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Results

Optimal Transport calculates the optimal mapping 𝝅∗ between pairs of distributions, based on a predefined cost function 𝒄. 
The classical formulation for discrete measures 𝑋 = 𝑥𝑖 𝑖=1

𝑛 and 𝑌 = 𝑦𝑗 𝑗=1

𝑚
 is:
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𝒄 𝒙𝒊, 𝒚𝒋 ⋅ 𝝅(𝒊, 𝒋) 
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Datasets can be directly associated with discrete empirical distributions. 
But how is a cost function between datasets defined meaningfully?

The Gromov-Wasserstein formulation defines the cost of transport based on distance 
metrics within each dataset. Under this formulation, the cost of transporting 𝜋 𝑖1, 𝑗1

and 𝜋 𝑖2, 𝑗2 is determined by how much point  𝑖1, 𝑗1 and 𝑖2, 𝑗2 differ in local geometry:

Supervised OT was formulated by adding a penalty for 
transporting points of opposite phenotypes:
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𝝅∗ = 𝒂𝒓𝒈𝒎𝒊𝒏𝝅∈ℝ𝒏×𝒎 ෍
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𝑫𝒙 𝒊𝟏, 𝒊𝟐 − 𝑫𝒚 𝒋𝟏, 𝒋𝟐
𝟐
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Transport of 2 pairsDistance-based cost

Pipeline

Supervised OT

By Dataset By Phenotype Batch Effect Measurements
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Batch effect refers to variability stemming from biological or technical sources that 
hinders the ability to integrate datasets from different studies.

Despite the unique characteristics of microbiome data, only a handful of batch-effect 
correction tools designed specifically for microbiome data have been developed.

A strong batch effect correction algorithm removes variability between datasets (batch 
effect), and maintains variability between phenotypes (biological signal).

Studying the gut microbiome presents many challenges, including limited sample sizes. To 
address these limitations, data can be combined from multiple studies.

Obtain pair of 
datasets, filter-out 

rare taxa and 
normalize

Calculate 
distance 

matrices for 
each dataset

Calculate optimal 
coupling matrix 

𝝅∗

Project one dataset 
onto the other

Calculate similarity between projected datasets 
and variability between phenotypes

Barycentric Projection allows projection of one dataset onto 
the other, using the normalized optimal coupling matrix 𝝅∗.
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Gromov-Wasserstein
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𝑀𝑖,𝑗 = ቊ
1 phenotypes differ
0 else 
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