
Supplementary Materials

Figure S1: Density functions of p-values generated from the Beta(1/β, 1) distribution (upper
panel) and the Gaussian-tailed model (lower panel). The two plots in each column have
comparable “height” at around zero but the upper ones always have heavier right tails.

1



Class Clostridia

p−value

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
10

0
20

0
30

0

Family Prevotellaceae

p−value

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
5

10
15

Figure S2: Empirical distributions of p-values for OTUs in class Clostridia and family
Prevotellaceae in the IBD data. These two taxa were detected to be driver taxa by the
bottom-up test and contain the most OTUs.
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Figure S3: Error rates for testing all nodes in the tree. The non-null p-values at leaf nodes
were simulated from the Gaussian-tailed model.
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Figure S4: Accuracy (weighted Jaccard similarity) for detecting all associated nodes (in-
cluding the driver nodes and all of their descendants at all levels). The non-null p-values at
leaf nodes were simulated from the Gaussian-tailed model.
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Figure S5: Percentage of driver nodes that were pinpointed. The non-null p-values at leaf
nodes were simulated from the Gaussian-tailed model.
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Figure S6: Percentage of driver nodes that were pinpointed by our bottom-up test with
different schemes that partition the total error rate q into q1, . . . , qL. We considered parti-
tioning schemes that set ql proportional to nsl , where s ∈ {−0.5, 0, 0.5, 1, 2}. Thus, s = 1
corresponds to the default partition in our bottom-up test. Compared to the default parti-
tion, s = 2 gives higher ql to lower levels and s = −0.5 gives higher ql to higher levels. The
non-null p-values at leaf nodes were simulated from a Beta(1/β, 1) distribution.
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Figure S7: FSR for testing all nodes in the tree where there are weak dependencies among
null leaf nodes. The non-null p-values at leaf nodes were simulated from the Gaussian-tailed
model. For null OTUs, a vector Z was first drawn from Z ∼ N(0,Σ), where Σ has 1’s
for diagonal elements, 0.1 for off-diagonal elements whose row index j and column index k
satisfy |j − k| ≤ 4, and 0 for the remaining off-diagonal elements; then each p-value was
converted from each element in Z by pi = 1 − Φ(Zi), where Φ is the standard normal
cumulative distribution function. This simulation model resulted in dependent OTUs if they
are “adjacent”.
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e
;
o
V
er
ru

co
m
ic
ro
bi
a
le
s
;
f
V
er
ru

co
m
ic
ro
bi
a
ce
a
e
;
g
A
kk
er
m
a
n
si
a

1
.2
5
×

1
0
−
3

p
V
er
ru

co
m
ic
ro
bi
a
#
;
c
V
er
ru

co
m
ic
ro
bi
a
e
;
o
V
er
ru

co
m
ic
ro
bi
a
le
s
;
f
V
er
ru

co
m
ic
ro
bi
a
ce
a
e
;
g
A
kk
er
m
a
n
si
a
;
s
m
u
ci
n
ip
h
il
a

1
.2
5
×

1
0
−
3

N
O
T
E
:
T
h
e
d
et
ec
te
d
d
ri
v
er

ta
x
a
a
re

m
a
rk
ed

w
it
h
“
#
”
.
K
in
g
d
o
m

B
a
ct
er
ia

is
o
m
it
te
d
fr
o
m

th
e
ta
x
o
n
n
a
m
es
.
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