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Text S1. Computational procedures

1.

10.

Fit the null model fi; o = By + Xp., Xik @' for the linear regression model or fi; o = logit™*(B’o +
Zﬁzl Xik o?k) for the logistic regression model and denote the residuals as R; = Y; — fljo,i=1, ...,
n.

Calculate the observed unstandardized score statistic value U,y = %L, R; D(yy; for each metric in
I equation (11).

Permute the residuals R;, i =1, ..., n and denote the permuted residuals as R';, i =1, ..., n. Repeat
this procedure multiple times (say, G times) and denote the permuted residuals for each iteration
as R'(g)i,1=1, ..., n, where g is an index for each iteration, g € {1, ..., G}

Calculate the null (permuted) unstandardized score statistic values Ugy, gy = XL R'(g); D(y)i for
each metric in T and for each iteration, g € {1, ..., G} equation (11).

Calculate the p-value P,y = Z§=1[I(IU(y,g)| > |UD)]/G for each metric in T, where I(:) is an

indicator function.

: . Ugyy~Mean({Ugy 1),
Calculate the standardized score statistic value MiDiVES )= —C— (fjn({ (Y'{II)J (}‘;'G)}) for each
) E (6

metric in T.

Calculate the observed unstandardized statistic value T,piap = r\r(lellp P, equation (12).

Calculate  the null  (permuted) unstandardized  statistic ~ values T,miap) =
ryeirn{ g gl I(Tamiap(g') 2 Tamian(g)))/(G-1)}, where g and g’ are an index for each iteration, g
e{l,..,G}andg {1, .., G}.

Calculate the p-value Pypiap = Zg=1[1( Tamiap(g) < Tamian)]/G.

MlDlVES(ym) - Mean({TaMiAD(1),...,TaMiAD(G)})
SD({Tamiap(1),++TamiaD(G) D)

Calculate the standardized statistic value aMiDivES =

equation (13).
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S1 Figure. Estimated powers and R? values A. Estimated powers for the a-diversity-based association tests for each
selected cluster (C1-C7) among the 7 clusters partitioned by PAM (n=50). B. Estimated powers for the a-diversity-
based association tests for each selected cluster (C1-C7) among the 7 clusters partitioned by PAM (n=100). C.
Estimated powers for the adaptive association tests for each selected cluster (C1-C7) among the 7 clusters partitioned
by PAM (n=50). D. Estimated powers for the adaptive association tests for each selected cluster (C1-C7) among the
7 clusters partitioned by PAM (n=100). E. Estimated R? values for the a-diversity-based association tests for each
selected cluster (C1-C7) among the 7 clusters partitioned by PAM (n=50). F. Estimated R? values for the a-diversity-
based association tests for each selected cluster (C1-C7) among the 7 clusters partitioned by PAM (n=100). ** C1. A
= {130 OTUs in the first cluster (13.8% of total abundance)}; C2. A = {81 OTUs in the second cluster (15.5% of total
abundance)}; C3. A = {62 OTUs in the third cluster (15.5% of total abundance)}; C4. A = {15 OTUs in the fourth
cluster (33.3% of total abundance)}; C5. A = {14 OTUs in the fifth cluster (1.1% of total abundance)}; C6. A = {18
OTUs in the sixth cluster (1.8% of total abundance)}; C7. A = {43 OTUs in the seventh cluster (19.0% of total
abundance)}.



