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Discussion
In this study, we performed whole-exome sequencing on an interna-
tional cohort of unrelated NOA cases and reported extensive genetic
heterogeneity attributable to the recessive form of the disease. We

implicated over 200 genes in primary spermatogenic failure, including
21 genes with nominally signi � cant association with NOA when com-
paring 2072 cases and 11,587 fertile controls. Thus, we provide two lists
of genes with two levels of statistical signal: 221 genes prioritized in
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Fig. 5 | Using SDA components to de � ne molecular subforms of genetic
infertility. a Heatmaps summarizing the count of genes loading on each SDA
component. Top: The distribution of NOA candidate genes across components is
more similar to the distribution of mouse infertility genes, compared to genes with
rare damaging genotypes in population controls ( p = 3 × 10� 4, Pearson and Filon’s Z,
two-sided). Bottom: Distribution of NOA candidate genes by testicular histology
across SDA components. Genes found in patients with MA show a different pattern
of expression compared to genes in SCO patients. SPG spermatogonia, SPC

spermatocytes, SPD spermatids, UNK undetermined histology. b Expression of SDA
component 51 visualized on a t-SNE representation of the human testis scRNA-seq
dataset. This component is expressed in spermatogonia, and more highly in pre-
leptotene spermatocytes. c Gene loadings for SDA component 51. Gene loadings
re� ect which genes are active in a component, with stronger positive or negative
loadings indicating greater expression changes in the component compared to the
total dataset. d Germ cell expression of components with multiple gene loadings
ordered by pseudotime, shown with representative genes and patient histologies.
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