxification contributions into four axes, each framed around a gene-
environment interaction, although the maternal-genotype ASD evidence within them is thinner than the framing
suggests (Table 8). First, the one-carbon/folate axis, which carries the only maternal-genotype ASD findings in
the inventory: in CHARGE, maternal MTHFR 677 TT and maternal CBS rs234715 GT + TT were associated with
offspring ASD among mothers reporting no periconceptional prenatal vitamin use (OR 4.5, 95% Cl 1.4-14.6, and
OR 2.6,95% Cl 1.2-5.4) (31). Periconceptional folic acid intake of at least 600 pg/day was associated with lower
offspring ASD odds in the same cohort programme (aOR 0.62, 95% Cl 0.42-0.92; P for trend 0.001), most
strongly in mothers and children carrying MTHFR 677 C > T variants (29), with an independent cohort of more
than 85,000 mothers showing a 39% reduction (41) and lower recurrence in younger siblings (42). This is the
most-replicated preventive association in ASD epidemiology. Reported MTHFR C677T associations in the child,
by contrast, are child-genotype findings without a maternal subgroup (28, 30), and the commonly cited MTR and
MTRR entries are not supported by the records to which they have been attributed (31, 39). Second, the
paraoxonase/organophosphate axis: PON1 Q192R and - 108C > T have been studied as modifiers of prenatal
organophosphate exposure, but in cohorts whose outcomes were cognitive and psychomotor measures rather
than ASD (15, 16, 17, 40). Third, the glutathione S-transferase axis: GSTM1 and GSTT1 null genotypes are
associated with ASD in the child (34), and GST genotypes modify heavy-metal associations (35, 36, 37); maternal-
genotype ASD estimates are not available for this axis. Fourth, the aldehyde-detoxification axis: maternal alcohol
consumption in pregnancy is associated with developmental delay, with ALDH2 genotype distinguishing which
domains are affected, in a cohort whose outcome was a developmental screen rather than ASD (38).

To test whether these axes leave a transcriptional footprint, | applied the pre-specified 468-gene detoxification
panel used across the companion diseases (11) to a locked four-cohort meta-analysis of adult postmortem brain
and, descriptively, to 14 ASD transcriptomic datasets spanning developing-brain models (iPSC-derived neurons,
neural progenitors, organoids, and defined genetic and exposure models) and adult postmortem brain. The adult-
brain meta-analysis is essentially null, in contrast to the convergent adult-brain dysregulation seen in the
neurodegenerative companions (11). | interpret that null as the absence of a reproducible adult-brain panel
signature in the sampled cohorts. It is compatible with a developmental or maternal-window process that would
not leave an ongoing adult-brain footprint; it does not prove such a process. CYP26 findings in developing-brain
models are model- and stage-dependent and are absent from adult brain. The elevated later-life risk of Parkinson
disease and early-onset dementia reported in autistic individuals (45, 46) is considered in the Discussion.

mGVI, ASD-IDRS, and MFS are described only as uncalibrated research formulae. They are not pre-conception
metrics, diagnostic tools, or intervention selectors, and no value was computed on real maternal samples in this
work.

Methods
Panel

The 468-gene panel is the frozen canonical panel of this series (v468; freeze 5 July 2026, analysis locked 6 July
2026), curated on mechanistic and pharmacogenomic grounds and not by feature selection within any ASD
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dataset (11). Official tiers are CORE redox/metal/xenobiotic/barrier (394 genes), CORE cGAS-STING (12), CORE
ferroptosis/iron/NRF2 (10), SENSITIVITY (40), and the placental/sex-steroid module (12; labelled 'ASD-maternal
module' in the frozen panel file; that file label is not evidence the tier was selected on ASD data; not an inference
set). For display the same 468 symbols are grouped into five functional hubs: Hub 1, xenobiotic and morphogen
metabolism (230 genes); Hub 2, heavy-metal homeostasis (49); Hub 3, neuro-vascular integrity (40); Hub 4,
antioxidant defense and redox homeostasis (92); Hub 5, transcriptional regulation (57). Hubs are an organizing
device, not a second panel and not a pathway-enrichment test. The panel, excluded-symbol list, and methods are
deposited at https://doi.org/10.5281/zenodo.22178094.

Locked adult postmortem-brain cohorts

Cohort assembly followed a documented, PRISMA-style provenance workflow (search — screen — de-duplicate
by donor source — include), not a registered systematic review. A GEO DataSets search for human ASD
expression studies (run 27 June 2026) returned approximately 727 records, which were screened to human ASD-
versus-control postmortem brain with measurable bulk gene-level expression and then de-duplicated by donor
source. Idiopathic ASD postmortem brain re-uses a small shared donor pool (Autism Tissue Program / Autism
BrainNet and the NICHD/University of Maryland brain bank), so at most one accession per donor source was
retained. Four independent cohorts form the locked meta-analysis (Table 1; donor provenance in Supplementary
Table S2). GSE30573 (the RNA-seq component of Voineagu et al., ref. 20) was excluded for donor overlap with
GSE28521.

Table 1
Locked adult postmortem-brain cohorts.

Accession Tissue Platform n (ASD / Donor source Contrast
control) statistics

GSE102741  Dorsolateral Bulk RiboZero 13/39 Lieber Institute DESeq2

prefrontal cortex RNA-seq (LIBD); (IfcSE)
independent of
ATP/Voineagu
GSE28521 Cerebellum [llumina 10/ 11 ATP / Autism [logFC / 1|
(cerebellar arrays HumanRef-8 v3 BrainNet
only; one array per microarray (Voineagu et al.
donor) (GPL6883) 2011)

GSE269105 Cerebellum Bulk RNA-seq 3/2 Independent DESeq2
(matched cerebellar cohort (IfcSE)
subset of
13)

GSE64018 Temporal cortex Bulk RNA-seq; 12/12 Gupta et al. 2014 PyDESeq2 on

(BA41/42/22) raw counts deposited
counts
(IfcSE)

ATP, Autism Tissue Program; LIBD, Lieber Institute for Brain Development.

Meta-analysis and high-confidence rule
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The primary inferential result is a four-cohort inverse-variance random-effects meta-analysis (DerSimonian-Laird;
ref. 53) of ASD-versus-control contrasts, pooled on the log2 fold-change scale. Per-gene standard errors were
DESeq2 IfcSE for RNA-seq cohorts (55, 56) and |logFC / t| for the microarray cohort. For GSE28521, the cerebellar
arrays (10 autism, 11 control; one array per donor) were used, and where a gene had more than one probe the
probe with the lowest p value was retained (34 of 216 panel genes had more than one probe). Both choices were
confirmed by re-deriving the GSE28521 contrast from the series matrix and checking it against the locked per-
gene values: the cerebellar contrast was consistent with the locked direction and significance counts for all but
one borderline gene (GSTZ1, p = 0.047), whereas frontal cortex, temporal cortex, and any pooling of regions or
donors left 28—-53 inconsistencies, and averaging probes added two. The earlier version of this paper described
GSE28521 as cortex; that description was incorrect and is corrected here. Genes measured in at least two
cohorts were meta-analyzed. Multiple-testing control used Benjamini—Hochberg FDR across the meta-analyzed
panel genes (54). A gene is high-confidence when FDR < 0.05, it is measured in > 3 of the four cohorts, direction is
concordant in = 70% of contributing cohorts, and it is nominally significant (p < 0.05) in = 2 cohorts; for that
criterion, cohort-level p values were computed from the normal approximation, 2d(-|logFC / SE|). The rule is
locked across the series (11) and is not relaxed here. In the Parkinson companion, lowest-p probe selection and
the normal-approximation cohort p value were shown to inflate cohort-level evidence (27). Both can only add
FDR-significant or high-confidence calls; neither can produce a null, so the ASD result is conservative with respect
to them. Values are those of the locked workbook (CONSOLIDATED_468_FINAL_7.6.26.xlIsx; per-gene tables at
https://doi.org/10.5281/zenodo.22181129). Forest-plot confidence intervals in Fig. 1 were computed as pooled
estimate = 1.96 x SE, with SE recovered as |pooled| / z(p) because the deposited per-gene file does not carry
standard errors.

Supporting per-dataset contrasts

| assembled 30 unique RNA-seq comparisons from 18 GEO accessions (Supplementary Table S1). After
excluding two wild-type differentiation time-courses (GSE103715, GSE178896), one donor-overlapping cohort
(GSE30573), and one NHIP-study brain dataset not used in the primary tier (GSE178205, 22q13.33/NHIP), 14
datasets form the per-dataset tier (one 468-panel contrast per accession; Table 4): 12 developing-brain datasets
and two adult postmortem-brain datasets (GSE64018, GSE102741). One accession (GSE173687) was deleted by
GEO staff on 20 September 2021 and is excluded. For each dataset the panel was applied to author-deposited
DESeq2 top tables obtained through GEO2R (52) or, for GSE64018 (21), to deposited raw counts
(GSE64018_countlevel_12asd_12ctl.txt) analyzed with PyDESeq2 (56) (12 ASD, 12 control); Ensembl identifiers
were mapped to HGNC symbols with a curated table covering all 468 panel genes. Multiple GEO2R output files
for one accession were de-duplicated by gene-set fingerprint. For the KDM2A, PTEN, valproate, and ASD-organoid
contrasts, statistics were recomputed from NCBI-deposited raw counts with DESeq2 (55). The per-dataset
significance threshold was Benjamini—-Hochberg adjusted P < 0.05, with correction across all genes tested in that
dataset (as reported by GEO2R and DESeq2), and |log2FC| = 0.5. The Detoxification Dysregulation Index (DDI) is
the percentage of panel genes (panel basis, + 468) or measurable panel genes (measurable basis) reaching that
threshold. DDI values are descriptive; they are not pooled and are not used to declare enrichment. Cross-dataset
directional concordance is the fraction of comparisons, among those in which a gene reaches significance, in
which it moves in the dominant direction. A 64-comparison GEO2R screen (covariate-unadjusted limma; ref. 57)
was used only for hypothesis generation.
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Cross-platform check

GSE28521 (Voineagu et al., ref. 20; lllumina HumanRef-8 v3, GPL6883; frontal cortex 16/16, temporal cortex
13/13, cerebellum 10/11) was analyzed within each region by independent-samples t-test with Benjamini-
Hochberg correction; probe-to-symbol mapping used the WGCNA supplementary table of Voineagu et al.,
identifying 126 panel-gene probes. Uncorrected p values are shown for direction only (Supplementary Table S3).

Gestational-compartment datasets

Maternal peripheral blood from pregnancies later resulting in ASD or typical development (GSE148450,
MARBLES; Zhu et al. (59): 300 samples across the three trimesters from pregnancies with ASD, non-typical, and
typically developing outcomes) and umbilical cord blood (GSE123302, MARBLES and EARLI; Mordaunt et al. (58):
Affymetrix Human Gene 2.0, 59 ASD and 120 typically developing across the two cohorts, with surrogate-variable
adjustment in the original analysis) were screened on the panel with Benjamini—Hochberg correction within the
panel. For maternal blood, GSE148450 as deposited contains 214 samples (56 ASD, 55 non-typical development,
103 typically developing outcomes). ASD (n = 56) was compared with typically developing (n = 103) outcomes in
GEO2R (limma; default settings; no covariate adjustment) (52, 57); the 55 non-typical-development samples were
excluded. The full table was restricted to panel genes and Benjamini—Hochberg correction was applied within the
panel. GEO2R treats each sample as independent; whether any mother contributed samples from more than one
trimester could not be determined from the deposit, and any such repetition would inflate, not reduce, apparent
significance.

Placental ontogeny (descriptive; no ASD label)

To ask whether panel genes are expressed at the maternal—fetal interface, and in which gestational window, |
used the first- versus third-trimester placenta RNA-seq atlas of Gonzalez et al. (49) (GSE247382; 124 first-
trimester chorionic villus samples and 43 term placentas as deposited). NCBI-generated gene-level raw counts
and TPM (GRCh38.p13) were available for 155 samples (113 first trimester, 42 term). Differential expression,
term versus first trimester, was computed with PyDESeq?2 (56) using the design ~ fetal sex + trimester, matching
the authors’ sex-adjusted model; genes with fewer than 10 total counts were removed, and 18 pregnancies
sampled in both trimesters were treated as independent, as in the original analysis. The exact 468 locked
symbols (11) were scored for mean TPM in each window and assigned to a window when |log2 fold-change| =
0.5 and Benjamini—Hochberg adjusted p < 0.05 (genome-wide). Per-gene values are in Supplementary Table S4.
The series carries no ASD label; this is ontogeny, not an outcome contrast, and it is reported in the Discussion as
context.

Maternal-axis literature inventory and research formulae

Published detoxification-gene associations were compiled into a literature inventory (Table 8). Each candidate

entry was checked against the primary record to establish three things: whose genotype was measured (the

mother's or the child's), what outcome was reported (ASD, another neurodevelopmental outcome, or clinical

severity within cases), and whether the published estimate is a main effect or an interaction term. Entries qualify

for the maternal genetic vulnerability index only if the genotype is maternal and the reported outcome is ASD in

the offspring. Two entries qualify, both from the CHARGE analysis of Schmidt et al. (31) and both conditional on
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absent periconceptional prenatal vitamin use: maternal MTHFR 677 TT (OR 4.5, 95% Cl 1.4-14.6) and maternal
CBSrs234715GT +TT (OR 2.6, 95% Cl 1.2-5.4). The index is therefore mGVI = X In(OR;) over those two variants.
Cumulative OR =e*mGVI, and ASD-IDRS = mGVI + DDI/10, with DDI a percent (0—100). The additive form gives a
nonzero score to an environmental-only profile (mGVI = 0, DDI > 0), where a multiplicative form would give zero.
MFS is the individual-level, direction-aware Maternal Filter Score defined in the framework manuscript. An earlier
version of this paper defined mGVI over seven primary variants spanning four axes; the source check reported in
Table 8 found that five of those seven rested on child genotypes, non-ASD outcomes, or misattributed estimates,
so that definition is withdrawn. Odds ratios are those of the cited papers and are not estimated here. None of
these formulae was computed on an empirical maternal cohort, and none is validated as a risk predictor.

Results

Locked four-cohort meta-analysis: a null in adult postmortem
brain

Of 468 panel genes, 392 were meta-analyzable in at least two of the four locked cohorts (208 in four, 145 in three,
39 in two). One gene, MAFK, reached FDR < 0.05 (pooled log2FC - 0.34, k = 3, 12 0%, FDR 0.025), nominally
significant in one cohort only; no gene met the high-confidence rule (Table 2; Fig. 1). A two-cohort sensitivity
analysis of GSE102741 (DLPFC) and GSE28521 (cerebellum) (130 meta-analyzable genes; described in the
earlier version of this paper as cortex-only) was also null, with no gene at FDR < 0.05.

The iron/redox—NRF2 genes that are higher in PD brain in this series (27) are not convergent in ASD. HMOX1
(pooled log2FC +0.10, 12 94%), NQO1 (- 0.01, 1291%), and MT2A (+ 0.26, 12 91%) are near zero with high between-
cohort heterogeneity, and their 95% confidence intervals span zero (Table 2, Fig. 1). The pooled estimates are on
the same log2 fold-change scale as the companion meta-analyses, so the contrast is direct. Two of the four
cohorts are cerebellum (GSE28521, GSE269105) and two are cortex (GSE102741, DLPFC; GSE64018, temporal
cortex); tissue is modeled through random effects and is a heterogeneity source. A true cortex-only analysis
(GSE102741 + GSE64018) was not part of the locked run.
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Table 2

Random-effects (DerSimonian—Laird) pooled log2 fold-change for selected panel genes across the four locked
ASD postmortem-brain cohorts.

Gene k Pooled 95% CI 12 Direction Cohorts p < BH-
log2FC concordance 0.05 FDR

MAFK 3 -0.34 -0.50 to 0% 67% 1 0.025
-0.17

HMOX1 3 +0.10 -231to+ 94% 33% 2 0.99
2.51

NQO1 4 -0.01 -0.90to + 91% 25% 2 1.00
0.89

MT2A 4 +0.26 -0.90to + 91% 75% 2 0.99
1.41

FTL 4 -0.11 -0.66 to + 89% 50% 2 0.99
0.44

APOE 4 +0.03 -0.43to + 74%  50% 2 0.99
0.48

AQP1 3 -0.26 -1.45t0 + 71%  33% 1 0.99
0.94

NFE2L2 4 -0.05 -0.30to + 59% 50% 1 0.99
0.21

GSS 4 -0.01 -0.24to0 + 65% 75% 2 0.99
0.21

CYP26A1 2 +0.21 -0.32to + 58% 50% 0 0.99
0.75

CYP26B1 4 -0.11 -0.40 to + 9% 50% 0 0.99
0.17

CYP2ET 4 -0.14 -0.47 to + 64% 75% 1 0.99
0.19

Values are those of the locked workbook. MAFK is the only panel gene at FDR < 0.05; no gene is high-confidence.
Other genes were chosen to illustrate the iron/redox—NRF2, glutathione, and CYP26 axes. 95% Cl = pooled + 1.96
x SE, with SE recovered as |pooled| / z(p). Direction concordance and cohort counts use the normal-
approximation cohort p value of the locked rule. Positive log2FC = higher in ASD.

Gestational-compartment tests

In maternal blood from pregnancies later resulting in ASD versus typical development (GSE148450, MARBLES
(59); 56 ASD, 103 typically developing), none of 426 measured panel genes reached FDR < 0.05 within the panel.
Fifteen were nominally significant (p < 0.05), fewer than the approximately 21 expected by chance, and the largest
absolute change was 0.34 log2 units (BACH1). Genome-wide, no gene reached FDR < 0.05 (smallest adjusted p =
0.58). A blood transcriptome is not expected to report a germline or placental liability, so this null does not bear
on the maternal-genotype hypothesis. In umbilical cord blood (GSE123302, MARBLES and EARLI (58)) the panel
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was likewise null at FDR; the only two nominally lower panel genes were CYP1A1 and MAFF. Nominal single-gene
calls in a null screen are not interpreted further.

Per-dataset panel dysregulation across 14 supporting datasets

Across the 14 supporting datasets, 297 of 468 panel genes were called in at least one comparison (Table 3).
GSE64018 and GSE102741 in that tier are the same accessions as two locked meta-analysis cohorts and are not
an independent replication of the adult-brain null. That union count describes dataset breadth; it is not an ASD
signature and is not the ASD result. Per-dataset results are in Table 4.

Table 3

Descriptive per-dataset hit counts by functional hub across 14 supporting datasets (not the adult-
brain meta-analysis).

Hub  Function Genes in panel  Genes hit in = 1 dataset
1 Xenobiotic & morphogen metabolism 230 136
2 Heavy-metal homeostasis 49 33
3 Neuro-vascular integrity 40 29
4 Antioxidant defense & redox homeostasis 92 66
5 Transcriptional regulation 57 33
Total 468 297

Union count across mixed accessions; a breadth statistic only. The locked adult-brain result is 0 high-confidence
genes.
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Table 4

Per-dataset panel results across 14 supporting datasets (developing-brain models, first 12 rows; adult

postmortem brain, last 2 rows).

Dataset

GSE187006

GSE229834

GSE221923

GSE222509

GSE144736

GSE135131

GSE210959

GSE211878

GSE122550

Tissue /
model

iPSC
forebrain
organoid
(VPA)

NPC/organoid
(ASD)

Neural
organoid
(CTNNBT1)

iPSC neurons
(VPA)

iPSC-NPC
(16p11.2 del)

iPSC/iNs
(15q13.3 del)

iPSC organoid
(SHANK)

iPSC neurons
(SHANK3)

iPSC neurons
(SHANK2)

n
ASD/CTL

Meas. DEGs
372 86
373 96
388 150
365 126
370 67
342 4
370 1
377 20
329 14
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56

81

102

92

55

16

l

30

15

48

34

12

Hit %
panel

18.4%

20.5%

32.1%

26.9%

14.3%

0.9%

0.2%

4.3%

3.0%

Hit %
meas.

23.1%

25.7%

38.7%

34.5%

18.1%

1.2%

0.3%

5.3%

4.3%

Key signals

SLC30A37(+
2.95);
CYP26C11(+
2.87);
UGT3A21(+
2.66)

UGT2B111(+
6.20);
GSTA21(+
5.62;; TFT(+
5.48

AKR1B107(+
8.68);

SLC22A31(+
8.66);
GSTAT](+
8.55);
CYPTAT1(+
8.24)

CYP26C11(+
5.58);
CYP26A17(+
3.62);
ABCG21(+
3.56)

SLC39A41(+
1.15);
CYP26AT1(-
1.03);
SULT1C41(+
0.74)

ABCA1 (-
1.30)

CAT|(-
10.80);
ICAM1T(+
2.62);
CYP1B11(+
2.22)

CATT(+
10.70);
ICAM17 (+
3.36);
CYP26C1](-
2.95)



Dataset

GSE214323

GSE178687

GSE133615

GSE64018

GSE102741

Tissue /
model

iPSC-NPC
(PTEN
1135L/WT)

DPSC
neurons
(PWS-ASD)

iPSC neurons
(16p11.2)

Postmortem
temporal
cortex

Postmortem
DLPFC

n
ASD/CTL

12/12

13/39

Meas.

334

320

342

406

390

DEGs

104

12

11

28

56

27

48

0

Hit %
panel

22.2%

2.6%

2.4%

6.0%

0.0%

Hit %
meas.

31.1%

3.8%

3.2%

6.9%

0.0%

Key signals

ABCB1 (-
7.77);
CYP26A17(+
6.82);
CESTL(-
5.87)

CDH57(+
7.59);
VWET(+
3.47);
CLDN1117(+
2.35)

AKR7A31(+
1.65);
SULTTA3T(+
1.36);
CYP2D67(+
1.15)

HSPATAT(+
3.01);
HMOX 11 (+
2.52);
MAFF1(+
2.29)

Threshold: BH-adjusted P < 0.05 (correction across all genes tested) and [log2FC| = 0.5. Hit % panel = DEGs/468;
Hit % meas. = DEGs/measurable panel genes. GSE229834: best adjusted P per gene across multiple
NPC/organoid sub-comparisons. Per-dataset values are descriptive; the locked adult-brain meta-analysis is the
primary result. Sources: GSE135131, Zhang et al. (18); GSE133615, Ward et al. (19); GSE178687, Victor et al. (22);
GSE211878, Loureiro et al. (7); GSE64018, Gupta et al. (21).

Developing-brain tier

Across the 12 developing-brain model datasets, dataset-level measurable-basis DDI (Table 4) ranged from 0.3%
in a synaptic-scaffold organoid (GSE210959) to 38.7% in an ASD organoid model (GSE221923), and individual
sub-comparisons reached 51.9% (KDM2A knockdown organoids; Table 6), with the highest values in
perturbations of broad regulatory or metabolic machinery (KDM2A, PTEN, valproate, CTNNB1) and near-null
values in synaptic-scaffold and microdeletion models. The largest developing-brain dataset, GSE229834 (373
measurable panel genes, 96 significant), is broken down by hub in Table 5. Hub 1 shows predominantly Phase Il
upregulation (UGT2B11 + 6.20, GSTA2 + 5.62, GSTA1 + 5.13, CYP2W1 + 4.59). Hub 2 shows near-uniform iron and
metallothionein induction (TF + 5.48, MTT1H + 4.01, MT1E + 3.62, SLC40A1 + 3.43). Hub 3 is bidirectional (AQP1
and CLDN11 up; VWF and NOTCH1 down). Hub 4 is led by PON1 induction (+ 4.72), with PTGES and GGT1 up.
Hub 5 shows innate-immune activation (STING1 + 2.60) against stress-response downregulation (DDIT3,
HSPA1A, PPARGC1A).
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Table 5
Functional hub breakdown for GSE229834 (ASD vs control; 96 significant panel genes).

Hub  Functional category DEGs 1 l Representative panel genes (log2FC)
1 Xenobiotic & morphogen 41 37 4 UGT2B117(+ 6.20); GSTA21(+ 5.62); GSTAT1(+
metabolism 5.13); CYP2W11(+ 4.59)
2 Heavy-metal homeostasis 14 14 0 TFT(+ 5.48); MT1HT(+4.01); MT1ET(+ 3.62);
SLC40A117(+3.43)
3 Neuro-vascular integrity 6 4 2 AQP117(+3.03); CLDN117(+ 1.41); VWF | (- 1.39);

NOTCH1[(- 1.01)

4 Antioxidant defense & redox 22 21 1 PON11(+4.72); PTGEST(+ 2.68); GGT11(+ 2.23);
LOXLA4T(+ 1.88)

5 Transcriptional regulation 13 5 8 STING11(+2.60); DDIT3| (- 1.45); HSPA1A| (-
1.39); PPARGCTAL(- 1.35

Total 96 81 15

BH-adjusted P < 0.05 and [log2FC| = 0.5; best adjusted P per gene shown. All 96 significant genes are hub-
assigned.

The SHANKS3 knockout model (GSE211878; iPSC-derived neurons) (7) showed 20 significant panel genes (5.3%
measurable-basis DDI). Catalase (CAT) was strongly suppressed (- 10.80, adjusted P = 4.4 x 10-"°) while NFE2L2
(+0.57), GCLM (+ 1.35), and HMOX1 (+ 1.56) were upregulated, a pattern in which the antioxidant stress
response is activated but does not offset catalase loss. ICAM1 was upregulated (+ 2.62), as in several
independent models (Table 7). The SHANK2 isogenic model (GSE122550; four comparisons, 8—14 significant
panel genes each) was dominated by strongly upregulated CAT (+ 10.66 to + 10.74 in three comparisons) and
consistent CYP26C1 downregulation (- 2.71 to - 3.90 across three comparisons). The 15q13.3 microdeletion
model (GSE135131) (18) contributed three comparisons with three, zero, and one significant panel genes. The
16p11.2 model (GSE133615) (19) was essentially null for the panel, consistent with the distributed genome-wide
reprogramming reported for that CNV (23). The dental-pulp stem-cell-derived neuron model (GSE178687) (22)
showed 4-14 significant panel genes across three comparisons, with ALDH3A1 strongly suppressed (- 6.93 to -
6.40) in the Prader—Willi syndrome with ASD comparisons.

Adult postmortem brain: per-dataset signals

The two adult postmortem-brain datasets in the per-dataset tier show heterogeneous signals that do not survive
the cross-cohort meta-analysis. GSE64018 (temporal cortex, BA41/42/22; 12/12; PyDESeq2 on deposited raw
counts) yielded 28 significant panel genes, 27 of them upregulated, a stress-response and neuroinflammatory
pattern (HSPA1A +3.01, HMOX1 +2.52, NQO1 + 1.92, ICAM1 + 2.08). GSE102741 (DLPFC; 13/39) yielded no
significant panel genes; its top genome-wide differentially expressed genes were predominantly small nucleolar
and small Cajal-body RNAs, suggesting cohort-specific small-RNA biology. In the VPA forebrain-organoid series
(GSE187006, a developing-brain exposure model; four cortical-region comparisons), AHR (- 2.44) and ALDH1A3
(- 2.87) were downregulated in one comparison, MGMT (+ 7.54) upregulated in another, and CYP26C1 (+ 2.82)
upregulated in a third, with TJP3 upregulated in three comparisons (Table 7).

Lesion-class gradient
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Recomputed under the locked per-dataset definition, the model systems show a lesion-class gradient rather than
a uniform effect (Table 6). Perturbations of broad gene-regulatory or metabolic hubs produce substantial panel
dysregulation: PTEN (GSE214323; WT/I1135L 16.2-24.4% panel / 20.2-29.5% measurable, larger in the Apex ASD
background; KO/KO 27.6-30.6% / 33.8—38.2% across two donor backgrounds), KDM2A knockdown (GSE229834;
37.0% / 44.1% in neural progenitors, 46.8% / 51.9% in cerebral organoids), valproate exposure (GSE187006 23.3%
/ 26.6%; GSE222509 31.0% / 36.3%), and an ASD organoid model (GSE221923; 32.1% / 38.7%). A recurrent copy-
number lesion spanning a signaling kinase (16p11.2, GSE144736; deletion 17.8%, duplication 13.3%) is
intermediate. Synaptic-scaffold models are near null even as isogenic contrasts (SHANK2, GSE122550, 7.1%;
SHANK3, GSE210959, 0.3%), as are the 15913.3 microdeletion (6SE135131, 1.8%) and the ASD-overlay
comparison within Prader—Willi uniparental disomy (GSE178687, 5.9%). Idiopathic postmortem cortex is null
(GSE102741, 0.0%), against a passage/clonal-drift floor of 1.5% (GSE214323 passage control). These per-dataset
values were assembled to span mechanism classes (regulatory/metabolic hub, copy number, synaptic,
environmental), not selected on outcome. The pattern is consistent with the panel reporting disruption of broad
metabolic-regulatory machinery rather than the autism phenotype per se.
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Table 6
Panel dysregulation by lesion class (per-dataset DDI; locked per-dataset definition).

Lesion class

Broad regulatory /
metabolic hub

Environmental (HDAC
inhibitor)

Model (mixed)

Copy number
(signaling)

Synaptic scaffold

Other CNV / ASD

overlay

Idiopathic tissue

Negative control

Flagged (confounded)

Model / lesion
KDM2A knockdown
(organoid)

KDM2A knockdown
(NPC)

PTEN KO/KO (Chap)
PTEN KO/KO (Apex)
PTEN WT/I135L (Apex)
PTEN WT/I135L (Chap)

Valproate vs vehicle

Valproate vs vehicle
ASD organoid vs control

16p11.2 deletion
16p11.2 duplication

SHANK?2 vs corrected
SHANKS vs control
15q13.3 deletion

PWS-UPD + ASD vs - ASD

Postmortem DLPFC (ASD

vs control)

Passage drift (WT P3 vs
P5)

Cross-donor (Apex vs
Chap, both WT)

Dataset

GSE229834

GSE229834

GSE214323
GSE214323
GSE214323
GSE214323
GSE222509

GSE187006
GSE221923
GSE144736

GSE144736

GSE122550
GSE210959
GSE135131

GSE178687

GSE102741

GSE214323

GSE214323

DDI (% panel /
measurable)

46.8/51.9

37.0/ 441

30.6/38.2
27.6/33.8
24.4/29.5
16.2/20.2
31.0/36.3

23.3/26.6
32.1/38.7
17.8

13.3

7.1
0.3
1.8

59

0.0

1.5

34.7

Contrast
type

isogenic KD

isogenic KD

isogenic
isogenic
isogenic
isogenic

exposure

exposure
model

patient-line
CNV

patient-line
CNV

isogenic
model

patient-line
CNV

within-
syndrome

patient
tissue

control

cross-donor

DDI, Detoxification Dysregulation Index (BH-adjusted P < 0.05, correction across all genes tested, and |log2FC| >
0.5). For the KDM2A, PTEN, valproate, and ASD-organoid rows, DDI is given on both bases, recomputed from
NCBI raw counts with DESeq2; other rows give the measurable basis. “Isogenic” denotes mutant vs gene-
corrected (or knockdown vs scrambled) in the same line. The cross-donor row is flagged as confounded by inter-
individual variation. Values are descriptive.

Cross-dataset directional concordance
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Table 7 lists panel genes significant in three or more of the 14 datasets. The most reproducible is the myelin
tight-junction gene CLDN11, up in five of the six datasets in which it is significant (83%) across NPC, organoid,
iPSC-neuron, and PTEN-mutant models. TUP3 is up in all five datasets in which it is significant, and CYP27A1 and
EPHX1 are each up in four of five (80%). Convergence on barrier/tight-junction and oxysterol-handling genes
across independent model systems is the most reproducible signal in the developing-brain tier.

Table 7
Cross-dataset directional concordance: panel genes significant in > 3 comparisons.

Gene

CLDN11

TIP3

ICAM1

CYP27A1

EPHX1

CAT

ABCB1

HMOX1
SLC2A1

ALDH1AS

CYP26B1

CYP26C1

CDH2
TP53
CGN

Hub N
3 6
3 5
3 5
1 5
1 5
4 5
1 5
4 4
3 4
1 4
1 4
1 4
3 3
5 3
3 3

Direction

T

Concordance

83%

100%

80%

80%

80%

60%

60%

100%
75%

75%

75%

50%

67%
67%
67%

Comparisons

GSE22983471, GSE2219237, GSE222509T,
GSE1447367, GSE214323], GSE1786871

GSE1870067, GSE22192371, GSE2225097,
GSE1447367, GSE640187

GSE221923], GSE2225097T, GSE211878T,
GSE12255071, GSE640187

GSE187006], GSE2219231, GSE144736T,
GSE2118781, GSE2143237

GSE2298341, GSE2219237, GSE2225097,
GSE1447367, GSE178687]

GSE221923], GSE211878], GSE122550T,
GSE21432371, GSE178687]

GSE18700671, GSE2225097, GSE144736|,
GSE122550], GSE214323]

GSE1870067, GSE2225097, GSE2118787, GSE640187

GSE221923], GSE222509], GSE122550T,
GSE214323]

GSE187006], GSE22192371, GSE222509T,
GSE2143237

GSE1870067, GSE221923], GSE2225097,
GSE2143237

GSE1870067, GSE221923], GSE144736T,
GSE122550]

GSE221923], GSE135131], GSE1225507
GSE187006], GSE222509], GSE640187
GSE1870067, GSE221923], GSE2225091

Genes reaching adjusted P < 0.05 and [log2FC| = 0.5 in three or more primary RNA-seq comparisons. CAT is
upregulated in the SHANK2 comparison (GSE122550) and in PTEN neural progenitors (6SE214323), and
downregulated in SHANK3-KO neurons (GSE211878) and two other developing-brain comparisons (GSE221923,

GSE178687).

CYP26 and NOS2
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CYP26A1, CYP26B1, and CYP26C1, the principal Phase | metabolizers of retinoic acid, were dysregulated in five,
four, and four of the 14 datasets. Direction is model-dependent: CYP26C1 is strongly downregulated in the
CTNNB1 organoid (GSE221923, - 5.48) and the SHANK2 model (GSE122550, - 2.95) but upregulated in the
valproate-exposed forebrain organoid (GSE187006, + 2.87) and 16p11.2-deletion progenitors (GSE144736, +
5.58), consistent with stage- and lesion-dependent retinoic-acid biology. The CYP26 axis is recurrently perturbed
in ASD developing-brain models but is not significant in the adult-brain meta-analysis (CYP26A1 +0.21, k = 2;
CYP26B1 - 0.11; Table 2); in the adult analyses of this series, CYP26A1 is lower and high-confidence in AD brain
(- 0.31) and MS white matter (- 0.41) and neutral in PD and ALS (11, 26, 27). NOS2 was upregulated in
GSE144736 (log2FC +2.93, adjusted P = 3.3 x 10-%), an undifferentiated iPSC context. In the hypothesis-
generating 64-comparison GEO2R screen, including committed neural progenitors, NOS2 was lower in 95% of 20
informative comparisons, the opposite direction from the NOS2/iNOS induction reported in PD substantia nigra
(27).

Maternal-axis genetic vulnerability index (research formula)

No proband detoxification-related variant in the assembled inventory reaches OR = 1.5 in the ASD GWAS
summaries used (10). For that reason, and because the hypothesized risk window opens before there is fetal
tissue, the genetic-vulnerability formula of this series is situated in the maternal genome for ASD. Compiling the
inventory required establishing, for each published association, whose genotype was measured and which
outcome was reported (Table 8). That check narrows the maternal-genotype ASD evidence sharply. Of the entries
previously carried as primary maternal-axis variants, the MTHFR C677T TT estimate of 1.90 (1.27-2.84) is a child
genotype with no maternal subgroup (28, 30); the MTR A2756G and MTRR A66G x MTHFR TT entries do not
appear in the cited CHARGE record and were misattributed, the 7.2 (2.3-22.4) figure being a child COMT 472 AA
x no-prenatal-vitamins estimate (31); the MTHFR A1298C additive claim is unsupported, the cited meta-analysis
reporting no association (39); the PON1 entries come from cohorts whose outcomes were Bayley, K-CPT, and
WISC measures rather than ASD (15, 16, 17), with the - 108 variant not significant in trio transmission analysis
(40); the GST entries are child genotypes, a medication interaction, a case-only severity analysis, and a GSTT1 x
blood-manganese interaction (32, 33, 34, 35, 36, 37); and the ALDH2 figure of 5.82 (1.84-18.38) is maternal
continued drinking versus non-drinking for delayed communication on the J-ASQ-3 at three years, not ASD and
not a gene—environment odds ratio (38). What remains are two maternal-genotype ASD findings, both from the
same CHARGE analysis (31) and both conditional on absent periconceptional prenatal vitamin use: maternal
MTHFR 677 TT, OR 4.5 (1.4-14.6), and maternal CBS rs234715GT + TT, OR 2.6 (1.2-5.4). mGV!I is defined on
those two. The two terms come from one analysis, are not independent, and have not been replicated as a pair.
This definition is literature context, not a result of the locked analysis. The index rests on one cohort analysis and
on a conditional exposure stratum; it should be read as a research formula with two literature inputs, not as a
validated aggregate. The remaining inventory entries are retained in Table 8 as published context for the four
axes and are excluded from the sum. Because the two inputs are fixed maternal germline variants with published
exposure-conditional odds ratios, mGVI could be computed from existing maternal genotypes and tested against
paired maternal-genotype and offspring-outcome cohorts (CHARGE, CHAMACOS, MARBLES, ECHO) without new
enrollment, and such a test would be the first evaluation of whether it tracks risk at all.
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Table 8

Literature inventory, not a result of the locked analysis. Published detoxification-gene associations grouped by
whose genotype was measured and which outcome was reported. The two CHARGE maternal-genotype odds

ratios are inputs to the uncomputed mGVI definition only.

Variant / entry Gene MAF Published estimate and the outcome Source
actually reported

Maternal-genotype

ASD findings (the

mGVI sum)

MTHFR C677T TT x MTHFR 0.10-0.12 OR4.5(1.4-14.6). Maternal genotype; ASD  Schmidt et

no periconceptional in offspring; conditional on absent al. 2011

prenatal vitamins periconceptional prenatal vitamin use. (31)

CBS rs234715GT + CBS Not OR 2.6 (1.2-5.4). Maternal genotype; ASD Schmidt et

TTxno reported in offspring; conditional on absent al. 2011

periconceptional here periconceptional prenatal vitamin use. (31)

prenatal vitamins

Child-genotype ASD

findings (context;

excluded from the

mGVI sum)

MTHFR C677TTT MTHFR 0.10-0.12 OR1.90(1.27-2.84), TT versus CC. Child Pan et al.
genotype; ASD. No maternal subgroup 2026 (28);
reported. Lietal.

2021 (30)

MTHFR A1298C MTHFR 0.07-0.10  Not associated with ASD in meta-analysis. Li et al.
The additive-in-compound-heterozygotes 2020 (39)
claim carried in the earlier version of this
table was unsupported and is withdrawn.

GSTM1 null GSTM1 ~0.50 OR 4.73 (1.71-13.08). Child genotype; Hegde et
ASD. al. 2024

(34)

GSTT1 null GSTT1 0.19 EUR; OR 14.7 (4.35-49.90) in 108 ASD and 108 Hegde et

0.42 EAS control children. Child genotype; ASD; al. 2024
imprecise. (34)

GSTM1 null x GSTM1 ~0.50 Medication x GSTM1 interaction only; no Mandic-

psychotropic main-effect ASD odds ratio is reported. Maravic et

medication al. 2019

(32)
GSTM1/GSTT1 and GSTM1,  Not Case-only analysis of clinical Mandic-
clinical severity GSTT1 reported characteristics and severity; no risk odds Maravic et
here ratio. al. 2021
(33)

GSTT1 null x blood GSTT1 0.19 EUR; GSTT1-DD x blood-manganese interaction Rahbar et

manganese 0.42 EAS (4.33 and 4.34; 266 child pairs); not a al. 2021
main-effect odds ratio. The “3.0 (35)
conservative” value carried in the earlier
version of this table was unsupported and
is withdrawn.

GSTP1 1105V GSTP1 ~0.32 Null after adjustment (36); sex-specific Rahbar et
GSTP1 x lead interaction (37). Child al. 2020
genotypes. (36); Zwiya
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Variant / entry Gene MAF Published estimate and the outcome Source
actually reported
Maternal-genotype
ASD findings (the
mGVI sum)
et al. 2023
(37)
Findings with non-
ASD outcomes
(context; excluded
from the mGVI sum)
PON1 Q192R and - PON1 ~0.26 CHAMACOS, 353 two-year-olds; outcomes Eskenazi et
108C>T x (Q192R); Bayley MDI/PDI and maternally reported al. 2010
organophosphate ~0.12 (- pervasive developmental disorder (15)
108) symptoms. Child - 108T associated with
poorer MDI; dialkyl phosphate x PON1
interactions not significant. No ASD odds
ratio.
PONT1 at school age PON1 Not PON1 not related to K-CPT or WISC Eskenazi et
reported outcomes. Not ASD. al. 2014
here (16)
PON1 x prenatal PON1 Not Mount Sinai cohort, n = 404; cognitive Engel et al.
organophosphate reported development, not ASD. Labelled “CHARGE 2011 (17)
here 2011” in the earlier version of this table;
that label was wrong and is corrected here.
PON1-108C>T PON1 ~0.12 Trio transmission analysis; Q192R D’Amelio et
transmission in the US sample only; -108 al. 2005
not significant. No odds ratio and no (40)
exposure data.
ALDH2*2 E504K x ALDH2 ~0.30 1,727 mother-child pairs; outcome J-ASQ- Miyake et
periconceptional EAS; rare 3 developmental delay at three years, not al. 2025
alcohol EUR ASD. The aOR 5.82 (1.84-18.38) is (38)
maternal continued drinking versus non-
drinkers for delayed communication — a
drinking effect, not an ALDH2 gene—
environment odds ratio. ALDH2 *1/*1
drinkers showed communication delay;
*1/*2 drinkers delay in all five domains.

Only the two maternal-genotype ASD entries contribute to the mGVI sum; the child-genotype and non-ASD-
outcome entries are retained as published context and are excluded. Rows were checked against the primary
records, and estimates withdrawn from the earlier version of this table are marked as such rather than deleted
silently. MAF values are for European-ancestry populations unless noted (EAS, East Asian; EUR, European).
Estimates are those of the cited papers and are not estimated in this study. This table does not change the adult-
brain result of 0 high-confidence genes.

Arithmetic illustration (hypothetical genotype; not a case). The figures below show how the formula behaves
and are not a result of this study. For a mother carrying both qualifying variants and reporting no
periconceptional prenatal vitamin use — MTHFR 677 TT (OR 4.5) and CBS rs234715 GT + TT (OR 2.6): mGVI =
In(4.5) +In(2.6) = 1.504 + 0.956 = 2.460; cumulative OR = e*2.460 = 11.70 (check: 4.5 x 2.6 = 11.70). ASD-IDRS
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at DDI 50% is 2.460 + 5.0 = 7.46, and at DDI 80% is 10.46. With mGVI = 0 and DDI = 40%, ASD-IDRS = 4.0, a
nonzero score for an environmental-only profile; that property is definitional only. Three cautions apply to this
illustration specifically. Multiplying published odds ratios assumes independence and no interaction between
the two loci, which has not been tested and is less plausible here than for unrelated genes, since MTHFR and
CBS both act in one-carbon metabolism. Both inputs come from the same cohort analysis (31), so they are not
independent replications. And both are conditional on the same exposure stratum, absent periconceptional
prenatal vitamin use, so the product is defined only within that stratum and has no meaning for a supplemented
pregnancy. Whether any of these scores tracks risk requires validation in paired cohorts. MFS, mGVI, and ASD-
IDRS were not computed on an empirical maternal dataset in this work and do not select folate,
methylcobalamin, or organophosphate-avoidance interventions for any person.

Discussion

A null adult-brain filter score does not test the intrauterine
interface

The adult-brain 468-gene analysis in ASD is a null filter score. That null is informative only if the filter is supposed
to be still broken in adult brain, and for ASD | do not make that assumption. Adult postmortem brain in the locked
meta-analysis — dorsolateral prefrontal cortex, temporal cortex, and two cerebellar cohorts — samples a late
tissue that may be compensated. In the hypothesis considered here, the window that matters for fetal
neurodevelopment closes before that tissue exists.

In the locked adult-brain meta-analysis the 468-gene redox, metal, xenobiotic, and barrier panel yielded 392
measurable genes, 1 FDR-significant gene, and 0 high-confidence genes. That result, from two cortical and two
cerebellar cohorts, constrains adult-brain transcriptional scarring in this architecture. It does not constrain a
maternal filter, a placental barrier, or an embryonic retinoic-acid clearance failure. The Alzheimer, Parkinson, ALS,
and multiple sclerosis analyses in this series ask whether a lifelong filter failure remains visible in diseased adult
tissue. ASD asks whether the same architecture failed early enough to alter fetal neuro-integrity. The architecture
can be shared; the compartment cannot.

Three genomes and one interface, not one expression vector

| treat ASD risk as the sum of three genomes and one environment meeting at the maternal—fetal interface. This
is not chimerism. The child is one diploid genome. The mother is a second organism. The father contributes
alleles only through the sperm that became half of the fetal genome. What can fail is a negotiation across
trophoblast: maternal load on one side, fetal barrier and clearance on the other (Table 9).
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Table 9
Contributions of the maternal, fetal, and paternal genomes to intrauterine risk, and how each is scored in this

series.

Genome  Contribution to intrauterine risk Scoring rule in this series

Maternal  Sets the pre-conception and gestational chemical load (for Maternal genotype plus
example CYP1B1 rs2855658 x indoor coal-combustion exposure exposure. Not added to a

Wang et al., ref. 51); MTHFR 677C > T x prenatal vitamins fetal-brain or adult-brain
Schmidt et al., ref. 31); smoking-inducible CYP1A1, general expression score.
pharmacology with no ASD association cited).

Fetal Builds the placenta and the embryo. Villous trophoblast is fetal Windowed placental RNA or
diploid tissue. CYP26B1 loss of function and CYP2ET1 placental methylation; Mendelian
methylation are fetal. retinoic-acid clearance as a

separate class.

Paternal  Transmitted half of the fetal diploid genome after fertilization. Scored as a transmitted
Does not set the pre-conception maternal milieu. fetal allele. Not a paternal

intrauterine filter.

The maternal genome is the only one that can act before there is a fetus. In a case-control study of 534 mothers
of fetuses or newborns with neural tube defects and 534 control mothers, maternal CYP1B1 rs2855658 genotype
modified the association of indoor air pollution from smoking and coal combustion with neural-tube-defect risk in
the offspring (GG mothers: OR 3.0 and 8.1 for medium and high exposure) (51). Maternal MTHFR 677C>T
interacts with absent periconceptional prenatal vitamins for ASD risk in CHARGE (31). In the framework used
here, those would be maternal filter failures. They would not appear as differentially expressed genes in
GSE64018, and they should not be forced to.

The fetal genome includes the placenta, because villous trophoblast is fetal diploid tissue. A CYP2E1 cis-meQTL
associated with placental methylation in MARBLES is a fetal allele acting in a fetal organ (47). Biallelic CYP26B1
loss of function is a fetal retinoic-acid clearance failure in the embryo (50). Paternal alleles enter only after
fertilization; they can fail in the fetus or in the placenta, but they cannot set the pre-conception chemical milieu. |
therefore do not apply a single parental penalty.

Ontogeny of the same architecture in human placenta

To ask whether the 468 architecture is present at the interface at all, | examined first- versus third-trimester
placenta RNA-seq (GSE247382; 113 first-trimester chorionic villus samples and 42 term placentas with NCBI-
processed counts; DESeq2 adjusted for fetal sex) (49). This series has no ASD label. It is ontogeny, not an
outcome contrast, and it is not a result of the adult-brain meta-analysis. Of the 468 locked panel genes, 459 were
present in the table and 320 (70% of the 459) were expressed at mean TPM = 1 in at least one window. Placental
remodeling between the windows is extensive (21,962 genes at adjusted p < 0.05 genome-wide), and panel genes
split evenly: 136 were higher in the first trimester, 135 higher at term, and 188 outside the window. Polarity is
organized by family (Table 10; Supplementary Table S4).
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Table 10

Gestational-window polarity of 468-architecture families in human placenta (GSE247382; descriptive, no ASD

label).

468-architecture family

GST family

Metallothioneins, SLC40A1, FXN

Barrier (CLDN5) and steroid
module (CYP19A1, HSD17BT1,
STS)

NRF2 axis (NFE2L2, KEAP1,
NQO1, HMOXT, GCLC, GCLM,
TXNRD1, SRXN1)

Cytochrome P450 genes (55)
CYP26A1

CYP26B1

CYP2E1

GSE247382 window

First-trimester high (14 of 21; none
term-high)

First-trimester high (8 of 9
metallothioneins; SLC40A1, FXN)

Term high (CLDN5 2.5 — 37 TPM;
CYP19A1 321 — 2,425 TPM)

Mostly stable (5 of 8 outside the
window; KEAP1, NQO1, TXNRD1
modestly higher at term)

Split (20 term-high, 12 first-trimester
high, 23 outside the window)
Floor (0.7-0.8 TPM)

Term-up but low (1.5 = 3.1 TPM)

Low (0.4-0.6 TPM)

Use in this companion

Early conjugation program. Do
not apply term polarity.

Early metal-handling and export
program. Do not apply term
polarity.

Late endocrine-barrier state. Do
not apply first-trimester polarity.

Constitutive at the interface; not
a window marker.

Family-level polarity not
assignable; treat gene by gene.

Mechanistic preface only. Not a
placental RNA biomarker.

Fetal Mendelian retinoic-acid
clearance locus, not a bulk-TPM
weight.

Cite the MARBLES DMR and cis-
meQTL (47); do not use
placental TPM as the ASD
signal.

Window = [log2 fold-change| = 0.5 and adjusted p < 0.05 (PyDESeq2, ~ fetal sex + trimester; 113 first-trimester, 42

term samples). TPM values are window means. TPM, transcripts per million.

GST and metallothionein genes, together with SLC40A1 and FXN, are higher in the first trimester,
contemporaneous with neurulation. CLDN5 and the placental steroid genes in the panel (CYP19A1, HSD17B1,
STS) are higher at term. Core NRF2-axis genes, by contrast, change little across gestation (NFE2L2, HMOX1,
GCLC, GCLM, and SRXNT1 fall outside the window), so the NRF2 axis is better read as constitutive at the interface
than as a term marker, and cytochrome P450 genes split in both directions. Averaging the two windows erases
this biology, and copying adult-brain polarity onto either window would be a methods error. CYP26A1 sits below 1
TPM and is a mechanistic preface, not a placental RNA biomarker. CYP26B1 rises at term only to about 3 TPM,; |
retain it as a fetal rare-variant and loss-of-function class, not as a term-placenta expression weight.

Outcome-linked placental evidence cited, not absorbed

Two external placental ASD datasets sit beside the adult-brain lock and are not rewritten as 468-panel
differentially expressed genes. In MARBLES, a genome-wide-significant differentially methylated region in
CYP2ET1 distinguished placentas of children later diagnosed with ASD; methylation there was associated with
both diagnosis and the within-DMR SNP rs1536828, and IRS2 was a second genome-wide DMR whose
methylation was associated with preconceptional prenatal-vitamin use (47). In ELGAN preterm placenta (368
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children; 28 with ASD at age 10), 111 genes had placental expression associated with ASD; EWSR1 and BAZ2A
expression predicted case status, LRRFIP1 was under both CpG-methylation and miRNA control, and the
emphasis was chromatin and immune regulation rather than CYP26 (48). GEO does not release the ASD labels
with GSE154829, and | did not construct a case-control contrast from those counts.

Panel findings in developmental models

Three per-dataset findings deserve emphasis. First, the most consistent per-dataset panel signal is convergence
on barrier and tight-junction genes: CLDN11 (83% concordance across six datasets), TJP3 (100% across five),
and CYP27A1 and EPHX1 (80% each). Second, direction depends on tissue context: CAT is strongly upregulated
in the SHANK2 isogenic model and strongly downregulated in SHANK3 knockout, and CYP26C1 changes
direction between broad-regulatory and microdeletion models. Pooled hit rates obscure both. Third, the
magnitude of panel dysregulation tracks the breadth of the upstream lesion rather than the ASD label: lesions in
broad regulators and metabolic machinery (KDM2A, PTEN, valproate, CTNNB1) produce substantial
dysregulation (roughly 20—-52% on the measurable basis), synaptic-scaffold models are near null, and idiopathic
postmortem cortex is null. Panel hit rate in these contrasts tracks the breadth of the engineered lesion, not the
ASD label. It is not evidence that the 468-gene panel is a convergent downstream state of idiopathic autism.

Relation to the rare-variant architecture

A maternal-axis hypothesis would operate alongside, not instead of, the rare de novo and CNV architecture that
explains 25-35% of ASD (4-9). High-penetrance anchors include CHD8 de novo protein-truncating variants (6),
SHANKS3 protein-truncating variants (7), SCN2A loss of function, and SYNGAP1 haploinsufficiency (4). Recurrent
CNVs include 16p11.2 deletion, 15q11-q13 maternal duplication, and 22q11.2 deletion (8, 23, 44). Parent-of-
origin of a de novo copy-number variant, including the report that 92.3% of ASD-associated 16p11.2 deletions in
Fu et al. were maternal in origin (8), is not a maternal detoxification genotype and is not scored with MTHFR,
PONT1, or the GST nulls. In the 65-75% of cases without a high-confidence rare-variant etiology, the maternal-axis
hypothesis is one testable framework among others. Priority research includes applying mGVI to existing paired
maternal-genotype and offspring-outcome data in CHARGE, CHAMACOS, MARBLES, and ECHO (no new
enrollment required) and a gene—environment interaction map using the full inventory in ECHO. An intervention
study would follow only if those analyses support the formula.

Mechanistic hypotheses

The per-dataset and literature findings can be organized into four mechanistic categories. These are hypotheses
for experimental testing, not conclusions of this paper.

Pathological failure. CYP26 downregulation in committed neural progenitors could impair retinoic-acid clearance
when rhombomere specification requires sharp retinoic-acid gradients (gestation weeks 4-10). Maternal one-
carbon and transsulfuration failure (MTHFR 677 TT, CBS rs234715) could limit S-adenosylmethionine supply
during the epigenetic programming window (weeks 6-16); the MTR and MTRR entries that previously appeared
here are not supported by the records cited for them and are withdrawn. NOS2 suppression in committed neural
progenitors (discovery screen only) could impair nitric-oxide-dependent synaptic plasticity.

Compensation. GSTA1/GSTA2 induction in NPC/organoid (GSE229834) may represent partial adaptive
responses. HMOX1 and NQO1 upregulation in temporal cortex (GSE64018) (21) is compatible with late
compensatory activation, but it does not survive the four-cohort meta-analysis.
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Inadequate adaptation. CAT suppression in SHANK3-KO iPSC neurons (- 10.80) despite NFE2L2, GCLM, and
HMOX1 upregulation is compatible with an antioxidant response that does not offset catalase loss.

Maladaptive response. CYP26 failure could lead to supra-threshold retinoic acid, premature neuronal
differentiation, and progenitor-pool depletion. ALDH2*2 in East Asian populations produces acetaldehyde
adducts and could both deliver a teratogen and disrupt retinaldehyde-to-retinoic-acid synthesis (38). CAT
overexpression in SHANK2 iPSC neurons (GSE122550, + 10.7) may perturb physiological H202-mediated
signaling (24, 25); this requires direct experimental validation.

Cross-disease lifespan positioning

ASD is developmentally timed relative to the adult neurodegenerative companions (gestation weeks 4-28 in the
maternal-axis hypothesis; PD typically midlife; AD later life) (11, 12, 26, 27). That chronology is descriptive and
does not establish a single lifespan mechanism. Four cross-disease contrasts are relevant. First, NOS2/iNOS is
induced in PD substantia nigra (27) but lower in ASD neural progenitors in the discovery screen. Second, CYP26
perturbation in either direction is recurrent in ASD developing-brain models, whereas in the adult analyses
CYP26A1 is modestly lower in AD brain and MS white matter (log2 fold-change - 0.31 and - 0.41) and neutral in
PD and ALS (11, 26). Third, a stress-response pattern (HMOX1, NQO1, HSPA1A, ICAM1 higher) appears in one
ASD postmortem cohort (GSE64018) and in PD and AD postmortem tissue, although in ASD it does not survive
meta-analysis. Fourth, ASD is the only disease in the series whose hypothesized risk architecture centers on the
maternal—fetal interface rather than on proband-autonomous tissue pathology.

A latent, lifelong detoxification liability

The adult-brain null does not imply that autistic individuals are free of detoxification-gene liability. Under the
maternal-milieu model, the autism phenotype would be driven principally by the gestational environment during
the fetal window, while the offspring inherits a partial load of detoxification-gene variants from both parents that
is insufficient, alone, to sustain measurable panel-wide dysregulation in the young-to-middle-aged cortex
analyzed here. The model predicts that this residual liability could unmask later in life, as aging-dependent toxic
burden accumulates, as the detoxification-dependent neurodegenerative diseases characterized in the
companion papers. Registry epidemiology is consistent with that prediction: a Swedish national analysis of more
than 2.2 million individuals found Parkinson disease 4.4-fold more common in autistic adults, predominantly
before age 50 (45), and a US Medicaid study of over 1.2 million adults found early-onset dementia about 2.6-fold
more prevalent in autistic adults (46). These associations have many possible explanations, including medication
exposure and diagnostic ascertainment, and they do not test the detoxification hypothesis directly. On this
reading the adult detoxification null is a pre-symptomatic, latent state rather than an absence of detoxification
involvement, and ASD becomes a natural prospective cohort for the developmental-origins-of-neurodegeneration
question that links this series.

Research questions raised by the maternal-axis literature (not
clinical recommendations)

Published associations generate research questions for existing paired cohorts; they are not actionable clinical
interventions derived from this paper. In CHARGE, periconceptional folic acid intake of at least 600 pg/day was
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associated with lower offspring ASD odds (aOR 0.62, 95% CI 0.42-0.92; P for trend 0.001), with the strongest
associations in mothers and children carrying MTHFR 677 C > T variants (29), and Surén et al. reported a 39%
lower ASD risk with periconceptional folic acid in more than 85,000 mothers (OR 0.61, 95% Cl 0.41-0.90) (41);
prenatal vitamin use was also associated with lower recurrence in younger siblings (42). An earlier version of this
paper stated that supplementation moved the odds ratio for MTHFR TT mothers from 4.5 to approximately 1.0-
1.2; that figure is not in the cited record and is withdrawn. Whether downstream one-carbon or transsulfuration
support modifies risk in maternal CBS rs234715 carriers is untested in humans; choline supplementation
ameliorated autistic-like phenotypes in an Mthfr-deficient mouse model (14). For PON1 Q192R, the published
associations depend on organophosphate exposure and were measured against cognitive rather than ASD
outcomes (15-17, 40), so exposure is the modifiable variable to study and the ASD question is open. For GSTM1-
and GSTT1-null genotypes, the ASD associations in the inventory are child genotypes (34) and the heavy-metal
findings are interaction terms (35-37); whether maternal glutathione-supporting strategies alter offspring
outcomes is untested (13). Sulforaphane-based NRF2 activation has been studied in randomized trials in autistic
children (43); periconceptional maternal use would require dedicated safety evaluation. For ALDH2 carriers,
avoidance of alcohol in pregnancy is already standard guidance, and the cited cohort reports developmental-
screen outcomes rather than ASD (38). None of these questions is answered by the adult-brain null.

What this companion does not claim

This paper does not reopen the locked adult-brain count of 392 measurable genes, 1 FDR-significant gene, and 0
high-confidence genes. It does not treat GSE247382 as an ASD case-control. It does not merge the separate
maternal-filter framework manuscript into these Results. It does not describe the maternal—fetal-paternal
interface as chimerism. The discovery that remains locked is the adult-brain null. Under the interpretation that
ASD risk is set where maternal, fetal, and paternal genomes meet at the trophoblast, that null remains
informative. The quantitative intrauterine analysis belongs in the framework manuscript, not in this disease-
restricted companion.

Limitations

Primary inference rests on four public adult postmortem-brain cohorts drawn from a small shared donor pool;
sample sizes are small, and GSE269105 contributes a 3-versus-2 cerebellar subset. Two cohorts are cortex and
two are cerebellum, and bulk tissue mixes cell types; no cortex-only meta-analysis was part of the locked run.
GSE28521 contributes cerebellum only, on a microarray with limited panel coverage (216 panel genes), and its
probe selection used the lowest-p probe for the 34 genes with more than one probe. The locked pipeline used a
normal-approximation cohort p value and, where applicable, per-gene probe selection; in the Parkinson
companion these inflated cohort-level evidence (27), which could only have added, not removed, significant calls
here. Per-dataset statistics come from heterogeneous sources (author-deposited DESeq2 tables, GEO2R, and
local DESeq2 or PyDESeq?2) and are descriptive. The 64-comparison screen used covariate-unadjusted GEO2R
and is hypothesis-generating only. GSE30573 (three ASD cases selected for marked A2BP1/FOX1
downregulation and three controls) was excluded for donor overlap and is not interpreted. The placental
ontogeny analysis has no ASD label, uses NCBI-processed counts for 155 of the 167 deposited samples, and
treats 18 pregnancies sampled in both trimesters as independent. The literature inventory in Table 8 is the
weakest part of this paper and its limitations are specific. A source check against the primary records showed
that most entries previously carried as maternal-axis variants are child genotypes, non-ASD outcomes, interaction
terms rather than main effects, or misattributions; those estimates are withdrawn or relabelled, and the inventory
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is correspondingly smaller than in the earlier version. After that check only two maternal-genotype ASD findings
remain, both from one CHARGE analysis (31) and both conditional on absent periconceptional prenatal vitamin
use, so mGVI rests on a single cohort analysis within one exposure stratum, has no independent replication, and
is defined only for unsupplemented pregnancies. Its two inputs act in the same metabolic pathway, so the
independence that the additive-log form assumes is unlikely to hold. Published estimates throughout the
inventory come from studies of varying design and size, several small, and some are imprecise: the GSTT1 null
odds ratio of 14.7 (95% ClI 4.35-49.90) rests on three null genotypes among 108 controls, and an interval
spanning more than a tenfold range should not be read as a point estimate (34). mGVI, ASD-IDRS, and MFS are
uncalibrated and were not computed on any maternal cohort. None of this bears on the adult-brain result, which
does not depend on the inventory.
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Fig. 1. Forest plot of the locked four-cohort ASD postmortem-brain meta-analysis (random effects, DerSimonian-
Laird; GSE102741 DLPFC, GSE64018 temporal cortex, GSE28521 and GSE269105 cerebellum). Diamonds are
pooled log2 fold-changes (ASD versus control) with 95% confidence intervals computed as the pooled estimate +
1.96 x SE, with SE recovered as |pooled| / z(p); k, 12, and BH-FDR are printed at the right. MAFK is the only panel
gene at FDR < 0.05 and its interval excludes zero; every other interval crosses zero, including the iron/redox-
NRF2 genes (HMOX1, NQO1, MT2A) that are higher in the neurodegenerative companions. No gene is high-
confidence. Values are those of the locked workbook.
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