
Background: The relationship between host conditions and 

microbiome profiles, typically characterized by operational 

taxonomic units (OTUs), contains important information about 

the microbial role in human health. Traditional association 

testing frameworks are challenged by the high-dimensionality, 

sparsity and compositionality of typical microbiome profiles.

Methods: We propose a local collapsing test called POST. It is 

constructed under the kernel machine framework to 

accommodate complex OTU effects and extends kernel 

machine microbiome tests from community-level to OTU-level. 

In POST, whether or not to borrow information and how much 

information to borrow from the neighboring OTUs in the 

phylogenetic tree are supervised by phylogenetic distance

and the outcome-OTU association.

Conclusions: Using POST, we show that adaptively leveraging

the phylogenetic information can enhance the selection

performance of associated microbiome features by improving

the overall true positive and false positive detection. We

developed a user-friendly R package POSTm which is freely

available on CRAN.
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Step1: Quantify OTU Phylogenetic Correlation 𝑟ℓ𝑚

𝑟ℓ𝑚 = exp(−
𝑑𝑙𝑚
2

𝑐 ∗ 𝑠
)

- 𝑑ℓ𝑚 is pairwise distance between OUT 𝑙 and OTU 𝑚
- 𝑠 is the standard deviation of 𝑑ℓ𝑚’s 

- 𝑐 is a positive data-adaptive parameter that controls 

how fast the OTU correlation decreases when the 

between-OTU distance increases.

Step2: Compute Subject Kernel Matrix 𝐾𝑚 Step3: Perform Association Test for OTU 𝑚

𝑔 𝝁 = 𝑿𝜸 + ℎ𝑚(𝒁)

- 𝝁 = 𝐸 𝒚 𝑿, 𝒁 , where 𝒚 is 𝑛 × 1vector of outcome  

- 𝑿 is 𝑛 × 𝑝 covariate matrix

- 𝜸 is 𝑝 × 1 vector of covariate regression coefficients

- 𝒁 is 𝑛 ×𝑀 OTU table with 𝑀 OTUs in total

- ℎ𝑚 ∙ characterizes the effect of OTU 𝑚 and can be specified using 

kernel method, i.e., ℎ𝑚 𝑧𝑖 = σ𝑗=1
𝑛 𝛼𝑗

𝑚𝑘𝑚(𝑧𝑖, 𝑧𝑗)

The association between OTU 𝑚 and the outcome can be 

evaluated by testing

𝐻0: ℎ
𝑚 𝒁 = 0

The above test is equivalent to the variance component test 𝐻0: 𝜏 = 0
giving ℎ𝑚 𝒁 ~𝑁 0, 𝜏𝑲𝑚 with the following test statistic

𝑇𝑚.𝑐 =
1

2 ෠𝜙
𝒚 − ෝ𝝁0

𝑇𝑲𝑚 𝒚 − ෝ𝝁0

- ෝ𝝁0 = 𝑔−1 𝑿ො𝛾 with ො𝛾 the estimated covariate coefficient under 𝐻0

- ෠𝜙 is the estimator of the dispersion parameter under 𝐻0

- 𝑇𝑚.𝑐 asymptotically follows a weighted mixtures of 𝜒(1)
2 distribution under 𝐻0

We consider A grid of 𝑐 ∈ {𝑐1, … , 𝑐𝑗} based on simulation and use 

Cauchy combination method to aggregate p-values of different 𝑐’s 

𝑝𝑚 =
1

2
− {arctan(𝑇𝑚/𝐽)}/𝜋, where 𝑇𝑚 = σ𝐽=1

𝐽
tan{(

1

2
− 𝑝𝑚,𝑐𝑗

)𝜋}

1. Modeling OTU counts data using 

Dirichlet-multinomial distribution

• Get the multinomial parameter.

(𝑝𝑖1, 𝑝𝑖2, … , 𝑝𝑖𝑀)~𝐷𝑖𝑟𝑖𝑐ℎ𝑙𝑒𝑡( ො𝜋1, ො𝜋2, … , ො𝜋𝑀)

• Get the counts data

(𝑍𝑖1, 𝑍𝑖2, … , 𝑍𝑖𝑀)~𝑀𝑢𝑙𝑡𝑖𝑛𝑜𝑚𝑖𝑎𝑙 (𝑝𝑖1, 𝑝𝑖2, … , 𝑝𝑖𝑀, 𝑛𝑖 )

2. Generating outcome with two approaches

• Case-control (Simulation A; Only Binary)

• Resampling procedure (Simulation B) 

Continuous: 𝑦𝑖~𝑁(𝜂𝑖 , 1)

Binary: 𝑦𝑖~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(Π𝑖), Π𝑖 =
exp 𝜂𝑖

1+exp(𝜂𝑖)

- 𝜂𝑖 = 0.5𝜔 × scale 𝑥1𝑖 + scale 𝑥2𝑖 + σ𝑚=1
𝑀 𝛽𝑚 × scale(𝑧𝑖𝑚)

- 𝜔 = 1 𝑜𝑟 0 is a parameter controlling if there are covariate

- 𝑥1𝑖 and 𝑥2𝑖 are covariates that related or not related to causal 

OTUs, respectively.

3. Select causal OTU with five 

scenarios (Figure 1)

• Scenarios 1 to 3:  consider larger "causal 

hubs", each containing about 7-10 causal 

OTUs

• Scenario 4 considers smaller causal hubs of 

2-3 causal OTUs

• Scenario 5 considers causal OTUs with 

random positions in the phylogenetic tree. 

Table 2: OTUs significantly associated with bacterial vaginosis (BV) at FDR level of 0.05. 

Figure 4: Upset plot of detected OTUs at FDR level of 0.05 and phylogenetic trees of the 

analyzed OTUs with detected OTUs for bacterial vaginosis study.
Figure 3: ROC curves of Simulation A with large effect size for POST, Single-OTU test (SO), TreeFDR (TF), 

DESeq2 (DE), ANCOM-BC (AB), LinDA (DA) and Wilcoxon rank-sum test (WR) under the 5 causal scenarios.

Table 1: Type I error rates at the significance 

levels of 0.05, 0.01, and 0.001 for POST.

Figure 1: Illustration of the five causal-OUT scenarios. 

Red (blue) circles indicate + (-) causal effect. 
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Table 2: AUC of different methods in simulations A and B. Methods considered include POST, TreeFDR (TF), 

Single-OTU test (SO), DESeq2 (DE), ANCOM-BC (AB) and LinDA (LD), Wilcoxon rank-sum test for binary 

outcomes, and Spearman correlation test for continuous outcomes. Methods with the highest AUC are in red.


