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Extended Data Fig. 8 | Pathway abundance associations and details of gene 
dosage associations. a, Effect sizes of AMY1 diploid copy numbers on the 
relative abundance of reads mapping to genes in the tricarboxylic acid cycle 
(TCA) pathway across microbial species. b, Associations (-log10(p), x-axis)  
of the relative abundance of reads mapping to each of 2,416 Haemophilus 
sputorum gene families with FUT2 secretor status. Read depth measurements 
were inverse normal transformed across samples for each gene. Gene families 
generally fell into two modes, one group not associated with FUT2 secretor 
status and another that associated at significance similar to that of the relative 
abundance of H. sputorum. One outlier (indicated with the red arrow) associated 
much more strongly and corresponds to a gene encoding a protein with 
trimeric autotransporter adhesin domain annotations (UniParc ID J5HXA9).  
c, Associations of deletions in the genome of Streptococcus parasanguinis  
(as estimated by normalized coverage) with AMY1 copy number (n = 12,340). 
Shading indicates the two assembled contigs of the reference genome. The two 
significant associations (FDR < 0.01) overlap genes encoding amylase-binding 
proteins, abpA and abpB. d, Allelic series of effect sizes of AMY1 copy number 
on normalized coverage (n = 12,026) in the 500 bp bins overlapping abpA 
(orange) and abpB (green). e, Effect sizes of AMY1 diploid copy numbers on 
relative abundance of Streptococcus parasanguinis (n = 12,487). f, Protein-
protein interaction between human AMY1 (purple) and S. parasanguinis AbpA 
(orange) predicted by AlphaFold3. AMY1 residue F141 is highlighted in red.  

g, Analogous to f, for S. parasanguinis AbpB (green). h, Replication of 208 
associations between human genetic variants and normalized read-depth 
measurements in 500 bp bins of microbial genomes in the AoU cohort 
(comprised of individuals age 18 or older). Effect sizes estimated in AoU 
participants (n = 10,000, y-axis) are plotted against effect sizes estimated in 
SPARK (n = 12,519, x-axis). Dots correspond to the 208 associations and are 
colored according to the human genetic locus involved, as in Fig. 4b. i, Effect 
sizes of FUT2 W154X genotype on normalized coverage at bacterial genes 
encoding proteins with YadA-like (adhesin) domain annotations (n = 7419, 
Veillonella sp. 3627; n = 8153, Haemophilus sputorum; n = 7456, Haemophilus 
parahaemolyticus). Colors indicate the effect direction of FUT2 genotype on 
the relative abundance of each species (red, increasing with functional copies 
of FUT2; blue, decreasing with functional copies of FUT2). j, Correlation matrix 
of normalized coverage in the region of the V. sp. 3627 genome surrounding 
vadD and vadE revealed a linked deletion to vadE that contained vadC and 
nearly passed FDR < 0.01 (p = 3.32x10−6) in association with FUT2 W154X 
genotype, causing samples with vadE to tend to also contain vadC (Fig. 6d) and 
possibly suggestive of the event introducing vadD occurring after the one that 
produced vadC and vadE. Arrows indicate vad gene locations. Error bars, 95% 
CIs in all panels. P-values were computed using two-sided linear mixed model (a,e) 
or two-sided linear regression (b,c). Effect sizes were computed with two-sided 
linear regression (h,i).

https://www.uniprot.org/uniprot/J5HXA9


Extended Data Fig. 9 | Left breakpoints of deletions in the genome of 
Haemophilus sputorum that contain the hadA gene are bimodal.  
a, Coverage of the QEQH01000003.1 contig in the Haemophilus sputorum 
genome for individuals with distinct left breakpoints of deletions containing 
hadA. b, Distribution of left breakpoints for the 200 individuals with highest 
genomic coverage of H. sputorum who had strong evidence of the deletion 
containing hadA (<0.1 median normalized coverage at the strongest associated 
bin). For each individual, mosdepth was run to measure per-base depth,  
and left and right breakpoints were identified as the first or last base with 10 
consecutive zeros, respectively. c, Genome-wide associations for normalized 
read-depth in the 500 bp bin of Haemophilus sputorum QEQH01000003.1: 

197000-197500. d, Analogous to c, but for Prevotella nanceiensis KB904333.1: 
123500-124000. e, Analogous to c, but for Streptococcus mitis MUYN01000 
003.1:100000-100500. f, Analogous to c, but for Streptococcus vestibularis 
AEKO01000011.1:186000-186500. g, Analogous to c, but for Veillonella sp. 
3627 RQVG01000009.1:13500-14000. h, Genome-wide associations for 
normalized read-depth in 500 bp bins spanning the Rothia mucilaginosa 
genome. For each human genetic variant, the most significant p-value is shown 
(across all 500 bp bins), with the red line indicating the study-wide significance 
threshold (p < 1.5×10−11). P-values were computed using two-sided linear mixed 
models (c-h).
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Extended Data Table 1 | Eleven loci at which human genetic variants associate with oral microbiome composition

MAF, minor allele frequency. pmicrobiome, p-value for association with oral microbiome composition in SPARK. pdentures, p-value for association with dentures risk in UKB (with a proxy variant indicated 
in parentheses for two variants); nominally significant associations (pdentures < 0.05) are indicated in bold.












